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Controlling Penicillium Fruit Rot of Citrus Using Wood Vinegar and

Some Medicinal Plant Extracts

aigdy Adnswd Y a@sen w A Y

Nuttanai Wisittawong ”  Sarunya Nalumpang *"

ABSTRACT

Fifteen strains of Penicillium sp., caused citrus fruit rot disease, were isolated
from citrus sold in Chiang Mai. The pathogenicity test showed that POF-2 was the
most virulent isolate for citrus rot disease. Efficacy of five different wood vinegar,
namely wood vinegar from coconut shell, bamboo, rubber tree, eucalyptus, longan and
efficacy of two plant extracts of neem and turmeric were determined for inhibition of
growth and development of POF-2 isolate. Each wood vinegar and medicinal plant
extract was separately mixed into potato dextrose agar (PDA) at final concentration of
1, 2, 3, 4 and 5 %. The results showed that wood vinegar from bamboo and rubber
tree at 2 % (v/v) could inhibit 100% of mycelia growth and sporulation of POF-2
isolate. The minimum inhibition concentration (MIC) of wood vinegar from rubber tree
and bamboo were 14 and 15 % (v/v), respectively. Afterward, wood vinegar of
bamboo and rubber tree were tested for disease control on citrus fruits. Citrus fruits
were separately soaked into 1.4% (v/v) wood vinegar from rubber tree and 1.5 % (v/v)
bamboo wood vinegar for 1 minutes. The results showed that rubber tree wood
vinegar had the efficacy to control the disease at 0 and 12 h after soaking for 66.67
and 56.56% whereas bamboo wood vinegar could control the disease by 57.50 and

46.67%, respectively.

Key words: wood vinegar, some medicinal plant extracts, Penicillium sp., citrus

7 pedigineuazlsafis auzinuasasn’ smIneasdesina 9. Foolvsi 50200 Ins 080-500-2013

1/

Department of Entomology and Plant pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200,
Thailand. Tel 080-500-2013 *Corresponding author: Sarunya Nalumpang; e-mail: sarunyav@gmail.com

100 1RTITNSNEAT Ui 35 aufl 1 wnsAN - WwWEBY 2560



UNARED

\#931 Penicillium sp. 4w 15
Tolgan wunldarnwadufiuandainislan
WALl anuvasimunednlus  duelnd
Wanagauauanisalunisnelsa wudn
\#051 Penicillium sp. loloian POF-2
snsanelsanaiiguusefign nsmasoy
Uszandnmpesinguauld 5 #da lun
ThdueTulfinnzamzndnn 18H srawan
grRUsE wazdily assinaniizayulng
§15930 2 aila ldud srsaipenszian
wara1Iafaa Ny ‘Eumsﬂ’mﬁ%mma%m
W09 Penicilium sp. lolzan POF-2
TnowantingnaTuliniossainanis aslu
9111318898 potato dextrose agar
(PDA) # 5 seduanudindu lgun 1, 2, 3,
4 uay 5 % wui tnduasuliianldla
wargwITIaNdNdy 2 %(vv) 8
Uszansamiuionisasyzendulodo
wazdufenisadeatesldvindy 100 %
Tasdanudududrgafiarusodudonns
Wwiaroadulodesn (minimum inhibition
concentration; MIC) pesindnauldann
g9 waslilald Wity 14 war 15 %
W) ANAEy msuanasalutinduauld
MNPWNITT ANNENTU 1.4% LAz N
106 aadndu 1.5 % Wuszeziian
1wl wazdgnidfedl 0 uaz 12 sundons
ugtinduatuld wodn ddueasuliaanens
w131 JAsz@ndamlunisaiugunisiiolaa
nauudn 16 66.67% waz 56.56% Ty
fitndueiuliannldle awaslsald 57.50%
LAY 46.67% ANNANAU

Aman: ddnaTuld, ssaiaaniizasulng,

Penicillium sp., &

AN

du Wunalfifeudonnilaanniige
sflandeienielulssinauazaielssing
fwsudsemalng wudn Tul wa. 2557 &
unsagndnanniigaly a.1Besln Wufiugn
29,060 15 fnawhnnaenil wavavpanly
sUvasnaliaadniduyad 223,600,664
UM (§1UNIULATEFAINITINEAT, 2557)

o 4o (%

Tapduiuganoiiis 1 Juiugiidelasy

= A

anufisnanguilaaluilagiu Fefisiandeu

o o A

dngendinduaieiugau g witlyvddwyi

3

wulunsugndnildnaniodevis fs lan

¥

fu Geswnsniaduldnnaiuzesfudngam

¥
o

wwadn lasanizlsandsnisifiviieves
wadaniufiognanelsn 1wy lsasuden Tan
3161 lsauauunsnlud wazlsauiiiay
dusu Tsandenisufiviiezesduiinutes
uaza3wanuiemenaangia As laa
@den fauneunanides Penicillium
sp. (83030luaTANE, 2546) LN¥AINILY
flagrudefiszuunsdanisnanidnduiiliasy
1asfiasadanadiolufiosdulazuantiog
BUNIFIUNIIAANA FINTINMITANIIHANAR
du MIARUTIINN ARDAIUNNTINI MUY
&u Fumsumsildsroziamaieiulunig
§an1s Mlkwaduinnissnsefiuiauna
INNITPURY  WATIZUUARUTTYRUA A
hunifidrfitatsnandnliodn93aaLs)
9INTNIURTAME (2546) F1ENIUT \Ho51
Penicillium sp. f¥iiaAnufanaiuna
Fulusrozfivifen senien1szudy aaea
UM mUe Aadlu 215, 159 ua
13.3 % AINAAU
Tunseuaulsandsnisifiviisnses
fuludumeunsdaussgwanan InsAINTaL
THasiaiiflosfuindadesn 1wy imazali,

Thai Agricultural Research Journal Vol. 35 No. 1 January - April 2017 101



thiabendazol L8 o-phenylphenol vHudiu
(Geralad and Joseph, 1999) n1s5ldian5ial
Yaeiuddalsafiainlliasiadinndreuu
NANAANY  ENANITENUADEINTWIDINHATNS
wazguslne usnanilfefinansznudanisss
PONVBINANARNAN LUT1BFA19USEINA 11T
muailsafinlaedi3s Sadudnmadonnis
fazgrpannisldansiadl F371891u398
wu1 msldtduaTuld wazansatnanii
ayulnsfiuscandamlunisdudades
swvglsafis léun drduaiuldanldlad
arudadu 15 uar 625 % a0
L%m’] Penicillium sp. W Aspergillus sp.
1% 100 % (a¥uasAns, 2552) uanani
FUITUUREAE  (2554) FIBUTINADDY
asafaneanfisayulwssiuiu fn
indiu 10,000 LAy 20,000 ¥A/AN. §INII0
Fuden1siesareadulofesiuazniseen
2898U85ld 100 % m1ud1dy gwade
2551) l@s1o9rudn Tuddnavuldfians
Usznaunapailaiifianaaisnsolunisduds
qaun3d léud nImerdiin Wesuidalad
pmsues w4 Hudu dadu dedivens
Ussadouniuilaa uaziindnoninnisss
DONWANARAN LATAANIITNHANANUUNANAR
du Seaulairduasuliuararsainain
Ananulns aldlunisrugunisiialsana
WpesdniiAnan@osn  Penicillium sp.
TaevnyUszandnnuazanudndufimanzas
vavtnduatuliuazasaiaainfizayulnsg
uazszprIR UM ImUANlIANARY b
Tinsesnsaunsadenidlemuanumanzan

102

gunsaluasisng

1. MeAUsIVTINEBI Penicillium sp.
SUNALIANALINDIIHN UATNATEUAIIN
fasalunsvinlialsa

ufiat1anadNAuandainislan
NaLTaIRNIINURI e dNAe o Ty
9. el auenideamnlandieds single
spore isolation lapniasinsUosifiosnd
Fenanfaduiifulsanielindesqanssemd
stereo microscope Taasludnauginie
Usims 5 wa. wildusufzUdueanas
TfDuI eI IIRELED potato dextrose
agar (PDA) unl¥avaseaniduiian 12 o,
1% capillary needle wanaUasifefiAgy

a @

w3 feluiReeuuauevTIRsILe PDA

2

Unlfigaumgivies (30 + 2 'n) Wuaan 10
i Ut INEITUTIURD N DS
(spores suspension) U3u1u 500 Na. Taa
HENE13AYAI Tween 80 G9rLGpudf
aNANdNTU 02 % USudIniasanuidndu
povaasieTile 5 x 10° sUad/wa. 1
nasuiianysaiongnisifiviien 10-11
fa¥ 2deffianousndiy 10% Clorox
Huan 5 wiit wardwiedinauiiinge
$uu 3 ade udiivliuke thnadulaels
Munaguasluansuziuasy aUasnnionl’
wdnilylsTuaalvnaunn 197x203x42
N8, AgudEQINANEANTAUINgY igel i
gaungAvies Wua 10 Ju Juiinwalae
U3z 1iussiua1Inguusvpeslsn (Disease
Severity Index; DSI) 323 5 5¥au liwn
sueu 0 Aa lunaliislsn, s 1 A in
TsA 1-25% vpawady, 52@U 2 Aa Lislse
25-50 % UBIKRAN, LU 3 A LAslse
50-75% TRIHANN WALIEFU 4 fp ialse

1RTITNSNEAT Ui 35 aufl 1 wnsAN - WwWEBY 2560



75-100% DIWANN AALUAIIINIDN15UDY
(§579855R, 2549; mmﬁmua:qmmﬂi
2546 WWay Sung Chen et al, 2016)

2. nsnasavlszaninmaasihduaTulsd
u,a::msaﬁ'ﬂmnﬁwjﬂqu‘lw{lum‘sﬂ'ué'onqsta%ng
'lla\'ll:’f'i’ai'l Penicillium sp. mmwﬂiﬂwmﬂ'\
PDIFNLUIUDMTIABILED
wipnindnatuliidiuau 5 zia
Tsun dhdwatulfiarnnzainzwia 19l
BNWI1 gAIAUFE uazdily uaswAndu
srsaianfisayulnsdnsegudiuau 2
#iln lHud seainensiy wassssioan
qee (@INIRL53Y) TN HaNTUEIMNT
Aoeide PDA U5m1m3 150 sia. TWilana
dindugadiewiniu 1, 2, 3, 4 uaz 5 %
(V/v) ANNRIAU ntussirlunaasy
Uszansnmansinduaiuldl waranssia
nisayulnifieids poisoned food
technique 1aEine 13 PDA Tluusazan
NATOUASLLA U WNSIRBEeLSAS 15 A,

v A

ntfuinduiuiifidesn Penicillium sp.
guraduiuguinats 1 sudedsou
p1v3IABaEe PDA a1 10 u 1w
Tiqafsnaausmsiasads Mnsmaas
mudiduas 3 41 1eUNLNTNARDILLY
guanysal (Completely Randomized
Design:CRD) w3suiilauiiugaaiuaniines
fndu valifgungfivioaiiuia 10 fu
Tuiinwanisnaasdlas faidunuguinai
yadlaladidoSouifisuiuganiney 1
Foyafilénmideaisdunudasifud
miﬂ’m‘?\amsw%mLﬁuTme%mﬂ imiutn
PANATOUURLTAAIVANNIATITUUINUIU

aUa5091 Taswmtinnaudsunns 10 wa.

asuufimilaladidesudaldurouiague
weagaiinanitamsiiiel¥aUssngasan
waznsasiduleaandianiz1Iu1e A5
HusUa$fie haemacytometer tnfaya
AlFuvdaisiisduintasifusnng
Fudensa$roaas (percent inhibition of
diameter growth; PIRG)

— 1-D2
percent inhibition = X 100
D1
D1 = fusuaudnate / uuadaiues
o lsalugaaIuaw
D2 = fusuaudnate / uuadaiues

o lsnluganasey

wisntudaiontinguaTuld we
arsafnanfisayulnsifiusz&ndamann
figaandwau 2 aila Wemandesifud
anudadulussdudgaiiainnsadods
NM34950 28980 100 %  (Minimum
Inhibition Concentration; MIC) #2835013
399 9815aLa Y (serial dilution) AR
daduiidnavanionan 9 sEdu ansdadu
1giun 1.9, 1.8,
neaavar 3 41 WisuisuiugaAUaN 7

o, 1.1% ANNRAY NNNT

wanthndunaliiguvpdivies 0 + 2 “z)
Tufinwammaasslasmainiduriguinai
vavlaladizasniiodenluganivguiasa
fnaup M aABaEe  uastindayadildum
Aedniiainesidudnsiude uaz
twafldlulFunsmaaasdusiely

3. manavavlszAnsnwaasinduaTulsd
uazssananizayulnslunisilasilsa
HaLinvasANUUNaaN UL TANS

£
o o

trnduatulsdl wisn1saiaanie

Thai Agricultural Research Journal Vol. 35 No. 1 January - April 2017 103



anulnsifivsedndnmafign 2 Suduusn
s maasun1sdaviulsananiuunasulurio
UArAns Testnwnaduiugaeinieiideny
msfivifies 10 - 11 dad snuslusns
noasauiduszeziia 1, 3, 5, 7 Uy 9 u1il
wdrnnsgnideanimglaalasuiiornescey
namslgnidediu 4 99 ldud Ugnide
sungiufinendsugarmessy Ugnide
a1tk ta1masautdusTac N
12, 24 uay 48 BN, AN ngnide
srannadieiinisunaduaslu spore
suspension maat%ai’l Penicillium sp.
Aanudindu 5x10° aUas/wa. Usnms 500
wa. Meseul3ludnines (beaker) 2u1A

1,000 wa. uirawadulumalwazuin 197
x 203 x 42 1@, ARNABRIWANANIAUIN
Qo Weinmanaduneluge Mmmesey

[
o

WVNA 3 F1 9 ar 5 WA Uuwadulif

puvnfdTies (30 + 2 ¢) Wuan 10 Ju

g
‘w%aLﬁa‘qmmuﬂuﬁﬁgm%ammﬁﬂsﬂaﬂ'w
WeuandaInspedlsaninnin 50 % law
WUNUNITNARDILUY CRD  Tuinwans
NAaBILarUIELIUIEAUANTULIITENLIA
wudeaiude 1 ddoysiilalyduium
Wesidudanuguusszeslsa uaziafifud
nsfiufenisiinlsadaudasanisniszes
(N99899A, 2549; Sung Chen et al.,

2016)

2 (rating no. X the no. of fruits)

100

Disease Severity Index (%) =

Total no. of fruits X Rep.

Rating No. = 35fUAINULTITEILIA

Total No. of fruits = IMUIUNAVIVANA

NANISNARBILAZIINTOL
1. @831 Penicillium sp. sunglsAnaLi
PDIHN  UASNANDUAINEINITALUNIIVIN N
nlsa

NNITAUTIVIINAIDE1INAT N
LEAIBINSLIANALLNTBIFNINUAAII LN
dulu udwelvl aansawsnidouignils
viavine 15 lelsian woFaedalatdidneos
Wulsdrndeswdsudufideinznen uay
L@f‘lﬂﬂW%EyLﬂuLLu’J’i’]U‘]JuQWui’J’M’I‘JLgEJ\‘]L%E]
sUaSienszanaladedloduda Taifinsade
3\1ﬂimquumua'1m‘u§w,°’§a PDA %89
FNNIDRS RN LN TR eI 9 .
Wuar 10 Fu lansiaasudnsauenie

o a

fouguineneadosinalFndas compound

104

No. of fruits =

é’kuauwa’[uuﬁia:i:ﬁummquLm

Rep = U lun1snaany

microscope MIN&32818 400 19 WU a7
fisnwausdulosuandn §la Sndoiuldu
pruguinasdszan 2 - 3 lalasiuns
suafs Wushugudnans 2 - 4 llaswes
inangufiadentas (phialides) vufitu

a

gauasiiinanulsdnsusiFasdeiued

a

ad1eldfissneadnelinan Sednwue
gonanlEdaduuniudos Penicilium sp.
andi Pitt (1979) léseeuly datidon
vis 15 lolsian amaseuANERNTane
\Aalsanaimeedin Mevdeainnistgnide
Wuianr 10 Ju wudn lolman POF-2
snsanaliifinanuguussreslsanaiid
sty 4 flasannideseiaunaguionady

WACHIWUIN tHotgndNNaNEULE U

1RTITNSNEAT Ui 35 aufl 1 wnsAN - WwWEBY 2560



HURY wazfiinluasennianwadn Lile
Wisuifisufugaaiuauiignide 4
FOAARBINUNITINENUDEY  UAtIULAs A
(2541) 1 051 Penicillium sp. &1%190
dngnadununisiauns lasidosaing
vau b exopolygalacturonase wazLan bl
pectin methylesterase gowanlfiiodud
mMagui dhunadailifinngiiuea 1§
Penicillium sp. lsigansadnmasdauls

2. UszAndnmzsnhduauliuazarsain
nfizayulwslumsiiugenisieiyeaiian
Penicillium sp. mmq']:iﬂwalﬂ'nlmﬁuuu
U MSIRBILED

sfinpasinduaiuld wazarsada
infizayulnsluudazanuanudaduling
Tunﬂiﬁuganﬁita%mmaaLaﬁaiﬁ Penicillium
sp. uANEeiu (Table 1) fnduauldis
Uszansnmlunisdudonisiasaaeadule
\Ho31 Penicillium sp. 1§ 100 % ldud
fdnasuldanldld wazpewis Aisedu
arudndusous 2 % duly duaTuld
IngAAURE  waznzamzwiniszdiuas

dndusousd 3 % auly Tusmusditinduatu
Tandnlefierudadu 5 % Jusz@nsnm
Tunatiufsmansazeaduloden Penicilium
sp. ¥ 6271 % sanAdaviuauIveves
8189 (2553) 31891ud7 BrdnaTuld
gandudaaI I dnduioud 2 % July
mmsaﬁ’ué’omiLa%iymaaLﬁuTm%am
Colletotrichum sp. S WVALIALDUUNTALUE
wealld 100 % uasEeAAdBIiL NEUN

v

WATESUEN (2556) 715189717 TnduaTuls
gendUdafinunsuauan 3 heu §
Uszandnmdnirihduatuldgandudaiiin
anlFiuiilaglinunisty fissfuanada
Fudoud 2 % %u‘lﬂmm*mﬂ’uﬁgonﬁw%iy
madLﬁuTﬂL%aiﬂ Lasiodiplodia sp. LLazL%a
31 Pestalotiopsis sp. 8WAlsANAINIILAY
Nenzesdnleld 100 % pusiiansainen
guian wasafiufinudndu 5 % swsn
fudanssuivlaseadulodonls 23.89
WAL 1752 % (Table 1) Fedmudoiuses
989 Sukorini and Sangchote (2011) Fa
U Ssafaneunoiusuiiaw

diadiu 2 % awnsadudennsiasoyanaiule

Table 1 Efficacy of wood vinegar and some medical plant extracts on inhibition of

mycelial growth of Penicillium sp. after 10 days of incubation at 30 + 2°C

Mycerial growth inhibition (%)

%conc.(v/v) wood

Rubber Coconut
vinegar/plant extract bamboo eucalyptus longan neem turmeric
tree hell
1 4345 b 27.08 b 2964 c 081 c 328 e 0.00 ¢ 0.00 b
2 100.00 a 100.00 a 5769 b 16.03 b 17.73 d 0.00 ¢ 0.00 b
3 100.00 a 100.00 a 100.00 a 100.00 a 39.62 c 353 ¢ 370 b
4 100.00 a 100.00 a 100.00 a 10000 a 4728 b 1560 b 349 b
5 10000 a 10000 a 100.00 a 10000 a 6271 a 2389 a 1752 a
CV (%) 2.43 1.27 1.50 3.23 4.66 3.10

" Average of 3 replications

? Means in the same column followed by a common letter are not significantly different at 1%

level by DMRT
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Table 2 Efficacy of wood vinegar and some medical plant extracts on inhibition of

conidia

%conc.(v/v) of

production of Penicillium sp. after 10 days of incubation

Conidial growth inhibition (%)

wood vinegar/plant Rubber Coconut .

bamboo eucalyptus longan neem turmeric
extract tree shell

1 2043 b 1633 b 16.88 b 1769 b 1056 d 274 d 287 b
2 100.00 a 100.00 a 19.07 b 1865 b 1275 d 6.45 ¢ 452 b
3 100.00 a 100.00 a  100.00 a 100.00 a 1810 c 687 ¢ 1549 a
5 100.00 a 100.00 a  100.00 a 10000 a 2212 b 1042 b 1515 a
5 100.00 a 100.00 a  100.00 a 100.00 a 26.05a 1400 a 1714 a

CV(%) 0.32 2.02 1.69 0.61 3.32 3.20 3.69

" Average of 3 replicates
? Means in the same column, followed by a common letter are not significantly different at 5%
level by DMRT

Figure 1 Efficacy of wood vinegar from rubber tree and bamboo on minimum
inhibition concentration (MIC) of mycelial growth of Penicillium sp. causal agent of

citrus fruit rot on PDA at the concentration 1.1 — 1.9 %
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Table 3 Efficiency of wood vinegar from rubber tree at concentration 1.4 % on

inhibition of mycelial growth of Penicillium sp. on orange fruit at different soaking

period and times of inoculation

Inoculation time after

Soaking period

soaking (hr) 1 min 3 min 5 min
0 66.67 a” 63.33 a 65.83 a

12 56.67 a 5750 a 55.83 a

24 18.33 b 20.83 b 1917 b

48 10.00 b 9.17 ¢ 10.83 b
CV(%) 9.32 19.89 14.45

" Average of 3 replicates

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

level by LSD

Table 4 Efficiency of wood vinegar from bamboo at concentration 1.5 % on inhibition

of mycelial growth of Penicillium sp. on orange fruit at different soaking period and

time of inoculation

Inoculation time after

Soaking period

soaking (hr) 1 min 3 min 5 min
0 5750 a” 5333 a 56.67 a
12 4667 b 4750 a 4417 b

24 1333 ¢ 1417 b 15.00 ¢

48 583 ¢ 500 b 667 c
CV(%) 14.45 13.06 18.25

" Average of 3 replicates

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