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Identification and genetic diversity of Ganoderma spp.

a causal agent of basal stem rot disease in oil palm
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ABSTRACT

Basal stem rot disease in oil palm caused by Ganoderma spp. is a disease in
oil palm plantations in Thailand. The objective of this study was to evaluate the differentiation
of Ganoderma spp. to provide information for species identification and genetic diversity. The
fruiting bodies from the survey were collected to isolate Ganoderma spp. and identification of
Ganoderma species using TS rDNA sequence. and investicate the morphological
characteristics. A total of 55 isolates of Ganoderma spp. were isolated from 7 oil palm planting
areas where basal stem rot disease was epidemic, consisting of 22 from Krabi, 4 from Trang, 7
from Nakhon Si Thammarat, 14 from Surat Thani, 6 from Chumphon, 1 from Phangnga and 1
from Pathum Thani province. Basidiocarp morphologies for Ganoderma spp. could be
classified into 4 groups, including fan shape with stipitate, fan shape with astipitate, nodule
shape with stipitate and nodule shape with astipitate. The surface had a light brown color to
dark brown, and was found with and without a white stripe on the surfaces and stipe. Based
on nucleotide data analysis revealed that 9 isolates such as KBIO7 KBI08 NRT03 SNIO2 SNIO6
SNI09 CPN0O3 CPNO5 and PTEL. The fungi Ganoderma spp., the causative agent of Basal stem rot
disease in this study, were found to be grouped together with G. boninense from the GenBank
database with a reliability of 99% and were grouped separately with G. (ucidum, G. tsugae and
G. applanatum and classified as G. boninense. were identified to G. boninense. The isolated
Ganoderma spp. from this survey obtained various morphological characteristics, which might
indicate the differentiation of genetic diversity and severity of infestation.

Keywords: Oil palm, Basal stem rot disease in oil palm, Ganoderma spp.
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Figure 1 Lower leaves collapsing and hanging downwards vertically from the point of

attachment to the trunk, unopened spear leaves, and fruiting body on the basal stem

of the oil palm tree are symptoms of BSR disease.
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Figure 2 The stem of an oil palm tree was attacked by mycelia of Ganoderma spp.
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fo PNAOT wagdsvTaunustid 1 leleian Ao PTIOL (Table 1) TnsanunsnnunisiAnd 91
Ganoderma spp. lsluunduihiuseud 1 91¢bu?39 10-30 U washduhduilinedundas
U¥W312 19U NRTO6 fuatn1znan 8Lnau1nwile J9MinuAsAIsssus Y wazilasduny laun
PTI01 fuadednde sunevuande Swiaunusid anmsdsadmuiudanduniud
Uaseduseui 1 Sufumenisluudanduunasazamds (source inoculum) denadasiiu
Turner (1981) & amu31n1555UAv00T 851 Ganoderma spp. anuglspaauiivesUdy
dhfuaunsadasoldainnisduiavessnsenitsduidulsauazduund sniadiaunse
uninszarelaniBefifnlufumsniiegmelutas dsalifinisssuadiudeiu lnedulng
WuLT031 Ganoderma spp. WwWiawey Fse1vssnialugduundutnduluseud 2 16 Fsdam
nsvhaneduifuseudt 2 ﬁé’mwLﬁMMWﬂﬁuLﬁaﬂqﬂ‘luwmﬁﬁmmmLi“]ul,mdqasam%a
(Hasan & Turner, 1998; Flood et al., 2000; Virdiana et al., 2012) (Figure 3) waga1nANIT
Junadneaznisinnenifinventes Ganoderma spp. wuimeniinausaLasaivinuas
asemeninsoanaendufiwiwdld (Fisure 4) wasidlononiinasyiuiifinnsuassates
W1 spore pore d1ogduldvasnaniiia gunsadunnanasavesduiniavsinalaugy
waiuilndidedls Ssavesmardifudiuveneiusveatesaimgansanszaneluiuan

a a

1 wazdsdidinou o 10 vlidansseuinluasnlmdusened (Figure 5)



Figure 4 Diversity of Ganoderma spp. Caused basal stem rot disease of oil palm.

Figure 5 Spore and spore pore of Ganoderma spp.

2. Anwndnuaurdugninevaadionaig
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Figure 9 Group 4 nodule shape with astipitate.

Table 1 Isolate number of Ganoderma spp. and sampling locations.

Location

Isolate

District Province Latitude Longitude
KBIO1  Plai Phraya Krabi 8.473112 98.802996
KBIO2 Ao Luek Krabi 8.484172 98.753613
KBIO3 Ao Luek Krabi 8.506167 98.710337
KBIO4  Mueang Krabi 8.202931 98.818807
KBIO5 Khlong Thom  Krabi 8.025296 99.105411
KBIO6 Ao Luek Krabi 8.405835 98.740492
KBIO7 Ao Luek Krabi 8.405835 98.740492
KBIO8 Ao Luek Krabi 8.405835 98.740492




Table 1 Isolate number of Ganoderma spp. and sampling locations. (Cont.)

Location

Isolate

District Province Latitude Longitude
KBIO9 Ao Luek Krabi 8.405835 98.740492
KBI10 Ao Luek Krabi 8.405835 98.740492
KBI11  Khao Phanom  Krabi 8.259917 99.036213
KBI12 Khao Phanom  Krabi 8.264208 99.066617
KBI13  Khao Phanom  Krabi 8.258294 99.073570
KBI14  Khao Phanom  Krabi 8.168755 99.024472
KBI15 Khlong Thom  Krabi 7.852481 99.139097
KBI16 Ko Lanta Krabi 7.827602 99.095010
KBI17 Ko Lanta Krabi 7.825644 99.093962
KBI1g  Khlong Thom  Krabi 7.846162 99.134411
KBI19  Khlong Thom  Krabi 7.980521 99.137143
KBI20  Khlong Thom  Krabi 8.025519 99.105356
KBI21  Khlong Thom  Krabi 8.025529 99.105356
KBI22  Khlong Thom  Krabi 8.082371 99.142382
TRGO1  Sikao Trang 7.675463 99.316555
TRG02 Sikao Trang 7.761930 99.323036
TRGO3 Wang Wiset Trang 7.781669 99.370017
TRGO4  Wang Wiset Trang 7.780596 99.371408
NRTO1 Khanom Nakhon Si Thammarat 9.167132 99.845362
NRTO2 Hua Sai Nakhon Si Thammarat 8.004494 100.211989
NRTO3 Ron Phibun Nakhon Si Thammarat 8.151689 99.827477
NRTO4 Bang Khan Nakhon Si Thammarat 8.109146 99.450038
NRTO5 Thung Song Nakhon Si Thammarat 8.208292 99.533297
NRTO6 Pak Phanang Nakhon Si Thammarat 8.265404 100.091350
NRTO7 Pak Phanang Nakhon Si Thammarat 8.342674 100.087300
SNIO1  Mueang Surat Thani 9.145296 99.265000
SNI02  Donsak Surat Thani 9.242676 99.626739
SNIO3  Phraseang Surat Thani 8.550331 99.052898
SNIO4  Phraseang Surat Thani 8.550331 99.052898




Table 1 Isolate number of Ganoderma spp. and sampling locations. (Cont.)

Location
Isolate
District Province Latitude Longitude
SNIO5  Phraseang Surat Thani 8.550331 99.052898
SNIO6  Phraseang Surat Thani 8.547007 99.057453
SNIO7  Phraseang Surat Thani 8.556886 99.115458
SNIO8  Phraseang Surat Thani 8.561099 99.112866
SNIO9  Chaiya Surat Thani 9.412561 99.197636
SNI10  Chaiya Surat Thani 9.386932 99.234489
SNI1T1  Donsak Surat Thani 9.237413 99.655418
SNI12  Mueang Surat Thani 9.141936 99.655418
SNI13  Mueang Surat Thani 9.098502 99.331306
SNI14  Kanchanadit Surat Thani 9.143243 99.661145
CPNO1 Lamae Chumphon 9.791500 99.068166
CPNO2 Tha Sae Chumphon 10.713970 99.135065
CPNO3  Mueang Chumphon 10.524452 99.026549
CPNO4  Lang Suan Chumphon 9.987611 99.092460
CPNO5  Sawi Chumphon 10.185051 99.96046
CPNO6 Tha Sae Chumphon 10.671593 99.181225
PTEO1 Nong Suea Pathum Thani 14.181694 100.797420
PNAO1 Khuraburi Phangnga 9.087185 98.442235
Table 2 Morphological characteristics of each isolate of Ganoderma spp.
Morphological characteristics
Isolate Stipitate
Pileus Shape Marginal zone  Soft/Hard Color
/Astipitate

KBIO1 Fan Presence/Absence Hard Stipitate Orange Brown
KBIO2 Fan Presence/Absence Hard Astipitate Light Brown
KBIO3 Fan Presence/Absence Hard Astipitate  Orange Brown
KBIO4 Fan Presence/Absence Hard Astipitate Dark Brown
KBIO5 Fan Presence/Absence Hard Astipitate Dark Brown
KBIO6 Fan Presence/Absence Hard Astipitate Light Brown
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Table 2 Morphological characteristics of each isolate of Ganoderma spp. (Cont.)

Morphological characteristics

Isolate Stipitate
Pileus Shape Marginal zone  Soft/Hard Color
/Astipitate

KBIO7 Nodule Absence Hard Astipitate Dark Brown
KBIO8 Fan Absence Soft Astipitate Dark Brown
KBIO9 Fan Absence Hard Astipitate Dark Brown
KBI10 Fan Presence/Absence Soft Astipitate Dark Brown
KBI11 Fan Absence Soft Astipitate Dark Brown
KBI12 Nodule Absence Hard Astipitate  Orange Brown
KBI13 Fan Presence/Absence Soft Astipitate ~ Orange Brown
KBI14 Nodule Absence Hard Astipitate Dark Brown
KBI15 Nodule Presence/Absence Hard Astipitate Light Brown
KBI16 Fan Presence/Absence Soft Stipitate Dark Brown
KBI17 Nodule Presence/Absence Soft Astipitate Dark Brown
KBI18 Fan Presence Hard Stipitate Dark Brown
KBI19 Fan Presence/Absence Hard Stipitate ﬁ’l@’laéau
KBI20 Fan Presence/Absence Soft Stipitate Dark Brown
KBI21 Nodule Absence Soft Astipitate Dark Brown
KBI22 Fan Presence Hard Astipitate Dark Brown
TRGO1 Nodule Presence/Absence Soft Astipitate Dark Brown
TRGO2 Fan Presence/Absence Hard Astipitate Dark Brown
TRGO3 Fan Presence Hard Astipitate Dark Brown
TRGO4 Fan Presence Hard Astipitate Dark Brown
NRTO1 Fan Presence/Absence Hard Stipitate Dark Brown
NRTO2 Fan Presence/Absence Hard Astipitate Light Brown
NRTO3 Nodule Presence/Absence Soft Stipitate Orange Brown
NRTO4 Fan Presence/Absence Hard Astipitate Dark Brown
NRTO5 Nodule Presence Soft Astipitate Light Brown
NRTO6 Fan Absence Hard Astipitate Dark Brown
NRTO7 Fan Presence Hard Astipitate Dark Brown

SNIO1 Fan Presence/Absence Hard Stipitate Dark Brown
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Table 2 Morphological characteristics of each isolate of Ganoderma spp. (Cont.)

Morphological characteristics

Isolate Stipitate
Pileus Shape Marginal zone  Soft/Hard Color
/Astipitate

SNI02 Nodule Presence/Absence Hard Stipitate Dark Brown
SNIO3 Fan Presence Hard Stipitate Dark Brown
SNIO4 Nodule Presence Hard Stipitate Dark Brown
SNIO5 Fan Absence Hard Astipitate Dark Brown
SNI06 Nodule Presence Soft Astipitate Dark Brown
SNIO7 Nodule Presence/Absence Hard Astipitate  Orange Brown
SNIO8 Nodule Presence/Absence Hard Stipitate Dark Brown
SNI0O9 Nodule Absence Hard Stipitate Dark Brown
SNI10 Fan Presence Hard Stipitate Orange Brown
SNI11 Fan Presence Hard Astipitate Dark Brown
SNI12 Fan Presence Hard Astipitate Dark Brown
SNI13 Fan Presence Hard Stipitate Dark Brown
SNI14 Fan Presence Hard Stipitate Dark Brown
CPNO1 Fan Presence/Absence Hard Astipitate Dark Brown
CPNO2 Fan Presence Hard Astipitate Dark Brown
CPNO3 Fan Presence Hard Stipitate Dark Brown
CPNO4 Fan Presence Hard Stipitate Dark Brown
CPNO5 Fan Presence Hard Astipitate Dark Brown
CPNO6 Fan Presence Hard Astipitate Dark Brown
PTEO1 Fan Presence/Absence Soft Stipitate Dark Brown
PNAO1 Fan Presence Hard Astipitate  Orange Brown

dlewsniies1 Ganoderma spp. uua1IM5 PDA nudnwaglaladdvu1iyy aunes
Taladnumswsyveaduleilsaduems PDA auilvomsideateinsesunnlded edaian
Tnelelaiifdnsnisasyivlnuuaiuemmsiaonte PDA 9unn 9 9y, Wde 10 Tu denndesii
Bharudin et al. (2022) nw1Arnunainuaislase1dednuwugn1iduguine1vond o9

Ganoderma boninense a@walsA @RuLL1YU AN HUTIAINATUENABTIMALLTEIUY
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8711115 PDA 91 7 TU W991 G. boninense \inlalatddlduladuinaudsuiniaanuwusiaanad

Tue1913 PDA (Figure 10)

Figure 10 Mycelia of Ganoderma spp. grown on PDA.

3. Mmsaaszvarnuiinadlelnausian ITS (internal transcribed spacer) ribosomal DNA
AL UUS UUT UE LA L6 ULeuS 1Ied TS IDNA 984y 051 Ganoderma spp. 311U
9 lolwian lnaid onaind oy adagiuinen n1593 g ulauwe1mns PDA uagdudunuain
4 anwely laun KBIO7 KBIOS NRTO3 SNIO2 SNI06 SNIO9 CPNO3 CPNO5 WagPTEL Wayd Lﬂi’]%ﬁeﬁaﬁda
= o w 1 ¢ o o aea o Ao i ' o &
WUiNGes Ganoderma spp. awislspas s wesAuiunAnwiluaTildnnay egswiuges
G. boninense 3§V 8L A GenBank lagdl Anaa1uu 1Y el ulun1sTana ui 99 % (Figure 11)
LA AN ULENA UL 831 G. lucidum G. tsugae wag G. applanatum e G. lucidum $in1514Tu
« . g o e &
M3 untluTadunstngequnm wWes G. tsugae imawsaydulsuuliiluana Tsuga wason
G. applanatum w3 guusulinemeddulvgnulusn
n1sAnwATIlaonnaeeiun1s@nyIves Chong et al. (2011) ALNTHENLYDENA
Ispanduninrduinivannulasdgninduinduluszoum Ussmaniaide waziin1sdng

v a

Snunzmedaginer mylieszidduiandlelnduing TS ONA veadeanvlsaiiuen
¢ Tnsannisdinszsiteyanuindorawnglsndiduinidmiiuinnguogsautuidon
G. boninense 3MNgIUTeya uazaenAdeaiun1IAnYIv8 Utomo et al. (2005) T aiin15dn
ﬁi"]LLuﬂﬁzjﬁWumL%‘”ai'lmLwﬂsﬂéﬁé}’uLﬁwﬂwéuﬁfﬁﬁuiuaqa Ganoderma spp. la&A15ILATIZY
drdfuiiandlelnduiina ITS DNA wudn 1891 G. boninense Luidasang Tsndidui
Unduthifu nmsdaduunsiinvesdesanvalsaddunin Inelddnuaemedugiinensiuiu
nstnseidduiedlelndvinldausadnduunsiavendosldessgndosuaziiag

LUUENTIYY
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2| Av884179.1 Ganoderma applanatum
AY884178.1 Ganoderma applanatum
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Figure 11 Phylogenetic tree of Ganoderma spp. with G. boninense from GenBank data
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