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Integrated Management of Grape Diseases

Sopone Wongkeaw and Nantakorn Boonkerd

Abstract

Disease are one of the major factor contributing to the failure of grape production in
Thailand. At present the information of grape diseases in the tropical is very limited, as a
consequence the disease management has to rely on that of the available temperate grape
diseases. This research has the objectives of surveying the grape diseases, studying the causal
agent diversity and grape cultivar response to the important pathogens, monitoring the seasonal
infection and epidemiological disease development, and assessing the methods of disease
management. The disease surveys covered the major grape growing areas in the northeastern,
central and northern parts of Thailand. Grape growers were interviewed during the surveys,
disease and soil samples were collected and further studied in the laboratory at Suranaree
University of Technology (SUT). Disease monitoring and experiments on disease management
were conducted on grapes growing at SUT, Nakhon Ratchasima Province from October 2003 to
December 2006. Results from disease surveys reveal that the downy mildew caused by
Plasmopara viticola and scab or anthracnose caused by Sphaceloma ampelinum were the most
serious diseases found in all growing areas especially during the rainy season, while the better rot
from Greeneria uvicola, leaf blight from Alternaria alternata, powdery mildew from Oidium
tukeri and rust from Physopella ampelopsidis were occasionally found in some areas. Symptoms
similar to those caused by Pierce’s disease were also found on grapes in one location in Chiengrai
but the serological test using reference antiserum gave a negative result. Detailed studies on
biochemical and serological properties of the bacterium isolated from grape samples with leaf
spot and vein necrosis symptoms indicated that the cauéal pathogen was Xanthomonas campestris
pv. viticola not Xylophilus ampelinus as being reported in the temperate climate. By using the
direct antigen coating indirect immunosorbent assay (DAC-indirect ELISA) employing the
reference antisera, majority of the grape samples with mosaic or mottling combining with vien
necrosis symptoms gave positive reactions with tobacco ringspot nepovirus (TbRSV) antiserum.
The minority rest gave positive reactions with tomato ringspot nepovirus (TmRSV) grape fanleaf

nepovirus(GFV), grape closterovirus A(GAV) and tobacco mosaic tobamovirus(TMV) antisera.



When soil samples collected from the orchards were examined for plant parasitic nematodes, only
Helicotylenchus sp was found in high number in all samples but none of Xiphenema spp. were
found. Biodiversity study of 38 isolates of S. ampelinum from grape indicated that the isolates
were different in growth and colony morphology when cultured on potato dextrose agar (PDA)
but the conidia size was only slightly different among the isolates. By using an antiserum against
Sa-TK! isolate and DAC-indirect ELISA on 26 S. ampelinum isolates, 17 isolates gave a similar
A 405 value while 9 isolates gave twice higher the values from that of the rest. Pathogenicity test
of 12 representative isolates based on colony morphology ;)n 6 grape cultivars show that the
isolates could be divided into 6 groups according to then reactions on the grape cultivars. Among
the 6 cultivars tested, Black queen were susceptible to all tested isolates while other cultivars
were susceptible only to some isolates. Results from disease monitoring by recording severity
scores on white Malacca grapes at 15 days interval for 3 years, revealed that downy mildew and
scab grape the highest severity scores compared to that of the others. Both diseases could be
found all year round but were most severe only during the rainy season. Scab disease started to be
prominent from May and became most severe during August to September while downy mildew
started later in June and became most severe during September to November. Rust was also found
all year round but became severe only during the day months starting from December to
February. Powdery mildew was found only during the dry season starting from November to
April but disappeared during the rainy season. Results from the assessment of chemicals and
bioproducts for controlling grape disease on Marroo seedless grape indicated that during the early
rainy season the mixture of basic copper sulfate or copper oxychloride with maneb or mancozeb
was effective in controlling downy mildew and scab. Late in the rainy season the mixture should
be alternated with azoxystrobin spray to be effective. All three bioproducts, Bacillus subtilis,
wood vinegar, and chitosan were not effective in controlling the diseases in this experiment. By
applying selected Streptomyces spp. isolated from grape orchard soil on detached leaves of white
Malacca grape inoculated with downy mildew, scab or rust pathogens the SHH 202 and SSR 107
isolates were found to reduce the downy mildew incidence. The SHH 202 and SYR 107 isolates
could reduce the incidence of scab while the SSH 216 and SSH 211 could reduce the incidence of
rust. By comparing the disease incidence and berry yield of Marroo seedless grapes grown under
transparent plastic roof with that of the grapes grown in the open, it was found that the grapes
grown under the shade had lower disease incidence, had a better vegetative growth during the

POst- rainy season and had a significantly higher marketable berry yield.
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U5 la-81 31 2.5 nSuABAAT AGURY azoxystrobin 25% EC
(edan1®) BRT10.25 HadanIReaAT
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‘o o =1 o
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] at 1
(it 23) Tagudansae luny eliospores vpuds UAHBANTWININANYULUBIUND UGS
o ,
uredospores udanudiidnuaclndiRoeduiie Physopella ampelopsidis (Clayton and Ridings,
1970)
v X "
3.2.1.4 Bsalulndonweeiaisewse
& & 2 o g = = =
wuilsydlsenasenst lufouyaaufidisiy eimsSuusnazifauinuveyly
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! = = & o o
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: ! o o 1
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3.2.2 M3TzyYTHgUedlsnaJuuAnI N BLUATISY
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M 37 e1n3veu luwie nundaniameesie dnyusaaee1n15v0e 130 Pierce’s disease
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LOEWE Biochemical 18835 DAC-indirect ELISA wWul¥waluay F¢l8%n198nm1

wa c!f e g =1 1 ; o yd = o wa o 9
aneuiiveusenuen 1a lavazidua nudndehuen ladaiunisiguinuand@lunisii 1

= a

ifalsauds dauauddnisdiudund fruuzveslalafl dauuznisdugiuine 1dun
W1ATeNUad N1sAARNNTY UAZFTAYEY Flagellum 7UNINI3E14 Xanthomonadins
wiloufufuie Xanthomonas campestris pv. viticola (15197 1) Fenuludsemasuideuas
U593 (Lima, 2001) AWA 41 UEAAIEAYEIZ monotrichous flagella maw‘ft‘yﬂﬁl,l.sn'lﬁmrlmjuﬁ
waasernslugaiduluvd matuodiedsluedufivansenmslugadulyvd $1uau 6s
Aae8n nnaaveduluimiauasssiun A3as svees qSuns uazasyys wwsadeUms
Aai9e1nu3 DAC-indirect ELISA Tnol¥ antiserum fitn3owninide vis e Taaafifuon
94U uT Perllete  ®. 1AF09 1AL antiserum weude X9, ampelinus WU nA208131# A1
A405 551719 0,425 — 0.516 FU antiserum YBAIHE VN3 isolate ud1riA1 A405 ifiuq 0.074 —
0.082 Ay antiserum VEAUHO Xy, ampelinus uamiuff”@ﬁﬁﬂﬁﬁﬂTiﬂ"Lu@mﬁ’uﬂlﬂwﬁ'ﬁlu
YszimetIn Uﬂ?%:tﬂm“‘gﬂ Xanthomonas campestris pv. viticola i Xy. ampelinus
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aa o I daa = v
3.23 mi:luwammamaﬂmagumnmmnm uhiﬁ'

namsiuealednluejuiuaateinsasiveimsiiianinnsd
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MIaeve U¥e
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25 111U 82 A998 MAYMINUMAIGA T1UIY 52 TIu WUHNes 13 ATBE1aNTBINT
P a d Cd o [ a o o 1 =
mulaaslunni 42-46 MAvnuasgaveshsuuminglds uSEnAfINaIE o. Loy
v 1 3
UAYTIUSAUSTY 8. nTade 3. uAsT1sdu1 1Ty N1¥NaUINAY antiserum vouFe 195w
[ P o o o o 1 o el : n’:
dung lsany Asuaaalunisieh 2 dmsuniniiaredisly ldudwhaulgnasyuie
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MWN 42 oJUNUT Crimson seedless LARA9DIN5 1UFAAU INTN(mottling and decline)TIAaa1n

&V
1%® tobacco ringspot nepovirus
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= =t = wa & o toa
AN 1 fSeuisuguaniFveudsunaiiGefiusnaine juiinzasernsTsaluge
3
Fulundludszmatng loTwian VN, SuiSe X campestris pv. viricola
(Nayudu, 1972 81adelu Lima., 2001), Xy. ampelinus Ua3X. axonopodis pv.

citri (81989970 Holt et al., 1994)

WRUBINITATIITDUY
AamuiAfins 9oy
ul‘é] quga@] VN3 X. campestris pv. X axonopodispv. Xy. ampelinus
viticola citri

Gram negative reaction £ + + +
Monotrichous flagella + + + +
Mucoid on NA + 5% Glu + + - -
Starch hydroysis + NI + 2
Gelatin liquefaction + A% - =
Lipolytic activity + NI “Th -
Catalase production + NI + o
Urease activity - NI & e
Denitrification (N,) - - - +
Citrate Utilization + NI i +
Maximum NaCl tolerance % 5.0 5.0 1.0 1.0
Growth on glutamine - NI = g3
Growth on calcium lactate + NI s =
Maximun growth temp, 'C 37 37 37 33
Acid production from carbohydrate

Glucose + + + -
Galactose + + - +
Arabinose + + - +
Maltose + NI NI NI
Mannose + + B .
Sucrose 4 NI n 8
Ribose - NI NI NI
Lactose - - NI NI
Fructose & + 2 =

Cellobiose + + - -

Note: + = Positive; - = Negative; V = variable +, -; NI = No information
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7M1 43 9uug Marroo seedless 1anse1M5iu 1y Ins (vine necrosis) iAINGD

tobacco ringspot nepovirus

|

H T -4 o A = g
MNA 44 ﬂguwuf Marroo seedless Lerad81n15 1UNWA (fan leaf) NARIINIED grape

fanleaf nepovirus
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MW 45 0 §URUT Pinot noir LaAs01M3 1UAN (mosaic) MAMsI AT ITE NI

tobacco ringspot nepovirus I tomato ringspot nepovirus

H v Y ! . J . .
M 46 aguwuf Flame LLaA901m15 1UA19ATY (mottling) 91NV tobacco ringspot nepovirus
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c:i 1 e{ 9/ o o 1 1 q;. 9 :l = [
A13197 2 i1 absorbance A405 7 lAINMsdIed e luejuiiuaaseInsadie Tsnfifaanladal
ASI9ABUAILAT direct antigen coating indirect ELISA 1@ ol primary antisera 917 The

|
American Type Culture Collcction '

fugAaudietn  unaafy 81015 Primary 4405 luiulsndudnd
antiserum

Crimson Seedless/2 und, Mottling/decline TbRSV  0.52310.014 0.1081+0.012
0.48210.011

Crimson Seedless/2  UNd. Golden mottling ~ TbRSV  0.432+0.013/0.10810.012
0.511730.021

Kyoho!1 und. Mottling/ TbRSV  0.42170.016/0.10810.012

Penot noir/1 und. mosaic TbRSV  0.45470.012 0.10810.012

TmRSV  0.25330.011/0.09610.011

Flame/1 TRUTIYY mottling TbRSV  0.51610.019/0.10810.012

Marroo Seedless/]  JAUTIFY  mottling/fan leaf GFV  0.46520.021/0.20410.021
Crimson Seedless/2  SAUTITY mottling GFV  0.586710.037/0.20470.021

GAV  0.57410.028/0.12910.034
Marroo Seedless/1 unwa. vein necrosis TbRSV  0.619710.016/0.10810.012
Marroo Seedless/1 una. Interveinal necrosis  TbRSV  0.47510.017/0.10810.012

Crimson Seedless/1 una. mottling T™MV  0.21110.00/0.078%0.001

]‘J = 3 o 1 ¥ r o A [
Lfluminazﬂmm‘mmiwﬁ 171U2U 82719619 1auld Primary antisera w9425y $117u 8

UAAD tobacco mosaic tobamovirus (TMV), cucumber mosaic cucumovirus (CMV), tobacco ringspot

hepo virus (TbRSV), tomato ringspotnepo virus (TmRSV), tospovirus group IV, Peanut stripe potyvirus
= o oy 1

(PStV), grapevine fanleaf nepovirus (GFV), (L8 grapevine closterovirus A (GAV) UATITH 2 H1619

CRRIR
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3.2.4 ldReudeadngnyoInAuluaIvedu

4 = g/ = = o T 9 =
Wosnnmsydsediuilszans 1dioursndesuavii ldaeudisennuazdss 14ia1u1n 39

o =) 1

ﬁwmiﬂszLﬁummﬂu@mmmwﬁemm%wuw%"ﬁiwu"Lﬁ’xﬁaudwﬂmgwmmﬁy’u INAIBY19A
§1uu 120 §28879 Ta0defuifuain 30 aau asrany 1difeudoedngiaana Heliconlenchus sp.
$Seauneuannlunnaau (nwil 47) wuena Tylenchorhynchus sp (Al 48) szalsioluaau
daulMe) WU Pratylenchus sp. Uag Criconemella sp. 14 5 @740 30 TIU UAZWY Longidorus sp. (AW

{ o [~ [ 1
1 49) S1urudntesluaiusng 9.101n909 UATTIFFN



il 48 1difovres Tyienchorhynchus sp. Ansaenu ludunSnusnedu
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M 49 1didevusley Longidorus sp.ﬁﬂnﬂwuiuﬁuu?nms1ﬂa§u
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3.3 MIANYITBAZIDEAVB T Sphaceloma ampelinum

3.3.1 MSUBNIYD Sphaceloma ampelinum 1nAIvENsgUTITUTTA
a o ' v A 4’{ = S o o
VINMSINUAIRENBHALTAIeINTVed lsaduay luiuiidgnsuneilnsede suao
3

@ o o 1 w v aa o
Tuiuder sunethnges SanTaunssiwiun aseys szoea 1913 WIS NYTYSDl TyNTaIAsUaL
W [V 3y o o ¢ o & a o ] g
Tardaey musausnde g uSalssuin 80 wesisun aungni v lansauenide 1d 100
Lﬂa‘mum']ﬂmamqmwm m'a&fu'mmﬂmiﬂmﬂaummwmmuq UULHAREIN NI 1 Tavi s

LLEJﬂL‘iJ’EJ‘ViHW‘Hﬁ\‘li]'iﬂ!.ﬂ‘Uﬁ?BﬂN

3.3.2 ANYAUSN T UG IUINEN

]
=

o oA W e 4 4 9/ Y !
3.3.2.1 aﬂ‘ﬂm:ﬁ'ﬂ@ﬁiﬂu!ﬂﬂ Nﬁ‘ﬂﬂﬁﬂ???ﬂﬂuqﬂiﬂulﬂﬂﬂiﬂﬂ%ﬂ VILLEIﬂu].ﬂ‘D’]ﬂﬂ’JBEJ'N'VI

/! 1 o t d;’ 1 = =] dl
Hulsaanunadgnaie $1uau 38 o laian wudi iWeudas le Tsandvunaveslndldumnived

LT}

1 n} H =1 =] v 9

Tuaa9 2.17-3.35x 5.24-6.83 lunseu awwanslunisien 3lathfoivuiran nays vatowy adie
s 10 07 Tanvaela wadifer § vacuole nanlaniely

3.3.2.2 Snvamaniyvedalafivuembouie VNN TUNANTTDTYAY Tauea
& =2 df ' df ' A w oo ' as
WOUUDINITALITE PDA wud1 e luusas le lamaldnyas Inladfiunnd19iy vor8uu1aves

a0 g/ LI | r=| 8/ T o =1 = [ o .:%’

Tnlafinaudred e NYMATURIEUINA1UNEY 0.5-2 I9UAUAT 19910 10 U LAZVEUHIATY

=

ﬂ a A4 & & T I - { & w & @
WU 2.5 [ UALUAT LUDLBaNDIY 1-2 ADU G}NUJu‘mamﬂfawqmwwmwumiﬂau TINTUTUDS

qQ

= =) =) \

3
Tnlail wudweIdiiu 3 nqu fe Fvdessou AmAsadufsdy uazfuns SnyaszTnTailveudeouy

81115 PDA uaad luaIng 50
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" v T
A1510 3 kanavnavea IailiFsveude S ampelinum B0 HIS PDA 112U 38 lolwian

unnunasgnefu
Tolaian vinalatiRedlunsou)
AINE IR Y A

Sa 1 6.200.66 3.35io.36
Sa 2 5.74710.69 2.4110.58
Sa 3 5.8910.52 2.61710.30
Sa_4 6.14710.60 2.5510.36
Sa 5 5.9310.70 2.6110.48
Sa 6 6.3510.64 2.6710.30
Sa_7 5,910,717 2.4710.36
Sa 8 6.2310.69 2.5810.30
Sa 9 6.2170.64 2.26710.35
Sa 10 6.1610.67 2.34710.35
Sa 11 6.2510.67 2.5010.33
Sa_12 5.24710.63 2.1710.33
Sa 13 5471077 2.36710.31
Sa_14 5.8010.65 2.6010.31
Sa 15 5.6810.65 2.54710.32
Sa 16 5.9310.76 2.59710.44
Sa 17 5.4310.77 23950 27
Sa 18 5.2910.57 2.4910.32
Sa 19 6.29710.69 2.59770.43
Sa_20 5.7810.69 2.4810.27

* A unfwen 100 InfliFese 1o Tsan
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i a [
m1719h 3 uansvinaves Inflifeve uie 5 ampelimum MALIUUBIMS PDA $1170 38 loTug

a ! ' '
munaunaslgneu (de)

Telaian vinalatelunsowu)
ATNEN ARG AR PR

Sa 21 5.8010.79 2.5510.25
Sa 22 5.9810.44 2.46710.25
Sa 23 6.0410.71 2.6610.32
Sa_24 6.0810.71 2.6610.46
Sa 25 6.4810.65 3.1010.42
Sa 26 6.8110.83 3.17%0.35
Sa 27 6.6910.60 3.1710.41
Sa 28 6.2610.62 2.7410.31
Sa_29 5.9110.72 2.5610.33
Sa 30 6.8310.80 3,08140.47
Sa 31 6.8010.65 2.99710.39
Sa 32 5.7210.60 2.8110.34
Sa 33 6.6910.64 3,2610.46
Sa 34 6.6810.60 3.0210.35
Sa 35 6.360.50 3.0310.32
Sa 36 6.5210.38 3.1910.50
Sa 37 6.3910.61 2.9110.45

* Aunduein 100 Tnfidede'le Tnan
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(a) loTaan sa_1 B) loTwan sa 2

(©) 'loTasan Sa 3 (D) loTanan Sa 4

(E) loToan Sa_5 @® loTwan Sa_6

(G) loTwan Sa_7 H) lolwan sa 8

(@ ToTwan Sa_ 9 M lolwan sa_10

) lolmansa 11 (L) lolwan sa_12
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3.3.3 MINAAUBUAIBINVBUYD S, ampelinum
= a 1 3 = ‘3’ = dy -::JI :g = = 9
mskanueuAyylaslyInlifsve usanidesluemsifeadoduieufinuiadh
nszetelaoese awnsanseduldnssaeadueudueaniiumzianzasld uanis 1dvesmanild
g/ 5 a a I u“.: 9 1
nnmsuedulouaz IntiRedalyTuiallsdiu 075 Tulasnsu densin 1 ase aadinseeiolu
o = 9/ 9/ d’:‘ " . . n’j 1 @ = kY 3/ & =
anyagRaInd I TN Y Freund’s incomplete adjuvant 2 A5 S2ufunsiaduduidon Tned
3
USunaTuséu 15 TuTasnsy Taolinau Freund’s adjuvant2 a5s wud1 aansanszduldnszaty

g a ado s df 4
TITUBDUALDANTUNIZIAIZIINVITD S, ampelinum 11?-’]

i
o aan L2 =

= : = o ¥ o
3.3.3.1 M3nsRFeUANNRBNMgandsh §Asennuueunnuld (titer)

nnnansnageudszantaimvesieufwsuinga 1d Taoiudseidumeisedy

Y o a

andudumgaveweufimguficmisomd §iToduoudnudmune uazfnuiaila veatey
AlyIUATEALAN 9 A9835 DAC indirect — ELISA WU wouAmsuainnsyauaududuilelunis

o aas w a 9 o 9 9 g Y 3 1 =
nageudwsainlgasoiuneunuld Tasnanisasaeszduanuiduduildnaaeudud 1:16 89

1 n:{ 9 9/ = [ o a aa a 1 at Y |aaa ;:;
1:2048 (vAv) WU NAWANIUYBIUBUAIIY 1x10° IntlieAladans ueudrindalfgAsetuand
anududu 10 1,024 wasfinwdindu 1 s12 SlRFRTewanideusufnuiaududuidios 10

IntliRe/dnaans

3.3.3.2 MINATOUANNTUWIZIDILDI (specificity) Vo IuBHAIT M

VINHANIINATOUAIMT UNIZID1L9IVDIUB LAY WUT normal serum Teiw11d
lumsnaeunlSouifousuueufioiy i §asersuide s ampelinum uaz nuafidefiinn
namey douueuAainiinan 181 A405 quilerin 5T 5. ampelinum wag Colletorrichum 110
Bi'u 1‘:?7’?1'13_]1uﬂﬁNLﬁBﬁTﬂﬁﬁ?ﬂ?ﬁUL‘ﬁ@ Fusaruim spp., Curvularia lunata, Helminthospoz‘ium spp.,
Colletorrichum gloeosporivides inziss 1o Taan Sa 5 udlimidmnfuSeunafi3e Enerobacter
Gerogenes, Azotobacter sp., Bacillus cereus, Xanthomonas campestris W@ ERERLof 'Ii.lﬁaﬁWﬂﬁﬁ?m
fiﬂui’fwﬁuwmmzmﬁ'u S. ampelinum i cross reaction U Colletotrichum mﬂﬂg’u ﬁﬂﬁﬁ?mﬁwﬁu

O . . . . . d!
Fusaryim spp., Curvularia lunata, Helminthosporium spp., Collectotrichum gloeosporioides %9

Hgnua hilvinueudiarulditeneas
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o ad 4 2 o
3.3.4 MIWAIHIITNITATIVABY Latent infection 1AEITN serology
3.3.4.1 35 ELISA
v [
msaaudasgduuuveis ELISA TaeldFudiuvesluuSnaufiuaaternisveslse auay
b4 1 [l 3
ilu solid surface Lmuﬁ'uﬁmmawquammﬂ (plastic plate surface) dlohyudauvesluyneasy
9/ = [ 1 1 L2 ' 1 1 o {
2075 ELISA WA 2 Tu wud  sganfuuaeveanniedisliuanA1991n control Mufinguasan
3
o s 1 9 1 1 " = 1 o
naannUgaide (0 ) uannle Taanlinauin (11 A 405 g9 negative control (it 2 1911 ) MAI9IN
3 ]
= [ 9 1 =1 T 1
Ugniyre 2 Fueniulo Twion Sa 1, Sa 2 uag Sa_3 (5197 4) 86719 15 AMUAIANULANAIVB A 405
1 o [} c:': Y ar dy L%} = 9 [ n‘ o/ d' 1
ITMINAI0NN 1ATUNTUgnIFeRY control HdevaindsnnGullsingeimsveslsnlufun 4 ua
E9A9F4NT1 control TUNAAIDES
3.3.4.2 3% immunofluorescence microscopy
Sh::’ 1 :I. ﬁy = Y
N IFUadINvedluNUgnide S ampelinum 11wl §A501AU primary antiserum LAy
secondary antiserum IAARAINAUA1T fluorescein isothiocyanate (FITC) 1142 #1 lmsaagaisiSoauas

9 3/ 4 & i oo ' ! aw A P r o w
ﬂ?ﬂﬂﬁﬂ\‘mﬂa'ﬂiﬁﬁuuﬁﬂiaﬁ WU TﬂULWU'U@QL"H?}114“5]?13]‘1'5Iclﬂﬁﬁwﬁﬂymzﬂ—ﬁﬁﬂﬂuﬂﬁmllﬁﬂﬂ%‘iﬂu

1 o Y o ' t i o {
wseonitlu 1A 4 sz 1Aun TdiFesums Seauasios thunaie uazunfige dwaaslunmi 51



32

ma19h 4 usasrganAuuaed 405 1 Tuas voede s ampelinum 31U 27 1o Twian Tae3s

3 v
DAC indirec ELISA finuoudiariy Tnoms49udauveslufiuansernisuny soig

surface UB4plastic plate surface

U

= =='
AUUTIN 405 W1 UIRS*

mgan
Telsian i}“mmi’u%ﬁqﬂgméa (34)
0 2 4
Sa_1 0.160+0.001 0.0920.001 0.210+0.031
Sa 2 0.15320.001 0.092£0.001 0.269+0.043
8a 3 0.1730.007 0.09040.002 0.3110.074
Sa_4 0.15340.005 0.190:£0.002 0.228+0.019
Sa 5 0.154+0.014 0.199+0.011 0.246+0.050
Sa_6 0.148+0.007 0.21620.007 0.241£0.006
Sa_7 0.152+0.001 0.22240.009 0.237+0.036
Sa_8 0.1640.009 0.2230.003 0.229+0.116
Sa 9 0.1590.001 0.1520.082 0.201£0.027
Sa_10 0.16120.009 0.1470.067 0.2620.053
Sa_11 0.16520.003 0.14240.072 0.3370.038
Sa 12 0.159+0.010 0.189-+0,003 0.23940.003
Sa 13 0.1490.007 0.18620.012 0.246+0.058
Sa 14 0.1500.009 0.2020.009 0.254:0.024
Sa 15 0.148+0.004 0.22120.001 0.218+0.009
Sa_16 0.157+0.019 0.204:0.,008 0.279+0.046
Sa_17 0.1590.002 0.199+0.007 0.229::0.010
Sa_18 0.1600.011 0.189+0.001 0.231+0.009
Sa 19 0.17120.010 0.192:0.002 0.28420.036
Sa 20 0.1630.008 0.1890.001 0.226£0.015
Sa 21 0.1600.007 0.185+0.003 0.2100.000
Sa_22 0.15540.002 0.198+0.005 0.259:0.018
Sa 23 0.149+0.005 0.223£0.008 0.243+0.026
Sa_24 0.1500.009 0.194+0.002 0.23170.000
Negative Contro] 0.159+0.019 0.091+0.000 0.196+0.070

LERLATE)

*

I 7
= ﬂ'llﬂﬁﬂﬂ?'if’]']ﬂﬂ’l‘ﬂﬂ 2 9/ A79879



53

i 51 RIS Se e e ampelinum Aansnae g immunofluorescence test
(A) TﬂﬁLﬁﬂmaﬁ‘;aﬁ"Ln'f%'ammtﬁamﬁauﬁ'm normal serum (-)
(B) 'Iﬂﬁxﬁamawﬁaﬁgmmmsﬁmum"lﬁ'ﬁaﬂ +)
(€) Tﬂﬁtﬁmauﬂ?;aﬁuﬂmmﬂ?@mm"!ﬁ’ﬂmnm& (+4)

£ v '
(D) lnflifovosdofiudaimsiSoacanniiga ()
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3.3.5 mﬁﬂﬂmmmﬂmnﬂmﬂmamwwuma S. ampelinum 1AgunALA  serology
dorde s ampelinum mﬂummmmﬂaﬂma 1 ATNAOY ﬂgﬂsmmwm’mm

Tavl435 ELISA nfSeudousiiisaldoin 193eq spectrophotometer Tﬂmmaﬂwmmwwwaq

& T () ' g 1 1 o
aues luudaz loTmanmiiiu wudr Weluudas e Tnanficgandunaelndifesiu Smwele Tamn

1
=~

»
Sa_7, Sa_l4, Sa_23, Sa_26, Sa_27, Sa 29, Sa_35, Sa_36 Ua¥ Sa 37 wiundmganiuumigeniy

@

Tolaandu q dwanslunisied s

¢ 1

o 4 an [
3.3.6 ﬂﬁﬁﬂ'tnmmwmﬂwmwaamﬂwu‘gz% S. ampelinum 10U RTENVUNUTB I

9 9

v
o 1 v o1 o
11nN15UgnFe S ampelimum $1u2u 12 ToTman asuuluoguluiuiie g 6 Wug
] o ] o a 9 1 A e ; o Y a
W1 mmsmﬂnammaﬂymwmmﬂmﬂﬂTiﬂllm 6 NN Ao AQUN 1 Wwammsam Ivinalsaly
ﬂ:u"lﬁmwm wﬂwuﬁwummmau ﬂmm g L‘]f'é)uliJﬁ‘WU'l'iﬂﬂﬂmﬂﬂT‘iﬂvlﬂ 115703 Shiraz ﬂaam 3

L%@"lummmwﬂmﬂﬂiiﬂ"l.ﬂuwu15 Centennial (142 Delight ﬂmm 4 de'lmusaihdidalsn g

o a .
1u?]ﬂWU‘J’;EJﬂL’m‘W1JI§ Crimson seedless 4% Centennial ﬂq:m 5 mﬂmmmm‘lmﬂﬂsﬂ"lﬂiuwuﬁ

q

' | - o a w
Marroo seedless LAz Delight nquii 6 emmisarhldiialse ldameluiug Black queen uasz

¥ ]
Crimson seedless MUY ASUAAL IUATITIN 6

o 1 v

£ 7 HIP i 5 % .
wugaguﬁmﬂiiﬂﬁaﬂﬁqﬂﬁuﬂ WHT Delight, Centennial, Shiraz, Marroo seedless, Crimson

q

'
v dddo

seedless 19¢ Black queen (Huugniiitmaulelmanfivhldifalsnld do 612, 712, 8/12, 9/12,
1 3 3

10/12 uaz 12412 o Taam madidy daudnsluas e 6 uennimiudamuiude lo Twian Sa_s, Sa 1

laz Sa_6 w w1909 10 {uuT Black queen ItaE Crimson seedless (fin 15 ldn1014 4 Sy daulyle

1 1l Y -
Iyiandy 1 szifalsaduejundeiui ¥94M5gnire daue leTyian Sa_4 uaz Sa_7v11%egu

a,

a a [ 4 a/ o .
U1, Shiraz 10% Delight iin lsAndeaingnidesiu fuanslumsed 7
@ w d:‘ o ! .;:" -] Y a
VINMIIAVUIAYBWNA 1AM TUNTB 7 U Wu e Te Tvam Sa 24 swisaiiliAe
1 ' (T "o a a o
WNavLAlrgfigaluoduing Black queen vuaiidy 2.282 fiafiwms leTwan Sa 12 munsarh
Y a 1t
'lmnmmawmﬁlmgw AU Crimson seedless YUY 2.336 loTwian Sa 1 #115091
3 o il a a
lnmmmawm’lﬁigﬁqﬂiuaguwuq Marroo seedless YU1AWIAY 2.180 Hadwas lalmaa Sa 3

Mnsorhldifaunaviin vy iqalue fuiug Centennial wuAwiAY 1.836 Tadwns loTwian

P9 aunsaih ldifaunavie Inaffige luoguiug Delight vuamafy 1,900 fadmas uaslolu

o
]
1

lan S o t:LsJ-: cL = ‘1 1 a o . oo s a o
a5 @WTM IVLINALNAYUIR Haunga HOIHWUT Shiraz YHIANINY 1.680 WARINAT A9

o

899 1un 15197 5
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i ] k4
31971 5 uansrigaRAu s 405 11 Tuwms vouds s ampelinum AN 1x10° Taflidy

Uadans 1ae35 DAC indirect- ELISA

Tolaian Aganduuaef 405 1 Tumn s+
Sa_1 0.2090.009
Sa 2 0.2360.009
Sa 3 0.22810.012
Sa 4 0.21610.009
Sa_5 0.20910.002
Sa_6 0.196220.009
Sa 7 0.450%0.023
Sa_8 0.20020.008
Sa 9 0.20510.005
Sa_ 10 0.22210.007
Sa 11 0.23910.007
Sa 12 0.2061:0.004
Sa 13 0.19970.004
Sa 14 0.40110.013
Sa_15 ' 0.19930.003
Sa 16 0.18310.009
Sa 17 0.18810.001
Sa 18 0.20910.011
Sa 19 0.216%0.015
Sa 20 0.25510.013
Sa_21 0.20710.010
Sa 22 0.20510.004
Sa 23 0.314710.034
Sa 24 0.19010.008
Sa 25 0.209710.004
Sa 26 : 0.47610.002

i L)
"uwmq * AURRENANITBIUAIIA 4 T aED e



56

1 ¥ Ed
M 5 uansrganduLdeR 405 uTuwms voude < ampelinum AVMINTUIx10° TRiliFey

Uaddns Tae3% DAC indirect- ELISA (99)

ToTaian FgAnAuLE T 405 1 Tuwns”
Sa_27 0.334710.011
Sa 28 0.21730.004
Sa 29 0.43110.003
Sa_30 0.26510.010
Sa 31 0.29510.007
Sa 32 0.27420.004
Sa 33 0.312%0.012
Sa 34 0.234710.020
Sa_35 0.41010.008
Sa 36 0.31310.003
Sa 37 0.30110.006
RSa 2 0.26910.005
RSa 3 0.22130.008
RSa 4 0.22370.005
RSa 5 0.21110.018
RSa 6 0.24610.013
RSa 7 0.29610.016
RSa 8 0.2780.004
RSa 9 0.274710.016
RSa 10 0.27070.004
RSa 11 0.27530.008
RSa 12 0.24610.007

' ¥
Mg+ dunfonaniseum1on 4 Sreesaetg
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[ ¥
A15199 6 wamenuaselumsi ifife lsavease s ampelinum uang e Ta

am uuly 34U 6

o
AU
Tolastan ANEnnsalumsilsifnalse*
BQ cs MS C D SR
Sa 3 + + + + + +
Sa 5 o+ + + e + G2
Sa_ 6 + + + + + -
Sa 9 + it + + G .
Sa 24 e # + ~ c: e
Sa_7 + - + - + +
Sa_11 7 . & = . 3
Sa_l =+ + i h = %
Sa_12 + + = + = i
Sa 4 + + = + =k +
Sa 8 + + - - - -
* df o Y a
Mnome  + - e lveguinalsn
4

: = e Tuvh e juifasn

BQ = Black queen

B = Crimson seedless

MS = Marroo seedless

C = Centennial

D = Delight

SR = Shiraz
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a:i o P dy T ] o g
A191N 7 memummwa”luusaax"laTcmmﬂﬁﬂguwauuaguwuqmq 9

Tolwan BQ CS MS
Sa_l 4 5 5
Sa_2 5 5 5
Sa 3 5 6 5
Sa 4 5 5 =
Sa 5 5 5 5
Sa_6 4 5 6
Sa_7 5 - 6
Sa 8 6 4 £
Sa 9 6 6 i

Sa 11 5 - 5
Sa_12 5 5 -
Sa_24 4 5 5

=159 T iAo nsfiailng
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{ { a & W ¢ o 1 [
A19197 8 HARSVINAYBUNATAR NS S ampetinum Mavmigaide 10 fu yuluedy 6 GRUTHE

a o '—[
Tolasian VHIAYR N (admes) "
BQ Cs MS @ D SR

Sa 1 1.820c 1.092f 2.180a 1.440¢ 0.000f 1.190c
Sa 2 1.480d 1.300e 2.100ab 0.000e 0.000f 0.680e
Sa 3 0.860g 1.680d 2.100ab 1.836a 0.650e 0.900d
Sa_4 1.700c 1.956¢ 0.000e 1.300d 1.280¢ 1.400b
Sa_5 1.466d 1.790d 1.816¢ 1.680b 1.680b 1.680a
Sa 6 2.104b 2.020c 1.760c 1.026d 0.960d 0.000f
Sa_7 2.100b 0.000g 1.100d 0.000e 1.660b 1.400b
Sa_8 2.000b 2.160b 0.000e 0.000e 0.000f 0.000f
Sa 9 1.025f 1.040f 0.956d 1.500¢c 1.900a 0.000f
Sa 11 1.320e 0.000g 1.200d 0.000e 0.000f 0.000f
Sa_12 2.070b 2.336a 0.000e 1.800ab 0.000f 1.150c
Sa_24 2.282a 2.192b 2.000b 0.000e 0.000f 1.148¢
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3.4 ﬁ'ﬂ:mnT‘imaﬂsmm:ﬁwnmmmmmws’svmﬂ

o

mnmmﬂmuwmmmwm'Iiﬂ'ﬂmﬂmmmﬂuwuﬁumaamwawnm 37 90 wa.
2547 §4 2549 wmwTmﬂmmmmmmmwmaaﬂmﬂ uazlszAvmaruuuvesn1dia Tsn oy
maammﬂiﬂau msmﬂTsammummmmiuLﬂaummﬂmmﬂﬂwﬂu?mma 3] Tﬂﬂ:umm
THusagenTudl w.er. 2548 (Reuuy 4- 5) “lusn,mwmaumﬂgmu DuABUNY AN mnumaaﬂ

ﬂ']_lﬂ?'lili‘l«ll.&'iﬂﬁﬁﬁlulﬂE]Hﬁui"lﬂll'ﬂﬁlﬂ'ﬂum.lﬂ'l‘wuﬁ (FzAUn HUW 0.5-2) uay LﬂJiJﬂ’TIiJﬁ"lﬁu

v
e

duTusnass AR uTiuIng (AN 52) msmﬂmmmwwmmmiﬂawﬂumsmﬂiiﬂﬂmf?ﬁa
umumﬂmmuﬂmﬂﬂTmmaﬂmmwTsﬂﬂmma(muuu 4.5) uoz Tsnszifnguusanmmniz lugg
gaHuse mwmeuﬂingmwmmauﬂuawu onduluil 2548 ‘nTswmmsmm"lﬂwmm@u
wqﬁﬂmﬂu (@0 53) ET'?'HE‘LII‘Eﬂ'i'lﬂ‘mJW‘]Jﬂ'l'iﬁl'l‘mﬁ'lﬁlﬁﬁaﬂ‘mﬂ uARIAZUUUMISIAR T5AfB LSS
f1 (serunziY 0.5-2) TﬂﬂmwwwiumwumﬁwmmmTsmwﬁwmmaﬂﬁﬂmmmmm AN
Tiﬂ'ﬂﬁuwumﬁaﬁﬂTuﬂm‘mﬁmiiﬂmﬂammaﬂmmsume ﬂammmﬂauﬁmmu“lﬂwmmau
QUATUS (A0 54) mmﬂﬁﬂimﬂawﬂuTsﬂwmﬂmiuaiiﬂua LITA Lsuwuﬂsmsﬂiuwﬁu
wnwmaa‘lumamaqummﬂu W.f1. 2547 mnuumwusmmmumﬂw(svﬂuﬂwuuu 1.2} 1y

Wmmauﬁmmu"lﬂwmmaumywu WA 2548 Mssvinn Iul 2549 Tdnuazadiofusl 2548 us
ﬁm"luwuﬂmmma1a1ummawmﬂu Y Hmmnmaumywu”lﬂwﬂﬂﬁaug:mﬂmﬂﬂ"lm'
qusmmﬂa‘lumuTumﬁaqﬂ (Wi 55) fTTHi‘UI?ﬂT]J1Wﬁﬁlﬁﬁﬂ1ﬂ£§ﬂ§ﬂ£ﬁ8u1ﬁﬂ oz Tsanaut
Tu"lwmmmaﬂsuuuw wumﬂ:;mmwwsumamwu“[umawaamm 049282 MAUAUNG TENI19

lﬂauﬂumwuﬁmmauumﬂm “]NL‘L['L!'inJw'i’I\‘iﬂﬂﬁﬂﬂWuﬁﬁLﬂH
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BW.A.2547
Bw..2548
Cw.#1.2549

' s
AT 52 seAuazuNUMSfalsnT e Tueduing uzase ssnhadsuuns iy 2547
& K ar o ) a = =t P!
DEADUIUIINY 2549 W ‘l’d']iiﬂJﬁTJ‘i’%EﬂﬁEJMﬂquaﬂ’q"iu’%‘i VUATTIHTLT (AZUUY

1= luaadeIns 5= 1015 3UUTIeER)

Lo
n

Bw,A.2547
BEw.f.2548
Cn.A.2549

disease score
=

i
m

i [ = 1 w < 1
7191 53 szRuasuuumninlsnauanluedudug Iniuzaza senhaufsuunsiau 2547 8
o ¢ = o =4 =)
woutuaN 2549 s vhinumiinendomalulalasund 2.unsT 1w (Peuun 1=

liuaaesIns 5= 015Ul Igega)
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3.5

a
w

B w.r,2547
Bw,5.2548
(Iw,A.2549

disease score

a

{ o = = 1 (4 v
ﬂTW”?I 54 izﬂmmmuﬂmﬂﬂTim1ﬁuu?ue§uwuﬂ'mmazﬂ"l izﬂ'QNL‘?l@uiJﬂ‘i"lﬂiJ 2547

5

£ A ar o a o = = =t
DIADUTUIAN 2549 ‘IﬂhiﬂJiJ‘}"i']’mmﬁﬂl‘l’miuiaﬂfﬁlﬂ’i VUATINVEN (AZUUY

1= liuaaseins 5= 01n157uIsIgaEa)

22

Ew.A.2547
w2548
Dw.A.2549

disease score
i
o

1.2

month

A 55 szdunzuuumafa Isasuddluedusiug lugazan seuufauunsiay 2547
£ A w 3 & o = = =
DUABUTUIAL 2549 a1 YhiTuumIInetdema 1u Tadgsuis v.uasnydun (Azuuy

1= lUaReeINts 5= 01N15THITIZIEA)
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3.5 MI9ANIIIATRIBIU

3.5.1 A1SPANIT IS AR AT 1A

o o&

wamsnansalFoumeudizininmuesmaailunmsaivau Tanegudniiuns 2

21 =

3 o i
A5e ATuANAneeszn N ufsunsnganiaufoudemay 2547 Fawumwizmadivinigvedlsa
1 o 4
auaveaslsalugadulylnd wansnanesmuinuuInmunaunedilesoandaas lsa(lasusu

Tora) Tisz@niamgegalumsannmsifalsaauauuaz Tsnlugaduly Ind sesasunfie veslafin

= 4

o { = i o4 o & ' o
weasHavIIL (e lasw) varfimuaiisdedug Anareuidszdninmasudiesdlumsniugy

¥oor
ar A4 g =]

Tsnapeariinfanai(esieh 9) msneasensed 2 dulumsszniefeungymaviufeunsnginy

2548 Ridenmsmilureriassnuagivarsfaduat lumsnaugu TsaRauny kanisnaasIwyi
& ds o ¢ o B8 . . a a

ATRANUEITLET 1A NDOTHANN WY (LB LA-B1) BRUNLHT azoxystrobin  (Bzilaal) i
=2 d oy A oo 0w o i g

dszdnsnmgagalunmsarvguliaguavuay lsnsnineduiulsadiny anziarsues la-ay

gaudvlelivounazailaia Juse@niamgegalunsaiugulsanaty (m1sef 10) msldms
o 4

=t ra < & 3 9 o 3 A & 5 dy * e =5 &
FINUN (A1INUTT mamaumu'luma"lml,mcﬁ) cl,'uﬂ'&’i‘lﬂﬂaEl&ﬂi%‘HWllTIULHZJ‘IJEZETW‘ﬁﬂ’chluﬂTS

A7URY 139
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maan 9 nlfeuAeuazuunmaialsaauay was Tsalugadu iy lndsnuuafifeluegu

w o = P

o
ubgFaad f lwrunsdevumseiiniuaylsa $109U 6 A5 sEMIUABY AIAZIAN

GIATE
a4 A =y o = o =3 =4 ey
fufnudeniny 2547 & WisuumInedoma I laggsuis 1. UATTEaIN
B 5 e
ACIUUMIDAL5A
ATTUNAae -
auny Tugavinuuniisey
R GICTC LY 2.41 ab 1.67 cd
2. 195 laiinees 2.00 ab 1.13 ab
3, 80 1551 1aua 325¢ 1.28 abc
41/ TuTaaun Tranay o Tsuaw 2.44 ab 1.09 ab
5. law Trneavinan e Inaimsita 331¢ 1.36 abc
6. MSWUAITUNAN A LDAT T 2.31 ab 1.56 be
7. i T UH A LA LA & 2.56b 1.47 abe
g Tnsusaunetsloseendaas 156 181a 1.00 a
9, Tifaniv {control} 373 ¢ 2.164d
CV (%) 28.0 557

O—J = T
= aspuumaialin 1= luwulsa 2 = ifulsadades 3 = Sulsadunas 4= dulsa

] £ o
apudneguuse 5 = wlulsaguusenn

T = o o = w e 9 [ =t A o 12 1 aa el
AwnasluseduiiRm Ui auaesnes imilounu lulinuupna1an9aan (p > 0.05)

1R85 DMRT
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d' = el Y f b3 = 8/ !
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MARUIN

1 3
M99 1 YeyagurgiuasyTineniwu o oiiasrenieiiens s.uasredun 1 we.

2547-2549
Ty 2547 2548 2549
mean temp | mean rainfall | mean temp | mean rainfall | mean temp | mean rainfall
(C) (mm) (C) (mm) (C) (mm)

1 16.8 6.8 16.1 0 15.8 0
2 17.4 389 20.1 0 19.5 L5
3 254 1.3 o 78.2 iy 516
4 232 116.4 236 7.5 255 9G.9
5 23.7 124 24.8 102.3 23.3 120.8
6 23.5 187.7 24.6 53.9 23.9 91
7 23.3 165.4 24 200.3 242 67.2
8 237 67.8 23.8 114.8 23.7 56.6
9 22.6 214.9 23.1 246.5 23 206.3
10 19.9 0.8 22.2 118.1 22.2 253.8
11 18.7 2 20.5 84.6 20.3 0
12 14 0 173 04 16,5 0
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