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Acceleration of ‘Nam Dok Mai’ Mango Ripening Effecting Physicochemical and

Volatile Characteristics

19980 ANNTLUNY
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Abstract: The effects of ethephon (250, 500, 750 and 1,000 mg/L) and calcium carbide on the physicochemical
changes and volatile compounds characteristics in Nam Dok Mai mango fruits was investigated. The results of
this research showed that using ethephon at 750 and 1,000 mg/L and calcium carbide as ripening accelerators
caused mangoes became ripening after 3 days. However, the fruits ripening characteristics and taste were
different. Ethephon at 750 and 1,000 mg/L, provided mango peel as yellowish green, yellow mango flesh
similarly to ripen fruit, however, it was still firm in texture and sweet to sour taste. The mango texture and taste
quality was suitable for processing. For commercial purpose, the use of ethephon at 750 mg/L was the best
choice in terms of quality, safety and cost-effectiveness. In contrast, the use of calcium carbide led to the
inconsistent ripeness of mango fruits, too soften of texture, and too sweet taste. Thus, it was not suitable for
further processing. Volatle compounds of mango pulp were identified by gas chromatography-mass
spectrometry (GC-MS), the most common volatile compounds found in the ripe mangoes was butanoic acid;
followed by 3-carene, 4-carene, a-pinene, octanoic acid, 1,3,6-octatriene, B-caryophyllene, a-caryophyllene and
(3E,5Z) -undeca-1,3,5-triene. In addition, using ethephon at 750 mg/L and calcium carbide to accelerate the
ripeness, the mango flesh contained volatile compounds twice times compared to the control group (mangoes

that were naturally ripened).

Keywords: Mango, ethephon, calcium carbide, physicochemical characteristics, volatile compounds
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Table 1. L* value change of mango peel subjected to ethephon and calcium carbide

Treatment Day 1 Day 3 Day 4 Day 5 Day 6 Day 7
Control 55.87 61.08° 61.26° 61.20° 63.40° 63.80
250 mg/L Ethephon 55.87 63.92° 65.12° 67.45° 64.27°
500 mg/L Ethephon 55.87 63.82° 69.80° 71.33°
750 mg/L Ethephon 55.87 67.22° 71.71% 71.35°
1,000 mg/L Ethephon 55.87 67.00% 72.24° 70.32°
Calcium carbide 55.87 69.17° 70.56% 70.38°
LSD, 4 ns 2.01 214 213 0.43

Data are expressed as mean values. Mean values with different superscripts in the same column differ significantly at P<0.05

Table 2. Chroma value change of mango peel subjected to ethephon and calcium carbide

Treatment Day 1 Day 3 Day 4 Day 5 Day 6 Day 7
Control 29.14 35.02° 33.71° 37.91° 43.43° 44.28
250 mg/L Ethephon 29.14 40.80™ 44.45% 44.78° 45.13°
500 mg/L Ethephon 29.14 38.38° 43.37° 46.59%

750 mg/L Ethephon 29.14 40.87% 47.34%° 45.18%°
1,000 mg/L Ethephon 29.14 42.15° 49.32° 46.79°
Calcium carbide 29.14 47.69° 46.40" 46.91°
LSD, ns 2.76 2.58 2.01 1.07

Data are expressed as mean values. Mean values with different superscripts in the same column differ significantly at £<0.05

Table 3. Hue angle change of mango peel subjected to ethephon and calcium carbide

Treatment Day 1 Day 3 Day 4 Day 5 Day 6 Day 7
Control 90.98 91.34° 91.36" 91.40° 88.46 88.47
Control 91.28 91.48 91.52° 88.48° 88.49
250 mg/L Ethephon 91.12 91.44° 88.49° 88.56°
500 mg/L Ethephon 91.15 89.82% 88.60° 88.62°
750 mg/L Ethephon 90.95 89.51° 88.58% 88.58™
Calcium carbide 91.27 88.54" 88.61° 88.59™
LSD, ns 1.68 0.03 0.03 ns

Data are expressed as mean values. Mean values with different superscripts in the same column differ significantly at P<0.05
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Table 4. Hardness change of mango pulp subjected to ethephon and calcium carbide

Treatment Day 1 Day 3 Day 4 Day 5 Day 6 Day 7
Control 0.81 0.75% 0.67° 0.58 0.51° 0.39
Control 0.81 0.71%° 0.62° 0.55 0.47°
250 mg/L Ethephon 0.81 0.68" 0.52° 0.48°
500 mg/L Ethephon 0.81 0.57° 0.52° 0.47°
750 mg/L Ethephon 0.81 0.55° 0.53% 0.45"

Calcium carbide 0.81 0.49° 0.49° 0.40°
LSD ns 0.04 0.04 0.03

0.05

Data are expressed as mean values. Mean values with different superscripts in the same column differ significantly at P<0.05
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Table 5. TSS/TA ratio change of mango pulp subjected to ethephon and calcium carbide

Treatment Day 1 Day 3 Day 4 Day 5 Day 6 Day 7
Control 4.48 13.21" 16.73° 35.44° 84.60° 150.71
Control 4.48 16.45° 16.39° 48.67° 90.45°
250 mg/L Ethephon 4.48 13.93° 43.14° 87.42°
500 mg/L Ethephon 4.48 24.07° 61.72° 88.90°
750 mg/L Ethephon 4.48 22.72° 55.34° 74.37°
Calcium carbide 4.48 33.99° 57.08° 49.48°
LSD ns 0.97 1.36 1.06 0.49

0.05

Data are expressed as mean values. Mean values with different superscripts in the same column differ significantly at P<0.05
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Table 6. Volatile constituents identified in the aromas of mango pulp subjected to 750 mg/L ethephon

and calcium carbide

No Compound Peak  Odor quality Percent corrected area
Natural 750 mg/L Calcium LSD, s
ripening Ethephon carbide
1 octanoic acid 1 fruit 2.17° 3.75° 3.57° 0.16
1,3,6-octatriene passion fruit 1.92° 3.42° 3.28° 0.17
3  (3E,52)-undeca- 6 pineapple 1.43° 1.98° 1.71° 0.24
1,3,5-triene
4 butanoic acid 8 fruit 26.55° 43.32° 41.77° 1.44
5  a-pinene 11 pine 0.83° 3.79° 2.67° 0.14
6  3-carene 14 citrus 15.84° 17.14° 17.40° 0.34
7 4-carene 17 citrus 10.51° 12.64° 12.77° 0.38
8  B-caryophyllene 23 citrus 2.48° 4.76° 4.77° 0.37
9 a-caryophyllene 25 citrus 0.68° 3.41° 3.33° 0.07
10 napthalene 26 burning" odor 0.23° 0.30° 2.69° 0.27

Data are expressed as mean values. Mean values with different superscripts in the same row differ significantly at P<0.05
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GC chromatogram of volatile compounds extracted from fresh mango after 6 days of natural

ripening (a) and subjected to 750 mg/L ethephon after 3 days (b)
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AanWNL19 (Momordica cochinchinensis) \WALNE

Effects of Silver Nitrate Solution and NAA on Characteristic Changes of Gac

(Momordica cochinchinensis) Female Flowers

Asnggatl nauiiesioda USanyt aans RaAns) WAYRAUW WA LBINIAE MATIIAUN’
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Abstract: This research aimed to study the effects of silver nitrate (AgNO,) solution and AgNO, with NAA on
characteristic changes of gac female flowers. The solution of 500 mg/L AgNO, was sprayed on 6 months female
plants at 17.30 p.m. After 1 week, the changes were recorded when the first flower emerged. The results
showed that filament and anther were induced in female flowers of the three sample groups; Thailand, Lao
People’'s Democratic Republic, and Socialist Republic of Vietham. However, pollen grain was not found inside
the induced anthers. Applications of 500 mg/L AgNO, with 1,000 mg/L or 2,000 mg/L NAA on two sample
female; Thailand, and the hybrid between Lao People’s Democratic Republic x Socialist Republic of Vietham
could produce the sterile stamens similar to the result of using AgNO, solution only. The treated ovaries
developed to be fruits, whereas red aril part and normal seeds were not found in the fruits. The fruits had pedicel

necrosis and dropped before the harvesting period.

Keywords: Sex expression, Cucurbitaceae, hermaphrodite flower, silver nitrate
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Table 1. Characteristics of gac flowers differed between three sample groups in this study

Days from
Days to Width of
. Length of peta unopened to
Samples Sex flowering after Sepal ovary
. (cm) blooming flower
sowing (cm)
(days)
™ male 105.5+10.7 55+0.5 have - 17.8+1.7
female 152.1+20.0 56+0.5 not have 1.8+£0.2 18.1+£0.8
male 106.9+11.8 6.2+0.8 have - 17.7+£1.3
LAOS

female 150.6 £ 24.5 54+05 have/not have 1.8+0.2 185+ 1.1
VT male 135.6£10.5 6.5+0.5 have - 19.4+1.0
female 226.7 £ 35.5 55+05 have/not have 23+0.2 205+ 0.5

Remarks: TH: Thailand; LAOS: Lao People’s Democratic Republic; VT: Socialist Republic of Vietnam; Mean + standard deviation (SD)
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Figure 1.
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Development of male gac flower (A-C) and female gac flower (D-F) from unopened flower to

the day before anthesis; unopened flower (A,D); 10 days (B,E) and the day before anthesis

(C,F)

Figure 2. Male gac flower (A) and stamen
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(B); female gac flower (C) and pistil (D)
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Table 2. Percentage of hermaphrodite flowers developed from female plants treated with 0 and 500 mg/L

AgNO, for 4 times

Percentage of hermaphrodite flowers (%)

Sample
0 (Control) 500 mg/L AgNO,
TH 0 59.9
LAOS 0 68.9
VT 0 62.4
F-test ns ns

Remarks: TH: Thailand; LAOS: Lao People’s Democratic Republic; VT: Socialist Republic of Vietnam; ns = not significantly

Pistil

— Stamen

Figure 3. The stamen development of female flower treated with 500 mg/L AgNO, for 4 times. The

stamens were lower than pistil (A) and some flowers showed the same level of stamen and

pistil (B)
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Table 3. Percentage of abnormal female flowers treated with 500 mg/L AgNO, for 4 times

Percentage of abnormal characteristics (%)

Samples
Necrosis leaves Necrosis flowers Short petal Distorted ovary
TH 97.0b 401 b 124 c 11.3c
LAOS 92.0ab 31.1a 89b 6.4 b
VT 85.0a 37.6b Oa Oa
F-test * * * *
Remarks : TH: Thailand; LAOS: Lao People’s Democratic Republic; VT: Socialist Republic of Vietham

: Values with different letters in columns are significantly different (P<0.05)
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Table 4. Percentage of fruit set after treated female plants with 500 mg/L AgNO, and 1,000, 2,000 mg/L

NAA for 4 times

Percentage of fruit set (%)

Treatment
TH F.LV
AgNO, + 1,000 mg/L NAA 66.7 43.3
AgNO, + 2,000 mg/L NAA 63.3 56.7
t-test ns ns

Remarks: TH: Thailand; F,LV: F, hybrid between LAOS and Vietnam group sample plants; ns = not significantly
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Abstract: Fragrance is one of the most highly valued grain quality traits in rice. The fragrant rice is fetching very
high price in the world market and the consumers demand is increasing over the world. Highland rice landraces
has unique characteristics, containing high level of genetic diversity and some populations are fragrant rice.
Therefore, the purposes of this study were to evaluate the genetic diversity and fragrant allelic variation of
highland fragrant rice landraces in northern Thailand. Genetic diversity were assessed by using 12 microsatellite
loci. Sensory test for aroma and headspace - gas chromatography (HS-GC) for 2-acetyl-1-pyrroline (2AP) in
grain were evaluated. Re-sequencing at exon 7 of BADHZ2 was performed. The result showed that Buer Ner Moo
contained low level of genetic diversity illustrated by heterozygosity (h = 0.012) and average gene diversity
(Hg=0.015) in spite of high level of genetic differentiation (Fy, = 0.941). Probably, it is the consequence from
farmer’s selection and preferences, as well as the genetic drift from the genetic bottleneck which was the
consequence of farmers’ seed conserving for next season and adaptation to the specific local environment.
There was BADH?Z allelic variation found among the nine Buer Ner Moo populations, while BNM4 had the
highest 2AP concentration ( 2. 96 ppm) and illustrated the badh2-E7 deletion on BADH2 gene similar to
KDML105 and PTT1, the popular fragrant rice in Thailand. The present results suggested that “Buer Ner Moo”
rice landraces could be potentially introduced as genetic resources for fragrant rice breeding program by pure-
line selection method or improved variety. The genetic analysis of rice landraces could also be used as a
decision-making tool in the selection for conservation strategies.

Keywords: Fragrant rice, highland local rice, 2-acetyl-1-pyrroline, BADH2 gene
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wazsEndLlszanng uasdanudunangNeedtlsvans Bradbury et al. (2005) AWLANEULA1ITNANITUA
o A Yy A a a v A a - a . .
P adunguinaninaureananfog Aeiuing melilaes 8 Hamdlenduazniaiia single nucleotide
wugidesaasmn o Eidugwiugnasulunig polymorphism (SNPs) 3 AU ulandau 7
UANANT Amarawathi et al. (2008) FaNLNTTAANNT
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o a o =
1u“ﬂ‘1’31ﬂ’auwumﬂ\m§\i

gravglilunylaieiioes 5+3 Tanalelng uas
1A SNP 1 ANuteaLIentew 7 18981 badh2 398014
MsAAM NG wIestiaAale NS uIw 7 TanaTe-
g Uuengau 8 WUAY AaNINLINAN T AN
WONQNAILANAIE W badh2 uu‘im‘ﬂu‘l}nmﬁ 8 uay
flu badh? unlasTalaug 4 mus E (Bradbury et
al., 2005; Chen et al., 2008; Shao et al., 2011) In ¢l
nasiAN N8R Ui UUE W badh2 axiinlilg
N9TLNUNNINNTAYANANT 2AP FatiluannAdaiia ]
TnnUsrasfifefnedadaresduiianngusnemni
ANUDN (BADHD) Tudnanan il auazlszifiv
A nantTasinavenlesiigimemawile
vatlszmalng Wetihinaven e il umas
wugnesuludnunisdiudaiugdinauazaisnsniinll
W“fmuﬂﬁLﬂumﬂﬂﬁuﬁmmuﬁﬁqwﬂmuﬂmmm
Lﬁ'am”iwL@ﬂfo‘fﬂmﬁmwmmmﬁmuﬂﬁLﬂuau’ﬁﬂ?ﬁ
mmm\mummmmiﬂim u@ﬂ@’muumﬂwﬂ@m
wmwum@miwmmwuﬁmqmmumuj el
mfammmﬂummmmmmmmmmmetgm‘llmmqu
nnanly

L4 as
AUnTuazIaNNg

WUBNSTN
o davy R o &

RSNl e N AU AU eTge Wug
fiaiuay 41u49U 3 Tarug aninumns 9 91e lHun
Wugileway (BNM1-6) Tatuaywils (BNM7-8)
uazilataynela (BNM9) luiuiinianiamilasas
Uszmelng uarliiugnlrauieaudaiun 5 Wug un
Wigdinadiaiey 11, (BNM-CMU) Anulaanan (JPD)
21908NNLA 105 (KDML105) Uusndl 1 (PTT1) uay
duleas 1 (SPT1) lunsfnelazuiiaudniuginng
aanlu 2 dau Inadauusntinlldssiluannuenuay
1 d‘ o d‘ =< o
dounaesih ugninednmnussauuans

nsusziduAMNUaN (2AP: 2-acetyl-1-pyrroline)
UsziluAnuvandufufiedztn1saunau
Tnaananasing lnslnwdadnonunzulaenijuwan
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280 21U 1 N5N M8 TunaaanaaaIunm 15 AaaanT
wndnsazanawunadanlansanlas (KOH) 1.7%
17110 10 Nadans daviaannnans uay LLﬁLNﬁﬁﬁ”\iTﬁ
u1% 10 w1 (mmﬂmmmmm NaY, 2547)
mnuumm‘mmmumﬂmmm@uimhmmmu
$91 10 AU AUNAUTENTRENaT A faating taefia
7991119 10 AUH ﬂuﬁﬂéﬁ@mﬁi%mnﬁmmu imﬂﬁ
mm"mmﬂ‘wﬂ LLuumW‘M@N (aroma score) mu
AZLUL 2 34ﬂ@ummuqmmﬂmmummmm@u
luwme Azuuw 1 TaunentieandnseAuATLUL 2
viefinAunendau 7 uazazuun 0 ifindunex
wdaannistszifuanuven lududugaanisam
(sensory test) HNNAAT19NABIAT1UIN 10 NFH
AATZMNLBuuaNT 2AP Rq8i3F headspace - gas
chromatography ( HS-GC) ( Wongpornchai et al.,
2004) ﬁmﬂﬁﬁﬁma‘mﬁ AMEINYNANAR T
wanenaedes vy

msanaRawe wazlizenidas

wzdadnaiia 14 ugluufonanain uaz
fiheasgnlunszaienanainauinidusinguenane 30
AT N320798% 5 H1 7139 EeUNAaed 419730
fels AusnERsANGRS AN @ sl Eedy
fnengasy 1 wew usat1aludg wwuwendiu un
fatnaludinnfazidunlne 1 lulnsauwaanauans
ALE1a80837 CTAB AfaLLasaNn3aa8d Doyle and
Doyle (1987) waiuFunas S ue luvaennaged
fnenljAseniGens (polymerase chain reaction: PCR)
15u1ms 10 lulAsams Useneudag ABuAuLUL
(DNA template) Aflaanududu 50 untunsuse
lulmsams 5ums 1 Tulasans, 10X buffer U5unms 1
lulnsdms, 25 Aadluanes MgCl, UTums 0.5
Tlulnsdams, 25 Nadluares ANTP UTums 0.08
Tuln 989, Forward La% Reverse primer (100 U1l
nfuseluingang) etnsay Bunms 0.1 Winsans, 5
ﬁummeiuimmmmm tag-DNA polymerase (Thermo
Scientific) 1Bu1m3 0.05 lulAsans LL@‘““LMT]@‘LA‘]_I?@‘VIﬁ
(ddH,0) 1f5xnes 8.0 Tulasans
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nsAnesInudIaalalnauastiiun uian
(badh2)

AneasuianalenAaeduanunes
Rnouengey 7 lufhatsdinai 14 Uszans 1 ud
Wig BNM1-9, BNM-CMU, JPD uazlddinananwug
KDML105, PTT1 uag SPT1 ﬁLﬁuﬁuﬂﬂmu duiug
ﬂﬂmﬁ’]ul,‘lﬁ‘f;l‘i_lt,vm‘]_l (positive Az negative control
ANNAN L) W NB B el Ins e 574
mwwm \AzAaiUguANTaN (Badh2/badh2)
(A15197 1) Immwﬂgmmwmnﬂumumu
denaturation N9 04NN 94 BIATALTHA 2 W AN
fngl 40 92U209 94 B9ANTIALTEEd 45 AUNH, 50 AN
walEed 45 3U17 waT 72 a9A@alEed 1 U1 uay
1A a1 final extension 71 72 a9ATALEeE 5 UNT
AIRADLNARNS T AN TUENIUIAYDILO LA LT LD
(band) Ta e ldinmidna 1.5%
electrophoresis mmfumm@mmmmmmmuﬁLﬁum

agarose gel

Aa1NN198iaNA MaestroSafe™ Nucleic Acid Stains
(MAESTROGEN, Taiwan) n1¢1'l# 1389 BLooK LED

transilluminator (GeneDireX) ARUN17AINA A A U A

fFenfierinlAnmeiansuianalelndfiviem
Macrogen UszmAnua uazinadioyassu foea-
Telnai g Bauflananuwileutudiey aqamu
flnndlelnsaasily Baoh2badh? ludinafiflnael
Tugudiaya GenBank lAun 419%ug SuyuNuo flu
Wugdinaven uazug Nanjing11 Wuwiugdnolives
(accession numbers EU7703020 & ¢ EU710319.1
AMINANAU) U8 national center for biotechnology
information (NCBI), USA # 2¢1 11 sun s BLAST

(https://blast.ncbi.nim.nih.gov/Blast.cgi) wazllsunsu
MEGAT (Kumar et al, 2016) a1n % 43 1A 5121
ANTNANNUS haplotype network G"ufafmmm%w
‘gﬂ'ﬂﬂ;lj@ haplotype Aaelilsunsu DnaSP version 5.10.1
(Librado and Rozas, 2009) Lta ¢ A 92 4 8 U
ANANRUTIZUING haplotype Tne1E3 5017 median
joining (MJ) haplotype network 1a & 1% Td sungu
Network 5.0 (Bandelt et al., 1999)

U5z UANMNUAINNAIEN WA UENFTHT1INDN
wugiwiias

a519aafinwA B ueae9ding 13 Uszanns
Wurl siugiuides 9 dszans (BNM1-9) uaziiug
wRauWey 4 dszanns (BNM-CMU, JPD, KDML105
AT PTT1) AqemAtiA microsatellite marker a114914
12 ALY (m’]i’m‘lﬁl 2) (www.gramene.org) tngl G
ﬂﬁﬁ?ﬁmﬁ%ﬁﬂuﬁumu denaturation figaumnil 94
ANANIAT A 2 U7 MANAQE 40 TALURY 94 BIAT
wwad@ed 30 AU, 50-55 avA 1 malTaa 30 ATy
72 a9AITaIE EId 30 AUNT uazduAaY final extension
7 72 B4R TAT S 5 1T LnILNATRLOLA S W
(band) TmeldmAT A 10% polyacrylamide gel
electrophoresis ATA48LNTNAALRNWALBWEAN
n1sflaN @& MaestroSafe™ Nucleic Acid Stains
(MAESTROGEN, Taiwan) A1l L4 BLooK LED
transilluminator (GeneDireX) WA URNATNA8NEDY
Aamaa AIsiuenTintauae9dng (subspecies
type) Tne 'l organelle markers AIUIY 3 AUNUS

Table 1. A list of pairs used for sequencing badh2/Badh?2 alleles on exon 7

Primer Sequence (5-3) Size of PCR (bp) Reference
Badh2P5 F: CCTCCGTGTTAATGCAGCTC 1026 Shao et al. (2011)
R: CATAGCAAGTGGCATGTACC
Badh2P6 F: GGTTGGTCTTCCTTCAGGTG 926
R: GTCCTTCCTAACTGCCTTCC
FMbadh2-E7 F: GGTTGCATTTACTGG 260/268 bp Shi et al. (2008)

R: CAGTGAAACAGGCTG

(badh2-E7/Badh?)

F: Forward primer, R: Reverse primer
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Table 2. Sequences of microsatellite markers used in the study

Tm. Expected

Primer Chr. Sequence (5'-3'") Repeat motify (°C) size (bp)
RM84 1 F: TAAGGGTCCACAAGAGT 55 113
(TCT)10
R: TTGCAAATGCAGCTAGAGTAC
RM318 2 F: GTACGGAAAACATGGTAGGAAG 55 134-154
(GT)15
R: TCGAGGGAAGGATCTGGTC
RM251 3 F: GAATGGCAATGGCGCTAG 55 95-154
(CT)29
R: ATGAGGTTCAAGATTCGATC
RM241 4 F: GAGCCAAATAAGATCGCTGA 55 100-160
(CT)31
R: TGAAAGCAGCAGATTTAGTG
RM122 5 F: GAGTCGATGTAATGTCATCAGTGC 55 227
(GA)TA(GA)2A(GA)11
R: GAAGGAGGTATCGCTTTGTTGGAC
RM584 6 F: AGAAAGTGGATCAGGAAGGC 55 169
(CT)14
R: GATCCTGCAGGTAACCACAC
RM11 7 F: TCTCCTCTTCCCCCGATC 55 140
(GA)17
R: ATAGCGGGCGAGGCTTAG
RM477 8 F: TCTCGCGGTATAGTTTGTGC 55 218-227
(AATT)5
R: ACCACTACCAGCCTCTG
RM316 9 F: CTAGTTGGGCATACGATGGC 55 152-251
(GT)8-(TG)ATTTG)A(TG)4
R: ACGCTTATATGTTACGTCAAC
RM258 10  F: TGCTGTATGTAGCTCGCACC 55 148
(GA)21(GGA)3
R: TGGCCTTTAAAGCTGTAGC
RM167 11 F: GATCCAGCCTGAGGAACACGT 55 128
(GA)16
R: AGTCCGACCACAAGGTGCGTTGTC
RM247 12 F: TAGTGCCGATCGATGTAACG 55 119-173
(CT)16

R: CATATGGTTTTGACAAAGCG

F: Forward primer, R: Reverse primer

MINATN19289 Okoshi ef al. (2015) Fnszideya
AINNUAINUAILNIAUGNITH TneF AT e TATaT
Uszanslaelililsunsy STRUCTURE 2.3.4 (Pritchard
et al., 2000), A3HLLITU39UNNRUFNTIH (AMOVA)
LL@Z@’@H@Nﬂ%NﬁNW‘L‘lFﬁQﬁa% principle coordinate
analysis (PCA) tae il sunsn GenAlEx version 6.1
(Peakall and Smouse, 2006) LaZATUIUANTZIZIA
U 19WUENIIN (genetic distance) (Nei, 1973) fingl
T4lsuns FSTAT version 2.9.3 (Goudet, 2001)
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4.48-2.14 ppm Tuanuziitlszannsan d uﬂ%mmmm
2AP LU § A A agludag 0. 46 - 2.07 ppm R
genmderunnstlssifiuanuesiadugaanise

(sensory test) (ma"]\‘iﬁ 3)

ATTHUBNNIN

=
NWUIN

Wug KDML105 §

Table 3. The nucleotide substitution and in/del positions of badh2, concentration of 2-acetyl-1-pyrroline (2AP)

by HS-CG technique and sensory test in 9 highland fragrant rice landraces and 4 cultivars rice

Nucleotide position Concentration Sensory
Population "
3684 4169 4171 4173-4180 4181 4500 4652 4747  of 2AP (ppm) test
SuYuNuo** insertion G T T 8 deletion T G C T - - -
Strong
KDML105 insertion G T T 8 deletion T G C T 4.48 a
aromatic
Moderately
BNM_CMU insertion G T T 8 deletion T G C T 3.28 b
aromatic
Moderately
BNM4 insertion G T T 8 deletion T G C T 2.96 c
aromatic
Moderately
PTT1 insertion G T T 8 deletion T G C T 2.14 d
aromatic
Moderately
BNM1 - A A No deletion C A G C 2.07 de
aromatic
Moderately
BNM8 - A A No deletion C A G C 1.95 ef
aromatic
Moderately
BNM5 - A A No deletion C A G C 1.84 fg
aromatic
BNM3 - No deletion 1.74 g Non aromatic
BNM2 - No deletion 1.57 Non aromatic
Moderately
BNM7 - A A No deletion C A G C 1.57 h
aromatic
Moderately
BNM9 - A A No deletion C A G C 1.43
aromatic
Moderately
BNM6 - A A No deletion C A G C 1.43
aromatic
JPD insertion G A No deletion 0.46 j Non aromatic
SPT1 - No deletion ND - Non aromatic
Nanjing11" - No deletion - - -
F-test *
LSD, s 0.13
CV (%) 3.63

* Concentration of 2AP (ppm) by using headspace - gas chromatography (HS-GC) method (Wongpornchai et al., 2004), “ Sensory
level, * * Check varieties from NCBI accession numbers EU770320 and EU710319. 1

test from 10 testers, * Significant at 5%

respectively, ND not determined
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u (4

anuiandlalnatiu Badh2 uazANANNUS
haplotype network
arnnslEnfmesieanuuulisaninay
\2A9rUTY Badh2 finnsnmme iR asengen
7 (FMbaah2-£7) fiaz\Wikdnsinsifidaniaunn 260 ¢
wa dufusadariaiinisenaviely 8 dua 7
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serliluny badh2-£7 ifusumbaianfuiusig
W3eu L 8y SuYuNuo 7118410 NCBI (accession
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dathénsuiaralelndaeuBunoiensen 7
FlEannneinTensinsdunnm A udiugdae
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»
»
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A Usvanng JPD Taeiaznianilssning JPD Nanmous
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AINUAINUAIENINNUENTTNUBITIIUDN
fuiiag

levhidweresting 13 dszanns W g
fuiles 9 szaans (BNM1-9) uazwugnfsauiiey 4
iszaing (BNM-CMU, JPD, KDML105 itae PTT1) 1N
Arzduanaiin (species type) tnald organelle
markers A1 3 AumLs wuddinnnWugH species
type W uadin indica Wanua waziileszifiuaany
M@Wﬂﬁ@ﬁﬂmﬁdﬁugﬂ?iué’qmwﬂﬁmm?;@wma‘mL@q@
microsatellite A1121 12 ATUUUS W19 e
ﬁyuLﬁmﬁﬁfwmmm’mmﬂﬂmqﬁuqﬂﬁu (h=0.012)
LazANRAEAINNaINTana e lutlszang (He=
0.015) 6i1 W AN A NUANFNTEMI L9 TN 949 (Fy
=0.941) (mmqﬁl 4) ileAimseiAnauLaesaumng
Tana (AMOVA) meludszanauazssndnedszang
vavinaveniufiuilesiiutinguaadedunaes
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@
Figure 1.

[awis] 643 '

H2

The haplotype network of BADH2 gene. Letters next to circle correspond to the haplotype name.

The number on the lines indicates the position of nucleotide substitution polymorphisms. The color

in the circle corresponds to the rice accessions. The size of each circle is proportional to the

number of individuals possessing that haplotype
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Table 4. Genetic diversity of 9 highland fragrant rice landraces (BNM1-BNM9) and 4 cultivars rice (BNM-
CMU, JPD, KDML105 and PTT1) based on 12 microsatellite markers and species type based

on 3 organelle markers

Varieties Population N n H, Hg H; Fer Species type*
Buer Ner Moo BNM1 1 5 0 indica
BNM2 1 5 0 indica
BNM3 1 5 0 indica
BNM4 1 5 0 indica
BNMS 1 5 0.027 indica
BNM6 1 5 0.027 indica
Total (BNM1-BNM6) 6 30 0.009 0.011 0.169 0.934
Buer Ner Moo Po Phi BNM7 1 5 0.027 indica
Buer Ner Moo Pha Do BNM8 1 5 0 indica
Buer Ner Moo Pha Do BNM9 1 5 0.027 indica
Total (BNM7-BNM9) 3 15 0.018 0.022 0.152 0.854
Total Local varieties 9 45 0.012 0.015 0.251 0.941
Improved varieties (BNM-CMU and JPD) 2 10 0.1 0.138 0.244 0.436 indica
Commercial varieties (KDML105 and PTT1) 2 10 0 0 0.315 1 indica
All check varieties 4 20 0.055 0.069 033 0.791
Overall 13 65 0.025 0.031 036 0.919

Number of accessions (N), number of individual (n), gene diversity (

H,), average gene diversity (H), total gene diversity (H), and

genetic differentiation among subpopulations (F,) , *according to Okoshi et al. (2015)

WANFINNTENTWNAUS 42% LATIIAAINANHNUANFNY
721319ULTINT 54% WATIIARINAITNUANGFNS
SEUINBIULNENLA 4% (mmq‘ﬁ' 5)
Aaruvanaarenielulszainsdian us
mwLLmﬁmiwdwﬂi:mmﬁ@;q finuludinoney

dy A dl v o oA =2 :/, dy
NULHBNIVITDIU1 “Wut;umumg.” TunnsAnATeil

praduraNIaINNIAAAReN IUANHUZ ANV LA
puTauludnEuraY 7 v @ﬁ”ﬂwngﬂi'wmﬁmﬁ
LANAN BN EAINIUARL Y T IANReT DS
IR UFEA LI U T TUNANTI AN UG (Tu et al.,
2007) waenslsusa lidinfuanuandenluiediu
(local adaptation) (Pusadee et al., 2009) I HERRILEE
AndannessIntd (AN nnainie lsauazuuaa)
NANNAIUALUNIIAAADNTRINEATNT (farmers’
selection) fianadl N@ﬁi‘ﬂﬂﬁ‘a‘l,ﬂ?ﬂlﬂuLLﬂ@d%ﬂdﬁuﬁqﬂﬁ‘iu
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InBNNIAARENLANE phenotype feanis il
ﬂ’]i‘Lﬂ@F;IuLL‘JJ AIAINNDLRIT AR A (genetlc drift)
Lu’rﬂ\‘i@ﬂﬂm‘zmumi genetic bottleneck Vmﬂ‘wmm
wlsilsaumelutlszmnsastionas TNANLLANGANS
senigLszng (Hufbauer and Roderick, 2005) WA
Wanasiding homogeneity 189819 uE A e s
Lﬁfmmﬂmiﬂ@uﬂLL@:ﬁmLﬁﬂﬂLﬁumq genotype il
wzilgnluggniaste « 1

TAseg5191sed1ns
Sefinmeiiassairaniaiugnes Taa 'l
T1l3unss STRUCTURE wWuanngu (K =
distinct genetic groups) Viiﬁﬂ’mﬂﬁﬂixmm ad hoc
statistic AK ur K = 2 uay k=3 Inefl k=2 gx190
LLﬂQﬂ@iuﬁqaﬂN%mVﬂ 13 Uszansléflu 2 ngu

the number of
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Table 5. Analysis of molecular variance (AMOVA) results for 45 individuals of 9 highland fragrant rice

landraces populations which divided by the name of species collected from the farmer

Source df SS MS Variance % of the total variance
component
Among varieties 1 47.40 47.40 0.89 42
Among populations 7 81.53 11.65 1.15 54
Among individuals 36 6.40 0.18 0.09 4
Total 89 135.33 2.13 100

Tnunguusndsznaudos Uszaans BNM4, BNM-
CMU,KDML105, uag PTT1 %awudm@mﬂﬁmmjmm
Frafiflifiuno 24P ge (@mdeu) waznguiiaes
dsznaufag dszaing BNM1, BNM2, BNM3, BNMS,
BNM6, BNM7, BNM8, BNM 9, llaz JPD %ammé’m
fungudinndifiiann 24P fin @) usiesindlsd
FINWLINL3E1NT BNM-CMU uag JPD £9Rei AN
LLﬂiﬂiququﬁuqﬂﬁmmﬁmmﬁﬂwmz (admixture)
(mwﬁl 2a)

daufl k=3 LLi_iQﬂzinqm'wfﬁww%q 13
dszansliidu 3 ngu Inenguusniunguilszanng
Frofudlesiifdenugtiewas Hui BNM1-BNMG @
#1) daungudl 2 idunquilszansiinafifdetuiie
wayTnas 18 un BNM7 uaz BNMS, flaiuaynzls
15un BNM9 uazidnulaannaa (JPD) (Amnseu) uaz
n@:u‘ﬁ' 3 Lﬂumjﬁ{ﬂi:ﬂ@uﬁfmﬂi:mm BNM-CMU
KDML105 wag PTT1 (@inidia) 9 BNM-CMU Spaa
LL‘JJ?‘}Jifnmfmﬁ’ugmimmVlzmmzﬁ’ﬂwm: (admixture)
desannidutlszansiiiFainnisuaussudneiug
BNM uag PTT1 (ﬂ"l‘W‘ﬁl 2b)

N1AAN|NNIINUENFTN (principle component
analysis)

AANGNANNARIETUNWNAUFNITH (principle
component analysis, PCA) gassatislinafanelng
Lﬂ?ﬁﬁmL‘ﬁﬂumﬂlumiuﬁq@mﬁmﬁ{mm 13 tszanng
(J’]’]W‘V‘]I 3) 4111308 LNEAYNNLLTUIIUNIIRUGNITN
AiAnduld 56.28% urenguinanevua iy
2 nguvnymanunu Coor. 1 Inamiednavasnsn
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Efficacy and Residues of Bromacil and Diuron for Weed Control in Pineapple Fields
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Abstract: The widespread use of bromacil and diuron in pineapple fields raises the possibility of residue
accumulation following repeated applications. This can impact health, food and environmental safety. Therefore,
the objectives of this study were to evaluate the effect of herbicide following repeated applications on pineapple
fields and determine the herbicide residues in soil by UPLC-MS/MS. Field experiments were conducted from
November 2015 to August 2016 in Chon Buri. The experiment was a RCBD with four replications. The
treatments were 1) weed check, 2) hand weeding, 3) bromacil 2,000 + diuron 2,000 g a.i./ ha, and 4) bromacil
5,000 + diuron 2,500 g a.i./ ha. Herbicide applied at 0, 90 and 180 DAP. Evaluation the effect of herbicide for
weed control following repeated applications on pineapple fields. With the application of bromacil 2,000 +
diuron 2,000 g a.i./ ha was sufficient to provide satisfactory full-season control of several weed species, caused
no visible crop injury and had no effect on plant growth but effect on final yield. Bromacil 5,000 + diuron 2,500 g
a.i./ ha caused visible crop injury after herbicide applications. The visual injury seen in pineapple after herbicide
application was chlorosis and transient and had no effect on plant growth but effect on final yield. In addition,
determination of herbicide residues were showed low levels of bromacil and diuron in soil at 90 DAA. The
application of bromacil 5,000 + diuron 2,500 g a.i./ ha caused the highest herbicide residues in soil. Bromacil
residues were higher than of diuron residues in soil. In the dry season, herbicide residues was showed
accumulation in soil. In the rainy season, herbicide residues was not accumulation in soil. The results indicated
that after 3 times of application, bromacil 2,000 + diuron 2,000 g a.i/ ha was the optimal dosage for weed
control. Herbicide residues were present in soil which are not above the maximum permissible concentration as
restricted by the Pollution Control Department.

Keywords: Uracil, phenylurea, herbicide residues, environmental safety
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Table 1. Weed control treatments used during the experiment

Treatments Dosage (g a.i./ ha)’

Site of action

Application timing

1. Weedy check -
2. Hand weeding -
3. bromacil + diuron 2,000 + 2,000

4. bromacil + diuron 5,000 + 2,500

Photosynthesis
inhibitors
Photosynthesis

inhibitors

- once a month

Pre-emergence (0 DAP?)
Post-emergence (90 and 180 DAP)
Pre-emergence (0 DAP)
Post-emergence (90 and 180 DAP)

1g a.i./ ha = grams active ingredient per hectare (1 ha = 6.25 rai)

*DAP = days after planting
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Table 2. Effect of herbicides application on weed cover and crop injury after the 1% application at 0 day after

planting
Weed cover score' (Days after application) Crop injury score’ (Days after application)
Treatment
15 30 45 60 75 90 15 30 45 60 75 90
1. Weedy check 94 9a 9a 9a 9a 9a 1 1 1 1 1 1
2. Hand weeding 9a 9a 2b 4b 2b 4b 1 1 1 1 1 1
3. bromacil 2,000 + 2b 1b 1c 1c 1b 2c 1 1 1 1 1 1
diuron 2,000 g a.i./ha
4. bromacil 5,000 + 2b 1b 1c 1c 1b 1c 1 1 1 1 1 1
diuron 2,500 g a.i./ha
SD 350 400 334 327 336 310 0 0 0 0 0 0
F-test > = - - - - ns ns ns

ns ns ns

"Weed cover score using a scale of 1 to 9 where 1 represents no weed cover, and 9 completely weedy plot

% Crop injury score using a scale of 1 to 9 where 1 no effect (all foliage green and alive), and 9 complete kill

*Means with in a column followed by different letter are significantly different according to Fisher's protected LSD test;

*k —

Significant difference at P< 0.01; ns = Non significant

Table 3. Effect of herbicides application on weed cover and crop injury after the 2™ application at 90 days

after planting

Weed cover score' (Days after application)

Crop injury score’ (Days after application)

Treatment
15 30 45 60 75 90 15 30 45 60 75 90
1. Weedy check 94’ 9a 9a 9a 9a 9a 1b 1b 1b 1b 1b 1b
2. Hand weeding 3b 3b 2b 3b 2b 3b 1b 1b 1b 1b 1b 1b
3. bromacil 2,000 + 1c 1c 2b 2bc 2b 2bc 1b 1b 1b 1b 1b 1b
diuron 2,000 g a.i./ha
4. bromacil 5,000 + 1c 1c 1c 1c 1c 1c 3a 3a 3a 2a 4a 2a
diuron 2,500 g a.i./ha
SD 330 328 320 316 328 318 1.00 1.00 1.00 043 1.30 043
F-test - - - - - - - - - - - -

' Weed cover score using a scale of 1 to 9 where 1 represents no weed cover, and 9 completely weedy plot

% Crop injury score using a scale of 1 to 9 where 1 no effect (all foliage green and alive), and 9 complete kill

*Means with in a column followed by different letter are significantly different according to Fisher’s protected LSD test;

** = Significant difference at P<0.01
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Table 4. Effect of herbicides application on weed cover and crop injury after the 3 application at 180 days

after planting

Weed cover score' (Days after application)

Crop injury score’ (Days after application)

Treatment
15 30 45 60 75 90 15 30 45 60 75 90
1. Weedy check 94’ 9a 9a 9a 9a 9a 1b 1b 1 1 1 1
2. Hand weeding 2b 4b 4b 6b 3b 3b 1b 1b 1 1 1 1
3. bromacil 2,000 + 2b 1c 1c 1c 2c 2c 1b 1b 1 1 1 1
diuron 2,000 g a.i./ha
4. bromacil 5,000 + 1c 1c 1c 1c 1b 1c 4a 2a 1 1 1 1
diuron 2,500 g a.i./ha
SD 322 327 327 342 313 313 130 056 0 0 0 0
F-test > = * * = = = * ns ns ns ns

"Weed cover score using a scale of 1 to 9 where 1 represents no weed cover, and 9 completely weedy plot

% Crop injury score using a scale of 1to 9 where 1 no effect (all foliage green and alive), and 9 complete kill

*Means with in a column followed by different letter are significantly different according to Fisher's protected LSD test;

= Significant difference at P< 0.05; ** = Significant difference at £<0.01; ns = Non significant
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Figure 1. Effect of herbicides application on number weed populations in pineapple fields (a) the 1%

herbicide applications (b) the 2™ herbicide applications (c) the 3™ herbicide applications. G is

gramineae including goose grass, running grass, fingergrass, crowfoot grass, scandent pani and

feather pennisetum. B is broadleaf including horse purslane, morning glory, obscure morning glory,

phasey bean, slender amaranth, praxelis. DAA is day after application
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Table 5. Effect of herbicides application on plant height and yield of pineapple

Plant height (cm)

Treatment 1* application 2" application 3" application e
(ton/ha)
30 DAA 60 DAA 90 DAA 30 DAA 60 DAA 90 DAA 30 DAA 60 DAA 90 DAA
1. Weedy check 8.22 8.98 10.60 b 12.50 ¢ 14.12b 14.90 b 15.82b 23.00b 23.62b 2490 c
2. Hand weeding 8.64 9.21 12.18a 1340bc 17.32 a 17.85a 2220 a 30.35a 31.28a 47.99 bc
3. bromacil 2,000 + 8.16 9.42 12.78 a 14.70 a 18.08 a 18.27 a 22.00 a 30.72a 34.10a 7459 a
diuron 2,000 g a.i./ha
4. bromacil 5,000 + 8.11 9.47 1218 a 1380ab 16.73 a 17.15a 20.82 a 29.52 a 31.72a 69.23 ab
diuron 2,500 g a.i./ha
C.V. (%) 11.25 6.23 6.29 5.52 6.28 7.97 9.06 12.99 9.04 27.99
LSD 1.49 1.32 1.21 1.20 2.39 217 2.93 8.48 4.36 2.26
Fotost ns ns w « ok « - . - ok

Remarks: 1° application = 0 day after planting; 2" application = 90 days after planting; and 3¢ application = 180 days after planting

'DAA = days after application

?Means with in a column followed by different letter are significantly different according to LSD test;

* = Significant difference at P< 0.05; ** = Significant difference at £<0.01; ns = Non significant
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Table 6. Determination of herbicide residues in soil

Bromacil residues (mg/kg dry soil)

Diuron residues (mg/kg dry soil)

Treatment 1% application 2™ application 3“ application 1 application 2" application 3 application
0DAA'" 90DAA O0DAA 90DAA ODAA 90DAA ODAA 90DAA ODAA 90DAA O0DAA 90DAA
1. Weedy check 015¢ 0.13¢c 0.13b 0.11c 0.11c 0.04c 0.015¢ 0015¢ 0015¢c 0.027c 0027c 0029b
2. Hand weeding 0.15¢ 0.13¢c 0.13b 0.11¢c 0.11¢c 0.04c 0.015¢ 0015c 0015c 0027c 0027c 0029b
3. bromacil 2,000 + 0.66b 057b 1040a 340b 1020b 046b 0086b 0034b 0630b 0470b 7400b 0.230a
diuron 2,000 g a.i./ha
4. bromacil 5,000 + 140a 0.79a 10.70a 490a 3380a 110a 0.110a 0041a 0800a 0620a 9600a 0230a
diuron 2,500 g a.i./ha
C.V. (%) 152 0.73 013 0.33 0.06 1.72 6.50 1.01 151 114 023 3.27
LSD 0.02 0.01 0.02 0.02 0.02 0.02 0.01 0.00 0.01 0.01 0.03 0.01

F-test

ok e e e *%

Remarks: 1° application = 0 day after planting; 2" application = 90 days after planting; and 3¢ application = 180 days after planting

'DAA = days after application

# Means with in a column followed by different letter are significantly different according to Fisher's protected LSD test;

* = Significant difference at P<0.05; ** = Significant difference at P< 0.01
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Abstract: Microorganisms have relationship with plants. Endophytic bacteria colonize inner plant tissue without
damaging. These bacteria show an important role in plant growth promotion. Thus, they can contribute to
increase efficiency of organic based system of rice Intensification (SRI). The purpose of this study to analyze soil
properties, screen and identify of phosphate solubilizing and indole acetic acid (IAA) endophytic bacteria from
organic red jasmine rice tissue. It was found that ten years organic soil have low to moderate content of organic
matter, available phosphorus and exchangeable potassium, bulk density, field capacity and saturated
hydraulic conductivity. Endophytic bacteria, RSPVK-2 , RRPVK-4 , RRTSA-5, RRTSA-6, RLISP2 -1, RRTSA-3,
RRPVK-1, RRTSA-1 and RSISP2 -1 solubilized phosphate in PVK broth at 191.78, 92.65, 91.80, 73.22, 73.17,
71.23, 70.93, 69.93 and 67.49 mgPOf’/L, respectively. Also, bacteria RSTSA-6 could produce indole-3-acetic
acid (IAA) 20.55 mg/L. The genetic sequencing on 16S rRNA of RSPVK-2 , RRPVK-4 , RRTSA-6, RLISP2 -1,
RRTSA-1 and RSISP2-1 had similar to Burkholderia cenocepacia, Paenibacillus favisporus, Paenibacillus alvei,
Bacillus thuringiensis, Bacillus subtilis and Ralstonia pickettii, respectively. RRTSA-5, RRTSA-3, RRPVK-1 were

identified as Bacillus pumilus.

Keywords: Soil analysis, endophytic bacteria, phosphate solubilizing bacteria, indole-3-acetic acid producing
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Table 1. Physiological and chemical properties of ten years organic rice soil

Organic Available Exchangeable pH Bulk density Field capacity  Saturated hydraulic
matter phosphorus potassium conductivity
(%) (mg/kg) (mg/kg) (g/cm®) (% by weight) (cm/hr)
0.98 4.00 10.00 4.7 1.19 40.83 0.19

Table 2. Isolation of endophytic bacteria from red jasmine rice on various kinds of culture media

Culture media Number of endophytic bacteria (isolates) Total
Roots Stems Leaves
PCA 7 3 3 13
PVK 4 2 2
TSA 6 3 2 11
ISP2 3 2 4
Total 20 10 1 41
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Table 3. Phosphate solubilization of endophytic bacteria in PVK broth

Parts of rice

Bacterial isolate

Phosphate content (mgPOf’/L)

Roots RRPVK-1
Roots RRPVK-4
Stems RSPVK-2
Roots RRTSA-3
Roots RRTSA-5
Roots RRTSA-6
Stems RSTSA-1
Stems RSISP2-1
Leaves RLISP2-1

70.93
92.65
191.78
71.23
91.80
73.22
69.93
67.49
7317
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Table 4. Characteristics of selected endophytic bacteria

Bacterial Cultural characteristic Morphological Biochemical and physiological characteristics
Isolate characteristic Catalase Oxidase Fruc Su Mal Glu Gal Xy Lac Man

RRPVK-1 CF:circular, CM:entire, Gram positive + + + + + + - - - -
CE:raised Rods, Chains

RRPVK-4 CF:circular, CM:entire, Gram positive + - + + + + + - - -
CE:flat Rods, Chains

RSPVK-2 CF:irregular, CM:undulate Gram negative + - - - - + + - - -
CE:convex Rods, Single

RRTSA-3 CF:circular, CM:entire Gram positive + + + + - + - - - -
CE:raised Rods, Chains

RRTSA-5 CF:circular, CM:entire Gram positive + + + + - + - - - -
CE:raised Rods, Chains

RRTSA-6 CF:circular, CM:entire Gram positive - + + + + + + - - -
CE:flat Rods, Chains

RSTSA-1 CF:irregular, CM:undulate ~ Gram positive + + + - - + - - - -
CE:raised Rods, Chains

RSISP2-1 CF:irregular, CM:undulate ~ Gram positive + + + + - + - - - -
CE:raised Rods, Chains

RLISP2-1 CF:irregular, CM:undulate ~ Gram positive + + + + + + - - - -

CE:raised

Rods, Chains

Remark: CF=colony form, CM=colony margin, CE= colony elevation, Fruc=Fructose, Su=Sucrose, Mal=Maltose, Glu=Glucose, Xy=Xylitol, Lac=Lactose,
Man=Manitol

Table 5. Identification of selected endophytic bacteria by16S rRNA genes sequencing

Bacterial isolate

Bacteria

Accession number

Query cover

|dentities

Bacillus subtilis ssp. subtilis strain 168

RRPVK-1 Bacillus pumilus strain NJ-M2
RRPVK-4 Paenibacillus favisporus

RSPVK-2 Burkholderia cenocepacia J2315
RRTSA-3 Bacillus pumilus strain NJ-M2
RRTSA-5 Bacillus pumilus strain NJ-M2
RRTSA-6 Paenibacillus alvei DSM 29 PAV_2c
RSTSA-1

RSISP2-1 Ralstonia pickettii 12J

RLISP2-1

Bacillus thuringiensis serovar

konkukian strain 97-27

NZ_CP012329.1

LC127090.1

NC_011000.1

NZ_CP012329.1
NZ_CP012329.1
NZ_AMBZ01000002

NC_000964.3

NC_010682.1

NC_005957.1

100%
100%
100%
100%
100%
100%
100%
98%

100%

840/840 (100%)
680/680 (100%)
754/756 (99%)
676/676 (100%)
685/685 (100%)
686/690 (99%)
745/745 (100%)
738/738 (100%)
767/767 (100%)
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Abstract: Due to the current situation of rice prices decline. Management of production factors, especially the
use of fertilizers by farmers, is important in agricultural practice. The objective of this research was focused to
study the effect of green manures and fertilizer managements on yield, nutrient uptake and the economic return
of rice cv. RD47 cultivated in Ayutthaya soil series. The experiment was arranged in a factorial in randomized
complete block design with three replications. The first factor consisted of no green manure (A1), mungbean
(A2) and soybean (A3). The second factor consisted of no fertilizer (B1), chemical fertilizers at the same rate of
nutrients from organic fertilizers at 500 kg/rai (B2) and organic fertilizer at 500 kg/rai (B3). The results showed
that the application of soybean as a green manure with organic fertilizer gave the highest yield (1,048.0 kg/rai).
In addition, the highest nutrient uptake both seeds and whole plants (10.5, 2.4 and 3.7 kg N-P-K/rai in seed and
15.4, 3.2 and 23.4 kg N-P-K/rai in whole plant). However, when considering the economic return, it was found
that the treatment of soybean as the green manure with chemical fertilizer gave the highest economic return
(9,242.78 baht/rai). Soil properties after harvest were found that the use of mungbean as green manure with

chemical fertilizer tended to maintain the highest soil fertility.

Keywords: Green manure, chemical fertilizer, organic fertilizer, rice cv. RD47, Ayutthaya soil series
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Table 1. Physical and chemical properties of soil used in the experiment before plantation

Particle size (%) Soil EC, oM Total N Avail. P Exch. K
Sand Silt Clay pH (dS/m) (%) (%) (mg/kg) (mg/kg)
2.00 38.72 59.82 4.89 1.30 4.83 0.29 27.67 139.31

Texture class Clay

EC,: saturated electrical conductivity; OM: organic matter; Total N: total nitrogen; Avail. P: available phosphorus; Exch. K:

exchangeable potassium

Table 2. Properties of organic fertilizer used in the experiment

Total N (%) Total PO, (%) Total K,O (%) OM (%)
Analytical result 2.25 0.52 1.87 30.35
Standard value' >1.0 >0.5 > 0.5 > 20
pH EC,.,, (dS/m) C:N ratio Gravel (%)
Analytical result 8.1 5.86 8:1 0
Standard value' 5.5-8.5 <10 < 20:1 <2

! Department of Agriculture (2005)
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Table 3. Effect of green manures and fertilizer management on growth, yield and yield component of rice

Straw
Height Tillers per 100 grain Infertile ) Grain yield
Methodology ] ; ) ] o weight v
(cm) plant weight (g) grains (%) (kg/rai)1 (kg/rai)
Green manures (A)
No green manure (A1) 95.88 ° 3.50 2.79° 6.16 ° 649.6 ° 619.2°
Mungbean (A2) 101.50 472 2.80° 8.50 " 712.0° 720.0°
Soybean (A3) 98.88° 4.11 2.83° 10.70 ° 758.4° 931.2°
F_test * % nS * * % *% *%
Fertilizer management (B)
No fertilizer (B1) 97.56° 4.00%® 2.78° 8.12 622.4° 691.2°¢
Chemical fertilizer (B2) 105.22 ° 472° 2.82° 9.03 838.4° 824.0°
Organic fertilizer (B3) 93.50 ¢ 3.16° 2.82° 8.12 644.8"° 756.8 °
F-test ** ns * ns * **
Interaction (AxB)
A1B1 95.50 * 3.83° 2.74 6.11° 616.0 ° 553.6 °
A1B2 99.83 ™° 4.16° 2.82 5.56° 809.6 740.8 °%°
A1B3 92.33°¢ 2.50° 2.81 6.80° 523.2°¢ 565.5 %
A2B1 99.50 °° 3.50° 2.79 7.08° 680.0 *° 728.0 °%
A2B2 112.50° 6.67 ° 2.80 9.19 % 854.4° 772.8 >
A2B3 92.50 ¢ 4.00° 2.80 9.24 % 601.6 ¢ 660.0
A3B1 97.67 * 4.66 *° 2.82 11.45° 614.4° 790.4 *°
A3B2 103.33° 3.33° 2.83 12.34° 852.8° 942.4 %
A3B3 95.66 *° 433° 2.85 8.23% 808.0 % 1,048.0 °
F_test * % *% nS * *% * %k

' Means within the same column followed by the same letters indicate no significant differences among treatment using by DMRT,

*** Significant different at 0.05 and 0.01 probability levels,

Eaanisanldsinaims
Tudouaeinisnalds1601119 (nutrient
uptake) Nansasnainnisgaldainanmsluudnuas
mad @mmmnwm‘qmmm@mm‘lsnwﬂw,mmmvm
F9 uanelun17197 4 a1NHANITNAREINLIEN
Ufdninfazndnerfinilanganuaznisdnnisied
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wazlnzsauialundnuazaededaauuansinsasing
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Table 4. Effect of green manures and fertilizer management on nutrient uptake in rice

Grain (kg/rai)'

Straw (kg/rai)’ Total (kg/rai)’

Methodology
N P K N P K N P K
Green manures (A)
No green manure (A1) 67° 15° 22° 43° 06 148° 110° 21° 171°
Mungbean (A2) 77°  16°  24° 48° 06 1627 125° 23° 187°
Soybean (A3) 94° 20° 37% 42° 06 173 137% 287 207°
Fotest o o o . ns o o o o
Fertilizer management
(B)
No fertilizer (B1) 72° 16° 24° 39° 05° 139° 112° 22° 164"
Chemical fertilizer (B2) 8.8° 1.8° 28° 55° 07% 197% 143" 26° 225°
Organic fertilizer (B3) 73°  18° 28° 33° 06° 147° 117° 25* 176"
Fotest o . o o o o o o o
Interaction (AxB)
A1B1 619 13° 20° 41™ 06% 127° 102° 19° 148°
A1B2 81°% 7™ 25 55%® 7% 202 137% 25 227°
d
A1B3 60°¢ 14° 22° 32° 05° 114° 92° 19° 136"
A2B1 75% 45%  23% 44™ 06 154% 119 22 1817
A2B2 87% 17> 25 64% 08* 198 151%* 25% 224°
A2B3 69 16™ 25 36% 06 131° 106% 22% 156°
A3B1 81°% 20" 330%™ 32° 05° 134° 113°° 25% 164°
A3B2 96* 20% 32™ 46 07* 190° 143%° 27* 223°
A3B3 105%  24% 377 49" 082% 196° 154% 32° 234°
Fotost o . . x o o o o o

' Means within the same column followed by the same letters indicate no significant differences among treatment using by DMRT,

* ** Significant different at 0.05 and 0.01 probability levels, ™ not significant
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Table 5. Effects of green manures and fertilizer management on some soil properties after plantation

Organic matter Total nitrogen Available Exchangeable
Methodology (%) (%)’ phosphorus potassium
(mg/kg)' (mg/kg)'
Green manures (A)
No green manure (A1) 4.88° 0.26 19.93 ¢ 121.5°
Mungbean (A2) 5.26 ° 0.28 24.85° 121.0°
Soybean (A3) 487" 0.27 22.99° 142.0 °
F-test > ns * *
Fertilizer management
(B)
No fertilizer (B1) 4.94° 0.27 21.27° 128.9°
Chemical fertilizer (B2) 4.94° 0.27 23.84° 129.2°
Organic fertilizer (B3) 5.13° 0.28 22.66 " 126.4°
F-test o ns * *
Interaction (AxB)
A1B1 459° 0.25° 17.31° 137.1%
A1B2 4.94° 0.26 ™ 20.92 > 128.0 °*
A1B3 512 % 0.27 ** 2157° 89.4°
A2B1 5.31° 0.28 % 23.28° 105.3 >
A2B2 5.30° 0.29° 27.90° 131.3%°
A2B3 517 % 0.28 23.38° 126.3 *°
A3B1 491" 0.27 *° 23.23° 144.3°
A3B2 4.60° 0.25° 22.70° 128.2 %
A3B3 5.10 % 0.28% 23.05° 153.6°
Ftest o o o o

' Means within the same column followed by the same letters indicate no significant differences among treatment using by DMRT,

* ¥ Significant different at 0.05 and 0.01 probability levels, ™ not significant
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Table 6. Effects of green manures and fertilizer management on production cost and economic returns

Production Income of legume  Income of rice  Total income  Gross profit
Methodology
cost (baht/rai) (baht/rai) (baht/rai) (baht/rai) (baht/rai)
Green manures (A)
No green manure 700 - 5,003.13 5,003.13 4,303.13
(A1)
Mungbean (A2) 850 2,898.09 5,817.60 8,715.69 7,865.69
Soybean (A3) 880 3,171.68 7,524.09 10,695.77 9,815.77
Fertilizer management (B)
No fertilizer (B1) 700 - 5,584.90 5,584.90 4,884.90
Chemical fertilizer 1,385 - 6,657.92 6,657.92 5,272.92
(B2)
Organic fertilizer 4,200 - 6,114.94 6,114.94 1,914.94
(B3)
Interaction (AxB)
A1B1 700 - 4,473.08 4,473.08 3,773.08
A1B2 1,385 - 5,985.66 5,985.66 4,600.66
A1B3 4,200 - 4,569.24 4,569.24 369.24
A2B1 850 2,935.24 5,882.24 8,817.48 7,967.48
A2B2 1,535 2,786.62 6,244.22 9,030.84 7,495.84
A2B3 4,350 2,974.40 5,332.80 8,307.20 3,957.20
A3B1 880 3,067.35 6,386.43 9,453.78 8,673.78
A3B2 1,565 3,193.19 7,614.59 10,807.78 9,242.78
A3B3 4,380 3,256.11 8,467.84 11,723.95 7,343.95
Provided: Fertilizer 46-0-0 = 11.20 baht/kg, Fertilizer 16-20-0 = 13.35 baht/kg, Fertilizer 0-0-60 = 18.45 baht/kg, Organic fertilizer = 7.00

baht/kg, Land preparation = 300 baht/rai, Rice seed cost = 20 baht/kg, Mungbean seed cost = 30 baht/kg, Soybean seed
cost = 20 baht/kg, Grain price = 8.08 baht/kg, Mungbean price = 24.77 baht/kg and Soybean price = 15.73 baht/kg

2 aiim AununnInsH@nviniu 850 uaz 880 Lw/ls
dvsuiadenuazianaes musay Tnedurnmds
ugiadien 150 U uaziamies 180 uam nelida
wiaeui]aNgansaniunisldiladuniad (A3B3) 1
Wilselannnisnedinouazdageiiganinfy
11,723.95 u/l3 Wnenduse lfanainnisznading
8,467.84 U/l 7elannisenada 3,256.11 L/
13 weiflfununisuangeiigawiniy 4,380 uan/ls
&T\nfmﬁﬂﬁn@uﬁunummﬁmLLéﬁq%wudmﬁﬁ%ﬁ‘lﬁ
naRBLLIUgITdaRensINIE dawaedullafitan
$anfiunslailaindl (A3B2) Sl HARaLILNUVAN
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Abstract: Collection of melon and cantaloupe leaf samples showing virus disease symptoms were carried out in
the production areas both greenhouse and open field in Chiang Mai, Chiang Rai and Lamphun provinces of
northern Thailand. Enzyme-linked immunosorbent assay (ELISA) with monoclonal and polyclonal antibodies
were used for virus detection. The results showed that after virus detection from total 163 leaves samples, the
highest disease incidence was 68.87% caused by Melon yellow spot virus (MYSV) followed by the genus
Begomovirus (4.9%), Papaya ringspot virus (PRSV) (2.4%) and Zucchini yellow mosaic virus (ZYMV) (2.4%).
While Begomovirus and Watermelon silver mottle virus (WSMoV) were minimally detected with 1.8% and 1.2%,
respectively. MYSV co-infected with Begomovirus were the highest incidence of mixed infections. Triple virus
infections (PRSV, WSMoV and ZYMV) was detected from cantaloupe leaf. Virus particles were observed by
using transmission electron microscope (TEM), the result showed that the average size of enveloped nearly-
spherical particles of MYSV with 80-150 nm diameter, flexuous particle of PRSV with 650-850 nm long and
twinned-icosahedral particles of Begomovirus with 25 x 35 nm diameter. The results indicated that MYSV was
the most threatening virus for melon and cantaloupe production in northern Thailand under both greenhouse

and field conditions.

Keywords: Virus, melon, cantaloupe, ELISA, transmission electron microscope
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UNARER: LﬁUﬁ']’ﬂﬂ’]ﬂULN@@uLL@ Lmummﬂ‘ﬁ'memmmmiiﬂiﬁm mﬂﬁyuﬁﬂ@ﬂsluﬁqw‘fmﬁmim \Heragne
UATATY aluannissseunazutlaadln nsasaudelialnelimaiia enzyme-linked immunosorbent assay
(ELISA) $auruTnlnaueauauiuefuasina lnauaaLauiues Faannnsmsaasiatngluimiomn 163 et
$ineRT ELISA WL91 Melon yellow spot virus (MYSV) L‘]‘flum@"lfmwmm@wﬂmmnmmﬂmﬂua‘@m: 68.7 TA9A9HN
ﬁ'ﬂ@ﬂ@ Begomovirus (esas 4. 9) Papaya ringspot virus (PRSV) ) Besiay 2.4) was Zucchini yellow mosaic virus
ZYMV) Geaaz 2.4) Tuane Amgoanua na Begomowrus wa e Watermelon silver mottle virus (WSMoV)
Wuanuauasay 1 Buaz 1.2 ANNATAL WaNanil ANn19dnga wummnmmm‘qmu 99938 l05anng
1 95im IAuA MYSV wmmmmqmuaﬂ@ Begomovirus snawuimmnmm YANANT WU e N e
dolaa 3 17ia 1Hun PRSV, WSMoV uay ZYMV Lufamqqm@mﬂwmvﬂummmm@”l.qmmﬂslmﬂmwmmmu
BanAsauLLLAEY Wi MYSV HgisAaudinananuazilifl Lﬂfauufagmm flannmaeAnwinmy 80-150 untusas
wuaynal¥adnsomdudugnonnaes PRSV Sanaedewinnu 650-85 i tuwas Lmzmmﬂ”lfai?zﬁﬁ@ﬂu’l,ﬂum\i
NANFAYBNANA Begomovirus faunmwAsvinty 22 x 38 unTuwas anuan1smsIadesftetinglLma LAz LALAN
qUuansenslselaialu 3 Saudn anansnagullédn Mysv iludelssaiiainenmna@ameasnnigranslgni
aauLAzLALAgL soluanmisdeuuazuaaie

AdAty: 1oia wasu uawsngll ELISA ndesanssaigidnasenuuudesing

AU (CMV), Papaya ringspot virus (PRSV), Watermelon

mosaic virus-2 (WMV-2) Was Zucchini yellow mosaic

LHAaaY (melon) LL@:Lmum@]ﬂ (cantaloupe) virus (ZYMV) v W& 4 (Ali et al., 2012; Romay et al.,
(Cucumis melo L. ka ¢ C. melo var. cantalupensis 2014) a1N 318911984 Lecoq et al. (2003) Tuns
ANANAL) R0t luia99A LAY (Cucurbitaceae) Hlu F1999911 3 219 T AR NHA A UT LARIBIN2ANIN AR
s AINAATYNIATIH TR ATeslszinane Haw atneguLssfogwmatianiaiudnauaz@aluiana
dgnannluaanawilewazaanziueenidsamile  wudn PRV uay zymv iludelsaiiiniifineinis
meﬂqﬂﬁa‘hﬁaﬂumﬂmﬁ@ 16un Saudmdelug AaUnRULNANASY NN Peng et al. (2011)
uazAINU (BATNR warganad, 2558) TeymdiAnyly 97189937 HaL agui QN Melon yellow spot virus

nslgniuaeuuazuauatglielsn dalsaiinuly  (MYSV) dvinana Raunm guline uas@Rafianunilyl
Lm'aul,m:ﬂmum@uﬂmmmLﬁmmﬂﬁy@mmaiim% delh¥alnegounniumaafunngluntsdnenen
waneTiin 11 BANaNTIRAA N EeLLAT B (insect transmission) 598 & 194 u AINA U1
Acidovorax citrulli (§n15R11 warAnsy, 2561) TeAbiv (whitefly) a1819n 0188 A Falafaluag na
Lana e lMafiinannidasn Stagonosporopsis  Begomovirus WAEI ( (thrips) aunsndnENen e
cucurbitacearum (AUN3N LATZAIYNI, 2561) aginalsf %mlum@ Tospovius LL@L’LW@H@@L&( phids) @14190
pn TeafiflanudnAnylusiusiusi - Aelsaflifaann dnememdelasaldanaana 1w Cucumovius uas
Fola¥a deiluansenunin 1 HanananaININNgA Potyvirus Wlw#i (Whitfield et al., 2015)

%0818 50 Lmemammﬁﬁ ﬂmmwrﬁiﬁﬂdm’lmﬁgﬁu Enzyme-linked  immunosorbent  assay
(Trkulja et al., 2013) Aelsariatnanudeune i (ELISA) ilumatianiaumgainen (serology) a5y
NrnaAunaivanaaiia wiw Cucumber mosaic virus Autaninun ldlun1snmaaauLazanauunTiia
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10981954 IneaAANNAUNIZITUINULOUR LAY
(T@ala58) wazwauALes (Mowat and Dawson, 1987)
AININEIUIBL NS wazinasimil (2551) lEmnaila
ELISA lunnsmsaages e laFan dnvinanafiaaaduma
1 wanw uaenan usell Bdn uazanias Nilgn
Twannanziueaniasamile InaN1TaRIANLITS
TaFaldvianan 598 8w Papaya ringspot virus-W
(PRSV-W), Cucumber green mottle mosaic virus
(CGMMV), Tospovirus serogroup IV & £ Zucchini
yellow mosaic virus (ZYMV) UANAINRAALN LAY
ALY (2552) WEmARiA ELISA Tun1smsqatlsziinmqng
Fnunnuaesnz@aman i iunistiutleiug el
AUN1LAD Tomato yellow leaf curl virus (TYLCV)
NN EUAZNIANHIANHUTAUNIATES
wal¥alaalindesqanssmiBiannsauiuudaciu
(transmission electron microscope; TEM) 1idgn19h
linansmsaaeuusuiuLarilanmaEg Iueg iy
Anwuziar liLLIaINIsEETaNA Rt 1e malla dip
preparation i umaiAR anian1 1 lunnmsay
o/ 1 d‘ dla/ | d‘ aaa
Faeene iNansaade Lt lfad g Wesanndasnis
a A e o @ g Y
wireu? ldudenuuaranEa uanainil nsfian@uuy
negative staining @133 iiseaiuaun1A109LTe
TaFalfdaiauu1n a2y (Zechmann and Zellnig,
2009) A9l daniscasfansuidnluniell e
ATIadaLTInanredeliFandnnianemanuLaY
. o o P
waupgUnlgnlu 3 Sdaniamileseslszmelng
v 1 e o = o ° o
MHun Seudmdaslud @aesa wazarnu lneld
WATA ELISA UAZNABIAANIIAIBIANATULLILIADIN
wadudayalunismnunulesiuiidnaelfauay
unaanmelfaeegniiesuasivinnzas

L4 ada
adnsaluaglaans

1. ManuAasi
HusaeteluwasuuaziAunIgliLang
an1zadnalsalifassusszaznsary i uinaui
szaiznaunsiuifes W a1n1slusne luiinqe
al A a d” Aﬂl = | a a
awaes luinaqaniezeiieitie Tudglssidnlng
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LLﬂﬂ‘]_l‘ﬁlem\‘iﬂﬂﬂﬂﬁ‘ﬁiﬂJiéu Tneiusneenauiuduau 3
lusiefu aniuigniusmdadaddus 5 wis tae
wiiveendu lulsaBeu 3 wis 1Eun e.neevae 2.11909
way 8. dutlmed wazan 2 uwie luudaads THuwA
2.89 1Az 8.uN9 AVFL T AT Wusaeene
fanilgnlulsedauann a.uddi uaz a.usidne uaz
fuivgnludmindyuduudaadana 2 wis ur
8.15104 1A 0111979 ananE danauazantiudin
TTATBILNAINNE A ol Fa RNl RN et
franamaidelhialuienliimns

2. MEIngIaRENALA ELISA

2.1 Al A indirect plate-trapped antigen (PTA)-
ELISA

ldwmaiia PTA-ELISA saurduTnTulnauaa
WAURALBA (monoclonal antibody) A1%5UNNATANN
L%y@ Cucumber green mottle mosaic virus (CGMMV)
(3% @& 9F11), Melon yellow spot virus (MYSV) (391 &
5E7), Watermelon mosaic virus-2 (WMV-2) (3 9 @
1H5) wazana Potyvirus (39a 1G8) (WA M Tne e
WugaranssuuazmATulatiionwWuMe3) uananniild
nalaaueanaufuen (polyclonal antibody) 115y
N9 ﬁyﬂ Cucumber mosaic virus (CMV), Papaya
ringspot virus (PRSV) W& £ Zucchini yellow mosaic
virus (ZYMV) (Nﬁm‘ﬂmmaﬁﬂmmwﬁm ADIELNE AT
UUINLNAENEAIANGNT INSNYANTLNILAL) LFFEIN
Fee19ANUARNNIT A ALLAg 11an Gajanandana
et al. (2006) A ‘f‘: uamaat19luN Tl carbonate
coating buffer pH 9.6 Tugmsrdauluf s 0.1 nFu
siarfies 1 adans i luwdedianuGasey
10,000 seUAEWT 1uaN 5w anntusinganla
AU (supernatant) mmmﬂumuimimm@w
Tuifsunms 100 Tulnsdnssavgu uummuﬂu 37
aeAmad e Wuman 2 99l vitetiudinuAud
GUUNH 4 aeATALT LA AN9UQNINANALY washing
buffer (phosphate saline buffer with Tween-20;
PSBT) 1311019 200 TulAsAnssiangu a1uau 4 A%
AF30% 3 U 1Ay blocking buffer 341 A3 100
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lpsamssiangu vinlldufiguugil 37 asrnaaidea
unan 1995 ramandog washing buffer ANty
Fulululnaueardeinalnausaueufuenfiaimnie
sialafausiavaiin innms 100 lulasdnssiengu wnly
ﬂuﬁfqmmﬁ 37 aAaaids Wunan 199l 19
INAaN A28 washing buffer LA 1 alkaline phosphatase
conjugated goat anti-mouse IgG (Sigma, USA)
3snms 100 lulpsAnssianas tnlunfigoagfl 37
asrnmaiea 1fwaan 19T Sranandag washing
buffer 1L @ £ LA 4 p-nitrophenyl phosphate (PNPP)
substrate (Sigma, USA) 13u1ms 100 lulAsamnss e
v silunfignmnfl 37 esrniaion w1 92l
aniurinlan1sganAuudeil Avuenanay 405
wluumg fv]’faf;ll,m?l‘m MicroPlate Reader g"u Synergy H1
(BioTek, USA) ﬁq@ﬂ'wﬁ'ﬁL%”favl,ﬁmzﬁmmi@mﬂﬁu
waafgandngaaauax 2 win iWelinanisamade
lhFaudn ihdieya lFundnnamsesazaniniain
T2A (disease incidence) mA1NATN17U84 Al ef al.
(2014) fail

No. of infected
Percentage of
plants

disease = x100

incidence (PDI)

Total no. of

observed plants

22 wAlaA indirect double antibody sandwich
(DAS)-ELISA
14 wmatla DAS-ELISA sauiuiululnauaa
wWaURLBA MN1TRTIR Watermelon silver mottle virus
(WSMoV) (3% 18D11) dela¥aluana Begomovirus
(398 M1 uaz D2) (nanlnadudWugliAInssuuay
walulagdannuwieand) nevaauauRueaffaay
(capture YR primary antibody) %ﬂtﬂ uinalnauea
LeuRLeRTIAINzAeEe T auAazaTia 153a3 100
lnadnasievgu Ul ufiguuni 37 esrngadus
Tiaan 2 $alus annisinanadannsludie 2.1
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3. NIATINFBUAILNADIRANTTAUDANATAY
LULER9ENY (transmission electron microscope;
TEM)

tidetelusmenilidFunnlanide MYS
LaY PRSV LAZA20d1910 A UT Asaan L
Begomovirus foeynAtA ELISA NNATIAAQLANT LY
n1eduguaneveseyninaianie’ls TEM Ine
WATEIN T ABE MWL dip preparation kazfiaNE LUy
negative staining AN3A3 N7 ALLIAIINAN Kumar
et al. (2014) FaT LAaasing Uiy phosphate
buffer Ao uENEW 0.1 Tua15 ludnandau 1 nFume
0.5 Aadans v luTuwAssfinauiga 12,000 sevuse
w1 iWuinan 10 wail dndauladuuuliuams 7
Tu1AsAMs VEARILLTANEIUATIAABLEYWE TS
(formvar-coated carbon grid) 416 300 mesh ﬁ”\i 14
W1u 2 W7 Enseendaeninnguiisain@ednuau 2 axe
pFausndnadatnnsmentinnduiiean@etiunms 1
ﬁmaam LATATST 2 ﬁﬁﬂ?miﬂﬂfjwmuuﬂmm‘fﬂﬂﬁuﬁq
m’]m@ uaan 3 m‘w dansunaingyansnsesn
Futinean antiuasnnizaasy 1% glutaraldehyde
WU 5 WA fu glutaraldehyde AANAIYNTZATHNIAY
WeIA 2% uranyl acetate 13uNm3 7 lulAsamsasuinze
fel81nu 4 unit Fueendasnszanmnies uazinlil
pevAdeLANHzaesaRnAlian el TEM §u JEM-
2200FS (JOEL, USA) fifndaaents 40,000-60,000 tin

NANISYIARBILAZIANTL

1. MsIAUAIBREg

arunsf udaet1aluR T lE Hanua 163
sianee Inautiveeniduluwani 118 Aaetng uaz
luwaumngil 45 fAqatig (13197 1) InEaNN1U99
pdneilsrlaammanLIdduan SanEessT lueen
wanea 19679 lurenigdseialng lusenuans
2 n19aNYu Tuaandouse Tuuiuanianisqanie
seaiiaiile leeauasluniugnsanislumaes uas
Fuuaszuniu fludu wenannimuusammlsalasa
3aiin urd masl (MW7 1A) FanuNANEWLE
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Table 1. Number of melon and cantaloupe leaf samples collected from 3 provinces in northern Thailand

and percentage of virus incidence detected by ELISA

Types of No. of
Locations Plants Virus incidence (%)
cultivation collection
Chiang Mai greenhouse melon 31 MYSV (80.6%), Begomovirus (3.2%) and WSMoV (6.4%)
open field cantaloupe 12 PRSV (25.0%), ZYMV (25.0%) and MYSV (8.3%)
melon 4 No virus detected
Chiang Rai greenhouse melon 12 MYSV (58.3%)
Lamphun greenhouse melon 14 MYSV (78.5%), and Begomovirus (16.7%)
open field cantaloupe 33 MYSV (66.6%), Begomovirus (6.0%), PRSV (3.0%), WSMoV
(3.0%) and ZYMV (3.0%)
melon 57 MYSV (80.7%), Begomovirus (1.7%)
MYSV (68.7%), Begomovirus (6.1%), PRSV (2.4%), ZYMV
Total 163

(2.4%) and WSMoV (1.8%)

Remarks: MYSV: Melon yellow spot virus, PRSV: Papaya ringspot virus, WSMoV: Watermelon silver mottle virus and ZYMV:

Zucchini yellow mosaic virus

Figure 1.

Insect vectors of viruses found on melon and/or cantaloupe leaves observed under stereo

microscope (20X magpnification), thrips (A), aphids (B) and whitefly (C)

I‘I_I‘ﬂ‘ﬂuLL@vsl‘]_lLLﬂ°1I'ﬂ\1LN@@%LL’NVLLWLM’]@‘]J'VILL@@\?’ﬂ’m’li‘
ﬂmmmamu@ﬂmmmmmmﬂ@ IWAEIEaY (N 1B)
wumulm'lmmummﬂmmemmmmuu WAZIL
LAWY (A 10) Duludeuaeanufiuans
amatiowe Tneluutlaadlngnansanuuaaslion 3
17in daululsaleunumas sz isasnanusls
WLIAEE Y

2. MSASIAAENARA ELISA LATANHULAINNG
aadlsaiAnanidalasauaaein

Henmaaeuidelhiaanndaadily 163

A22e19 (lWasu 118 Ad2t19 wazuAuAgl 45

79

Faa819) WuI1 MYSV Lﬂuﬁy@iﬁmﬁwuﬁmnﬁqﬂ
Aullietaz 68.7 ansaetndlufiaiidgniulsiten
uazulaadnlneutiadu Wu'luLm'auﬁﬂ@mﬂIuTN Fau
fidnmaludorindadiml deoens uazdiyu Aaddu

%e8az 80.6, 58.3 LAY 78.5 AMNAAL LazMIIaWL Ly

Lma@uﬁ'ﬂgﬂuuﬂmLﬂmaﬁw{mLf'ﬁmimil,mzzimu
Andusesas 8.3 WAz 80.7 AMNANAL (mmﬁ{ 1)
dvsuueumalilgnluulaadeessmdadeslvsl
wazanyu wunisdininaneees MYsV Aadibesas
25.0 WAL 66.6 AMNSAL (AN39T 1) dalasafinma
WLHINTAIAINAD AnNa Begomovirus Antlusesay
16.7 luanuziimsany PRSV uaz ZYMV 1 lubasiasd
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Winfi Ae 24 WaNaNT A39a Nl WSMoV A aiili
%eeay 1.8 (mm\‘i'ﬁ 1)
waguazuasRaaTing Fvislulsabeu
warulaadle faonuduiusiuaiavesdelaa
BIANNINENUNSANEN 04 Kato ef al. (2000) W5
MYSV gnansndneneasunanas iy uazann
3MENLS Whithield ef al. (2015) W9 UNAIWATN
arnnsndrenenidelafaluana Begomovius
u@ﬂ@’mﬂu Dombrovsky et al. (2005) 9181911471 L%y'a
hialuana Potyvirus Rimazeeuduumaamnmzlunis
fneman Fsannuanisnmaiadnsluielulseden 1
WUNALEL danAReeTUNImIIa vt el el
ana Potyvirus (PRSV waz ZYMV) arnsiastineluinaglu
Tsaeuiinunmsagay
FanIRmAdeLde s lufesaluATann
3 Ssudalunipwile wudn MYSV nuunfiga dedl
AYNUANANAINIIZNNLLDY NT Uazintsimil (2551)
fieeauntenmadelafaluilamanudanugie
19ALANIRINNAREdUean@auuile tH LA WAy
WAINI 1N uazaaTed Temudn oMy iludelsa
farunsansaanuliuaniign Andubenay 44
289A9HAR PRSV-W baz CGMMV Tnaidnidluiasay
28 Uax 25 AuARL T TndAselunssiinmals
WU CMV, CGMMV LLay WMV-2 a1nf2a819uan il
LL@:LLﬁumqﬂfﬁmfmﬁ”ﬂum 163 fa9ENa
HAN1TATIR PRSV BaeinAailm ELISA
ldarnnsnszy 14 PROV fimmaanuiduanaiug
(type) la 72114919 watermelon -infecting type (W type)
YR papaya-infecting type (P type) Lﬁmmﬂﬁmm
aneviufiuanansadvnanefmsdundFmileuiy
felainnanenli watlanesgaanenlunisdnauunts
fenaspsuunanansarinlilnanislgnideasuit
wmmuwhifu (Mansilla et al., 2013)
fmnsamaenzeslsaTiinandelasa
LL[FII?N"’&ﬂ@ﬁiﬁﬁﬁﬂﬁ?ﬁﬁﬂfﬂuﬂ%ﬁiﬂﬁuﬁiﬂ@iﬂiﬁd’]
mmaﬁ@mmwfa\uummwm (Mt 2A-C) ifluennns
aNE AR AN faifamsl,umﬂ@ Tospovius #4711
AseETaunTonmanyld 2 180 Ae MYSV uax
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WSMoV dnwiuielagaluana Begomovirus wuingin
WluRauansenislufinwead AeTuRaes uay
LAASBINNTIVA 9Ty (MW7 2D-F) wanANLEa
TaFaluana Potyvirus 1Hun PRSV uaz ZYMV wudn
Mliludaifiaeinislusnssuiunasuyy (i
2G, H)

Madinanssauiuteadelafaunnnda 1
win gnansomsanslEansnesinaiidne (wd 2
K Waznnwi 3A-C) Tmeiwwan MYSV Wnnnangsaniy
ana Begomovirus mm’ﬁlzgm Anlubsesay 4.2 (mw%ﬁ'
3A) annlu wasuelulsdeunazudands fiuans
BINNIANBENTULNIINALBINITUBAUATILATU
(shoot stunting) (Wi 21) wﬂmmummﬂﬁ'ﬂ@ﬂlu
wilaadafimsaany PRSV was ZYMV L‘J.I"lVl’]Z’\l’]?;I
soufu Anlusenas 6.6 (NNH 38) wananni
Wumq@mLmungﬂwﬂ@mﬂ‘l,w,mmﬁmmmmm
AN fAmsaanunindininanesonfuresdelada 3
gfim 1@ A PRSV, WSMoV was ZYMV Asilubesay
2.2 (M 38) LU e uaneinilusig uazdqn
ANEveaifi el adanEae (m‘wﬁ' 2K) Tus954 95
AN10RMANLNTE A e N T e e L el
wanaeiia U Fatouh (2003) ATaNLN1FENINaNe
$aNAUL09 CMV wae ZYMV lug il wananni
Gi-Salas et al. (2012) A3anLLAINANT TN lne
Cucumber vein yellowing virus (CVYV) §79 8 11 U
Cucurbit yellow stunting disorder virus (CYSDV) Tag
ﬂﬁﬁuﬁuﬁ’mmmﬂ%ﬁﬁmm'fmﬁ”ummL%”avl,ﬁm@w
Wunuudain (synergism) sisefjiing (antagonist)
fedanaransuanseentetarnsvaston Tmﬁyumgu'ﬁu
1invre0delafa Loz a0 Ae (Syller, 2012)
agnelsfimnn annisnsageunuidelhaluana
Begomov/rus17;L"ﬂﬁﬁﬁmﬂLm'auLLmLmum@uﬂ WAl
liannsnszyainvesdelhfakoumaiia ELISA
ileatinaiden snudedinnInmagendieianisay
isiRwsiall



msastasauidalrfalunneunazuaungiiilgn
ludmindeslug @95 uazaIny

Begomovirus

Double virus infections Triple virus infections

MYSV + Begomovirus PRSV + WSMoV + ZYMV

Figure 2. Symptoms of virus infection on melon and cantaloupe, melon infected by Melon yellow spot
virus (MYSV) showing severe mosaic symptom on leaves and stunting (A), numerous
chlorotic spots on melon leaves caused by MYSV (B), numerous chlorotic with necrotic spots
on melon leaf infected by Watermelon silver mottle virus (WSMoV) (C), yellow patch symptom
on melon leaf infected by Begomovirus (D), leaf curl symptom of melon leaves infected with
Begomovirus (E), yellowing of cantaloupe leaves caused symptoms by Begomovirus (F),
blistering symptom on cantaloupe leaves caused by Papaya ringspot virus (PRSV) (G),
blistering and mosaic symptoms on cantaloupe infected by Zucchini yellow mosaic virus
(ZYMV) (H), double virus infection of MYSV+Begomovirus-infected melon leaves showing
severe mosaic with shoot stunting symptoms (l), and PRSV+WSMoV+ZYMV-infected
cantaloupe leaves showing severe mosaic with necrotic spots symptoms (J)
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N19ASIARDLAIENARIDLANATAULLLADIEY
(Transmission electron microscope; TEM)
annnsmsagaueynATesidelaaas
TEM Wu9n MYSV Hdnmouzenninrauiinanauuasi
Lﬁlﬂﬁuﬂnﬂqmq%uuﬂﬂmmwmﬂiﬁm (enveloped
nearly-spherical particle) ‘L‘m glaunTeILE U 1U
ﬂuﬂﬂmummmﬂummmmu 80-150 w1 Tuiumg
(T 4A) BanannIRIaTigen AR T EILTe
Kato et al. (2000) 71§ ﬂuwm‘mifam‘ﬁum’mumm
wmwmaﬂu’luﬂa”mmmﬂu mmnwmwmmfaumﬂ
ﬂ@wﬂ’Nﬂ@NLL@"’NLﬂ‘ﬂMNNL@uN’]uﬂuﬂﬂ@’]\‘iL'ﬂ@ﬂ
tszainny 80-100 unluiuAs uazlE fsdad1 Meion
yellow spot virus (MYSV) Tunstlaas PRSV a1nn1g

Begomo

virus

A
Figure 3.

AIAABL WUF1 HANHUEAUNIALLLLEULNIAR
(flexuous particle) FatnAANNENILRAeLls¥aNs 650-
850 unTums (N 4B) e aanalndAeary
FENULAY nIg%m LAZINIAU (2559) ﬁiﬁmmjm'@lu
aynareudelaFaluana Poyvius ANUIAY
Tunanuasuaznudnaynalialawiaaotlszann
600-760 WA TUILAT UBNANT AINNTATIAFELNL
@umﬂm\mau%mﬂuﬁ (twinned-icosahedral) 284
Lm"Lfa'iMﬂa Begomovirus ‘L‘mammmmumm
@ummmmm’mu 25 x 35 W Tulu AT (NNF 4C)
muﬂﬂﬁmvgﬂmwln@ Aeetudalafaluaed
Geminiviridae %qﬁﬂummLz’ﬁucjmquﬂ’ﬂmqﬂazmm
22 x 38 UNTWuAT (Zerbini et al., 2017)

Percentage of mixed infection incidence detected by ELISA, double virus infection of Melon

yellow spot virus (MYSV) + Begomovirus in melon (A), Papaya ringspot virus (PRSV) +

Zucchini yellow mosaic virus (ZYMV) in cantaloupe (B) and triple virus infection of PRSV +

ZYMV + Watermelon silver mottle virus (WSMoV) in cantaloupe (B)

Flgure 4.

Transmission electron micrograph of viruses in melon (indicated by arrowheads) at 40,000-

60,000 magnification, enveloped-spherical particles of Melon yellow spot virus (MYSV) (A),

flexuous rod particle of Papaya ringspot virus (B) and twinned-icosahedral particles of

Begomovirus (C)
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saadelafaiiensaanaunialéindesqanseel
BANAFAUULILADINU WU MYSV HAnmouzaynia
wuudeuiinenanuasdid ey Jauimdudiu
Augna19lszui 80-150 U TuNAT 8YN1ATDY
PRSV fisnmauziiludiugnann fawaemiueamig
gzun0d 650-850 1N luluAg LATANA Begomowrus Y
snwuzeymalafadunanasiiogug o mmm@@ﬂ
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PsnnvishilsaBeuuazudaadn
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Detection of Viruses in Melon and Cantaloupe Planted in Chiang Mai, Chiang Rai

and Lamphun Provinces
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Abstract: Collection of melon and cantaloupe leaf samples showing virus disease symptoms were carried out in
the production areas both greenhouse and open field in Chiang Mai, Chiang Rai and Lamphun provinces of
northern Thailand. Enzyme-linked immunosorbent assay (ELISA) with monoclonal and polyclonal antibodies
were used for virus detection. The results showed that after virus detection from total 163 leaves samples, the
highest disease incidence was 68.87% caused by Melon yellow spot virus (MYSV) followed by the genus
Geminivirus (4.9%), Papaya ringspot virus (PRSV) (2.4%) and Zucchini yellow mosaic virus (ZYMV) (2.4%).
While Begomovirus and Watermelon silver mottle virus (WSMoV) were minimally detected with 1.8% and 1.2%,
respectively. MYSV co-infected with Geminivirus were the highest incidence of mixed infections and followed by
Begomovirus co-infected with Geminivirus. Triple virus infection (PRSV, WSMoV and ZYMV) was detected from
cantaloupe leaf. Virus particles were observed by using transmission electron microscope (TEM), the result
showed that the average size of enveloped nearly-spherical particles of MYSV with 80-150 nm diameter,
flexuous particle of PRSV with 650-850 nm long and twinned-icosahedral particles of Geminivirus with 25 x 35
nm diameter. The results indicated that MYSV was the most threatening virus for melon and cantaloupe

production in northern Thailand under both greenhouse and field conditions.

Keywords: Virus, melon, cantaloupe, ELISA, transmission electron microscope
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unAnda: fivseddlumaeuuas supumgUiuansennisedlsalaia aniuidgniusmdadeddml o
UATATY aluannisBeuuazulaailn paseuideliialnelfmaia enzyme-linked immunosorbent assay
(ELISA) $auruTnlnaueauauiuefuasina lnauaaLauiues Fsannnensaadatndluiariamn 163 et
F0e3D ELISA WL91 Melon yellow spot virus (MYSV) Lﬂumfa"bmwmq@wﬂmmﬂmmﬂmﬂmﬂmx 68.7 9898911
ﬁfﬂzﬁﬂ@ Geminivirus (Ge81a2 4. 9) Papaya ringspot virus (PRSV) ) Bauay 2.4) Way Zucchini yellow mosaic virus
ZYMV) Geaaz 2.4) Tuane ‘Vl ATIANLANA Begomowrus wa e Watermelon silver mottle virus (WSMoV)
udnuatenas 1.8 kaz 1.2 ANAIAL uBNAINT ANN7d159A NunsdinanesaNiu Tesdelasasnnd
1980 1Hun Mysv 7 dsinaadauiuana Geminivirus smwu”l,mmnmm PRANNIARAN A Begomovirus
ﬁL%ﬁﬁwawﬂéQNﬁqu@ Geminivirus uaznuMadinTnaesauiuzes PRSV fiu ZYMV uananni wunmsdinvnans
$auriuzesdelo¥a 3 9l Tur PRSV, WSMoV waz ZYMV iilamsagaudnymzayninresidalafanials
néesqanssaididnmasauiLLdenE wud1 MYSV Hgliesendnananuaz Lﬁ@ﬁuwﬂ’m faunmadeinmy
80-150 wrluimms wuaunalasneuziuduaiinnaes PRSV fawrmadawinty 650-85 untuiums uas
'mémﬂiﬁmﬁlﬂau'Lﬂumiqnamﬁjmﬂqmq@ Geminivirus §1u1AAEWINTL 22 x 38 WiTliuAT ANRANITATIAdaL
Fneenly Lu@@uLLaxLLﬂumqﬂﬁLme\‘immﬂiMﬁMu 3 4mdn amnsnagdlfidn Mysy Wudelaianasne
mmﬁwwmnﬁqﬁi@miﬂ@uﬂmeaw,mmﬂum@uﬂ valuamminieusazuaas

AdnAny: ia wasu wauangl ELISA ndesqanssAuiBianmeounuuidesig

AU (CMV), Papaya ringspot virus (PRSV), Watermelon

mosaic virus-2 (WMV-2) Was Zucchini yellow mosaic

LHAaaY (melon) LL@:Lmum@]ﬂ (cantaloupe) virus (ZYMV) v W& 4 (Ali et al., 2012; Romay et al.,
(Cucumis melo L. ka ¢ C. melo var. cantalupensis 2014) a1N 318911984 Lecoq et al. (2003) Tuns
ANANAL) R0t luia99A LAY (Cucurbitaceae) Hlu F1999911 3 219 T AR NHA A UT LARIBIN2ANIN AR
s AINAATYNIATIH TR ATeslszinane Haw atneguLssfogwmatianiaiudnauaz@aluiana
dgnannluaanawilewazaanziueenidsamile  wudn PRV uay zymv iludelsaiiiniifineinis
meﬂqﬂﬁa‘hﬁaﬂumﬂmﬁ@ 16un Saudmdelug AaUnRULNANASY NN Peng et al. (2011)
uazaINU (BATNR warganad, 2558) TeymdiAnyly 971899191 HaLw aaui 2N Melon yellow spot virus

nslgniuaeuuazuauaglelsn dalsaiinuly  (MYSV) dvinana Raunm guline was@iafianunilyl
LN@@uLL@ZLLﬂuﬁHQﬂ@’]N’WQLﬁW‘]’]ﬂlﬁyﬂ@’]m{?ﬂ?ﬂiﬁ delh¥alnegounniumaufunngluntsdnenen
waneie 193 TIANALUINT AR NIEa UL AT B (insect transmission) 28 &1 9151 WL AIND 117
Acidovorax citrulli (§n1350113 uazAnse, 2561) Teakiu (whitefly) 41819 E 18N A Falafaluag na
W REREY 2\1‘17‘{ HEERE L%”'a 71 Stagonosporopsis Begomovirus a2 £ Geminivirus v aﬁlﬂ VI,‘V\I thrlps)
cucurbitacearum (AUN3N LATZAIYNI, 2561) aginalsf ANNNTNDLNDALT ﬂiﬁi@h@ﬂ@ Tos,oowus WAZINAE
AN Tmﬁﬁmmzﬁﬁﬁmﬂuﬁuﬁuﬁu I AlapiiAAaN 891 (aphids) mmimmwammiqmiwmﬂma
Fola¥a deiluansenunin 1 HanananaININNgA W1 Cucumovirus wa s Potyvirus Wi W& w (Whitfield
%onar 50 uaznanAnilifgunindndiningu etal, 2015)

(Trkulja et al., 2013) Aelhsanidinamudeme ity Enzyme-linked  immunosorbent  assay
N AWANNANLTTA 111 Cucumber mosaic virus (ELISA) Wumatianiaumgainan (serology) MEFy
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Autandnun ldlun1snmaaauLazapaLungiia
104381254 neeAEANNA NN LIE LA UR Ay
(L%y'avl,ﬁm) LAZLAURALDA (Mowat and Dawson, 1987)
AININENIUIBL NS wazinasimil (2551) lEmnaila
ELISA Tunsmsaagenid e lhsaidininanefiassdung
Tun maew unenan Al ¥ uazanier ‘ﬁ"i.]@jﬂ
TuannARzduean@ewie g amanLEe
I¥aldvianun 5 100 W Papaya ringspot virus-W

(PRSV-W), Cucumber green mottle mosaic virus

(CGMMV), Tospovirus serogroup IV & £ Zucchini

yellow mosaic virus (ZYMV) UaNannRiagnl uway
AU (2552) 1Hmatia ELISA Tunisasatssilinaany
Fnunnuaesnz@aman i iunistiutlgeiug el
Fun e Tomato yellow leaf curl virus (TYLCV)
NIIHATEUATNIANE AN HIZOUNIATE
walialaalindesqanssmiBiannsauiuudaceu
(transmission electron microscope; TEM) 1350199
Tinan1sasaasuudutuariaNmaEs Tuag iy
ANBUTLAYIULLILIBINNTETUNAYaEN WATlA dip
preparation i uwmaR AR Ha NN 14 lun19mse s
o \ ~ g o P prp
Faetng iNangaagauime lfaig Wesanndagnig
= AW 1o v = g v
wireN? ldudenuuarania uanainil nsfian@uuy
negative staining @135 HixeiueN1ATR9LTE
afalfdnaunnia?u (Zechmann and Zellnig,
2009) A9l daniscasdansuidnluniell e
AFIRAUTHATT R N FAN NN a8 AR ULAY
wausgnlgnlu 3 Ssudaniamilesaslszmelng
Y 1 o o = o ° o
MHun Seudmdaslud @aesa wazarnu lnald
wALA ELISA ULazNA89anssALiaIanasa LAY
o o o o o & o
wailudiayalunisnunulesiuiidnaelhiauas
unaanmelfaeegniiesuasiviinzas

L4 as
AUnTUAzIENNS

1. mMaiumlat
LﬁuﬁTQfaﬂ'NluLm'aul,l,@umumqﬂ?ime

amsrinalsnlhiasusszaznassnyAninauil

szaziaunafiuifien Wu annislusng Wi AR

al A a dgl dl a 1 a a
Amaes luifaqensasaiiefie TudgUsedalng
uazlumuansennissiiyu Inefiusoeenailuanum 3
lusiasin anundgnludmdadeslna 5 uwis Tng
wiiaaandly lulsien 3 wia 1Eun 2.a0888 8.941909
wae 8.4ulmea wazdn 2 wis luwdauda TEun
B.UD9 UAY .19 AVEUSIUT A e R Usaasng
= dl | 1 o 1
wanignlulssBouann . uidu uas a.ulans uas
wundgnludsudnamyuiiuulaatais 2 uvie lHun
21509 1Az 2.111%19 wanani dunnuazaniiuin
FNAUBILNAINMLTD I FANNUUWlUN TN FagiNg
= d’l o U a e/

Wrsmmade lhialuiesdfimnng

2. MEIngIaRENALA ELISA

2.1 WAl A indirect plate-trapped antigen (PTA)-
ELISA

liwmaiia PTA-ELISA sauruTnTulaauaa
WAUFALBA (monoclonal antibody) AM%5UNNTATIANN
L%”’a Cucumber green mottle mosaic virus (CGMMV)
(3% @& 9F11), Melon yellow spot virus (MYSV) (39 &
5E7), Watermelon mosaic virus-2 (WMV-2) (3 W @
TH5) WATANA Potyvirus (3Wa 1G8) (WAR IneAue
WugaranssuuazmATulatiionwuret3) uananniild
nalaauealaufuen (polyclonal antibody) 1115y
ﬂ’?iﬁli’l@ﬂ’]ﬁy’a Cucumber mosaic virus (CMV), Papaya
ringspot virus (PRSV) & £ Zucchini yellow mosaic
virus (ZYMV) (mamemaﬁﬂqmmwﬁm ADLEINERT
NMNANLRELNEATANERT INLNUAN TUNILAL) LiTeI
F1a819mLAT AT Aaulas unann Gajanandana
et al. (2008) A4 7 unsadeluf iy carbonate
coating buffer pH 9.6 Tugns1dauluf e 0.1 n¥u
siarfies 1 adans i luwdedianuGasey
10,000 saUAaUNT wAn 5117 ansfusindaula
AnuLu (supernatant) iveaaslugululaswanly
1hunms 100 lulnsAmssiavgu Unfigouund 37 aqan
wades unen 2 99l viteUudnduiigumgil 4
A9ANTALT A §19UQNINANF 28 washing buffer
(phosphate saline buffer with Tween- 20 PSBT)
3nnms 200 Tulasamssiangu A1uau 4 n%a pFans
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3 LA blocking buffer 1/3311ms 100 lulnsamssia
QN m"Lﬂmm@mmu 37 a9A AT aA Lﬂumm 1
g ramandae washing buffer ansfuAnTa T
TnaueavitelnalraueauauRvuesfismnzselasaus
azaiia uams 100 lnsanssianga inlyud
grunnd 37 asAiaaidea e 1 dalg &raiman
# 18 washing buffer LB 4 alkaline phosphatase
conjugated goat anti-mouse IgG (Sigma, USA)
3am3 100 lulnsdmasiangu sinliinfiguimgil 37
asrnmaiea 1fwaan 19T Sranandog washing
buffer L& ¥ LA 4 p-nitrophenyl phosphate (PNPP)
substrate (Sigma, USA) 1311m5 100 lulnsamnss e
v silUnfignmnf 37 esrniaion w1 9ol
anifurinlldansganAuuasii AvuenandY 405
TS HeLeaas MicroPlate Reader 71 Synergy H1
(BioTek, USA) m@m\muma”l,qsmmmmmmﬂ@u
Lmemmwmmmu 2 W1 Lmimmmimqm{@
TaFauda mmfasﬂ@Mmmmmmmsfam:mmmimm
T9p (disease incidence) mA1NATN17U89 Al ef al.
(2014) il

No. of infected
Percentage of
plants

disease = x100

incidence (PDI)

Total no. of

observed plants

22 wAdA indirect double antibody sandwich
(DAS)-ELISA
14 wmaila DAS-ELISA faufiuiululnauaa
WAURLBA WNNTATIA Watermelon silver mottle virus
(WSMoV) (31 18D11) L%”’ﬂi'ﬁ@sl,uzm@ Begomovirus
(37& M1) LL@:L%%%@M@Q a Geminivirus (3% D2)
manlaugudwugaaanssunazmalulagdonan
wieTR) neveawauRUBRAa9Y (capture 13
orimary antibody) 34l ulnalaaueaueuiued i
snzredelaiaudazaiia hunas 100 lulnsans
siavqu 1 liinfigniugd 37 esaeades uaan
2 dalug annthginmnsAansludie 2.1
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3. NIATINFBUAILNADIRANTTAUDANATAY
LULER9ENY (transmission electron microscope;
TEM)

tidetelusmeniiiFunnlanide MYs
LAY PRSV LAZA 208 191U a0 U A3an 1
Geminivirus A8 nARA ELISA NIATIAARUAN UL
n1eduguanezeseyninliianie’ls TEM Ine
WATEIN T ABE N9WLL dip preparation kazSiaNA LUy
negative staining ANABNNITIRALLAINANN Kumar
et al. (2014) Fall LaFaRETlRT9MTL phosphate
buffer Ao u U 0.1 Tua13 ludmandau 1 nFume
0.5 Aadans v luTuwAesfiaanuia 12,000 sevse
w1 iuinan 10 wadl dndauladuuuliuams 7
Tu1AsAMs VEARILLTANEIUATIAABLEYWE TS
(formvar-coated carbon grid) 416 300 mesh ﬁyﬂ 14
W11 2 U7t Frseendaeninnduiiasindeas iy 2 ass
AFausndnadatn e atinguiieain@ etunms 1
ﬁ@ﬁam LAzATIT 2 ﬁwn?miﬂﬂf‘ilmquumquﬂ@fuﬁq
mmfa dunan 3 mw Gansunaniingyanmnsesn
Ftinean anTuASTEAALIL 1% glutaraldehyde
WU 5 W17 du glutaraldehyde AANAIYNTZATHNIAY
WeIA 2% uranyl acetate 13unm3 7 lulAsamsasunze
fel81nu 4 unit Fueendasnszanmnies uazinlil
pevAdeLANHzaesaRnIA a1l TEM §u JEM-
2200FS (JOEL, USA) fifndaaents 40,000-60,000 i

NANISYIARDILAZIANTL

1. MsIAUAIRtg
arunsfudaet1aluR T lE Tanun 163
pianeing Inaudsaanduluwani 118 Aaetne wazly
wAuANgL 45 g (3197 1) Taeennnsresndng
Taplafafmaanugaunn danmousAal leeaudns
21n19619 lueesfiglswiindng lusenusnsanis
Auyu lugandouse Tuunianien1s9nnIeaes
Haile Weenuazluuiuansenislumaes uazi
wAszunsy gy vananninuLLammelsalosa
3aiia WEun idel (NN 1A) BenLsnnEulE
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Table 1. Number of melon and cantaloupe leaf samples collected from 3 provinces in northern Thailand

and percentage of virus incidence detected by ELISA

Types of No. of
Locations Plants Virus incidence (%)
cultivation collection
Chiang Mai greenhouse melon 31 MYSV (80.6%), Begomovirus (3.2%) and WSMoV (6.4%)
open field cantaloupe 12 PRSV (25.0%), ZYMV (25.0%) and MYSV (8.3%)
melon 4 No virus detected
Chiang Rai greenhouse melon 12 MYSV (58.3%)
Lamphun greenhouse melon 14 MYSV (78.5%), Geminivirus (9.6%) and Begomovirus (7.1%)
open field cantaloupe 33 MYSV (66.6%), Geminivirus (6.0%), PRSV (3.0%), WSMoV
(3.0%) and ZYMV (3.0%)
melon 57 MYSV (80.7%), Geminivirus (1.7%)
MYSV (68.7%), Geminivirus (4.9%), PRSV (2.4%), ZYMV
Total 163

(2.4%), WSMoV (1.8%) and Begomovirus (1.2%)

Remarks: MYSV: Melon yellow spot virus, PRSV: Papaya ringspot virus, WSMoV: Watermelon silver mottle virus and ZYMV:

Zucchini yellow mosaic virus

Figure 1.

Insect vectors of viruses found on melon and/or cantaloupe leaves observed under stereo

microscope (20X magpnification), thrips (A), aphids (B) and whitefly (C)
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Single virus infection

W

Begomovirus +

PRSV + WSMoV + ZYMV

MYSV + Geminivirus
Geminivirus

Figure 2. Symptoms of virus infection on melon and cantaloupe, melon infected by Melon yellow spot
virus (MYSV) showing severe mosaic symptom on leaves and stunting (A), numerous
chlorotic spots on melon leaves caused by MYSV (B), numerous chlorotic with necrotic spots
on melon leaf infected by Watermelon silver mottle virus (WSMoV) (C), yellow patch symptom
on melon leaf infected by Geminivirus (D), leaf curl symptom of melon leaves infected with
Begomovirus (E), yellowing of cantaloupe leaves caused symptoms by Geminivirus (F),
blistering symptom on cantaloupe leaves caused by Papaya ringspot virus (PRSV) (G),
blistering and mosaic symptoms on cantaloupe infected by Zucchini yellow mosaic virus
(ZYMV) (H), double virus infection of MYSV+Geminivirus-infected melon leaves showing
severe mosaic with shoot stunting symptoms (I), Begomovirus+Geminivirus-infected melon
leaves showing leaf curl with mosaic symptoms (J) and PRSV+WSMoV+ZYMV-infected
cantaloupe leaves showing severe mosaic with necrotic spots symptoms (K)
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Figure 3. Percentage of mixed infection incidence detected by ELISA, double virus infection of Melon

yellow spot virus (MYSV) + Geminivirus in melon (A), Begomovirus + Geminivirus in melon

(B), Papaya ringspot virus (PRSV) + Zucchini yellow mosaic virus (ZYMV) in cantaloupe (C)

and triple virus infection of PRSV + ZYMV + Watermelon silver mottle virus (WSMoV) in

cantaloupe (C)

%’«(\?‘V .K%

Figure 4. Transmission electron micrograph of viruses in melon (indicated by arrowheads) at 40,000-

60,000 magnification, enveloped-spherical particles of Melon yellow spot virus (MYSV) (A),

flexuous rod particle of Papaya ringspot virus (B) and twinned-icosahedral particles of

Geminivirus (C)
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Abstract: This study aims to select potential rhizobacteria from Neptunia natans to inhibit mycelial growth of
soil-borne pathogens such as Sclerotium rolfsii, Rhizoctonia solani, Pythium sp. and Fusarium oxysporum which
cause root and stem rot disease in lettuce. Using dual culture and volatilization by sealed plate method, the
results showed that four soil-borne phytopathogenic fungi were significantly inhibited by ten isolates of
rhizobacteria, R1016, R1029, R1033, R1036, J3002, Rr4007, Rr4053, Rr4058, Rr4082 and Rr4084 (P<0.05).
These isolates exhibited high percentage of mycelial growth inhibition at 75-100% for S. roffsii and Pythium sp.,
53-57% for R. solani, and 12% for F. oxysporum. Moreover, the volatiles produced by the rhizobacteria induced
qualitative morphological abnormalities, such as lysis and degradation of fungal structures and quantitative
effects of fungal growth on potato dextrose agar (PDA). The result suggested that antagonistic rhizobacteria had
antifungal activities against a wide spectrum of soil-borne fungal pathogens. Five rhizobacteria isolates, R1033,
Rr4053, Rr4058, Rr4082 and Rr4084, completely inhibited mycelial growth of S. roffsi. When mycelial plugs
were ftransferred to fresh PDA agar plates, the pathogen could not grow, and some rhizobacteria can also
produce secondary metabolites, suggesting their potential role in biological control. This study contributes to
understanding the use of antifungal volatiles in suppression of root and stem rot disease and promote growth of

plant.

Keywords: Rhizobacteria, Neptunia natans, volatiles, soil-borne pathogenic fungi, secondary metabolite
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Pythium spp., Phytophthora spp., Fusarium spp., (antagonistic microorganism) Lﬁﬂ@ﬂﬂdﬁ?ﬂwmmuﬂw
Rhizoctonia solani uaz Sclerotium roffsii lulsafisl  Marsad dnllgnisaaunuisaatnedadusalillu
ANANATYuAZNaANRETNAaNanA AT uesing AUIAR ImﬂL@lW’]Zﬂ’Wﬂ%L%DELLUﬂﬁLdﬁ?ﬂﬁ’ﬂ’lﬁﬂ'ﬂﬂ‘]ﬁwm
un esannanursadininanefadnlfadiig a@‘umﬂwmm@m%ﬂmﬂumﬂwm (plant growth-
8191919 MaundszLnmmaslsa e fadnamadauay  promoting hizobacteria: PGPR) i auLl Al deiiaelu
quus lnefigazuanserninduunadinanai®one n g & PGPRLA w i Bacilus, Pseudomonas,
Tﬂuﬁu'lumﬁmﬁmmm'w Sbuunszuniudedes  Azotobacter, Burkholderia, Enterobacter, Rhizobium
awmBpanansndinnang lifusszasfiundnauie  uas Seratia Wudu deuuafiBasinadninalnduds
svezfuie vl mnidanmeunulianld  nastyresdenamnlalEsnatiy gu nisang
uaeds Ieannznisliansaiinianisnemnsi wazdaianlad NIIATANLEIANBINT AU NTAT
nwasnsianldtuadenn fesanliinglunts @19 siderophore nnsa31eanstjaous nezuling
pauanlsalfintemage winislfarseianniin - Aaecufiunu uesdaduniassoiulaaesivasn
ANNANTIUUBNANATAINAFBAUNUNIINERUAY €9 Adgl Tmﬂﬁyml,mﬁﬁm@ju PGPR pingaiinuassnegne
anasiaganInuesy 1 fi3lna uazilunaniozsie Wuﬁﬁuﬁﬁn@inmm@mmnﬁLLmnﬁiNrTu (Kai et al.,
dauanden sandenszduliidearmnlsafiaifin - 2007; van Loon et al. 1998)
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fndnmsydapiiiedudadasanvglsafianiediu
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atnslafima nsAnedeuund Sangs
PGPR ’Lumiﬁufqmmﬁmmmﬁy@mmmrﬁﬂm’oﬁwﬁ%
dual culture WUl 1e9uin anansdudadaname
Tspialduaaaiin 1 Phytophthora megasperma,
Pythium ultimum, Fusarium sp., Fusarium oxysporum,
Macrophomina phaseolina \. @4 £ Rhizoctonia solani.
(Antoun et al., 1998; Deshwal et a/ 2003; Harman
et al, 2004; Homma et al, 1989) fi i1 aula @ o
AsA N aLLAT Bafignunsonanansleyney
Buyirdavime (volatile organic compounds: VOCs) 14
> Taqiiugaiideyanisdnmiiasninuaznimegey
ansszETARANEauLAT R sdussdadvg
Taieadianineg Ineninddadaulun)liirainaula
AeuupTFafienfuegluAuBnusaunniiesig
vannvaneeie lurusd Hafiedauasss oy dulaly
yanuRuuazIuRatn fnnflanansnaeeiauazaing
tndaelunmsssalulngauld deluldsumnuaulauas
fuilafiinnsfnuned9ddniude dnnszien
(Neptun/a natans (L.f.) Druce) 91897917 AN9TLAE
fuanann@auuaiiGadl dAnannlunisiiuges
(Alstrom, 2001; Wheatley, 2002) wazinisei ugudn
mai”mwﬂmﬂ@@ﬂmmnlm'al,l,mmLiﬂﬂgﬂﬂwum@
FlaNUIN9AITYI8ATas R. solani @winlaAd
nanuldadnalidsz@nsnin (Kai et al, 2007) waz
Fiddaman and Rossall (1994) Na1991 @199% L'VIF;I‘V]
mmﬁmﬁmmﬂwL?Elmmm'ﬁmmmmammLauiﬂ
LT@@"]ZQ’]LMMIﬁ‘ﬂ mlmmu‘lﬂmmmmmam UWANAANE
LL@”ﬂummwaﬂmmﬂfaimmﬁmLumiimfaﬂmfm
(Nelson et al., 1986) UANANNT A1NNNIANEIT04
Astrom and Gerhardson (1988) L & £ Kurze et al.
(2001) WUTNEN ST METiNERA T aLLAT Fuana
Bacillus, Serratia, Pseudomonas W @ &£ Rhizobium
anunsadudedesanmglsaianeaulivanesin
Vi W Fusarium culmorum, Pythium spp., R. solani,
Sclerotinia sclerotiorum Wwa 2 Verticilium dahliae 1114

Y o o a0 A= Ao e A o A e
1 ANUL QWHQQEUQ\?NQWQﬂjza\ﬂﬂLW@V’]@L@@ﬂm@
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AT B R nnseLsnEnnsseaREidn e WEARANT
ixmmmzmmﬁﬂqﬁﬁlu | (secondary metabolites) 1
ﬂfm‘ﬂ”mfmqm?ﬂﬂmlﬁu‘lﬂ L%yﬂmml,wﬁmﬁmmqau
IeNNINAGELIARERT dual culture LAZNNIAENENTTVE
fintis sealed plate Tuanwitesfjiiminng

L4 aa
AUnsluazIaNg

WU r;f'a'az'mLm:musfam%ymﬁmm@%ﬂﬁﬁjmaﬁu
VLFRDE9ENdan (lettuce: Lactuca sativa
Linn) Anansannistansniirlauinannls Goutlgn
dnadn luszuunisdgnivalaela1%@u (hydroponics)
HanndaentelfindesqanssAluuy stereo
microscope AR ANHUEIANATN waaesueaide
sawmn lsanielsindesqanssmiiuy compound
microscope LL@&LLﬂﬂlﬁiﬁL‘dﬂ”’aﬁ"li_l?‘qw%rgﬁ')ﬂa% hyphal
tip isolation U U ® 11117 potato dextrose agar (PDA)
anunadeLALEnnInlunsAnlsARNLAE 0
Koch's postulate (Agrios, 2005) LAZLN UL{‘ﬂﬁyfa TIRLUG)
Tmﬁqw?;lﬁ@l?nwmmﬂulu%um@uﬁi@”lﬂ

A UA281ILATFILTINE AULAT (B EANNTaUIN
NNNSZLRA

duiiusaae19sInueddnnIzian (water
mimosa: Neptunia natans (L.f.) Druce) 11N ﬁyu‘ﬁl 3
wia Tugneuldn uazenaulang Sadmidess i
vanApuanndeueiiBelnednenniasiiuinlua
Wuan 5w Lﬁfaé’wﬁmmﬂﬁy@@auﬁﬁLm”aﬁn
Wmm‘uumu 1 eenllneu anniudnadaeinndu
%’ﬂL“Tjﬂ 3 Ak mmmnmumimammﬂﬂummum
e 1fluiaan 10 1w L‘W’ﬂﬂﬂLLﬂﬂLﬁﬂ"g@uVﬁﬂV}ﬂmﬂﬁz
Rosnlaneanun wdainly spread Uua g nutrient
agar (NA) 1iu L%”@‘ﬁlfqmuqﬁ 28-30 BAANLIA LT &1 &
luaan 33u wazidenifiulaladiiielnasenly
Sumausiol]
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UszAninmaandauuniiFaainsausndn
n'a‘xmﬂﬁ'mmié'uégqn'mm%tymm&r@mmm@%ﬂ
NEN9AY

NAFAUA2EAT dual culture

NAGOLIA BULIAT BEIsLTINENNILIRATILEN
”Lr%ﬁifama‘ffuéfqum?ﬂﬂmL%”@mmLmiimqmﬁﬂﬂu
Binesnadn F2eE dual culture Inenin@ auLIATI e
NAZAUUUBINIT nutrient agar (NA) U 1 spot
inoculum H4ANTBLANLAWNIIRLIAE 2 [TALIAT
an1iuld cork borer 111A e 1uANEINANS 0.5
VIR LNAT L@’]‘;’ﬂz‘\]’mLﬁulﬁﬂ@\iﬁyﬂj"m’]mai?ﬂﬁL‘ﬁﬁy
U817 PDA 111981 5 T1 24ATNA19AURMNT
Aeadaiaaiu Unilgniugil 28-30 asAngaiden
Torwmsailalatasdemanvnlsaiiin

NAFAUNTAS9RNTTENE

NARBUNNTAS19E1T92 W A287T sealed
plate Ia B 8913 UL AT 341101113 nutrient broth
(NB) 311517 10 Naaans g BnenAiaqisig
paumndties unan 24 9alue dsadusauaes
(cell suspension) 2184 de3unms 200 lulAsans
41 spread plate UUB11A1T NAﬂuﬁ’qm‘mqﬁﬁm
1980 24 Falig antiuiinantanus PDA A
\3 021 S. rolfsii, R. solani, Pythium sp. @ & F.
oxysporum ntlsEnUR LA SIREN T B uLIAT B
Uunguunidies iunan 72 F214 279UHUNNS
NAABILLL CRD 41191 391 TA111ALELE 1Y
Audnanslalafizeadesannlsaiiaiy iteld
negeLludunousell

nATRENsTEIETiRARLAE T auuAT Fadalia
anualsAsINUN AL

anaRnndrauduladasnaunnlsa

mq%@um’mﬁmﬂnﬁbﬂmlﬁﬂﬂﬁ”ﬂiﬂmm&l
Tspfiam19Aiu B2837 sealed plate Maan 72 Falus
TmﬁmﬂmﬂLz’ﬁu”me\ﬂL%”m’m"nwﬂaﬁﬁqﬂgmf\i uaT
nnmaaeuntlsindesqanssrliluy compound
microscope HuinaneaizaNiaUnivaadule
Wi ARILAN
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massiugadasanuglsn

psageLAAAALNAve TR E MR lsATe
N9AU B8R sealed plate Aan 72 $aTua AuAd
999 Chaurasia et al. (2005) Iae'ld cork borer 2111/
WURUARENATY 0.5 R WAT IztFnailanadu
lureaidanamnlsaignduds diiuiureaden
mmsﬂmmmqqmu £ serial dilution AAAT
wuauaee U3N1ms 10 lulAsamns 11 spread plate
LWemn3 PDA Linid e igningiies mmariuialail
°]J’ﬂ\‘1L%”’BT']ZQ’]L‘Mﬁﬂi‘ﬁLLazﬁﬁuQMLﬂ@‘gLsﬁuﬁﬂ’]‘igUﬂZ\i
colony forming units (cfus) aMngm7 (C1-C2/C1)x100
Tnef c1Ae Talaillugaraunu waz c2 Aa Taladl
lugpnagay

a a

NISNARALAMANL A LUNITAS AN RENNUD
\FauunaiiGelfindg

NNSA519ENS siderophore

AIIRAALNIAT AT siderophore U1214N?
chrome azurol S (CAS) agar A3 U4 Bhatia ef al.
(2005) Y@ euyuad Gﬁﬂﬂﬁﬁﬂﬁ@”mumm@ﬁm? CAS
LL@ZﬂNL%”@ﬁI’qmﬂQﬁ 28 aeAtaded 1unan 3 9u
Tufinaunnadlaserlalatlidaunedide

nsazananasinm

wmm@ummvmwl@mwxlmm’m%%mm Bhatia
et al. (2005) u’lefaLLUﬂwLiﬂﬂ{]ﬁﬂmmmuummi
Pikovskaya's medium W& £ 1 8 Ve f 7 ) 28
asATaEea 1unan 59U duiinauiadaelasey
Tnlatlidauuatice

nstasaaEtaglag

pIradaun1sasaeulmlinag lnauueIis
carboxymethyl cellulose (CMC) B 1 § 3 R
Khianngam et al. (2014) Tneindauu A Gefing
B E9UUANUANYNT OMC LLmﬂm%”@ﬁI@qmuqﬁ 30
paA AT fwaan 3 i arnitutingnsazans
congo red 0.1 tasifus mmuummﬂwmﬂumi
Houd Wluinan 20 ur7 udamiia aantiugnadae
gnsazanelnifanaaelss mnudndu 1 Tua Wunan
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szAnanmasadanuaiiFaljindinusausndnnszian
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a d o o

NeRaaNsNRLYN VRS UEUTRTIANUALTANTNINAY

U

15117 uEamansaranefia tufinauinaslasew
Talatdouuniide

NsAE19Eas TN IAA (indole-3-acetic acid)

NARALINNIATIEDFINU IAA MNATUBINUY
LATADLY (2556) TheBead aun A Fadjdne
a1 NB U3uams 10 Hadans unldwenfoe
Lﬂd"ulfmmjﬂﬁfqmmﬁﬁm flunan 24 dataa Ay
Fewuniizeufindfiaads Buns 100 lulasans
NEIARILUNTZANT nitrocellulose INLURINTNR WS
[Aea1Ta NA 13u7ms 100 TAART AHANENT L-TRP
(PN Nd1 5 mM) 151159 5 Hadans Ualuiiled
anuinfities iuaan 48 Falis AInageLNNIHAR IAA
TnanemnanT Salkowski reagent a4 U WNTT A
nitrocellulose 117 415 1 ui9an 15 w17t 113 e
uuANFuaunsauas 1AA IHavifindnumy (+) uaziin
Fouuatizelisnanmnan 1AA EazAnduaes ()

NANISYIARDILAZIANTIL

\usadnuazsusndanauunlsafianediu

anmsfiuaetdnagaiiuanenislse
mnuhilaus nuuaasemsluidien WUGIAY LTI
Tauduilunadtinnadiaden 41 ani ez wazsun
3INYNNAE Lﬁ"aLmnL%”'ammsﬂm‘lﬁu?qw%um
nIvananmnrineasa l,mmﬂfa%mmL%ymwmm&ﬂiﬂ

mulAndesqanssAdiiLil compound microscope W
Aasanmnlsn 4 1iin Ao Wen S. roffsi, R. solan,
Pythium sp. Wa < F. oxysporum (N ’1W‘171| 1A, B) Lfi f
NARALANNATNNID lNTAAleA Wud1 TAuFAULEN 0
poAugNdmNaTE waiFrinma et uaswudule
m@qﬁy@mw’?ﬂﬂuﬁmmﬁ LAAIAINNS (mw*ﬁl 1C) i
A9AARAINLNITI1891UTaY Richard (2004) WAy
Ekman et al. (2014) 37897197 I?ﬂﬁﬁﬁﬁﬁg“ﬂ@d 6N
AR AMBLAAAIN @831 Pythium spp., R. solan,

S. rolfsii, F. oxysporum Was Fusarium spp.

RusagnuazsusNEaLuaiiGaarnsausn
NNNSZLRR

AN LRIRETINENI e 3
wia lusansaEeslva anunsousn@euuadi Gosey
nlEana s 142 lelnian Telusneusss
A9 54 lol1an wazanNeLN9ng 911U 88
lalman

UszAninmaaudauuniiFaainsausindn
ﬂ‘izlﬂﬂﬁiﬂﬂﬁiguﬂsdnﬂiLQ?tgﬁlﬂﬂL%y@ﬁ"]ﬂﬁl,‘viliﬁ‘iﬂ
NEN9AY
NARALAIEAE dual culture
HARINNTAN L 89U WLAY a1nid e
wuAR Begeusndnnszian anuau 142 lalaan

0 J :
= g°

Natural infection of root and stem rot disease of lettuce (A), Colony of pathogens on PDA and

Figure 1.

O S )
\7E ‘!_/ s

morphological characteristic of pathogens under compound microscope (B): A) Sclerotium rolffsii,

B) Rhizoctonia solani, C) Pythium sp. and D) Fusarium oxysporum, and the pathogenicity test of

fungal pathogens causing root and stem rot disease (C): A) Sclerotium rolfsii B) Rhizoctonia solani

C) Pythium sp. and D) Fusarium oxysporum at 5 days after inoculation
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Fies 10 lalaan 1Hun lalaian R1016, R1029,
R1033, R1036, J3002, Rr4007, Rr4053, Rr4058,
RrA082 uay Rr4084 7iitlsravsniwluntsdudanig
\rnyedasmanwnlen S. rolfsi, R solani, Pythium
sp. baE F. oxysporum $2¢35 dual culture UNBNUNT
NA'LER (13797 1) annaniAseaes Tenorio-Salgado
et al. (2013) Wul L%y'a wU A 38 Burkholderia tropica
aNeWUg MT0293 mmmﬂ"mjz\imm?ﬁyLﬁusl,wm
{031 S. roffsii uay F. oxysporum 1% @91 Calvo et al.
(2010) 1241190 mmmmmm BaC///us Spp. A1UIU
63 AneWug mmmumﬂWimmmmm@m R. solani
agflugag 69-91 Ladidus uLarse11IdeYed Bardin
ef &l (2004) NAFOULE 8 UL AT (38 Rhizobium
/egum/nosarum bv. wceae 1w 10 Telman sanns
ﬂummimimmmm@m Pythium sp. WUH 1A &19 1
lalman Aanunsagiesld Sapnuanansaluniseiss
L%”‘ﬂi"]z‘i’]LMﬁﬂj‘ﬂImﬂm?\i@’WﬁL']J'ﬂﬁ(‘lfrﬁuﬁﬂ’]?{l/uéi‘m’m
M?@ﬁ@ﬂifuvl,ﬂZQWQJ’lﬁ‘ﬂV]i’WUﬂ@VLﬂVLEﬁ WA ANENINNIT
ﬂummammumi@ﬂm Arduenaiiiesannnisasauas
MAIENTFN | msmmm?mmmmmmwmmmiiﬂm
NNANUALNNERN LavaadaaddiunsaroA s
2RINTANAE ATNTILITUNITANHIAINA D

X2 Y o A dy aal dld a a o :// d’j
adlFAnRenmanuan e nlszAns nandusamas
awnlanléna 4 18n UnnmegeUnsaseEN Tz
sl

NARAUNNSHEIIATTELUE

Hdeuuad 3e 41uau 10 Telnan 11
‘1/1mmuﬂaxﬁw%mw‘lum?ﬁufqmm‘é‘m Ellemeside
918106 l9IANN9AY 4 TA FaEdD sealed plate flian
72 alud (NN 2 wazAnI9T 2) WU BLLAT B
ﬂ,ﬁﬂﬂﬁmmmﬁuﬂ%ﬂm@?ﬁgLéﬁfu‘lmmﬁy@mmma
TsnlEunnsnsad NN dud 1Aty nNala (P<0.05) 1 7
laldian Aa R1016, R1033, J3002, Rr4053, Rr4058,
Rr4082 uaz Rr4084 Zﬁ’]ﬁJ’]‘iﬂﬁﬂﬂ%ﬂﬁ?L’ﬁWwL?ﬁiﬂmj’m
e S. rolfsii IARgaeeudas 71.43-100 wlesidud
Tuamzit 5leTnian Ae R1033, Rr4053, Rr4058,
Rr4082 uaz Rr4084 Zﬁ’]ﬁJ’]‘iﬂﬁﬂﬂ%ﬂﬁiL’ﬁﬁJﬂlﬂﬂLéﬁlﬂ,ﬁl
A5 R solani 167 qnegludag 46.67-57.78
wafidus uazd 7 lalmian Aa R1016, R1033, J3002,
Rr4053, Rr4058, Rr4082 LA Rr4084 d1x13081e
nnisyraduledas Pythium sp. AR qaet
Tuaa4 45.18-85.93 ilafidus Uies 1 laloian Aa
J3002 #1uN 90 ﬂ::\‘iﬂﬁi‘m?mw veadiuly @as

Table 1. The efficacy of 10 antagonistic rhizobacteria isolates against 4 soil-borne pathogens by dual

culture method on PDA

Inhibition mycerial growth/fungal pathogens

Isolates Sclerotium rolfsii  Rhizoctonia solani Pythium sp. Fusarium oxysporum
R1016 +++ 4+ e+ +++
R1029 +++ +++ +++ +++
R1033 Tt Tt I o
R1036 +++ + +++ +
J3002 +++ +4++ +++ +
Rr4007 et T e o
Rr4053 +++ +4++ +++ +
Rr4058 +++ + +++ +
Rr4082 et + e o
Rr4084 - + ++ e

" Four ratings were used: —; no inhibition zone (0%), +; inhibition zone and on growth of fungal on the bacteria (26-50%),

++; 1-5 mm inhibition zone (51-75%), +++; more than5 mm inhibition zone (76-100%)
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control

control

Rr4053

Figure 2. The efficacy of antagonistic rhizobacteria isolates Rr4053 and J3002 for suppression the mycelial

growth of 4 soil-borne pathogens by sealed plate method at 72 hours: A) Sclerotium rolfsii,

B) Rhizoctonia solani, C) Pythium sp. and D) Fusarium oxysporum

Table 2. Antagonistic activity of 10 rhizobacteria volatiles against the mycelial growth of 4 soil borne

pathogens at 72 hours

Percent inhibition of radial growth

isolates Sclerotium rolfsii Rhizoctonia solani Pythium sp. Fusarium oxysporum
R1016 76.198' 35.56D 45.18D 4.00C
R1029 7.62E 21.11E 3.70F 4.00C
R1033 100.00A 46.67C 48.15D 0.00D
R1036 28.57D 17.78E 20.74E 8.67B
J3002 71.43C 34.44D 85.93A 12.00A
Rr4007 1.91F 6.67F 3.70F 4.00C
Rr4053 100.00A 57.78A 58.52C 0.00D
Rr4058 100.00A 57.78A 61.48C 0.00D
Rr4082 100.00A 53.33B 75.56B 4.00C
Rr4084 100.00A 55.55AB 85.18A 0.00D
LSDy s, 1.54 4.15 5.86 0.62
CV (%) 1.32 6.30 7.05 9.96

' Means within the same column followed by the same letter are not significantly different at the 0.05 level by LSD test

F. oxysporum LE AN g aLviniu 12.00 1o 51d e

mmﬁmﬁmwmmmm Tenorio-Salgado et al. (2013)
WU mﬁvmmqnmmmﬂmm Burkho/der/a fropica
mm@Wﬂmiﬂummimim mmlﬁj@m S. rolfsii
Lﬂmmummiﬂum@ﬂqmmﬂﬂu 86 La31Eus uaz Kai
et al. (2007) 3181911491 ANTILMEANNEAULAT B
Serratia plymuthica 3Re4-18, Bacillus subtilis B2g
Wa e Pseudomonas fluorescens L13-6-12 A71170

o a’/’ a v dl’l L c < &
ﬂummmm&lmﬂmmm@m R. solani {ia3idus
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AsfusamnTy 85, 82 LAz 79 tWafidus muaaL
Tunitamsaiudn 3 Fiddaman and Rossall (1993)
PMENTWIN GITMETIHARAN T aULIATI e B. subtills
mmimﬂummimmmmLmu‘l,ﬂLﬂmm R. solani 'l
AUAALYINIY 44.44 lafidus wtldanunsngiuganis
Wiy readuledesn A, utimum 1§ luans =7
Chaurasia et al. (2005) NAAALUANTTELV AN L%”'a
LL‘LIﬂ‘VlLi‘?;I B. subtilis ViuR a9 winalengdn a3
sumeTiainaannEeuLAT Y B, sublils a1390eUs
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naetyaeed e P. afertie lnnAigamniy 84
wefidud uanannd faflsneeuaes Araoui et al,
(2006) 1/1mmumiwmmmﬁyﬂl,l,urﬂﬁ Betlusnda
119w 12 lalnan mmmummﬂm F. oxysporum
f. sp. ciceris WL 31 Fouuad B 12lalnan
mﬂmmummsaumﬂqhma 9.18-10.71 wlaifus
Wiy

narRIEnssTueTnAn s auu A Gedadas
ANUALTATINUNTAULUN
aadnnAresduladasaivnlen
dleAnmaaRnnAzesduledamang
TsasnudnTawiin 18 un S. roffsii, R. solani, Pythium
sp. WAL F. oxysporum 8D sealed plate method 17';
nan 72 s TneuReuiauiudule Gemanvng
TangaAouAN A3 uaaslunINT 3A, 4A, 5A LA BA
AANANED NUdN W uleidesn S, rolfsi T AN
Taiden TAesn WuAAL (1l 38) duletnanesa
19dauAananad Uanedulaunnnes (mwﬁl 3C) uaz
WUMSUANAANe (degradation) Teidile (N Wi 3D)

P g =Y PR 4 | \
Wule@am R solani Aanerauzdatdan Tduwiueu
Wasanduladaunilauaunes uAdounilananag

' & v o a o .
agnaiulidn ( (n il 4B) wazwun1saanesa (ysis)
yaadule mwm4C D) TsdanAdaey Fiddaman
and Rossall (1993) 7151841141 61392 1M8a7 13 @
WUAT 38 Bacilus subtilis d9ealddaredulavea
991 R. solani el waz Jauswn uazdsan]
(2558) NAda LT AL AT 3y B. megaterium lunns

o o & Ly aa
ULNLTATY R. solani A38194 dual culture WAL pour
plate nutlaedule IasNansusanein wasuils
wadgneesaaty A uFudulemas Pythium sp.
Aaneouzaneuarluwiven danedulauaunassens
2 waziinnsuaneedanaduleitadn@ly (nnh
5B, C, D) uaziéuledas F. oxysporum NANEIEAR

[~ v =® ¥ d’l
sadnfieanedunand wazdanedulauiunesds
(N9 BB, C, D) AANNARIARIALINIE91 WU
Chaurasia et al. (2005) WL 31 41955 Ua g VT B

a a . o v Y d"
wuANEeY B. subtilis N1 1HEWlama F. oxysporum
FANWULRAUNR UINWed LaziANIIAANEIFY

Figure 3. Morphological effects of 3 rhizobacteria volatiles on Sclerotium rolfsii: (A) control hyphae,
(B) irregular of hyphal (R1036), (C) swelling of hyphal tip (Rr4053) and (D) lysis of fungal

hyphae (Rr4084) (bar = 20 ym)

Figure 4.

Morphological effects of 3 rhizobacteria volatiles on Rhizoctonia solani: (A) control hyphae,

(B) swelling and to irregular of hyphal (R1033) and (C-D) lysis of fungal hyphae (Rr4053 and

Rr4058) (bar = 20 uym)
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Figure 5.

Morphological effects of 3 rhizobacteria volatiles on Pythium sp.:

(A) control hyphae and

(B-D) swelling and to irregular of hyphal (J3002, Rr4058 and Rr4084) (bar = 20 um)

Figure 6.

Morphological effects of 3 rhizobacteria volatiles on Fusarium oxysporum: (A) control hyphae

and (B-D) swelling and to irregular of hyphal (R1036, J3002 and Rr4082) (bar = 20 um)
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Table 3. Five isolates of antagonistic rhizobacteria colony forming units developed from the control and

antagonized pathogenic fungi

Control Volatiles
Isolates cfu'/control plates cfu/antagonised plates  Percent inhibition of radial growth2
Py Fu Py Fu Py Fu
J3002 11 23 3 2 72.73 91.30
Rr4053 2 21 0 0 100.00 100.00
Rr4058 6 25 0 2 100.00 92.00
Rr4082 8 22 1 5 87.50 77.27
Rr4084 3 28 0 0 100.00 100.00

' cfu=nx10° cells/ml; in all other cases cfu = nx10" cells/ml

% Percent inhibition at 72 hour: Pythium sp. (Py) and Fusarium oxysporum (Fu)

Figure 7. Beneficial properties of antagonistic rhizobacteria 4 isolates: (A) Cellulase production
(Rr4053), (B) Phosphate solubilization (Rr4082), (C) Siderophore production (Rr4082) and
(D) IAA production (J3002)

Table 4. Potential antagonistic rhizobacteria 10 isolates from Neptunia natans with some secondary

metabolites in vitro

Isolates Cellulase production Phosphate solubilization  Siderophore production  IAA production
R1016 - - + -

R1029 - -
R1033 - -
R1036 - -
J3002
Rr4007
Rr4053
Rr4058
Rr4082

Rr4084
ur; Positive, —; Negative

+

+ o+ o+ o+
+ o+ o+
| + o+ o+ o+
| |

Calvo et al,, 2010) @ ¢inels AH Deshwal et al. bl a319a19UTaus n19a19819 HON wazng
(2003) N81291 mjmw piiGufiaaunmnatneans  6%19917 siderophore a1un sl uFaAILANNAY
phytohormones memmmmqu VT N19A309 danmilagnstugniaasyiuinecdasanive s
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Infection and Seed Transmission of Columnea latent viroid in Peppers
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Abstract: Columnea latent viroid (CLVd) could infect into six varieties of pepper plants in this study with
67-100% infection, detected by reverse transcription-polymerase chain reaction (RT-PCR) technique. The
infected pepper plants showed symptomless or delayed expression in bird chili (Capsicum frutescens) which
expressed apical leaf distortion, epinasty and small leaves, abnormal flowers with light green petals, less fruit
setting and seedless at 6 months post inoculation. For the sweet pepper 2, displayed 100% infected plants and
seeds. The 100 seeds of the sweet pepper 2 variety were sown for grow-out test under plant nursery condition.
The 26 seedlings germinated from 100 seeds (26% germination) and showed 16 of 26 pepper seedlings of
CLVd infection (61.5% seed transmission) by RT-PCR technique at 10 weeks post sowing. Base on this work,
the CLVd was seed transmission in sweet pepper. lts infection and transmission would be the risk of disease
spreading in planting areas due to difficulty to eradicate the symptomless plants. Thus, control of pepper viroid

disease should be using disease free seeds.

Keywords: Viroid, pepper, seed transmission
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unAnga: Columnea latent viroid (CLVd) 11130 nMnanansn 6 Wus Runsndnsnluadaiuazilansiagaufng

a
'

WmANA reverse transcription-polymerase chain reaction (RT-PCR) WUINRERIINTEINanY 67-100% Taeifiunsn
ARndearlluaniani? Weuane NN aE aat19% 1 7 M Wqﬁ‘ﬂ%yﬁlé (Capsicum frutescens) A
anerauzannsiugentialng dataludiowiullftuusduasiaunanas m@ﬂamﬂﬂﬁLL@”ﬂﬁum@ﬂﬁﬁﬁmﬁi@u
Annatinguaz ldinn wmmmmeﬂ’]ﬂumwmimumiﬂ@nm@mu 6 LAaU Lmﬁﬂmmmwmmmmmm
g09idelasasf 3y 2 (Sweet pepper 2) mmmqwumimmmmmmu 100% uaziinnsiama wudletin
Lmmmimiﬂﬂm’lummw‘lﬁa‘m@u mumﬂm@ﬂmmumwm 26 mummmmmmmmmu 100 LWAA (A2N9AN

26%) meuwm@mmu 10 & silusms9eside CLVA Baematia RT-PCR itefugunnstnevantinumis
\WAAGAUERU HANIATIANL 16 Fitd AN 26 1 pranLIda CLVA GeAndlugmmnsdnemensinunasintesie
CLVA W3nuanu 2 Aananawinifi 61.5% ananumaaedianansnt usilidnida CLVA anansadnaneamnaisan
vl danalifiiapauidedlunisunsszunnreside CLVA Tuuaatlgnnin lesannwindaulinliuans
mmiw"ﬂﬁmﬂﬁ%ﬁmﬁuﬁmL%”fa@faﬂiﬂmr]ﬁyuﬁﬂ@p faviumsld wiaunTUaenlpazanansALANTaAT
Aaanidelhsensinnge

AdAny: seed Win nItnanenn AR

AN (Hammond et al., 1989), Chrysanthemum stunt

viroid (CSVd) (Lawson, 1987), Tomato apical stunt

W3N (Capsicum annuum) ilungluoed viroid (TASVd) (Walter, 1987), Pepper chat fruit
Weaiy Ne@ema Nzlle 81qy wazsulse fEu viroid (PCFVd) (Verhoeven et al., 2009), Tomato

ndaanawsnlfiuazunsnszaneiugignlivialan  planta macho viroid (TPMVd) (Galindo et al., 1982),
andeyaliuinnisdidinudniugAtuANLed Maxican papita viroid (MPVd) (Verhoeven et al.,
Uszmalnelud w.a. 2558 A 4272 fu lfsunes  2011), Tomato chiorotic dwarf viroid (TCDVd) (Singh
AU NNRANLTRINA WIN WATHLBENT AU et al., 1999), Tomato bunchy top viroid (TBTVd)
2.6, 1.8 LA 2.8 A MNAAL LazLFuNnunIstndn (Mishra et al, 1991), Hop stunt viroid (HSVd)
wanRugAuAN UL w.A. 2559 49u9u 7,600 Al J (Shikata, 1987) W & ¥ Cucumber pale fruit viroid
3NN 1FUIEHAAN ST WA WIN NTLdes9 (CPFVd) (Sano et al., 1984)
AU 2.9, 21.6 UAT 0.7 Fid AINAIAL (AN1ANNITAN @aliseudaniuamn lsagndauiaLdn
wanWugne, 2560) lunnsuduadnisindia - fge aneuclasaiaduduenfiduearsmansts
A’l ] < o o 1 ¥ al a =l 1 v 1 o =l v
TudIuuasNAnNuENTaINa19lszinAfiadinng TR TsAuadiuualdannsndanmzillsmiuess
A gy o A a v 9 ~ - = o , a %
pIvaaauiNe lilsAanAngnn wRefieefinumn WmandBunanialumad e teAanazaaid s 19
waza ity afAnnivg w.A. 2507 (1Tuf 6) W.A. 2550 waneanslanateguuss U ndANEa UL LTl
=< yy g ¥ o a a v o - g s a ~ A
A lfszyimalasead ivianun 15 9iln uazuanaailn TuFI wazuzlawmaA m@if;ifaﬂmummwwu Aa
eliifiapn@emeiunaAsegia wu wWin uzde Potato spindle tuber viroid (PSTVd) enﬁmmum 1

e TuelFe uasrnasduAeTiR e ugagl 12 10l Faneliaiuels (Diener, 1987) LONANNIEIT RN
& wn Potato spindle tuber viroid (PSTVd) (Diener, Lﬂ@i@i'ﬂﬂmummumhwa‘ﬂ ¥ CLVd, CSVd, CEVd,
1987), Citrus exocortis viroid (CEVd) (Fagoaga and HSVd hag PSTVd ﬂ“amm LATADLY (2548) iw\‘mu
Duran-Vila, 1996), Columnea latent viroid (CLVd) mﬁ‘mmﬂwumﬂ CLvd mﬂmmwmvu@mmmmm
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% d” =3 1
aINN9AAE LATTwnIU taauanduny luunangy
¢l harlenismasne NP naduly A1l feway
o % va o/ o/ = o v =y
a1 waZlFRan NNt AN TAaINIsdn N Tud
W.A. 2550 318MIUN13419991 T8 1938816 LN UNA 919 R
ANAUAT TOUUNL AAFEIN YNAIMNT NAAUG uay
UNNE19ANN AFIANLET A 13a8RFINa19 11 Faaging
Aanulaanasmuaavuin 1 waavugnausiain
petlszma INaRAmNAnRUTgNHaN (LFiaHg uay
ALY, 2554) wavlull W.A. 2554-2555 11111941399
dl’l a [~3 o 6 A d‘ v [~3
s lisead luulasnanmaniuiuz@eman 1 wan
WugWausanselszma asranunisfin@ia CLVd
Tunz@amA 1191 4 F98879 WAZNZAN 1 FAaating
(T § uazAmMy, 2555) HBNINNITAIT9ANY
PCFVd lunzidamAaesdszmalng (Reanwarakorn
et al., 2011) Bl NN ETUNNIENLNDANILHER

v T a % al dy o a d”
wugwanld Tnaaon@euaainidelases sty
UIeNALEDLAUA N I NALARAAAININNGT 50%
(Verhoeven et al., 2009) $18941U AN W@
Wasanida CLVd lumanelssmarialan tiwd O a.A.
2007 wuiaalasesfdinvinananzlamARug Angelle
LA Santazian Tuﬂi:mm@"nnqwﬁmm 50-60% WAy
ANAIIANHNIA U UBINANAR NN AT WA NINNGINS
Winni1aneann PSTVd ( Nixon et al., 2010; Singh,
1983) WALINLINBAIMN IR U8 URIN LA B L0 ALY
semALARIAN (Singh et al., 1992) Leiagnil (Spleker
1996) LAY 5aiAa (Steyer et al,, 2009) Bananil
mmmmuumﬂummwimLmuﬂgnwwmmumm
=l =2 v o d"’ 2
WeUI8Da 82% arnnisdinniansainidalasess
Fanannandng (Hadidi et al., 2003; Sano, 1984;
Singh et al., 1992; Spieker, 1996 ; Verhoeven et al.,
2004)

ANTIENUNTEENDALUNIHNA AN LGRS
e CLVA TNz @ ame wasn3n (Matsushita and
Tsuda, 2016) 4Aq UszasAnasnisiaaluaialias
HuduAnwanistianean1un10uan (seed

. . dl” & o ' a = v
transmission) 1898 lsasis Aanang lunsniie 141w
fayandrAnylunismuumielunisilasiunisszing
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1. MSFTENNINARAL

ﬁuﬁw‘?nﬁﬁhmmM@ufimquﬁmm 6
Wug Gun W?‘ﬂ%ymé (Capsicum frutescens) AU 1
siuf waz C. annuum L iduningnuaudadi 1 (F1
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e nTavaaadlunszUzNNE WAL
Hrelqnideians 21 Fu sideiiluase 23 1 asluge
Ugnawe 15 i WiinuesuazAuensindeduian
Ugn 1dilogns 15-15-15 n 2 dlanf uazlfuzidie
weug Rutgers HwiugaauuanILAN (susceptible
check) AMuaLENARa UL 190t 6 HuseWug N
UnAidnuau 2 Fusleug engitei§lunnlgnide e
a1gjtlsznns 30 Sundsanvizaluase 34 lu

2. newedandaiianagaulsa (inoculum) LAz
gnida

s ide CLvd lunisgnide i
nagou Wi CLVA Talmian NK-KUKPS1 accession
no. KY235369 lneliluanueuziliomaniug Rutgers
Afnde CLVd tianidn 1 nfu serdwies (0.1M
phosphate buffer, pH 9.0 ‘1'7; LA 8 0.1%(WA) Na,SO,
Aaun19M911) 5 Faaans ualuigluiwmesan
AYBLA NIRAUBNARNTRN LATANNIANTTLFUAN
8737 0.1%(WA) ﬂ@ﬂL%”ﬂ%ﬂﬁmimﬂmﬁyﬁﬁzumuu
Tugesianadet uazninmesAupsA LUy
asuuluresiaglns (negatwe control) m"l,fsﬂivmm
1-2 i LL@”@N‘I‘Umﬂm@‘vmmmnuumwwimu
miﬂgﬂm@Lmzwsﬁﬂnmiﬂﬂqﬂ‘lﬂﬁ Beufuuuas 715
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foUNNH NI 30-35 a9A@ AT A (Hammond
et al., 1989) Funadsatinaties 12 42luesadu N1n19

Ugniaa 2 A3 Tnaafan 2 ineanaiausn 1 dilanid

ﬂmﬂwmwnmummmmmuﬁﬁwﬂm wazan lunn
mm%'ﬂumimmm@ CLvd umﬂmmﬂ 8 dumnif

3. mMeanAaSlAulaANARtNINT

nnnanauenaniduaansaa19ly way
WAR R8T CTAB (Reanwarakom et al., 2011) Inel
UAFREN RN 0.05-0.1 n3u Aululnsietuman
Aupaat e Tazifen LaziAs CTAB extraction buffer
(2% wiv CTAB, 100 mM Tris-HCI, pH 8.0, 20 mM
EDTA, 1.4 M NaCl uazlau 1.0% wiv Na,SO, A<
2.0% wiv PVP-40 faulde1u) nazasaianzna
zgm’n’fmﬁf;ﬂi‘fﬂﬂﬁuﬁqﬂﬁﬁy@ﬁﬂmﬂMﬂ RNase
3ums 100 Tulnsdns ufigruund 20 asen
LALTEd

4. MamgIRdaLNITIENYNaNETaRda CLVd Aasl
v AU A reverse transcription-polymerase chain
reaction (RT-PCR)

AsaadeLNITdiNRNaneeade CLVd Fat
mAflA RT-PCR ansaawenfiiueiianaly foege
Insimed CL-P2 iflAnuanmnzianzasdelde CLVd
(d18 cCLP2anmutuadszneumag 5-
CTGCAGCCATGCAAAGA- 3' aNU9% 17 WA WAZANE
hCL-P2a 7@ utuadseneau@ae 5-
GGTCAGGTGTGAACCAC-3' a11491 17 LWA) ALeuLe
AHARILILATLA L1043 CLVA T11A 370 T9Ra-
Tolns (ARsvnn, 2551) uwtiseanidu 2 Fumeust

Fupauusn WuduneunsdiasLl cONA
ﬂ@GL%”EVLQ?ﬂHﬁﬁQEJ?J%‘ﬂW? reverse transcription (RT)
Uffsentliunns 20 ulnsdns Usznevlufion Tnawes
@188y (cCL-P2) aarnidndu 1 TulnsTuans way
Fatinaensidule 3.5 llnsans tndineies thermal
cycler ﬁﬁ@ Biometra 'g*u T1 (Biometra GmbH) Tmﬂ[ﬁ%ﬂ
TsunInn TN 9UFIRAS 96 B9ATAE S U1U 5
W7 1 301 AT LT LT LT 2 un T uas
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hidinused thermal cycler anmss Tnasalilsunsunis
Vin9nui 37 aeAnLma@ea w15 w7 1 se1 a1niiu
UNNIAN reverse transcriptase buffer AN NT U
1X, NTPs A u i ndin 1 Radluans wavidwlasd
reverse transcriptase ﬂ’MNL%N"ﬁ‘LA 100 ?;Iﬁ[ﬂ LR
mmnlmm thermal cycler Tnesallsunsunisiinay
7i 42 mmmmmm w1 Falae 1 901

Fumauiiges uduraumafianBunomidy
19911 cDNA 71§ annduneuusnéaamaila PCR
Waldf B unaenandna B uleninnadiaz
amaaauludunausiell 1l Ujisaniunms 20
Tulasdams UsynauMae 1x PCR buffer (Thermo
Scientific™) MgCl, A9sdind 1 2 Hadluans aNTPs
Audndu 0.25 Dadaluans Insiues cCL-P2 uax
hCL-P2 Aanudindw 0.1 lulasiuans Tag. DNA
polymerase (Thermo ScientificTM) AN N 1 ﬂﬁm
cDNA 113179 2.0 13J‘Em‘m 2F LLZ\]‘”TJ?‘].ILE‘N’]MM@VI’]E
mﬂmﬂ@ummmamﬂmmm RNase mnuuuqm
A3 thermal cycler Tnellsunsuntsinausaiae
71 grungdl 94 eaAniTaTon w3 unit S 1

v
o

so1 414 2 QrUUNH 94 BNANTATIAWIL 40 BN TU
7 3 goungR 54 e9AniTadaauIY 40 FunFt U7 4
gnvndl 72 esrniTaFuau 40 3unil Teind g
2.4 4191 39 39U UATTUT 5 grunni 72 @960
AITAUIUY 7 UNT AU 1 8L
ATIREALIUIATDIA B ULANANARAIN
RREE RT-PCR A 1A 4 19f 1 §a83F gel
electrophoresis 1aeIl% 2% agarose gel avanelu 0.5
X TBE buffer wéarinsnsiugns ininipnusinedng
100 ]9a 6 1111981 40 WAT A1ntiuin agarose gel
Haukng ethidium bromide W1t 15 U7 wlusin 5
uit wazinllnmaguanaesidue kot UV-

transilluminator WAz AN

5. N15AFIAFAUNITELNMIAILLALNNITALNEA

Hamanina
FunauaziunnansuzainiaLn e

nedev Funsgnide CLVd Wleuiftautuite
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Unft wasifiusethelufimmaseuildfunisgnide
W 8 dUnai wazfAudnd unannenfiduauay
399881LWIE8 CLVA §a8inATlA RT-PCR A1
Tupenluiie 3 uaz 4 anifuinnanisnmageLdas
waiA RT-PCR yvnilefifudnisiininaneueqide
CLvd Iuw?nnﬂﬁuﬁﬁﬁﬁmmmmu

fumdawinannfuiilifunisgnideuu
8 &P UaLULING 1NNt AR ANty
Hda i lEuna Ao ueLaTATAga LN E e
CLVd Angimatia RT-PCR n’f'v'fammﬂﬁuﬁw?ﬂﬁﬁmﬁm
e lasend anthundafiaeainniansanyie
%i@ﬂm"‘lu*’fuﬁu?f%gﬂﬁﬁ"l,ﬂmm'aumﬂ’nmﬂmmmq
wanwug Tnenislgnaslunszaisauin 6 fia e
danmainisaealsaluaniniseisean (grow-out test,
GoT) uWhauifiaufufufidgnainudaiildanndiu
Unfdunan 10 dUanf uaztiudunanisiianen
hsesftinunImEaaaniIasaaaLde CLVA
anluianagavant 10 4Uaniudalgn feamaiia
RT-PCR pnu3an15dnafiu

NANITNANRAY

NNgMsIARaLNISLIEINYINaNaIaada CLVd Tunsn
6 Wug
1 o 'S a dl v
AINNIINARINUIIWUEWIN T 1E Tunas
NAABUAUINTIMNA 6 WuF gnidinvinanalaaime
cLvd 15 uaziiaewsn@iny (C. frutescens) NuAAS

an191a9lsANIAAAINNITdNNaNe e alagas 6

Tnafennslugentinlng Uanaludiawiuluguuas
wardlaunnanad AenRALNALATNALABNHA LT U
Anuatiasuar NN sNdan e luuE (A
7 1) Senmagauenfiueainluaatniaingas
mATlA RT-PCR AaLudmannisidininanavaade
CLVd 1uw?ﬂ%yulé (C. frutescens) 7t 83% ‘W?“ﬂ%ywl_é
WUGIA 60 7l 67% w?numﬂﬁuﬁ:ﬁ'uwm WINVINU 1
LAY WINUANK 2 LATWINHUAN (PBC365)17'i 100%
PSRN (AN319T 1 Uae Nl 1)
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nsATIARaLNNSANENanda CLVd MaNan

AINNINARBINTNAIUIU 3 WUF AN 6 WU
ﬁmﬁmmmm Luﬁmﬁqmnir}ﬁurﬂiﬂ@ﬂﬁy@ cLvd
15un wa‘ﬂwuwuﬁmq 60 wmﬁmﬂwuﬁmmm uaz
WINMIL 2 (A13197 1) laviannImanageLuide
CLVd anansiduedianalianiudaninia 3 ane
#ugsisamatia RT-PCR Usngdinsalinumdnsin
e CLVA anvanTungiuging 60 wasvdnueaniiug
ANTE AN LIS AT RIIRGELT LA 516
LAY 140 AR ANNAAL 289 IR ANNLIFLNEANSN
MU 2 ﬁzﬁummmmuﬁwmu 10 (AR WU 5 AR
Finie CLVd Avihidafimdeligrmagerluganm
Tsaibeu itefudunisdnanenidegiugau (embryo)
(W 2)

FaNNsATIagaLELSUnNsnemanida CLVA
Wmmﬁm‘l,uw?ﬂwmu 2 ﬁﬁlmmqwuﬁyfﬂfm@ﬂﬁmn
memmmﬂummmuwumewmmm@ 50% G
o5 memﬂ 10 wifin) Boemnatia RT-PCR 1t vids
B & mAes 1w 100 wanNnlgnnaasuly
annisaiten WReLFaUfUmLEnT 1§ annyE g 2
Futlnd wodnSauanBuTseniaune 26 fu (A4
98N 26%) ‘Lumm”w WAARNNWINMINY 2 Audnf |
SUUA TN IVNA 89 HUAaNNe UL 100 WA
(Assan 89%) Tneduwdnisenannwdafilianguy
Aadolasatflinuenniafand wenBauidiendy
muwa?nm@ﬂmﬂmewimmnmuﬂﬂmwumm 10
flpnviindu uasilenstaseuEusunnsdremenide
CLvd mmu@@umﬂmmﬂ RT-PCR WUINWINMINY 2
Asaniiavun 26 & umuwmwmmvnﬂifmﬂﬂmmmu
16 1 Anlunisdneanenide CLVA naman Wiy
61.5% FauansualumT197 1 uaznwit 3 wslain
fufaida CLVA anysnuanu 2 fagnannsdnilé
annduiniiilanmageuiiusudaamaiia RT-PCR
(A ugnana)
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Table 1. Detection of Columnea latent viroid infection in six pepper cultivars by reverse transcription-

polymerase chain reaction (RT-PCR)

Pepper cultivar ~ Symptom Total RT-PCR

seed’ % Plant Infected Grow-out test % seed

infection seed /total  (infected/ total transmission®

seed test germinated
plant)
C. frutescens + (L-dist)’ 0 83 (5/6) NT NT NT
Tevee 60 - 516 67 (4/6) 0/516 NT NT
Kingpetch - 140 100 (6/6) 0/140 NT NT
Sweet pepper 1 - 0 100 (6/6) NT NT NT
Sweet pepper2 - 110 100 (6/6) 5/10 16/26 61.5
PBC365 - 0 100 (6/6) NT NT NT

" L-dist = abnormal apical, leaf epinasty and reducing leaf size, ? total seed from CLVd infected plant,

°9% seed transmission = (CLVd infected plant /total germinated plants) x 100, NT= No test

Figure 1. Symptoms of Columnea latent viroid infected on chili pepper (C. frutescens) at 6 months post
inoculation; (A) healthy (B) abnormal apical, reducing of leaf size, abnormal flowers with light

green petals
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8

9 10 C1 C2 D bf

Figure 2. RT-PCR results of Columnea latent viroid detection of seed from Sweet pepper 2 plant, the

target size of DNA product was 370

bp;

M= 100 bp. molecular weight markers, P= CLVd

infected Rutgers tomato, 1-10 = seed no. 1 to no. 10, C1 and C2 = healthy pepper seed, D=

CLVd infected pepper leaf, bf= buffer

MClt 1 2 3 4 5 6

bp

500—

100—

M

1

bp
500—

100

7 8

9 10 11 12 P bf M

«—370 bp

1314 15 16 17 18 19 20 21 22 2324 P bf M

«—370 bp

Figure 3. RT-PCR results of seedling at 10 weeks post sowing on grow-out test of Columnea latent

viroid infected seed lot Sweet pepper 2, the target size of DNA product was 370 bp; M= 100

bp. molecular weight marker, P= CLVd infected Rutgers tomato, 1-24 = plant no. 1 to 24, C1=

healthy pepper, bf= buffer

150

dnnenmstsaniiende CLVA anms
Ugnidedaeianauuwsnynanafugiinundne
WUINWINYNANERUTHN1TUAAIANNEA N UL
NUNTU (tolerance) fonisidininanavedde CLVd
ilesanliuansernialin sifeusnsenmenandanas
Pnideatinein 7 iesnnidelrensdanunizudeet
nelugiuits uazifianmasaukasimaiia RT-PCR
Sasmadninansveada CLVA uninta 6 Wug
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agluszAugs Ae 67-100% FanalEuanliimiuia
AaAsslunnsunssE LN ATeaEe CLVd Tuuguen
FRndausliuansennis ainlfennsenismidnide
Tasaefliinualiannuilasilgn wazaviiuunasaes
& A ¥ o A o o = P
Fanaunsadininareiadnuasldnendaduialgn
msngRandseuLiadniacngeuuesiansdi
o 4” 1 A A a
NAEUBATE CLVA 11 NEABWA NUD WAINN W)
e uay gloxinea (Hammond et al., 1989; Matsushita
and Tsuda, 2015; Nielsen and Nicolaisen, 2010;
Yanagisawa and Matsushita, 2017) SALT
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AN INAABINNIAIIAADLINNTTNENDAE D
CLVd MumAndNsiuuans lifiuinn1sdnnianaaes
@9 CLVA Fuafanswminnen ia uaznsinman
aavanTa 6 anefuguansineriu lHun uwuan dela
so8ANn lHWsN 3 WuglAun w?éﬁ”m_ﬁt (C. frutescens)
WINUIU 1 Lazisnsuan (PBC365) tAfunanszny
a1nnsdinR1an A auinannn fesanunediv
ANNNINAANA M WA IR N IR 1R NE R LazZUNNRY
LifinsRnnandeanldfumlgnide WenBauiden
ﬁuﬁuﬂﬂﬁﬁﬂ@mmﬁ”faﬁwﬂwLw'a'-fﬂ”qmﬁmmmm:mﬁm
1% enaitiosunannniadininansaede lasessTinaii
Wiazaaanas (pollen) HAduialnf flaidanis
Ufausasliiiansimuniaeniiuimdn (seed coat)
wazbiugaumelunin uuuiiaes fe WinwuaF5u
nalgnidelaserfanunsnaenaen Aanauazinng

o =3 1 al o Y a % U a d” o o
WoNUNIDUNA AT AN UAWLNR VL@ N NINANYNUY

i3 60 W’?ﬁnuﬂmﬁuﬁ:ﬁqmm WATINTIU 2 UAAdN
Fel0s08FFINaN9019d9HANIENLAN T RIUN
areadnasiarnIslaustieundnuesnsn 3 Wugun
flRawdasanan vtenawlidmsnusazanewig
fiAnnununiusenisininanaveqid olases flE
Mz lalziaNah!
atinalsfimuniaAneInnsinemenvedide
CLVd tinifaninluaiedl anunsodiuduiduniausn
%9 CLVD 81119081 8N0nEN NS AN
s Feannmmasesautininudnde CLVd &
FIRNNUNNIENLNBANNUNR AR USRI A 5.5-100%
wil Tl s aun1saneneAR U AANTNLATN T
(Matsushita and Tsuda, 2016) FVENUNAIA N F
PSTVA Anudnidelasesdanunandienantude
WUFWIN 2 @a18Wug Ae C. annuum var. grossum4
Wae C. annuum var. angu/osum3‘7ll 0.3% waz 0.5%
AINATAL n'wwamtiwum%ﬁuﬁfuzﬁ@mﬂﬁ 90%
(Matsushita and Tsuda, 2016) N19E1LNAAKUNAAN
leL'ﬁEl‘ﬁl 97% (Verhoeveyn et al., 2009) LAXTILNNUWNNT

fEMeANNNAAT9TE PCFVA TuWsnunuanewilg

~ 4 o qu a o« \
Jaguar 91 19% TN IHRANINNIUIAAAAIBE 19NN
AT AN ALATITIElE N IR ANE L
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an1sleAAanaiunNI1dnnianalag PSTVd (Owens
et al.,, 1978) UBANANNUNNTANEATIAAAMINANTREAN
184 PSTVd lwillaifiadausin - 1eandnuzlamad
AN AUNAATAUATHNNIENENEANIUNEARLERT in
situ hybridization Wu31n159@e PSTVd Niefidus
NIFTNENBANIUNINAAFITY 90% LHBIANIT D
Tnseadawnanazanay lusiuaau Uarasn (radical)
\@ulnalsu (endosperm) uazilaaniiuman Al
4 v & a ol
Wasanidufivaaumaasainnnsyiulsunnlu
Fusauld waraNTaaNeNeAl NN aNaUINENIT
Audai W (Matsushita and Tsuda, 2016) 1489310
PSTVd uaz PCFVd 4matiluana (genus) Pospiviroid
MUl eaiwiy CLVd (Matsushita and Tsuda, 2016;
Owens et al., 1978; Verhoeven et al., 2009) A un
1 1 d” d”d
wrawladmalosesdluanall asnainisnlunig
dvinanauazineneanNAn RS NTLATERA 1
- A Ny =2 | gy a a )

Nzdewd wazwanld denalinamudernasanis
HAANAAALATNIINARNA AN UTINON g s0BNUAY
o v o v dl” o o d‘ 1 Y a

i gnanidwmeiniwilesainnaliiianau
@evnaguusslunanaissmaialan wanainiinisin
WAAWIANH TN R A28819UN9THA 111 sodium
hypochlorite (831 wazAe, 2560) F9luiiseeudn
grunsalddindalases s lumanld Aeiuaad
ANANATyatunlunnIRmaga e CLVA lu
wRaugwsnnaunsidiuazdeeanlilssszing
FognatlANHANLNLENge uananBinIguAaeEng

[-3 d‘ 2 al o d‘ =

wanne i lun1spmageualstanwILRLNeane b
NNTA9IAAEL

G

A8 CLVA #neiug NK-KUKPST fitinanl4
nadeLifieAnnadininansuaznsdianaanig
waaluwsn danuansnsalunisdininanewingn
g Ane taavsnifeumniugliuassennis
w04l \Hanmaneufudunafionmaiin RT-PCR
snuriulnsmesTiflusnzianzasgsiaida CLVd
wudndehsesdaneiugsnanail awnsodianen
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veaduRAE AN SAANNs NI N AR el ating
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annLaA&aN
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LA U LUIN TN INENR LN HATANERT (§IW.NN.)
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Abstract: Sheath rot and dirty panicle disease of rice is one of the major diseases caused by Sarocladium
oryzae. This disease decreases the quantity and quality of rice production in Thailand. This research aimed to
develop methods for screening and evaluating the resistance to sheath rot and dirty panicle disease of rice
caused by S. oryzae in the greenhouse. In addition, we also attempted to find the resistant source in rice
varieties to sheath rot and dirty panicle disease caused by S. oryzae. A survey and sampling of sheath rot and
dirty panicle disease were conducted from the selected regions in central and northeastern Thailand. Fungal
pathogens were isolated by using tissue transplanting method from sheath and seed. The morphological
characteristics indicated that the 20 obtained isolates were identified as S. oryzae. The most virulent isolate was
NPT0136 and then this isolate was used for the evaluation on 15 rice varieties with moderately resistant to
resistant phenotypes to Bipolaris oryzae, Curvularia lunata and Fusarium incarnatum. The results showed that
‘DH103’, ‘0-39 Kamphaeng Phet’ and ‘RD6 short plant’ varieties, were moderately resistant and resistant to S.
oryzae after inoculation into panicles and leaf sheaths. Therefore, these three of rice varieties can be used as
potential resistant sources to sheath rot and dirty panicle disease caused by S. oryzae for breeding programs in

the future.

Keywords: Rice, sheath rot disease, dirty panicle disease, Sarocladium oryzae
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Table 1. Describe the symptoms of rice dirty panicle disease at different scores

Level Disease severity
0 No symptoms
1 Show spot lesions smaller than 0.1 mm, less than 5% of seed area
2 Show spot lesions larger than 0.1 mm, 6-25% of seed area
3 Show black lesions less than 50% of seed area
4 Show black lesions larger than 50% of seed area
5 Show black lesions larger than 75% of seed area and undeveloped kernels

Table 2. Describe the symptoms of rice sheath rot disease at different scores

Level Disease severity
0 No symptoms
1 Show spot lesions less than 1% on flag leaf sheath area and panicle emergence normal
2 Show spot lesions from 1-5% on flag leaf sheath area and panicle emergence normal
3 Show spot lesions from 6-25% on flag leaf sheath area and 75% of the panicle is emerged
4 Show spot lesions from 26-50% on flag leaf sheath area and 50% of the panicle is emerged
5 Show spot lesions from 51-100% on flag leaf sheath area and 25% of the panicle is emerged

Table 3. The reaction was categorized based on disease index

Disease index (%) Phenotype

Disease index (%)

Phenotype

0 Highly resistant (HR)
1-10 Resistant (R)
11-25 Moderately resistant (MR)

26-50 Moderately susceptible (MS)
51-75 Susceptible (S)
76-100 Highly susceptible (HS)
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Figure 1. Morphological characteristics of Sarocladium oryzae isolated from seven provinces of

Thailand. A: colony characters of 20 isolates on PDA and B: conidia and conidiophores
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The symptoms on panicles and flag leaf sheaths at 21 days after inoculation by spraying with

spore suspension in each rice varieties. A, J: control, B: Pathum Thani 1, C: FL496, D:
IR62266, E: DH103, F: Mudgo, G: Abhaya, H: IR72, I: RD31, K: RD49, L: 0-39 Kamphaeng
Phet, M: 41 Puang Soong, N: Khao Pra Pat, O: Puang Kaew, P: RD41, Q: RD6 short plant

and R: Pin Kaset 4 (susceptible check)



6Ll

Table 4. Disease severities, levels, disease indexes and phenotypes of each rice varieties react to the fungi by spraying with spore suspension

(21 days after inoculation)

Bipolaris oryzae

Curvularia lunata

Sarocladium oryzae

Fusarium incarnatum

Dirty panicle disease

Sheath rot disease

No. Variety names
%Disease Disease %Disease Disease
Level Phenotype Level Phenotype Level Phenotype Level Phenotype Level Phenotype
severity index severity index
1 Pathum Thani 1 2 MR 2 MR 1 R 35 3 31.4 MS 245 3 227 MR
2 FL496 1 R 1 R 1 R 38 3 30.6 MS 45 4 38.3 MS
3 IR62266 2 MR 2 MR 1 R 40 3 38.6 MS 35 4 20 MR
4 DH103 2 MR 2 MR 1 R 5 1 3.8 R 245 3 20 MR
5 Mudgo 2 MR 2 MR 1 R 39.5 3 34.8 MS 24 3 30 MS
6 Abhaya 2 MR 2 MR 1 R 48 3 42 MS 42.5 4 32 MS
7 IR72 1 R 1 R 1 R 20 2 14.6 MR 245 3 213 MR
8 RD31 1 R 1 R 1 R 20 2 134 MR 25 3 227 MR
9 RD49 1 R 2 MR 1 R 12.5 2 7 R 24 3 20 MR
0-39 Kamphaeng
10 1 R 1 R 1 R 7.2 2 4.6 R 25 3 214 MR
Phet
" 41 Puang Soong 1 R 1 R 1 R 19 2 12.6 MR 28 4 243 MR
12 Khao Pra Pat 2 MR 2 MR 1 R 26.5 3 20.2 MR 275 4 231 MR
13 Puang Kaew 2 MR 2 MR 1 R 13.8 2 8.4 R 29 4 20 MR
14 RD41 1 R 1 R 1 R 46.8 3 336 MS 36 4 30.7 MS
15 RD6 short plant 2 MR 2 MR 1 R 2 1 14 R 24.5 3 20 MR
16 Pin Kaset 4 - - - - - - 91 5 88 HS 51 5 44 MS
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Table 5. Disease severities, levels, disease indexes and phenotypes of each rice varieties react to the fungi by dropping with spore suspension

(21 days after inoculation)

Bipolaris oryzae

Curvularia lunata

Fusarium incarnatum

Sarocladium oryzae

Dirty panicle disease

Sheath rot disease

No. Variety names %Diseas
%Disease Disease Disease
Level Phenotype Level Phenotype Level Phenotype Level Phenotype e Level Phenotype
severity index index
severity
1 Pathum Thani 1 2 MR 2 MR 1 R 35 3 30.6 MS 25 3 214 MR
2 FL496 1 R 1 R 1 R 65.7 4 56.2 S 49.5 4 40 MS
3 IR62266 2 MR 2 MR 1 R 73 4 66.6 S 28 4 227 MR
4 DH103 2 MR 2 MR 1 R 15 2 10.2 MR 24.5 3 20 MR
5 Mudgo 2 MR 2 MR 1 R 67 4 52 S 45 4 1.7 MS
6 Abhaya 2 MR 2 MR 1 R 79.5 5 68.2 S 455 4 37.3 MS
7 IR72 1 R 1 R 1 R 68 4 57.2 S 38 4 33.3 MS
8 RD31 1 R 1 R 1 R 55 4 418 MS 30.5 4 253 MS
9 RD49 1 R 2 MR 1 R 58.9 4 39.4 MS 35 4 29.3 MS
0-39 Kamphaeng
10 1 R 1 R 1 R 25 2 12 MR 25 3 244 MR
Phet
1" 41 Puang Soong 1 R 1 R 1 R 63.6 4 43 MS 34 4 31.7 MS
12 Khao Pra Pat 2 MR 2 MR 1 R 35 3 252 MS 28 4 253 MS
13 Puang Kaew 2 MR 2 MR 1 R 23 2 17.6 MR 32 4 253 MS
14 RD41 1 R 1 R 1 R 50 3 44.2 MS 425 4 38.7 MS
15 RD6 short plant 2 MR 2 MR 1 R 4.2 1 2 R 25 3 24 MR
16 Pin Kaset 4 - - - - - - 95.5 5 91.8 HS 63 5 52 S
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Figure 3. The symptoms on panicles and flag leaf sheaths at 21 days after inoculation by dropping with
spore suspension in each rice varieties. A, J: control, B: Pathum Thani 1, C: FL496, D:
IR62266, E: DH103, F: Mudgo, G: Abhaya, H: IR72, I: RD31, K: RD49, L: 0-39 Kamphaeng
Phet, M: 41 Puang Soong, N: Khao Pra Pat, O: Puang Kaew, P: RD41, Q: RD6 short plant
and R: Pin Kaset 4 (susceptible check)

Fifteen rice varieties phenotype MR-R

(Bipolaris oryzae, Curvularia lunata and Fusarium incarnatum)

Spray spore suspension Drop spore suspension
on panicle in leaf sheath
T T
| Rice varieties phenotype MR-R to Sarocladium oryzae ‘ | Rice varieties phenotype MR-R to Sarocladium oryzae ‘
| Dirty panicle disease M Sheath rot disease | | Dirty panicle disease }J—‘ Sheath rot disease |
1. DH103 1. Pathum Thani 1 1. DH103 1. Pathum Thani 1
2.IR72 2. IR62266 2. 0-39 Kamphaeng Phet | 2. IR62266

3. RD31 3. DH103 3. Puang Kaew 3. DH103
4. RD49 4, IR72 4. RD6 short plant 4.0-39 Kamphaeng Phet |
5. 0-39 Kamphaeng Phet | 5.RD31 5. RD6 short plant

6. 41 Puang Seong 6. RD49
7. Khao Pra Pat 7. 0-39 Kamphaeng Phet |
8. Puang Kaew 8. 41 Puang Soong

9. RD6 short plant 9. Khao Pra Pat

10. Puang Kaew
11. RD6 short plant

Figure 4. Rice varieties with moderately resistant and resistant to rice dirty panicle and sheath rot

disease caused by Sarocladium oryzae
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Abstract: The objectives of this research were to study: 1) The impact of climate change on rice growers in Doi
Saket district, Chiang Mai province 2) rice growers’ adaptation and problem solving to climate change and 3)
the problems obstracles and suggestion of rice growers on adaptation to climate change. The researcher used
mixed method (exploratory mixed method design) to conduct the research. This design involved the process of
collecting qualitative data for surveying and then collecting quantitative data. In qualitative research, 7 rice
growers were used for in-depth interviewed and 13 farmers for group discussion. Then the researcher used
qualitative data for developing questionnaire in order to collected quantitative data (from 97 rice growers). The
quantitative data was analyzed using descriptive statistics and qualitative data was analyzed using content
analysis. The results of climate change studies showed that, there were lot of diseases and insect pests, dry soil
and lack of water due to long-term rainfall decline. For rice growers, climate adaptation strategies can be
grouped into 8 strategies according to the data from group interviews. In in-depth interviews, there were two
strategies that rice growers used for adaptation at the highest level including a changing of planting dates and
changing of planting method. From quantitative research, the results revealed in consistant with qualitative
results which found that 54.6% of the rice growers changed of planting dates and 49.5% of the farmers
changed planting method. The problems and obstracles of rice growers’ adaptation to climate change were
lack of both knowledge in adaptation and supported from extension office, also the rice growers need fund for
adaptation. Rice growers recommended that information are very important for adaptation to climate change. So
training for knowledge management to climate change adaptation are very important for rice growers to adapt in
effective way.

Keywords: Adaptation, climate change
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Table 1. Rice growers’s perception of climate change

n=97
Perception Frequency Percent

Meaning of global warming (Can choose more than one item)

- Anincrease in temperature 79 81.4

- Global warming caused by human actions 51 52.6
Meaning of climate change (Can choose more than one item)

- Anincrease in temperature 72 74.2

- Drought or floods are more frequent or harsh 73 75.3

- Change in rainfall 19 19.6

- Change in weather of season 19 19.6

- Other 3 3.1
Cause of climate change (Can choose more than one item)

- Climate change caused by human actions 92 94.9

- Natural change 23 23.7

- Greenhouse effect 34 35.1
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Table 2. The impact of climate change on rice growers (Can choose more than one item)

n=97
Impact of climate change Frequency Percentage

Impact on rice cultivation (Can choose more than one item)

- Reduction growing 58 59.8

- Increase the intensity of some diseases and insect pests 81 83.5

- Decreaserice yields 43 44.3
Impact on cultivated area (Can choose more than one item)

- Dry sail 79 81.4

- Poor soil fertility 25 25.8

- Crop and insect pests outbreaks 74 76.3

- Soil erosion 1 1.0
Impact of climate change in the past 10 years on the cultivated area
(Can choose more than one item)

- Flood 32 33.0

- Inadequate water /rainfall 83 85.6

- Plant diseases and insect pests are increasing 66 68.0
Impact of climate change on living (Can choose more than one item)

- Income decreased due to declining of agricultural product 89 91.8

- Increase infective disease from mosquitoes and insect pests 43 44.3

- Health problems from higher temperatures 39 40.2
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Table 3. Climate adaptation strategies of rice growers (Can choose more than one item)
n=97
Adaptation strategy Frequency Percentage
- Planting different type of crop 17 17.5
- Changing of planting dates 53 54.6
- Changing of planting method 48 49.5
- Using appropriate water management 24 24.7
- Occupational adjustment 32 33.0
- Living adjustment 15 15.5
- Applied local wisdom 18 18.6
- Adaptive planning within the community 25 25.8
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Abstract: The purposes of this study are to study 1) personal, and socio economic background of the farmers
who participated in the Agricultural Insurance Program of the Bank for Agriculture and Agricultural Cooperatives
in Chiang Mai province, 2) motivational factors which affect farmers to participate in the agricultural insurance
scheme, and 3) recommendations to the agricultural insurance scheme. The research populations involved in
this study were 262 farmers participating in the Agricultural Insurance Program of the Bank for Agriculture and
Agricultural Cooperatives in Chiang Mai province. 128 people were chosen by simple random sampling. The
data were collected by using questionnaire and analyzed by using descriptive statistics and factor analysis. The
study indicated that 57.81% of the farmers were male. The average age was 56.32 years old. The farm area was
11.94 rai in average. There were 1 - 2 farm laborers from each family. Based on varimax analysis, it was found
that motivation for participation in the Agricultural Insurance Program consisted of 6 factors which are farmers’
attitude toward the program, government’s support policy, adaptation of farmers, their experiences of receiving
help, quality of service, and receiving information factors. These factors influenced the participation in the
agricultural insurance scheme of farmers at the high level (x = 3.83). According to the results of this study, the
farmers suggested that there should be proper public relations about the knowledge of agricultural insurance in

all area.

Keywords: Motivation, farmer to participate, crop insurance project
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Figure 1. Scree plot of farmers' motivation to participate in crop insurance
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Table 2. Factor loading of farmers' motivation to participate in crop insurance
n=128

X Variables Factor loading

Y1 Y2 Y3 Y4 Y5 Y6

14 The project is reliable 0.875
15 The project is beneficial to farmers 0.787
13 Increase confidence for farmers 0.761
8 Reduce the risk of farmers investment 0.712
Confidence in reimbursement 0.666

Public relations of the officials 0.515

~N W

Farmers have an understanding of the project 0.485
1 Satisfaction in compensation 0.388
5 Policy Terms 0.658
12 The application for insurance is not complicated 0.656
2 The premiums paid by farmers 0.614
6  Appropriateness of the coverage period under the policy 0.477
10 Planting areas are at risk of disaster 0.436
20 Exchange of opinions with officials 0.385
17 Farmers with low income can pay a premium 0.828
11 The payment is not easy 0.739
27 Has been damaged by flood disaster -0.362
28 Have been damaged by a drought disaster 0.358
24 Farmers can contact staff quickly 0.637
22 Weather is unstable 0.470
26 Farmers have joined other BAAC projects 0.365
19 BAAC membership 0.613
25 Farmers receive good care from BAAC staff 0.528
29 Farmers learn to rely on themselves the immune system is 0.484
based on the philosophy of sufficiency economy
21 Meetings, exchanges with farm friends 0.391
23 Advisory staff Follow up on the project -0.639
18 To get information about project -0.582
9 Find the source of the loan more convenient by policy 0.519

16 Farmers are aware of the importance of the project
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Abstract: The objectives of this research were: 1) to study working conditions of agricultural extension agents in
the upper north of Thailand, 2) to study the performance of the agricultural extension agents in accordance with
the work assigned in job description of the Department of Agricultural Extension, and 3) to study the problems
and recommendations in the performance of agricultural extension agents. The researcher used survey research
designs to conduct research. The sample for the study was 238 agricultural extension agents in upper northern
Thailand. Data was analyzed using descriptive statistics. The results revealed that 52.1% of the agricultural
extension agents worked in lowland and 60.5% responsible for 1 district. Most of them have field work experience
from 1 to 5 years. Moreover, the agricultural extension agents are responsible for 501-1,000 households. It was
found that the agricultural extension agents were working their task in high level (; = 3.78) considering with job
description such as analyze potential of agricultural and communal area; promote knowledge transfer in
agricultural production; consultation and support farmer and communities to participate in the agricultural
development plan, etc. From the study of agricultural extension agents opinions toward their job description, it
was found that overall agricultural extension agents agreed (x =3.92) with their job description. They agreed that
the agency focus on job description, they understand the job description, they had ability to follow job
description, the benefits of the job description, etc. This study found that agricultural extension officers had
problems in getting more tasks from the request of cooperation from other agencies and they perform other tasks
than delegated tasks. The agricultural extension officers suggested that the assignment should follow the job
description and reduce the task from other agencies for agricultural extension officers to perform in effective way.

Keywords: Agricultural extension agents, working, Job description
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Table 1. Job performance of agricultural extension officers following the job description of the

Department of Agricultural Extension

n=238
Job description Level of performance
X S.D. Meaning
1. Analyze potential of agricultural and communal area 4.02 0.713 High
2. Promote knowledge transfer in agricultural production 3.98 0.771 High
Agricultural extension services and farmers organizations 397 0.774 High
development
4. Consultation and support farmers and communities to participate in 3.89 0.748 High
the agricultural development plan
Implementation of the plan and measures to promote agriculture 3.92 0.750 High
Coordinate the production problem solving to farmers and help 413 0.716 High
farmers whose suffering natural disaster
7. Monitor, evaluate and report the results of extension agricultural in 421 0.808 High

the area

Perform related other tasks or tasks as assigned

3.84  0.992 High

Jobs assigned by supervisors 416  0.731 High
10. Tasks from the request of cooperation from other agencies because 264 0.824 Moderate
department of agricultural extension has many staff in the area
11. Tasks assigned by district and province 3.40 0.803 Moderate
12. Other tasks such as lecturer, help collect the information 3.21 0.911 Moderate

Total

378 0.795 High

Note: Indicator for the level of performance. ; = 1.00 - 1.50: Lowest, ; =1.51 - 2.50: Low, ; = 2.51 - 3.50: Moderate,

X =3.51-4.50: High, X =4.51 - 5.00: Highest
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Table 2. The opinion of agricultural extension officer toward job description of the Department of

Agricultural Extension

n =238
Item X S.D. Meaning

1. The agency focus on job description 3.77 0.568 Agree
1.1 Notify the staff 3.94 0.640 Agree
1.2 Adhere to the job description 3.79 0.735 Agree
1.3 Follow up the performance through job description 3.77 0.694 Agree
1.4 Supervisors focus on job description 3.72 0.774 Agree
1.5 Have a review system for job description 3.63 0.821 Agree

2. Understand the job description 3.94 0.606 Agree
2.1 The agency clearly defined job description 3.92 0.680 Agree
2.2 Understand and know what to do with job description 3.97 0.675 Agree

3. Ability to follow job description 3.85 0.453 Agree
3.1 Can work effectively 3.90 0.743 Agree
3.2 Has expertise in practice 3.86 0.613 Agree
3.3 Tasks done at a scheduled time 3.81 0.838 Agree
3.4 Tasks fully operation 3.76 0.926 Agree
3.5 The job is handled exactly where they are 3.68 0.756 Agree
3.6 Satisfied with assigned tasks 3.74 0.730 Agree
3.7 Perform other tasks than delegated tasks 3.92 0.818 Agree
3.8 Get more work from the request of cooperation from other agencies 412 0.883 Agree

4. The benefits of job description 4.08 0.631 Agree
5. Suggestion for implementation 3.96 0.638 Agree
5.1 should discuss the problem when it can't be put into practice 3.95 0.712 Agree
5.2 Should be adjusted according to the operating area 3.91 0.779 Agree
Total 3.92 0.393 Agree

Note: Indicator for the level of opinion. X =1.00-1.50: Strongly disagree, x = 1.51-2.50: disagree, x = 2.51-3.50: Undecided, X = 3.51-4.50: Agree,

X = 4.51-5.00: Strongly agree
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Knowledge and Practices in Pesticide Use of Onion Growers,
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Abstract: The purposes of this research were 1) to study anti-pesticide chemicals used by the onion growers in
Mae Wang district, Chiang Mai province. 2) to study knowledge and practices on using anti-pesticide
chemicals. 3) to study problems and recommendations on the use of anti-pesticide chemicals by onion growers
in Mae Wang district, Chiang Mai province. The questionnaires were used as an instrument for interviewing the
onion growers in Mae Wang district, Chiang Mai province. The sample size was 100 growers. Frequency,
percentage, mean, standard deviation, minimum, maximum, and multiple regression analysis were used to
analyze the data. The research found that most onion growers used onion seed trade name Superex. Most
common plant disease was an anthracnose and common insect pest was beet armyworm (Spodoptera exigua
Hubner). Most onion growers apply correct pesticides regarding the recommendation on pest species however,
there were some growers applied pesticides higher than the label rates. This study revealed that the onion
growers had knowledge of anti-pesticide chemicals used in high level. The study of onion growers' practicing
found that growers had a high level of accuracy in the use of anti-pesticide chemicals. The results of multiple
regression analysis showed that factors that had statistically significant related to the level of correct used of
anti-pesticide chemicals by the onion growers were the experience of training and getting information about
anti-pesticide chemicals utilization. In part of problems and suggestions of pesticides using by onion growers, it
was founded that the pesticide was expensive, also there were weather issues including natural disasters such
as strong winds, heavy rains that affect the efficiency of chemical pesticides. The onion growers had provided
suggestions on the use of pesticides that the relevant organization should support and promote more
knowledge about chemicals using to onion growers.

Keywords: Pesticide, correct used, knowledge, onion growers
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Table 1. Appropriateness on pesticide use of onion growers

n =100
Pesticides Label rates
Pest Correct Incorrect Correct  Incorrect
(%) (%) (%) (%)
Plant disease
Anthracnose 87 13 82 18
Leaf blight 100 0 93 7
Downy mildew 100 0 97 3
Purple blotch 100 0 91 9
Damping-off 93 7 98 2
Insect pest
Beet armyworm (Spodoptera exigua Hubner) 100 0 90 10
Onion thrips (Thrips tabaci Lindeman) 100 0 98
Leaf miner fly (Liriomyza sp.) 100 0 95
Weed
Narrow-leaved 100 0 75 25
Broad-leaved 100 0 80 20

Reed

100 0 94 6
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Table 2. Multiple regression analysis of independent variables and level of correct use of pesticides

Variables B t Sig.

Constant 1.036 6.000 0.000
Gender (1 = man, 0 = woman) 0.004 0.153 0.879
Age (year) 0.001 0.309 0.758
Education (year) -0.005 -1.124 0.264
Experience in growing onions (year) -0.003 -1.742 0.085
Size of the planting area (rai) -0.001 -0.170 0.865
Number of household labors (person) 0.023 1.140 0.258
Chemical purchasing cost (baht) 3.92E-006 1.123 0.264
Training on pesticide use (1 = ever, 0 = never) 0.051 3.055 0.003
Access to information (5 = highest, 4 = high,
3 = moderate, 2 = low, 1 = lowest) 0121 3699 0.000
Meeting with agricultural extension officer

-0.032 -1.968 0.052

(1 = ever, 0 = never)

R=0.523

R® =0.273 SEE=0.132

F=23.350 P-value =0.001
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Abstract: The objective of this study was to compare the production cost and return for grain maize planting,
seed maize planting, and diversified farming in Mae Chaem basin, Chiang Mai province. A total 149 farmers
were selected using purposive sampling technique. Crop management practices, production costs, returns,
barriers, and needs support from related agencies were asked and collected. Cost and return method was used
to estimate farmer's net profit. Results showed that all diversified farming were found the higher net profit
comparing with grain maize and seed maize plantings, especially lettuce and strawberry plantings. It gained net
profit 116,625 Baht/rai, while grain maize and seed maize plantings generated net profit 1,664 and 1,553
Baht/rai, respectively. Therefore, the encouragement and supportive policy for convincing farmers to adopt
diversified farming instead of grain maize and seed maize plantings together with marketing support and water

resources management for the farmers are urgent tasks.

Keywords: Grain maize, seed maize, diversified farming, cost and return, Mae Chaem basin
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Table 1. The costs of grain maize, seed maize and integrated farming system (Unit: Baht/rai)
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1. Fixed costs 157 118 239 465 303 530 647 545 650 7 265 614 542
- Agricultural
equipment’s
depreciation
2. Variable
4,466 4,536 16,016 178,150 109,684 60,378 26,760 9,035 4,914 235,158 21,945 18,736 176,169
Costs
- Land 716 700 4,950 17,921 7,709 3,800 6,110 3,951 1,570 40,308 6,756 2,563 5,678
preparation
- Water 140 0 720 22,880 15,609 0 0 0 0 25,996 0 546 27,154
management
- Seed 400 560 3,348 21,081 2,853 15,776 2,744 2,119 606 24,080 2,788 1,254 4,120
- Labor 641 750 1,125 7,278 5,167 5,354 6,749 1,761 1,417 10,600 3,487 4,746 17,471
- Fertilizer 1,706 1,225 912 36,630 22,085 23,917 5,142 753 959 47,988 3,493 3,464 34,635
- Insecticide 317 544 1,450 29,076 46,930 6,364 3,619 451 0 30,057 1,975 2,302 72,821
and herbicide
- Harvesting 546 757 3,511 43,284 9,331 5,167 2,396 0 362 56,129 3,446 3,861 14,290
and storing
3. Total cost 4,623 4,654 16,2565 178,615 109,987 60,908 27,407 9,580 5,564 235,875 22,210 19,350 176,711
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Table 2. The returns of grain maize, seed maize and integrated farming system (Unit: Baht/rai) (Mean + SD)

Incomes over the

Incomes over

Total Revenue Net Profit
variable costs the cash costs
Grain Maize 6,287 + 4,532 1,821 + 1,563 2,171 +£1,673 1,664 + 1,342
Seed Maize 6,207 + 3,867 1,671+ 1,295 2,173 £ 1,307 1,553 + 1,157

Peanut + Red bean

Peanut + Corn

Cabbage + Japanese pumpkin
Japanese pumpkin + Red bean
Japanese pumpkin + Peanut
Cape Gooseberry + Red bean
Cabbage + Potato

Shallots + Cabbage

Red bean + Cabbage
Cabbage + Strawberry

Lettuce + Strawberry

18,400 £ 5,578
25,900 + 10,054
28,200 £ 10,896
41,700 £ 17,754
56,000 + 20,578
66,000 + 24,857
77,200 £ 29,075
135,800 + 32,573
210,000 + 45,895
302,500 + 38,769
352,500 + 46,043

13,486 + 4,573
16,865 + 7,680
12,184 £ 6,478
22,964 + 9,068
34,055 + 12,041
39,240 + 15,088
16,822 + 11,534
26,116 £ 11,904
33,831 £ 12,783
124,350 + 29,575
117,342 + 24,564

13,726 + 3,856
16,825 + 6,807
13,486 + 6,4501
24,799 £ 12,680
36,235 + 13,664
40,751 £ 18,472
19,462 + 10,004
28,906 + 14,231
36,401 £ 17,302
128,185 + 32,077
118,748 + 25,091

12,836 + 6,843
16,320 £ 8,573
11,945 + 5,452
22,350 £ 10,583
33,790 £ 18,043
38,593 + 20,467
16,292 + 9,547
25,813 £ 12,086
33,289 £ 14,793
123,885 + 31,548
116,625 + 26,740
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