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ABSTRACT: The purpose of this were to study morphology and evaluate the efficiency of
fungicides to control Rhizoctonia causing sheath rice disease. Diseased rice samples were
collected from the north of Thailand. Fungi were isolated by tissue transplanting method and
were identified base on morphological characteristics including number of nucleus, color, size
of mycelial and sclerotia characteristic. Species identification was confirmed by molecular
technique and PCR was conducted at internal transcribed spacer (ITS) rRNA gene region. Eighteen
isolates of Rhizoctonia solani, 2 isolates of R. oryzae and 34 isolates of R. oryzae-sativae were
identified and were confirmed as causal agent of sheath disease of rice. Six fungicide treatments,
including azoxystrobin + tebuconazole, carbendazim, difenoconazole, mancozeb, prochloraz
+ propiconazole, and validamycin were evaluated for the inhibition of the fungal mycelium
growth. The results demonstrated that growth of R. oryzae-sativae and R. solani inhibited by
carbendazim and azoxystrobin + tebuconazole at 100%, 100% and 85.06% and 80.009%,
respectively, while mancozeb and azoxystrobin + tebuconazole inhibited R. oryzae at 100%
and 90.829%, respectively. In vivo experiments, azoxystrobin + tebuconazole exhibited strongest
control of sheath rice disease caused by R. solani, R. oryzae and R. oryzae-sativae.
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Table 1 Sampling location of sheath diseases in rice collected from north in Thailand

Province GPS Cultivar' Symptoms” s,;lr?';glfa
Phrae
Phrae rice research center (Field) 47Q629366 B/, BT, SB 5
2017899 F5PY-147', PY20 and
PSL2
BC3F6-88" and CHY' S 2
Ban Kham Mi Ratana Panya, Nong Muang Khai ~ 47Q627201 RD10 SS, SB 2
2020171
Ban Den Chai, Den Chai, Den Chai 470611450 SPT1 SB 1
1990328
Ban Wang Hong, Wang Hong, Meung 47Q622183 RD6 SB 1
2017347
Ban Pak Yang, Nong Muang Khai 47Q625994 PRE72 SB 1
2023576
Ban Choeng, Ban Kat, Sung Men 47Q625545 Sew SB 1
2000617
Nan
Ban Na Khoi,Na Khoi, Phu Phueng 470687399 RD6 SB, LB 2
2070700
Ban Ton Han, Pa ka, Tha Wang Pha 47Q688360 KDML105 SB 1
2110862
470689177 KDML105 SS 1
2110751
Ban Fai Moon, Pa ka, Tha Wang Pha 47Q689793 RD6 SS 1
2110489
Phayao
Ban Mae Sai, Mae Sai, Meung 470593847 KDML105 SB 1
2114217
Ban Mae Tam Bunyong, Mae Ka, Meung 47Q594492 KDML105 SB, LB 2
2110961
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Table 1 Continued.

. . 1 2 No. of
Province GPS Cultivar Symptoms sample
Chiang Rai
Ban Nong Sai Thong, Pa Thung, Phan 47Q574044 SPT1 SB, LB 2
2162803
47Q573922 RD14 SB 1
2162504
Ban Pa Mun, Santisuk, Phan 47Q579466 Maejo2 SB, LB 2
2165757
Lumphon
Rimping District, Meung 47Q498625 RD6 SB, LB 2
2055158
Chiang Mai
Ban Sanpayom, Makham Luang, San Pa Tong 470489688 KDML105 SS 1
2057478
Ban Kat, Ban Kat, Mae Wang 47Q481254 SPT1 SS 1
2056290

" Rice varieties: Ex21/4, Ex21/7, F5PY-147, PY20, BC3F6-88 and CH9
"Rice cultivar: KDML105 = Khao Dawk Mali 105, SPT1 = San Pa Tongl, RD6 = Rice Department6,
RD10 = Rice Department10, RD14 = Rice Departmentld, MJO2 = Maejo2, PSL2 = Phitsanulok2,

Sew = Sew and PRE72 = Phrae72

?Symptom: SB = sheath blight, SS = sheath spot and LB = leaf blight

nsuenuazdasuunidesiannglsaniuly
299917

mamiﬁﬂmwuﬁaiﬂ Rhizoctonia spp.
$ruau 56 leloan wonldandegeiiivain
Jandauns 22 lelgian (PRE19001 §i9 19022) Unu
12 Tolwian (NAN19001 fis 19012) \H89518 5
Tolwian (CRI19001 19 19005) wgien 6 lalgian
(PYO19001 @19 19006) t@esluy 4 lolgian
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(CMI19001 @9 19004) wazdyu 5 lalaian
(LPN19001 §i4 19005) dnweauenadugIuing1ves
\$o31 Rhizoctonia spp. AANULANANAY @13150
wUaléu 3 ndu TéuA nawil 1 @es Rhizoctonia
fifinsadradulowuuliiid dewnaziudswiva
thamasudsihmaduilefiony 7 $u (Figure 18)
wWuleflvwinning 7-11 lulasiuns Sduedea
1NN 2 Tamdea (Multiple nucleus) (Figure 1D)



ahadinaielaifediniaruiainias sUss
lsiwsiuey (Figure 16) WiothdeyaluiSeuidiou
AULNAIT91984 (Kim,1993; Mughal et al., 2017)
wui Wesrsuau 18 lelman fanalndifsstu
L‘dl;ju@i’l Rhizoctonia solani (Figures 1B-1F) ﬂﬁjuﬁl
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‘wmﬂs'wﬂgammau wagliuueou (Figure 1K)
Wlend aualULmemUﬂmaﬂmiaNaq
(Kim, 1993; Lanoiselet et al., 2001) wuin Lsuaiﬂ
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Rhizoctonia oryzae (Figures 1H-1L) LLazﬂEjzu
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2 dumdea (Figure 1P) LLauﬁi’NLN@ﬁLﬂEJIiLG]EJ
Suusnden deuay Lﬂa&mwuamma 5UT19
AauTNINaY wIsldiuueu (Figure 1Q) L:uamsua:ga
TUUSsuisuiutenanse 1989 (Kim, 1993;
Lanoiselet et al., 2001; Nagaraj et al., 2019)
wuin Wessuau 34 lelwan fanulndifes
ﬁULﬁ?}j@’iﬂ Rhizoctonia oryzae-sativae (Figures
IN-1R)

nan1sdnduunalalagldinainnig
Faluana wazn19vih PCR lagldlnsiwes ITS1/4
USKad ITS rRNA wudn ynlelganiizunnuauves
DNA 4119 650-700 flkud dlevundessiuseu
mawauammumﬂaiaiwﬂ (BLAST) Iumusuaua
GenBank WU mmsamuum%aswlm 3 9l il
aalndifssiuilos R solani fiszsuaay
wislouwhiu¥esas 93-99 Wos1 R oryzae Seiu
auileudevay 99 uazes) R oryzae-
sativae SEAUANUMLOUSDYAY 85-99 WANNT
NPABIAERARDITUTIBTIUNINUEe1 R, solani

Aduaimmueslsanuluiswesin (Department
of Agriculture, 2016) UAYTILNUNITNUITD)
R. oryzae anwvmuadlsaniulugn uagides
R. oryzae-sativae anuglinniulugasiulu
Usemdeaamsiae (Lanoiselet et al., 2001) 91U
Aduves Pralhad et al. (2019) Gslsvinnnsda
$uunidos R solani anwelsaniuluuisresing
ludssinerduifgmemataniedluana Ingld
Iwdes TIS1/TSA wui Wen R solani fuau
193 DNA 270 700 GLUa UonaIntl Han1sfnw
faaenndesiuiuideves Okubara et al. (2008)
Fisuunides1 R solani wax R. oryzae lagld
wafla Real-time PCR wuin \Tesvisanseiing
unu DNA u1n 680 Alud
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Figure 1 Sheath symptoms on rice plants: sheath blight (A), sheath spot (G) and aggregate sheath

spot (M) and morphological characteristics of Rhizoctonia solani (B-F), R. oryzae (H-L) and

R. oryzae-sativae (N-R): colonies on PDA at 7 days (B,H,N), hypha with T-shape cell (C,,0),

multinucleate (D,J), binucleate (P), sclerotia under stereo microscope (E,KQ) and cross section of

sclerotia (F,L,R) (Scale bars = 5 um)

n1sVAgauANAINITaluNTIHalIA
yaaoumLaLsaluntsielsavanie
sitlddudunansinduunudrandoyadnuas
MFUFINIME Az TYANSANYINTILANA
113w 20 Telwan fail Wes R solani $1u7u 5
lolwian laun CRI19001, CRI19004, PYO19004,
NAN19001 uaz LPN19003 13831 R. oryzae
313 2 lolawan Lala LPN19004 uag LPN19005
wasides R oryzae-sativae $1uu 13 lolaian
lawn PRE19003, PRE19007, PRE19009,
PRE19011, PRE19018, PRE19020, NAN19007,
NAN19009, NAN19010, CRI19003, PYO19002,
CMI19001 uag CMI19003 UuU13#ug KDML105,
SPT1 wag RD6 Mé’nmmUQm%a 14 U Wy
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s R. solani nnlelmanduaimmuedlsanu
Tuuaue9?17 wagaiunsaivinanednanug
KDML105, SPT1 uaz RD6 lagsedumdnuguus
voslsalaifirnuumnssiumeeianssiuanudesiy
Sowaz 95 (Table 2) dnwazenmsvedlsaiusing
vunmuludnaenndesiusienuves Park et al.
(2008) s‘ﬁaﬁﬂwﬁ%’miﬂqmﬁa WATNAUINTVDY
Tsanluuvieing Taswud Tutisusnunaiiusng
vuduimazldnvazduauddoroun dnvese
f1th AsenaneuNaIzLs uazveuLNalidinia
duideon R onzae Wuawmlsanulugnues
117 wudn Telean LPN19005 annsawinvinany
T12ug KOML105 IfATian Tasunailvuin
g1NNTaAWNAY 3.58 + 0.29 iwufiuns leletan



LPN19004 @nansawivinanedniiug SPT1 uay
RD6 lagunailuuineuviniu 4.88 uay 4.10
WURNT AUEFU Faunnsnsegneditddama
adAfisiunnudeiuiosas 95 Weisuiisuiy
n3susAIUAY (Table 2) uandes R oryzae-
sativae @wnalsAn1ulugnsInYeed1d wui
lolwlan PRE19011 way CMI19003 @nnsawtn
yhanednsiug KOMLL05 LiATian Ineiunaiivunn
g1uNTgAWinAY 11.00 WAy 10.54 Lwufiluns
puau leleian PRE19029 anunsaidivinane
driug SPT1 IéAign Tasuwadvunngnaminiy

9.59 wuAwns uazleleian PRE19015 anansawi
vhanethoiug RD6 1éfTian Tneduunaunaeian
WU 9.49 wuRlung Jesuandnsegnediteddy
maadAilowFouiieuiunssiBauny (Table 2)
SnwurernisfivsnguuluiniiAaainides,
R. oryzae Wa¥ R. oryzae-sativae @onARDINU
897809 Lanoiselet et al. (2007) es1891u
anwazoIn1svedlsaniuluge wazniulugasi
1938717 Tnowudn dnwarernisfiinnnidos
Rhizoctonia 1 2 wiiaiifiamalndidestu Toeusa
wifugadith Adeneunn uazveuusaidinna

Table 2 Lesion length on sheath rice after inoculated with R. solani, R. oryzae and R. oryzae-sativae

for 7 and 14 days

Lesion length (cm)*

Rhizoctonia species 7 DAY 14 DA
KDML105® SPT1* RD6 KDML105 SPT1 RD6
R. solani
CRI19001 500+277° 650+ 102 639 +0.79° 929+398  975+508  888+0.76
CRI19004 880+ 144°  644+191° 500+058°  1321+371° 871212 761+136
PYO19004 784+191°  779+113 715+363  1058+289°  1096+343 963+ 640°
NAN19001 909 +350°  739+054° 817+159  1559+649°  1303+32% 1211+242
LPN19003 699+ 143  828+184° 754+138 989+186°  972+195 821227
control 000+000°  000+000° 000 +000° 000+000°  000+000°  0.00+000°
R. oryzae
LPN19004 054+047° 317+092 092+062 288+279°  488+144 4102727
LPN19005 259+106 038+033" 017 +0.14° 358+029°  208+072° 196+044%
control 000+000° 000+000° 000+000° 000+000°  000+000° 000000
R. oryzae-sativae
PRE19003 296+ 138°  063+045° 2594036 638 +131™*  235+099° 749 +385%
PRE19007 204+ 106" 063+045%° 268+ 167° 482+£224°  079+026* 506+320°
PRE19009 409 +069° 367+126" 408+052° 1100+201°  655+260° 692+ 069"
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Table 2 Continued.

Lesion length (cm)*

2
Rhizoctonia species 7DAl 14 DA
KDML105® SPT1* RD6 KDML105 SPT1 RD6
PRE19011 492+199°  394+140° 497+ 106 942 + 062 600+ 1.80™ 949+ 1.74°
PRE19018 267+031™  213+045 299 +082° 500+ 144" 567 +560" 421 +148°
PRE19020 725+£238  831+039" 221+029° 988 +293° 959 +131° 821+ 1907
NAN19007 266+ 126  160+032* 302+064° 842 + 2057 417 + 1617 632 £ 3.00%
NAN19009 303+128° 150+131° 277+107° 649 +0.15°* 454 + 181" 635+288°
NAN19010 336+ 171 100+033" 308+ 208 6.65 +329°% 325+ 119"% 425+ 258"
CRI19003 213+ 045  228+054°¢ 317 +007° 579+ 130°* 382+ 094" 561 +0.59%
PYO19002 363+£025°  333+104° 364+013° 917 + 1.51°° 625 +229™ 565+ 1807
CMI19001 459+ 081° 293021 3924044 863 + 3407 323 +040™* 722 +236%
CMI19003 377+054° 221 +029% 332+070° 1054 +173  571+257™ 665+ 201"
control 000+000° 000+000° 000+ 000° 000+000°  000+000° 000+ 0.00°

" Mean followed by the same letter are not significantly different by Duncan’s new multiple range test (P < 0.05)
DAl = days after inoculation, > KDML105 = Khao Dawk Mali 105,  SPT1 = San Pa Tongl,

°RD6 = Rice Department6

msnadeulszansamvasarsdesiuindnide
ylunsussnsaiyvaadasamglsaniuluy
v luasluanTs
PnRansAnEIndInUigedunan
7 u wui anstlesfuidnides carbendazim
fiuszavsanlumsdudansissyuendulodes
R. solani l¢Afigauinfufesas 100 sesasundo
mancozeb Wag azoxystrobin + tebuconazole
Tnedudilgsosay 85.06 uay 80 Muddy uay
uwanensegeditedfymeadnfisefuanuderiy
Yowaz 95 Lloipuliisuiunssuitaiugy
(Figure 2A wag Table 3) dumsnageuiudes
R. oryzae WU ansdesturdnidies mancozeb
fiusavsnnlumstiudansiasguenduledes
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I¢igawihiusenas 100 sesasnie azoxystrobin
+tebuconazole e prochloraz + propiconazole
Tnedudila¥onas 90.82 uay 85.06 MU uay
wanssegefidedfynnsadffionSoudisutu
n3suIsAIUAY (Figure 2B uay Table 3) ULagnis
vndeufuLdes R, oryzae-sativae WU @13
Hosfurdniges azoxystrobin + tebuconazole
waz carbendazim fisvavsamlunsdudanis
wWinrenduladerléffiansindusenas 100 509
asnde mancozeb lnedudslatonas 73.65 waz
uwanensegelifedfymeadnfisesuanudediy
Yovay 95 WelIsuiisufunssuitaiugy
(Figure 2C way Table 3) TAENNANSIAADIT
WU @13 azoxystrobin + tebuconazole Fadu



ansiailungy methoxy-acrylate + triazole
Faignslunsdududesn R solani Wiy
0nARBINUIIUIIBUDY Datta et al. (2016)
fisne9uin anstestumdniiesn tebuconazole
%aamaaiuﬂam triazole fAUszandainlunis

‘EJ‘U’ENﬂ’]iL‘\Jii‘LJGUE]\‘]Lﬁ‘HIEJL“UEJiW R. solani
1@91?!91 Lll’e]L‘Ui&l‘UL‘WEJ‘Uﬂ‘Uﬂ’]ifTENﬂ‘UﬂWQ@I

L%@iﬂ difenoconazole, hexaconazole Wag
propiconazole Alnalunsudeosnin waz
A0AARDINUTIBIIUVDY Lanoiselet et al. (2005)
Fanudn astfesdusdndesn azoxystrobin
ANty 1 lulasnsusefiagns dusensnm
Tunsdufamsiasyvenduledon R oryzae
16t Sovaz 50

Table 3 Percent inhibition on mycelial growth of R. solani, R. oryzae and R. oryzae-sativae after

incubated on PDA at 7 days

Mycelium growth inhibition (%)’

Treatment Rate
R. solani R. oryzae R. oryzae-sativae
azoxystrobin+tebuconazole 0.5 mL/L 80.00 + 1.38" 90.82 + 0.53" 100.00 + 0.00°
cabendazim 1 mL/L 100.00 + 0.00° 0.00 = 0.00 100.00 + 0.00°
difinoconazole 0.25 mL/L 4.00 + 6.41° 76.59 + 2.33° 0.00 + 0.00°
mancozeb 3g/L 85.06 + 1.42° 100.00 + 0.00° 73.65 + 2.05
prochloraz+propiconazole 0.75 mL/L 30.59 + 8.87¢ 85.06 + 0.32° 60.35 + 1.69°
validamycin 2.5 mL/L 0.00 + 0.00° 6.23 + 2.58° 31.18 + 2.04¢
control 0.00 + 0.00° 0.00 + 0.00" 0.00 + 0.00°

' Mean followed by the same letter are not significantly different by Duncan’s new multiple rang test

(P < 0.05)
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carbendazim difenoconazole

azoxystrobin

+

tebuconazole

mancozeb

control

prochloraz

validamycin
¥

propiconazole

Figure 2 Effect of fungicides on mycelial growth of R. solani (A), R. oryzae (B) and R. oryzae-sativae (C) at

7 days after incubation

nsnadeulszAnsnmvasansdesiuiiaie
s1lunsaavqulsanivluvesdnlulsasou
GG

ndmiuansdosiuinindenadi 2 u
e 7 5u wuh anstesturndnides azoxystrobin
+ tebuconazole HUszdnsamlunisarunulsa
nuluwiis waglsaniuluge ladan lnewnaiivunn
Bndign Winfu 4.75 wag 4.17 leufiuns Ay
uariiSorazoamstiudanmainlsaundigaiiu
55.17 Uay 58 A1Ud1AU LazuAns19eg1all
fodfmeadilowFoudiouiunssuisauny
(Figures 3A, 3H Wag Table 4) wazansUosiunian
L%Eli”l carbendazim Wag azoxystrobin +
tebuconazole fUs¥avanmlunsmuaulsanuly
s dATian Taounasivuindngn winfu 0.25
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Waz 0.58 wuRluns mudeu uasiidesdudduds
nsiinlsaundian Sevaz 97.27 uay 93.18
My Fuandnsegnaltudfyniadffisesu
anudeiiufesas 95 ieleuifisufunssy
AAvuAa (Figures 3P, 30 wae Table 4) KAN1TNAGSN
AONAADINUTIBIIUYBY Pramesh et al. (2016)
fidnmanstiostusndnidossionay onuam
Tsanruluwietnlundasun wuln nsldans
Hosurdmdoswianauszning azoxystrobin
11% + tebuconazole 18.3% AMLTUTY 1,000
nSusolenms aunsamvaulsanuluwisdala
Aftan iewisuifisudunsldanstestuiinide
31 azoxystrobin, tebuconazole #5® validamycin
yiinlavfinniafivaviadien



Table 4 Effect of different fungicides on sheath disease in rice

Lesion length (cm)* Disease inhibition (%)"
Treatment TDA2A? TDA2A
S5 ss? ASS® SB SsS ASS

azoxystrobinttebuconazole 475+ 1.26" 417 +132° 058 +096° 5517 +1698° 5800+ 1430° 93.18 + 10.8°

carbendazim 792+192% 912+210° 025+029° 27.98 + 1485 1392 +19.70° 97.27 + 3.16°
difinoconazole 996 + 179" 863+184° 621+097° 967 +682° 1903+ 1550° 24.83 + 21.50°
mancozeb 788+ 107 888+128 629+125° 27.22+1496° 1610+ 14.30° 2563 + 11.70°
prochloraz+propiconazole  7.00 +036° 842+ 062" 570 +187° 3528+ 987" 2051 +871° 3328 + 1540°
validamydin 583+327¢ 825+245 300+212 4887 +2026° 2306 +19.13° 6279 + 288"
control 1100 + 165" 10.63+05% 846+098 000+000° 000+000°  0.00 = 000"

" Mean followed by the same letter are not significantly different by Duncan’s new multiple range test (P < 0.05)

7 DA2A = 7 days after second application, *SB = sheath blight, *SS = sheath spot and®, ASS = aggregate sheath spot

Rhizoctonia Fungicides
species im) " carbendazim  diferoconazole mancozeb p+>mc @z validamycin control
tebuconazole

R. solani

A B C D G
R. oryzae

H | N
R. oryzae-
sativae

o P U

Figure 3 Effect of fungicides to control sheath disease symptoms in KDML105 rice cultivar at 7 days
after inoculated with R. solani (A-G), R. oryzae (H-N), R. oryzae-sativae (O-U) and applied
with different fungicides
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