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Fusarium head bight (FHB) is a devastating disease on major cereal crops worldwide which causes primarily
by Fusarium graminearum. Synthetic fungicides are generally used in conventional agriculture to control FHB.
Their prolonged usage has led to environmental issues and human health problems. This has prompted inter-
est in developing environmentally friendly biofungicides, including botanical fungicides. In this study, a total
100 plant extracts were tested for antifungal activity against F. graminearum. The crude extract of Pterocarpus
santalinus heartwood showed the strongest antifungal activity and contained two antifungal metabolites
which were identified as a-cedrol and widdrol by GC-MS analysis. a-Cedrol and widdrol isolated from P. san-
talinus heartwood extract had 31.25 mg/l and 125 mg/I of minimal inhibitory concentration against the spore
germination of F. graminearum, and also showed broad spectrum antifungal activities against various plant
pathogens. In addition, the wettable powder type formulation of heartwood extract of P. santalinus decreased
FHB incidence in dose-dependent manner and suppressed the development of FHB with control values of
87.2% at 250-fold dilution, similar to that of chemical fungicide (92.6% at 2,000-fold dilution). This study sug-
gests that the heartwood extract of P. santalinus could be used as an effective biofungicide for the control of
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1975), F 109 F7|= 22l 93 E 2 Aoz W

TEY}. B3] 744, 1904l el walo] Aztal
Rl ‘980l B, A, A&, SR ol tEAste] 69—
8490) & 0|42 Bo] WRSSgol P21 W3} o
ZHRyu 5, 2011). 22Ut A2k 7)Aol e 2 Qg 47
9] 112 thEEliXl 7|2 2002, ‘07, ‘10 11 FH-23
Folro] dolo] FRA|Ho] W7 Aulz|Hof ZA| s}
WEE 7SS e S Wle] 2 Wi 23
° /gﬂoﬁ Ao 2 o AETHPark 5, 2012; Shim 5, 2009).

S ago|y e AL ZFAE 2e|SF Bl olg} 279
795 HQof el=of 833t trichothecenes?} zearalenone
o] ZPo|ELE QAN 2H FAES] EAL ATHA
711, £3] trichothecene®] Y2l deoxynivalenol-2 HY =
Ao, 2348 Aol g e 5 AL FEZL ol
ol WA 2 E4 o4 of
"S- 9]5}o] metconazole, propiconazole, prothioconazole,
tebuconazole 5-2] demethylation inhibitor (DMI) AlE g4
AR ik 0 2 AL g o] Sit Sake WA|o) A4 X2
Al717} o9 Fa5h, B2 oAt = RE Fio]l A5l =

= 73k7]9f|(Bradley 5, 2009; 2010), H2] 2] FL-+= o]4}9]
o= &47)of Abxsjjof stthar(Bondalapati2} Stein, 2010)
A A ‘RW”P "‘-4 785 ANel71Ent opyze} Ajst Sof = X<
Tupold WATF B4 09 Lol 2 oS
Zoly JH 1 EQ) E]—(Ibanez Vea =, 2011). T3 B Q] A9 9¢
S7Fsto] +27)7kA] R
o A% Fol= A a 5’%%«] 4 Azl o A E AEHL
2 doF 4 Qltka B 1 EQtHSon 5, 2011). DMI A1 %2 3
A5ORE SOP R EAIR S84 302 o] A7HKIEE AHgo] A
grEo] Qlom A2 ROl = Qs AA| ZA oA
A7H= 50% o]s}z SFE 7k $-48k4] Rehrh ol gick
(McMullen 5, 2012). B2-0] o}&]7HA] F-2FF-olo] tigt DMI
Forel Aol BAA HI4 ghatAnt Bel Wb
3 3} 7o) UL - (Monilinia fructi-
cola), & GZF L L (Mycosphaerella graminicola) 53+ 2
& W Fas AEHas B9l tie DMI Ao o
o] AZFst FAIE sk Q17190 (Delye &, 1998; Leroux
=, 2007; Luo®} Schnabel, 2008; Yin %, 2009) 2433} 21719
QP AH87Ike] Al glo] Sl e Reldt 4= gl

(Peraica®?} Domijan, 2001). 233

(Erysiphe graminis),

QPR 8 A= oFol that o] X Agolck
A6, terpenoids, alkaloids, flavonones, polyketides 5& 3
TG ARG 7S HBRL o188 HABFFS WUF 5

ojFd 4 glom, QIztol FAo] A L, I F I

2h-g7) 20| Eat AUt 32 AdlstaL, gA 28l
710 ZbAIf AlEHEAA S e 22 AL E AR
11 Q)tHCopping} Duke, 2007; Copping®} Menn, 2000; Le
Dang 5, 2012).
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=9 AA F&olw, 239t AE, sid Foll Al Aer
A2 A Qo E3 A oehE FEE0] @S At
= 27E glom, Aol £2I3t benzofurans 2] 2
TS B} AEZ =4 7= 7HITAL HalEo] Qltk
(Nagaraju 5, 1991; Wu 5, 2011). AFtaF-2 hoka) Z 4 2] AY
2|2 7]5®ut o}t Candida albicans, Aspergillus niger,
Rhizopus<s, Fusarium4s 5-2] 380] AL 8- oAttt =
FAgAo] HuElejgl o, F. graminearumol| thEt XA
At 9 F2FFo ol gk A a o] tisiA= AF7HA
B 315 ¥} lck(UJyothi Chaitanya 5, 2014; Vandita 5, 2013).
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o digt AEFEE3 ALY FE2E2 FHEES st
7] $J3}od F. graminearum oFA% Z-3639 (Bowden} Leslie,
19995 WHHL = o]gst3len, AF 72 A=
potato dextrose agar (PDA; Becton, Dickinson and Company,
MD, USA)E AF-&33ith BHAd ARAIF A A 22}
+ carboxymethylcellulose 8 X](CMC, carboxymethylcellu-
lose 15 g, NH,NO; 1 g, KH,PO, 1 g, MgSO,- 7H,0 0.5 g, yeast
extract 1 g, 57 1 )& A&t A/dstAtHCappellinie}
Peterson 1965; Leslie2} Summerell, 2008). F. graminearum
© 7| RB-L 913 FAHNE 20% glycerol GAo] Heks}o]
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SEiFEN 21 H8| U7X 51,
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S3H5ck 29 ojakx|o] 2P MeOH F& & 2hustyl
o, residuec] thA] 3 12 MeOH2: 71sho] 3H o &3
th =Z M-S 4~315}9 rotary evaporator (OSB-2100, EYELA,
Japan)2 45°C o|3t8] $>&Atol A 719 5 E ST SRt
MeOH F==(305 g)= 70% MeOH= tHA] =31 & 2
n-hexane& 7}3}o] 23] B85}tk 70% MeOH <2 rotary
evaporatorz 5 %5}o] MeOHS &3] A|AZ & golgle
= 3 SFFE JIR F 559 ethyl acetate (EtOAQE
23] B35}k EtOAC F:EE-2 anhydrous sodium sulfate
2 75ko] B AR 5 7 S EIT Ea ol Qe B
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F. graminearum EALEo} 7| &/o] 74 -3 n-
hexane £3-5(3 g)& silica gel column (3.6 cm i.d.x60 cm,
Kiesel gel 60, 70—230 mesh, 200 g; Merck, Darmstadt,
Germany)o]| 7}3t & n-hexane:acetone (9:1, v/v)9] &&=
Astold A Y BUL SE39TE 28 4 BYEL
silica gel 60 F,;,0] T&-% glass plate (Merck, Germany) A}o]|
A] n-hexane:acetone (9:1, v/v) Z7]& |2 A S 2 thin-layer
chromatography (TLC) 248 R3§slo] Z-& TLC HES K
o= H37IE] S3stel 3 57he] HIUFI-F5)E 5L
2t 2219 F. graminearum EA} ol AR &S HAT A,
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tography-mass spectrometry (GC-MS) E4-& AA|3}%Th
GC-MS (QP2010; Shimadzu, Kyoto, Japan) 7]7]¢f] DB-5 column
(0.25 mm i.d.x60 m, 0.25 um film, Agilent Technologies, Palo
Alto, CA, USA)2 A-8-319 o A& B4l A] jon source 2%
200°C, injector &%= 250°Co]| A oven =& 100°CE 2871 &
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oA 387 §X|5) %k
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9] macroconidiad]] it ZApLo} JA| AIE XA
th. CMC 8 R]of| F. graminearum-& %33 497 25°Co|| A
200 rpm o = ZIgHujoret & B3t 4 AZE AE o1}
= 4°Coll Al 10,000 rpmofl Al 1527 A4 E2] 5tk HAl=

3 AFoho v a1, Z A& potato dextrose broth (PDB;
Becton, Dickinson and Company)& 7}5}o] &4 2 A
A4E ZAE 34314 £ A= hemocytometer (0.0025
mm?, Marienfeld Superior, Lauda-Kénigshofen, Germany)
2 Al4=3}9] 1x10° macroconidia/mle] F%7} & =2 PDBE
| A Ftt. 48 well plate?] Zt wellof] 322} @EFH-S 198 ul
¥ BF3 T, AR 218 /Il EBOH 2282 AE &
%7} 2,000, 1,000, 500 mg/l, 47}2] AjckaF gufj 2220 3
Z%%7} 2,000, 1,000, 500, 250, 125, 62.5, 31.25, 15.625
mg/l, 181 Bajst = BEAL E w7} 250, 125, 62.5,
31.25, 15.63, 7.81, 3.91 mg/I7} E|=2 H2jstgch EOH 23
E-2 EtOHZ, n-hexaneZ3} EtOAcEL acetone 2. =, BUOH
%< MeOH, 3% 10% EtOH, Z18]1 23 &+ 222
dimethylsulfoxide(DMSO) & &-3ali5lich 248+ = §7]4
wlj(acetone, MeOH, DMSO) & 2|£5= 1% 2 2|5}tk A8
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o 3ukEC = A sl om, 25°Co| A ZEi st
A2 o] ZAZ}F B ol AZHEAIZH O B Ao 2
Apdrol of B2 2Has1 itk 7} well o] v Fell2- 10 ul¥ 5t
E Ao o 5 &) 7 (1004); Harris Swift M1000-D; Swift
Optical Instruments, Schertz, TX, USA)2. &2 2519 ch 24}
wob Wokgte] Zolzh A Te] Uu] o]4el 792
o2 Seith 3 M2l o 3uhEstel A@stgon 2 well B
3007} o)) E42 Basieich

AL MR ANIE. A n-hexane R E00lA £
B4 1,29 tpeFet AlEHAA Xl it RHFEAE &2
Asl7) §J8ked F. graminearum (Z-3639)2} Bl &0 B Q- Ty
ul-E¥ 421 Rhizoctonia solani (F+=a}stA, T, 3t=),
v =G94l Magnaporthe oryzae (KACC46522, =5+
SH | EL23), EntE XSS <] Fusarium oxysporum
f.sp. lycopersici (KACC40043), Zt] S4ulEH 72l Scleotinia
homoeocarpa (KX HH), 115 ek4E#<l Colletotrichum
coccodes (Tt=3}st AL ¢), Wv-F &7|0HE3 <] Crypho-
nectria parasitica (FEt8tw) 59| thoFst Al EHUA At
o thste] TAL A5 A SIS AT AR 2R E
223t = 542 DMSO= &38| A[AH AHE-3HATh oA A5
Al A FAl| AHEE FAAIE €7] 915te] PDBO]| A=
o] v agar plugE FE3ko] 25°ColA] 74 &<k 8A] Hf
&t F gt 43 Az Ay @ojzl #ARA|= 50 mg AYA|
F/mle FL7t Beg i E J7ieto] 2SSk o
A3t FAHS 96 well plate®] Z+ wellof] 99 pl¥ 2|3t &
A& 1 ulE FH7Fste 2F =71 500, 250, 125, 62.5, 31.25,
15.63 mg/I7} FEE elakn 25°Co|A] AX] HleFataTh Hlok
T FAEGY] AP S0 2 ER1E A = AR A7 7]
o2 BE A5 stk FA 29| 79 1% DMSO
£ Agstslon, 3utne = S 23] vhEsho] 35t
A S-S S8 JAsHE HaA s =(MIC: minimum
inhibitory concentration)& ZAA35Ith

U F2=T0|Hof st WNgnt ATFFFE=Ed LU H
2aFogof gt axt & oFsf {75 2ABE] Yok A
doiste 9 oA AE e 535k Th Aldol AHERE A=
= At} FEES FUIAIZ AF3}sto] A2t 2}
oF3F n-hexane E31E(2 g)2 A%9] acetonel & £33 &

white carbon (1.5 g)o] £%}3}] acetoneo] S5l EE oF
A7 59 S =of HhRJ5}4IL) ©]% sodium dodecyl sulfate
(CR-SES, 0.5 )&} sodium poly (naphthalene formaldehyde)

sulfonate (CR-WP100, 0.5 g), Kaoline 5.5 g& sA14 0. 2 A
%3515 Yoon =, 2010). EAAHel L3 A EH S
shalolgi o), e W o]abuk-g Aefshe] S00MSt 25082
S}HE BRSE R ok} olitel Ee i i) 2
A2Jstet. oFA| A2] 24A7 F F. graminearum EXFEEH
£ 2x10° conidia/mlQ] H& 2 A3} A|B2E AA 2|3t Do
A& HE T SR dHet =5 FAXATZ] S
H]d (20 cm id.x8 cm)E o]AkE Q11 F BjdE U HA|E g
W o ST H'E -2 2% Fof] A AL HF 10 F 0]
Ao Yo 5 skt Ay 7 3WHRo s Ade 4
Yotgom HE vHE2 30709 o]AhS AFE-SEGITh thRokA|
2= difenoconazole} propiconazole &0 212+ 13% $H&

flo 2

506 Disease ncidonce] - 100 [ 2_CL2ESL %2
4 E(% Disease incidence) = 100><[;‘(j}" o] At _/,\_J

1A 7H% Control value) = 100 x [%J
(A: Fx]2)719] FHB index, B: 2]]7-9] FHB index, FHB index
= 2HH 8> /100, W %= (% Disease severity) = 100x(0] 4}

of Mg /0| Aol A ).

Znt s nE

Xtchst 2E 29| F. graminearum EXFE0F SAHIEA.
AFAEFESEIY NN 2L 100F oA FE&9)
F. graminearum ZAPE o} AA| Y-S £A% A} AR +
=0 T A A4S HtHdata not shown). AFete] &
Atg/gdol] B3t A+ AAR7E obd A o FEE0]
Candida albicans®} Aspergillus niger, Lasiodiploidia, Rhizopus
29| FAF LS JA|gtth= B a7} Qltk(Vandita 5, 2013).
ESE Ak}t T2 &of] £3}= Pterocarpus indicus®] 739 A
A E2] MeOH & E9| Trycomyces palustris®} Coriolus
versicolor®] tjate] x4t E/do] Holil, P indicusZ5& &
2|3t 5 7§ ¢] flvaonoids &2 ] F. oxysporum, Cochliobolus mi-
yabeanus, Trichoderma harzinum 52 &Y Aol = 4+t
A Yepditha B 115 v 9lchKusuma %5, 2005; Pilotti 5,
1995). 3HH, Alhek2 | 25 o 2A dS5A =, A% o
S9] Ao AFE-E|o] 2Eo 1} (Kondeti 5, 2010; Kwon 5, 2006;
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Fig. 1. Effects of n-hexane extract, ethyl acetate, butanol, and
aqueous layers fractionated from Pterocarpus santalinus on the
spore germination of Fusarium graminearum. Each value repre-
sents meanzxstandard deviation of two runs with three replicates.
One hundred spores were observed using light microscopy for
each treatment with three times. Different letters on bars indicate
significant differences according to Duncan’s multiple range test
at P=0.05.
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Manjunatha, 2006) 4= d=toll thet FRIFZAel thsfiAl
= A3 B ot gick
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AJ9F BUOHZ-& 2000 mg/19] EE o A= 100% A EAHS 1
o] gk, &5 B4l le A FelE itk
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TLCE 53} F. graminearum®] EAPEOLE 9A|51= T 7|9
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Fig. 2. GC-MS total ion chromatogram (A) and electron-impact mass spectrum (B) of compound 1 isolated from the heartwood of Pterocarpus

santalinus.
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Fig. 3. GC-MS total ion chromatogram (A) and electron-impact mass spectrum (B) of compound 2 isolated from the heartwood of Pterocarpus

santalinus.

LA Shelstelk B3 B A3 E AgLuEY
(Electron impact-mass spectrum)2 library searchE gt 21}
(Fig. 2B, 3B), &4 12 a-cedrol, 2 2+= widdrolZ A=}
1_4’- N E;é-]_ ET o ]’%]:’1% 2220]11]: i ]’N = C15 zsoik] /ﬂ
= o] JAA BAll Utk
31H, bioautography assayE AA|3}¢] EtOAcE oA 9] &
=82 29T 23 n-hexane £ =04 £23 &
A B33} Y3t o-cedroli} widdrolo|gh= AFALS: WHASHY
T}(data not shown). 23} 0 2 F, graminearum®] 3EAPto}
£ Aot A F=29 FHEAH =2 a-cedrolT
widdrol 2.2 EAE|9] on = 528 pn-hexaneZ1} EtOAcE
of| EAk=|o] AT
a-Cedrol& cedrol, (+)-cedrol ¥ 8-B-H-cedran-8-ol2} 5
staL, JFS, 3] Cupressuss T} Juniperus2:2] A& A--(ce-
dar oil)9] 2 AE S Z sesquiterpene alchol &2 o]T}H(El-
Sawi &, 2007; Ismail 5, 2013). Widdrol-2 Juniperus chinensis
o gHE Ao = HIEm(Jin F, 2015), o] HA] A& FH 4

£ 59 sfuo|tk Apde =Ry 2EE A4
noid, terpenoid, lignin 5-°] ¢J 2™(Arunakumara %, 2011), &
Aol A B3t a-cedrolT} widdrol& ThE 2] Eof| 4] Balg]
o] Fx7F LA U= AAEOIAT Perocarpusy A1 EA4 S
EEF5E a-cedrold} widdrolo] 2| 27| B 11E v} gtk

HO 2L jsoflavo-

F. graminearum ZX['Lo} SAx|&d. Ao 2HE 2
2|3t a-cedrol#} widdrol®] F. graminearum EAPErotof gk

A 2ARH AT F B B oo g A
ol EHH S 2 JA|5} 21, a-cedrole] MIC7} 31.25 myg/,

widdrol 62.5 mg/IZ a-cedrolo] ©] 73t &S B tHFig.
4). Fig. 5A= 72| 7-9] ljf 6417 & Ao} H5 o], Fig.
5B2} 5C= Z+2} a-cedrola} widdrol: 62.5 mg/l +F 0.2
eBe W FAA] EApobt il molt AT
o] ZAHE mIE drolgh Hh, = BHS A3 Al e W
oF7} =A| gFUTh

A 27K a-cedroli} widdrol-& Pterocarpus&oll Al H.11g]
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Fig. 4. Effects of a-cedrol and widdrol isolated from Pterocarpus
santalinus on the spore germination of Fusarium graminearum.
Each value represents meanzstandard deviation of two runs with
three replicates. One hundred spores were observed using light
microscopy for each treatment with three times.
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mg/Io]3lt}. o] & E4T v ud o) A} 3 F = -
cedrol2] MIC, 31.25 mg/I; widdrol2] MIC, 62.5 mg/l)& A<
4 polyacetylener] B2 Ht} E4o] L4351 Ao & e}t
Wk

TFAPMS M| 31 o-cedroli} widdrolQ] &34 A
HEYHS ZAIILAL, F. graminearum-2 E3H3t TheFst A&
BUT FAYS AR B ST FAYS H 2
As=E ST 23, 7 S22 Al AR 7714] A2

A7 BEO| FAF LS AsIATHTable 1). AR HOZ o
cedrolo] widdrolEt} =& R F2HA]S HHA|TL M. oryzae
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Table 1. Inhibition of a-cedrol and widdrol isolated from Pterocar-
pus santalinus against mycelial growth of plant pathogenic fungiin
vitro

. MIC (mg/l)
Fungal species -
o-Cedrol Widdrol

Rhizoctonia solani 62.5 125
Fusarium graminearum 250 500
Magnaporthe oryzae 125 31.25
Sclerotinia homoeocarpa 31.25 125
Colletotrichum coccodes 31.25 62.5
Endothia parasitica 31.25 125
Botrytis cinerea 7.8125 31.25

Fig. 5. Influence of a-cedrol and widdrol isolated from Pterocarpus santalinus on germination of Fusarium graminearum spores. Micro-
scopic observation was performed 6 h after chemical treatment to the spores of F. graminearum. (A) control, (B) a-cedrol (62.5 mg/l), (C)

widdrol (62.5 mg/I).
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Table 2. Disease control efficacy of the wettable powder type
formulation of n-hexane layer of Pterocarpus santalinus against
Fusarium head blight on wheat under field condition’

Treatment Dilution Disease Control value
incidence (%) (%)
Control - 64.4+15.8 -
PS-WP20° %250 2414103 87.2a
PS-WP20 %500 449433 47.0b
Almuri %2000 233458 92.6a
Almuri %4000 322169 84.2ab

*The wheat seedlings were inoculated with spore suspension of
Fusarium graminearum 24 hours after treatment of chemical fungi-
cide or PS-WP20 which were sprayed to run-off on the leaves. Each
value represents meantstandard deviation of three replicates.
Means with the same capital letter in FHB index are not significant-
ly different (P<0.05) according to Duncan’s multiple range test.
°PS-WP20, wettable powder type formulation of the n-hexane ex-
tract of P. santalinus.

“Dilution (x2,000) of Almuri is compatibilizer concentration.
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