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Abstract Small cardamom (Elettaria cardamomum
Maton) is extensively cultivated in the Western Ghats
of South India either as a monocrop under the forest
trees or as an intercrop along with arecanut and coffee
plantations. Colletotrichum species responsible for se-
vere outbreaks of anthracnose on small cardamom in
South India are reported. Small cardamom anthracnose,
popularly known as “Chenthal”, manifests itself on the
foliage as yellowish lesions, which later coalesce to
form large blighted areas. In advanced stages, the affect-
ed leaves dry up giving a burnt appearance to the plant.
Twenty-five isolates of Colletotrichum were isolated
from leaves of small cardamom in Karnataka, Kerala
and Tamil Nadu states of India. The isolates were char-
acterized through morphological studies and multilocus
phylogenetic analysis (ITS, ACT, CHS-1, GAPDH,
TUB2, CYLH3, GS and ApMat gene regions) to test
whether different species are present and identified:
C. karstii (2 isolates), C. gloeosporioides (1),
C. siamense (7), C. syzygicola (6), Colletotrichum sp
(5), and C. guajavae (4), as the cause of anthracnose on

C. S. Chethana
Indian Institute of Horticultural Research, Bangalore 560 089,
India

P. Chowdappa (P<)

Central Plantation Crops Research Institute, Kasaragod 671124,
India

e-mail: pallem22@gmail.com

C. N. Biju - R. Praveena * A. M. Sujatha

Indian Institute of Spices Research, Cardamom Research Centre,
Appangala 571201, India

Published online: 23 April 2016

small cardamom for the first time. Pathogenicity of the
six species was confirmed. To our knowledge, this is the
first detailed study of Colletotrichum species which
cause anthracnose diseases on small cardamom.
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Introduction

Small cardamom (Elettaria cardamomum Maton),
belonging to the family Zingiberaceae, is the world’s
third-most-expensive spice crop (Reyes et al. 2000).
It is popularly known as the “Queen of spices” and
mainly used in culinary and confectionery prepara-
tions apart from medicine and perfumes (Reyes et al.
2006). Guatemala, with a production of 23,000
tonnes, is the largest producer of cardamom follow-
ed by India and Tanzania (Sasikumar et al. 2012).
Other producers include Sri Lanka, Papua New
Guinea, El Salvador, Laos, and Vietnam. In India,
small cardamom has been commercially cultivated
in the hilly tracts of Karnataka, Kerala and Tamil
Nadu states for 150 years and it was responsible for
establishing the sea route from Europe to the Far
East. It is grown in an area of 0.69 million ha either
as a mono crop under the shade of forest trees or as
an intercrop along with arecanut and coffee with
production of 9,470 MT (www.indianspices.com).
Leaf blight, commonly known as “Chenthal”, has
emerged as the most destructive foliar disease affecting
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small cardamom in India (Praveena et al. 2013). The
symptoms initially manifest on the leaves as yellow
lesions which later elongate to form necrotic streaks
that run parallel to the veins. Several such lesions
later coalesce to form yellowish-brown to reddish-
brown patches, which subsequently wither off. In
the advanced stages of disease development, lesions
develop on both young as well as older leaves which
dry up and give a burnt appearance to the affected
plants. The disease, which appears during mid-mon-
soon, becomes severe during late monsoon periods
and declines by March. Intermittent rains and prev-
alence of misty conditions in the plantations favour
the incidence and spread of the disease. Earlier
studies reported Colletotrichum gloeosporioides as
the casual organism responsible for anthracnose on
small cardamom based on morphology (Govindaraju
et al. 1998; Praveena and Biju 2012; Saju et al.
2013).

Traditional methods of characterization and iden-
tification of Colletotrichum based on morphology,
optimal temperature for mycelial growth, host affil-
iation and benomyl sensitivity (Cai et al. 2009;
Freeman et al. 1998; Peres et al. 2005; Sutton
1992) are time- consuming, tedious and are not
reliable (Damm et al. 2009; Freeman et al. 1998).
Molecular methods involving sequence analysis of
the ITS region of the rDNA region (Brown et al.
1996; Mills et al. 1992; Sreenivasaprasad et al.
1994), restriction fragment length polymorphism
analysis of rDNA, analysis of A+ T-rich mitochon-
drial DNA, comparison of arbitrarily primed (AP)-
PCR or random amplified polymorphic DNA finger-
prints (Freeman et al. 1993, 1998, 2000; Talhinhas
et al. 2005) have been used to differentiate popula-
tions of Colletotrichum species. In view of the re-
cent changes on the species concepts in
Colletotrichum (Cai et al. 2009; Hyde et al. 2009;
Prihastuti et al. 2009; Phoulivong et al. 2010; Wikee
et al. 2011; Cannon et al. 2012; Damm et al. 2012a,
b; Weir et al. 2012), the use of a polyphasic ap-
proach involving morphology and multiple-locus
sequence comparisons of different genes (e.g., par-
tial -tubulin, actin, calmodulin, glutamine syn-
thase, and glyceraldehyde-3-phosphate-dehydroge-
nase) have been advocated for resolving the
closely-related Colletotrichum species. The objec-
tive of the present study was to characterize the
species of Colletotrichum responsible for severe
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outbreaks of anthracnose on small cardamom in
India based on the polyphasic taxonomic approach.

Materials and methods
Collection of anthracnose-affected samples

Small cardamom leaves showing typical symptoms of
anthracnose (Fig. 1) were collected from small produc-
tion fields located in Karnataka, Kerala and Tamil Nadu
states of South India, where severe disease epidemics
occurred, during the southwest monsoon period (June to
September) 0f2011 and 2012 (Fig. 2). When most of the
small cardamom fields in these localities were infected,
leaves with single lesions were collected. Each sample
consisted of three infected leaves from each of five
plants within a disease focus. The details of the isolates
used in this study are shown in Table 1.

Isolation of Colletotrichum species

To obtain fungal isolates, leaves were washed in
sterile distilled water and dried with sterilized tis-
sue paper. Then, a small piece (5 by 5 mm) of
foliage taken from the leading edge of the infected
area was washed in sterile distilled water, surface
disinfected in 70 % ethanol for 30s and 1 %
sodium hypochlorite for 1 min, rinsed three times
in sterile distilled water and placed on Potato
dextrose agar (PDA) amended with streptomycin
(100 pg/ml). Plates were incubated at 25+1 °C
with a 12-h photoperiod provided by fluorescent
light for 5 days. The growing edges of fungal
hyphae developing from the tissues were then
transferred aseptically to PDA. Single-spore iso-
lates were derived according to the method de-
scribed by Goh (1999). Pure cultures were main-
tained on PDA slants at 5 °C by sub-culturing at
4-week intervals. For long-term storage, three agar
plugs (3 mm diam) from actively growing cultures
on PDA were suspended in 5 ml of 20 % glycerol:
17 % skimmed milk (1:1) solution and stored at -
80 ° C (Chowdappa et al. 2009).

Morphological assessments

For morphological analyses, 5-mm-diameter mycelial
plugs from the actively growing margin of 5 day old
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Fig. 1 Symptoms of small cardamom anthracnose

cultures were placed in the centre of 90-mm Petri plates
containing 15 ml of PDA (Himedia, Mumbai, India) and
incubated at 25+ 1 °C under continuous fluorescent
light for 7 days. The colony colour and diameter of the
isolates were recorded during 7 days. The colony colour

@ C. guajavae
A Colletotrichum sp i o et
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B C. gloeosporioides ®Wayanad
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[}

’

was scored using the mycological colour chart (Rayner
1970). The colony diameter was measured daily and the
mycelial growth rate (mm day ') was calculated. After
7 days, conidia were directly harvested from cultures
and mounted in sterile distilled water. Appressoria were

Fig. 2 A map showing the regions of anthracnose-affected small cardamom in South India

@ Springer



Eur J Plant Pathol

T10T 'Te 10 oM - — T9L600XT  6TS600XL  9¥6600XL  99TOTOXT elensny DUDILIDUID DISID] 8951 dINDI vjosuny D
T6£61 DdO
T10C 'Te 10 we( —  86T6V60l  8S66¥601 — 8968¥60f 879660  LE9SYEOr  LOE8FEOL vsn ds uoipuspopoyyy ‘L60TT DOIV ool )
Q) Aydopus Jea|
pue[eaz, ‘soproipLiovp LOT61 dINDI
T10T 'Te 30 wuweq —  L6¥S000L  0L9S000f — 0I¥S000f  +8SS000f  €TES00DL  9€TSO0OL AN sndwodong 1%20€1 SED 1dawodiovp D
00190€ dAVIN
T10T e 10 wiue( —  6TFS000f  TO9S000r —  THESO0Or  91SS000f  SSTSO0OL 89150001 uedef ds wnipiqui) LSLETT SAD DjoUpIqUIY "D
T10C e 30 we( 9816v60f  986+60r — 9688K60r  9TS6V60r  STS8KEOL  S618+601 eorurwo(| ds pinosn) 20840€ TINT o0InISND )
A119q ‘eordA],
T10T e 30 we( = ILI6V60Or  1€86F601 — 1¥88K60r  T0S6V60L  01S8Y6Or  08I8F60Or  BIRY BIS0) "Ad ‘D21qDD D2ff0) SL0gE SAD aSUIILIDISOD ")
T10T e 10 wwe( —  S9T6Y60r  ST66EEOL SE68Y60L  S6S6Y60L  #09860L  YLTSY6OL  SPUBLOYION paas “ds sousso) €L°€58 SAD 21s09 D
TL8SE
010 'Te 30 SuoArnoyq - — 6COLYINH  €FTOLYINH —~ VYETOLYINH  OFTOLYINH  9vTOLYINH - esoonNYy oUApo) 004 /9S80T pjoduApiod D
TIOT B TOM  bLT6680( — OPPOTOXT  TTIOTOXT +98600XI SETOLYINH  SL6G0OXI  9TTOTOXI pue[rEyL, psooyn.if auljApao) 6LS8T dINDI  Djoduuldpi0d )
9¢621 dINDI
T10T T8 30 oM —  86¥S000f 12950001 — TI¥S000f  S8SS000L  $TESO0OL  LETSOOOL PUB[EIZ MAN. jo1 )Ny ‘o] SNy ‘€0S8TI SAD WdLISU0d )
T10T e 10 we( —  PEPS000L  L09S000L —  LVESOOOL  1TSS000L  09TSO0OL  €L1S000f BIQUIO[0D) Jpay ‘synpa violfissod L1862 S9D 25U21qUI0J0D ")
T10T 'Te 10 oM - —  6EVOTOXT  STIOTOXT LLL60OXI — 9LV600XT  606600X[  ¥LTOTOXI vsn ds sy 90L8T dINDI Rl Zizhe]
:QEB&QNQP&%
(\Nw\:.u,wﬁ\p .ES.Q@:Q&QU
T10T e 10 wwe( —  €9T6v60L  £T66¥60r —  €E68760f  €6S6V60L  TO98Y6OL  TLIZFEOL  SPUBLIYRN wnuyuDSLayD) 615971 SAD  nudypunsiud D
T10T 'Te 10 Wi —  T8T6Y6OL  TH66E60L —  TS6860L  TI96YEOr  1798%60r 16781601 elensny wnnuup wm21sdoy) L9°T6T SED asuaupqstiq -
j0ds [ba] ‘viofiuwad
T10T 'Te 10 weq —  €E¥S000f 90950001 —~ 9pES000f  0TSSO0OL  6STSO0Of  TLISOOOf PUE[ESZ MON DA DIIDAD]O DAISSDAG 650101 SAD DJODIDISSDAG D)
2SOUDD.LYJUD LO98T dINDI
T10C 'Te 10 we( = 96¥S000f 69950001 —  60vS000L  €8SS000f  TTESOOOL  SETSOOOL [1zexg i “synpa p.1ojfissod 10821 SAD asudISnAq D
T10T e 10 we( = 1THS000f  $65S000r —  PEESO00L  80SS00DL  LFTSOOOL  091S000f elensny “ds wnudsoonay SIITII S9D asuouoq D
$6581 dINDI
T10T e 30 wue( — TEPSO0OL  $09S000r — 61SS000r  SPESO0Or  8STSO0OL  TLISO0OL PUBEIZ MON ppuvda. U105V °LTS8TI SAD L2422q )
T10C 'Te 10 we — 9bP6re0Or  9010S601 — OT16V60f  9LL6V6Or  98L8V60[  SSH8PEOl  BOLFY nog 1oung.0f sndapoqyon4y 8LY9TT SED [p4isnp D
T10T T8 30 oM - — P8EOTOXT  €LO0OTOXT €SL600XI  9LS600XT  ST6600XL  TETOTOX( elEnsny DIIpuUL DAJISUDI 96981 dINDI wnuvisp )
T10T 'Te 10 IIop - — SIVOTIOXT  60TOTOXT OLL600OXI  8ES600XI  T166600X[  8610TOXI PUB[EdZ MON SOPIODLID DIZUNY YTELT dINDI DOADAIOD D)
T10C T8 30 wecq —  €8¥5000f 95950001 — 96£S000f  0LSSO00L  60£S000f  TTTSOOOL BIQUIO[0)) fva] ‘sisudljispiq oo 978621 SAD wnvjjouun ")
TI0T 'Te 10 Top - - - —  688600X[  TOY600X[  STEG00XI  SSTOTOX[ PUBEdZ MON DIUSIULOP SHIDJY 890TT dINDIT wnudy )
T10T e 30 oM - = 6VPOIOXT  9SI0I0XL 9P8600XL  OLY600XT  T10010XL  I610T0X[ BLIOTIN DIDID DaLOISOI] TTI8T dNDI oIy D
TI0T 'Te 10 oM - — TGEOTOXT  T800TOXT 66L600XI  €8V600XT  0€6600XI  9LTOTOX( vsn DIMIBA dUDUOUAY IO €L9LT dINSOI  Sououioudysson -
TI0T 'Te 10 Iop - — 06£0T0XT  6L00TOXT 68L600XI  61S600XT  €16600X[  €HTOTOX( ueder vijofiidd snidg 98981 dINDI DuisIUIY ")
T10T ‘e 10 wueq — S000S60f  ST06¥60r —  SPE6YEOr  $898460f  SLIGYEOL  $SE8YEOL  BILYY nog DIDIPL.L SNUl SELOTT SED wnpmon ")
unf fo jou 12119 12621 dINDI
T10T 'Te 10 wieq —  0SY6L60L 01105601 — 0TI6V60r  08L6V6OL  06L8V60f  6SH8F60OL  PUE[EdZ MON ‘oysouop S ‘0£$8T1 SAD wngioom -
IVIN-dV  €¢HTAD  dNL SO I-SHO 1OV HAdVD SLI
‘ou uoIssadde
OURIRJY ‘OU UOISS00. JUBq UdL)  UONROOT] JSOH aImn) so10adg

PIOq UI PAPN]OUI BIPU] WOL) WOWEPIED [[EWS JO SIJB[OSI MOU G7 oY) )M APMys SIY) UI Pasn SOJe[OSI uinyd1410j2jj0,) Jo S[ied | IqeL

pringer

NS



Eur J Plant Pathol

©pLO[] S1m) Sunok
T10T ‘e 10 wueq - ¥8I6K6OL  PH86¥60r — pS88Y6OL  IS6H6Or  €TS8Y60L  €6187600 ‘vsn viofiun.ny SN PIPIT SED vjoomauw] D
T10T 'Te 10 wreq —  08T6v60L  0F66760r — 0S68760f  0196V60f  6198V60f  68T8F60r eIpu| SISUdIJISDAG DIASL] 686211 SAD wnpydioyvy "D
T10T T8 30 wue —  SHh6Y6Or  S010S60r — SII6K60Or  SLL6V6OL  SSL8K6OL  +SH8160L pis! ds wniuLioy g SE'861 SAD nutoySury "D
epuy
Apms siyL, — 0TSEISC OLVEISL  OLSEISCY SOPEISCI  SHHEISII  SHSEIS  S6SEISLY  ‘eyejeute)] WnWOWDP.AD) VIDYI| yOVI0 msmy D
epuy
Apmys iy L — GISEISLY 69FEISLY  69SEISLY bOPEISL  PHHEISC  HHSEISLI  b6SEISII  ‘edyejeuted] WNWOWDPD VDY 0IDVOO0 sy D
T10T 'Te 10 wiueq —  €LYS00OL  9v9S000r — 98€S000f  09$S00Df  66TS000L  TITSO0OL elensny “ds wnutdsoonay 866111 SAD sy D
T10T e 10 we(q —  18¥S000f  #$9S000f — $6ES000L  89SS000L  LOESO0DL  0TTSOOOL nizerg  siods ynf ‘vdvdod poLv) 16901 SAD wsny D
600 'T& 30 nmseyuq - ~ L¥PLO6[d  L8STL6 [d —  €EPLO6 [ ¥8STL6 (A LO9TL6 [ eAudy 21gD.D D3YJO) 8LSE9E TN avmoyvy "D
600 'T& 10 nmseyLy - ~ 9bbLO6[d  88STL6 [ ~  TEPLO6 LA €8STL6 [d  809TLG [ eAudy D2UGD.D DAYJOD) 81+61€ INI avmMpyvy "D
avMOYDY]
T10T 'Te 10 oM - — SEPOTOXT  STIOTOXT 6T8600XI  PLV600XT  OvOOTOXL  YETOTOX( eAuoy D2UGD.D DIYJO) 69786 SAD  "dsqns avmvypy "D
avMDYDY
T10T 'Te 10 oM - — PPPOTOXT  OSTOTOXT €I8600XI  TSY60OXT  TIOOTOX  T€TOTOX( eAuay 2UGV.AD DIYJO) 9I8LT dINDI  “dsqns avmvyvy D
040331
TI0T T8 30 oM - - - — 0S8600X[  STSG00XT  8F00IOX[  6ETOI0XI [izeig ds prooyy 8TLYT dINDI  dsqns apmbypy )
040331
T10T '8 30 1IoM - —  EEVOIOXT  PEIOIOXL TO6600XL  9ES600XT  0S6600XL  8TTOIOXI vsn ds wnuodn, TTI61 dINDI  “dsqns avmvyvy D
T10T 'Te 10 we(q — bEP6E6OL  $600S60r — POI6V6Or  +IL6V6OL  YLLSY6OI  E€bb8F6Or  PUEEZ MON ds sy LTOLSE TNI nuoisuyol )
T10C 'Te 10 we - 6LT6VEOL  6£66¥601 —  6v6860r  6096v60r  819876Of  88T8H60L eIsauopuy ds smddjponyg 165LT1 SAD asuaisauopul -)
TI0T T8 10 1M - — SLEOIOXT  TLOOTOXL 8FL600XL — E€ES600XL S896TEDD  L8Y6TEOD  PuB[EdZ MIN vy sosddsoiq 6T dINDI oy D
Jeol
T10T T8 30 we( —  T6VS000f  $995000r —  S0PSO0Or  6LSSO0DL  8IESO0OL  T€TS000L Luitie) ‘wnpiia wngsvaddipy 9L£STT SED Lyspaddiy "D
eIpug
Apmys sty —  SISEISCY 89HEISLY  89SEISLM  €6HEISL  EHHEISLY  E€PSEISLY  €6SETSLY ‘eesoyy WnuowpAD> DLVYIYT 1DVO0 avanfons
eIpug
Apmys sty L —  LISEISCY LOVEISL  L9SEISC T6PEISLM  THPEISLI  THSEISLI  T6SEISL ‘e[eadd] WNUOWDp.D> VLIPS 6JV20 avafons
epug
Apmys iy, — OISEISCY 99HEISLY  99SEISCM  I6VEISL  IHPEISC  IPSEISCY  I6SEISLY  ‘npeu ue], WnUoWvpD> VIDYI| STOVOO0 avanfons
epuy
Apmys iy L, — SISEISCY SOPEISLM  SOSEISCM  06HEISL  OFHEISCY  OPSEISCI  06SEISCY  ‘npeu el WnUownp.AD) VDY £20VO0 avanfons
T10T T8 10 we( - 19T6¥60f  1266¥601 — 1€68760r  16S6¥60r 0098760  0LT8Y6OL eIpu] yny ‘vanlons wnipisq 6£80S€ TN avan[vns )
T10T Tew uouue)  £687000A  608S000H  1S8S0001 — 88LS000f  0£850001 = L9LS000f vsn sdour vz 100°'T N “9€80€1 SAD DjodUIUDLS ")
95H/s8 Ad
T10T '[e 19 wuweq - PIv6v60r  ¥L00S60L — ¥806¥60f  ¥HL6V6OL  ¥SL8P6OL  €TH8YEOL pueaIy DSSDUDUD X DLDSDL] ‘TL6STI SAD ar12pos )
elpug
Apmys SIUL  L8YEPLAM  LTSEISCM  LLPEISCY  LLSEYSCY  TOSEISC  TSPEISCLM  TSSEISCM  TO9EISCY  ‘Mpeu [rure], WnuowvpaD> VIDYI|T YIOVOO  saproLiodsoso)s )
8L981 dINDI
TI0T e 10 1o - - - — 06L600XI  TOS600XT  €10010XI  0STOI0XI vsn Qo] DLDAING ‘YOT6I1 SAD  $9pioLiodsoao)s
T10T e 30 Iom - —  SPPOIOXT  S80010XL 8IS600XL  I€S600XL  9SO0TOXL  TSTOTOX[ Arex SISUDUIS S 8L89SE INI  S2pI0LLOAS 0203 )
IVIN-dV  €HTAD  zdnl SO I'SHD 1OV HAdVD S.LI
‘Ou uoIssadde
QOURIJY ‘Ou UOISSadJe ueq uan uonedo T ISOH almny mvmoomm

(panunuod) [ dqeL

pringer

NS



Eur J Plant Pathol

T10T e 10 we(q —  8LT6V6OL  8E66¥601 — 8b68Y6Or 809660  L198Y6Qf  L8T8FEOL eISAB[EI Jed[ “00ov) DUI0IqOdY | L6THIE TNT 10uDojs D
T10C 'Te 10 wueq —  €LT6VEOL  €€66¥601 —  €P68760r  £096760r  TI98Y60L  T8T8YEOL vsn sopro4pudd vajoIq 1€ST1T SED nspuounus -y
eIpug
Apms SIUL  98PEHLAM  GESEISLY  68PEISL  68SEISLM  PISEISLI  PIPEISLM  FISEISCM  HI9EISLI 20 WNUOWDPAD? VIVYI|T 9IDVDO0 asuduDs )
epug
Apms SIUL  S8PEPLAM  8ESEISLY  SSPEISLI  88SEISLM  EISCISCM  €IPEISLI  €9SEISLM  EI9CISLY  ‘eyejeuaey] wWnuownp.n> VUVYI|T 1Z0VD0 asuamDIS )
eIpug
Apms SIUL  $8YEPLAM  LESEISCY  LSPEISLI  L8SEISCM  TISEISCY  TOPEISLI  T9SEISLM  TIOCISCY  ‘eyejeuaey] wnumownp.n> VLVYIYT WOVIO0 asuaUDIS )
wpug
Apms SIUL  €8PEPLAM  9ESEISLM  9SPEISLI  98SEISLY  TISCISCY  I9PEISCM  T9SEISMM  [I9EISIY  ‘eyeyeuaed] wWnuownpn> VUPYIYT 6IDVDO0 aSUIUDIS )
epug
Apmys SIUL  T8PEPLAM  SESEISLM  SSPEISLI  SSSEISLM  OISEISCY  09PEISL  09SEISLM  OI9CISCY  ‘ByEjeuse)] WNUHOWPAD? VIVYI| [5e)%eT0] osuauvIs )
epug
Apms SIUL  ISPEPLAM  PESEISLY  PSPEISLI  PSSEISLM  GOSEISLY  6SPEISL  6SSEISLY  GO9CISCY  ‘eyejeutey] wnuownp.n? VLYY $IDVOO0 asuamDIS )
eIpug
Apms SIUL  08PEPLAM  €ESEISLY  €8PEISLI  €8SEISLM  SOSEISCY  SSHEISLY  8SSEISLM  S09EISCY  ‘Mpeu [rure], wnuownp.n> VUVYIYT 80VDO0 asuaUDIS )
TI0T T8 30 oM - — €6E010XT  TS00IOXL SO8600XI  90S600XT  ISO0TOXL  TITOTOX( vsn 21sAUOP SHIDI S6LLT IINDI asuaupls \)
T10T e 30 oM - — L8EOTI0XI  9LOOTOXL 19L600XT  T¥S600XL  OF6600XL  0STOIOXT elensny DUDILIDUID DISID] L9STI dINDI asuaupls *)
T10T e 10 wue( —  8ST6Y6Or  8166+60r — 876860  88S6V60L  L6S8FEOL  L9T8Y60L BISOUOpU] ds wnoisdn) 625921 SAD 12]]14025 D
T10T T8 10 wweq = 09T6¥60r  0T66¥60r — 0€68760f  06S6V60r  6658760f  69T8F60r pueprey winnuup wndisdp)) 80L0CT1 SED 12714028 D)
Hnif jafdvuoyony
T10C 'Te 30 wue( - 69¥6r60r 62105601 — 6E16V60r  66L6V60OL  6088760L  8LY8FEOL Auewwon  syunpy w2 ‘voysowop Snpp PI'EIT SED SIUDS D
T10T e 10 wue( - 8hp6r60Or 80105601 — 8T16V60f  8LL6V6OL  88L8Y6O[  LSH8F6OL [eSnod vavdo.ina vaj0 €S66T1 SAD  duLofiquioy.s D
pue[esz jo1 N1 ¥T6T1 dINDI
T10T T8 30 we(q — 9Ep6b60L 96005601 — 90T6¥60r  99L6V60Or  9LL8YEDL  Sh8T60r MON SN0 SNA] ‘T€68T1 SAD pjooudd )
TIOT B0 IOM  1€688803 —  EPPOIOXT  €EI0TOXE T06600XL  SIS600XL  L96600XL  61TOT0XT Ao ds wnipisq 0T161 dINDI upisd -
7102 ‘e 10 wweq — T8%S000f  $59S000r — $6£S000r  69SS000L  80€S000f  12TSO0OL eIpuj SpIov SNyYUv]IAYJ L9SLT SED nypuvdyd -
T10T '[e 10 wueq - bhh6v60r 010601 — pII6P6Or  YLL6V6OL  ¥8L8Y6OL  €SY8F6Or eIV Ynos Jeoy “ds wniuLioy g 161811 SED nuioyd -
T10T e 10 we —=  L8%S000L 09950001 = 00¥S000f  ¥LSS000f  €1€S000L  9TTSOOOL  SPUBLIdON sjods yeo| ‘puavIvAq LS6STI SED myorad )
T10T '[e 1 wwe —  9LT6V60Or  9€66+60f = 9p68%60f  9096v60r  SI198F60L  S8T8YEOL N juleg ds psnpy €SLS9T IAL nuopnd
pue[eoz a)Aydopus Jea| 06581 dINDI
TI0T '[e 10 wueq — b6¥S000r  L99S000r —  LOYSO0Or  18SS000f  0TESOOOL  ££TS000L MON SLDINSADD DISUOSD ‘6TS8TI SAD ovisuosivd )
T10T ‘e 30 wweq — 0£PS000L  £09S000f —  €PESO0OL  LISSOOOL  9STSO00r 69150001 Auewon Jed| “ds wnip1oug 8786C1 SED upuo )
T10C e 30 we( —  SIT6V6Or  SL86Y6OL — S888Y6Of  SHS66OL  ¥SS8Y60L  HTT8PEOL  SPUBLIOYIAN ds auowouy #90001 SED ovovyduidu )
vppdasqjoq
T10T 'Te 30 oM - — L6SOIOXT  L800TOXL #E8600XT  98Y600XL  9E6600XL  681010X[ vsn “dsqns o] pydny 8€6L1 dINDI vjosLvydni )
pueeoz #9021 dINDI
T10 e 30 wue( —  06vS000f  £99S000f —  €0VS00Of  LLSSO0OL  9T€S000f  62TSO0Or MON (myoders) “ds sn.ui) ‘0PTOST SAD  avipuvjaz-oDA0U )
pueeaz
TI0T T8 30 oM - - - — 188600X[  99S600XT  986600X[  I+#1010XI MON “ds psnpy 0€6C1 dINDI avsnut ")
T10T '[e 10 wuweq - LYI6V60r  LOS6¥60r = LISSY6Or  LLY6H6OL  98+8760f  9SI8Y6OL elaljog syiquinu snupdny 912601 SED auidng "D
IVIN-dV  €HTAD cdn.L SO 1-SHD LOV HAdVD SLI
‘Ou uoIssadde
QOURIJY ‘Ou UOISSadJe ueq uan uonedo T ISOH almny mvmoomm

(panunuod) [ dqeL

pringer

NS



Eur J Plant Pathol

epug
ApmS SIUL  TobEhLdM  TESEISCM  TSPEISLI  TSSEISLM  LOSEISCY  LSPEISLI  LSSEISCY  LO9CISCY  ‘eyejeureyy Ly e e SOVOO  ds wnyor11032110)
epug
Apmys ST, T6PEPLAM  TESEISCY  ISPEISLY  ISSEISLY 90SEISCY  9SPEISLM  9SSEISLM  909EI8IY  ‘edjereuaed] WnUownp.AD) VIDYI| 9OVI0 ds wnysry0ajj0)
epuy
Apms SIUL  06PEPLAM  OESEISL  0SPEISLY  08SEISL  SOSCISCY  SSPEISI  SSSEISLM  SO09CISMY  ‘Bejeuaey] wnuownpn) VY3 1IDVOO  “ds wnysry0ajj0)
epug
Apms SIUL  68VEPLAM  6TSEISLM  GLYEISL  6LSEISCM  HOSEISL  bSPEISLI  PSSEISCM  HO9CISLY  ‘“ByEjeutey] DD DLVYI|T LIDVDO s mnys11012jj0)
epug
Apmys SIUL  88PEHLAM  STSEISCY  SLPEISL  8LSEISLM  €O0SEISCY  ESHEISL  €SSEISLM  €09€ISCY  ‘“eyejeurey] WnWOMDPD DLV €IDVOO0  ds umyori012]j0)
:NG.NNNS&BU
dsf,, viom3u1d
TI0T T8 10 11opm - — 6TPOIOXT  SIIOTOXT LSS600X[  88¥600XI  ¥66600XI  €TTOIOX( vsn vnbupsvs vijjoum) TrS81 dINDI Djja2ui0])
TI0T e 30 oM, - - - —~ PIS600XL  6LY600XE  800010XL  09TOI0X[ elEnsny ds vaoy.ioyupy LISOSE INI  2D20YLIOYIUDX )
T10T T8 10 we(q — 99T6v60f  9T66¥60r — 9¢€68%60f  9656K60L  S098Y6Df  SLTZFEOL WEUOIA anssn Jea] “ds vaffo) TLYSTI S9D L)
15981 dINDI
T10T T8 30 IIoM - - - —  898600XI  0LS600XL  ¥I00TOXT  LLTOTOXT BwEuRq DDLU DUOUUY ‘€Tl SED appardos )
UCENQN
T10T ‘e 30 wweq — 9TFS000r  665S000L — 6£€S000f  €1SS000r  TSTSO0OL  S91S00OL MON YOJO[q JEI] “SI1p2 DAOYISSD L99201 SED wnsojn.iol ")
puejesz
TI0T T8 10 1M - — THPOIOXT  €TIOTOXE 868600XT  0TS600XL  TS6600XL  69TOI0XL MON ds autjdpuo) T€8t dINDIL uo
puejedz
T10T T8 10 IIoM - - - —  €68600XI  60S600XI  LTOOIOXT  06T0TOX[ MON DUDINO]J2S DY SHPST AINDL  Djod1uo.qody) -
T10T ‘Te 30 wweq —  9LI6V6Or 9867601 —  9v88760I  90S660r  SISSY6Or  S8187601 BIqUO[0D) WY “wnaoniaq wnupjog 118621 SED 10]j0wD) ")
epug
Apmys SIUL  6LYEPLAM  9TSEISCM OLPEISLI  9LSEISCM  TOSEISCY  ISPEISL  ISSEISCM  T09€ISCY  ‘eyejeuaey] WNWOWDPD VDY TIDVOO0 Dj025A2AS )
epug
Apmys SIUL  SLPEPLAM  STSEISCM  SLYEISL  SLSEISLM  00SEISCY  OSPEISL  0SSEISCY  009€ISCY  “eyejeusey] WnUOMDPD) DLVIIIT OVO0 DjoIRSA2AS )
epug
AP SIUL  LLVEPLA  HTSEISCY  bLYEISLY  YLSEISCY 66VEISLY  6VPEISL  6FSEISLY  G66SEISCY  ‘eyejeutey] WnUownpD) VLY LOVDO DjoRSL2AS )
epuy
Apmys ST, OLPEPLAM  €TSEISLY  ELPEISL  ELSEISLY 86VEISLY  SPPEISCM  8PSEISIY  86SEISIY  ‘eereuaed] WnWOWDP.AD) VLDYI|T SIOVOO0 DjoRSL2AS )
epug
Apms SIUL  SLYEPLAM  TTSEISCM  TLYSISL  TLSEISCM L6VEISC  LYPEISCY  LPSEISCM  L6SEISCY  ‘Byejeuaey] WNUOWDPD VLDYI| SIDVOO0 DjoII5A2AS )
epug
AP SIUL  pLYEPLA  TTSEISC  ILPEISLL  TLSEISCY 96VEISL  OPPEISL  9FSEISLY  96SEISCY  ‘“Byejeutey] WnWOMDP.D) DLV 0Z0VO0 DjoRSAAS )
1290-01
DONTAN
€10 '[e 10 eSuekepn) - — 6L8YSTI  TIThTAN = 008LSIAM  SSITHTAM  €60THCAN pue[rey], eI[OjnuBINE SN /ST0TONA D]02IBAZAS )
290701
D0NTAN
£10T Te 1 e3uekepn - — 088FSTIN  STITYTAN = T08LSTAM  9SITHTI  $60THTAN pueprey], asuduerewes wniSAz4Ag /IT0TONA DjoDIBAZAS D
IVIN-dV  €HTAD cdn.L SO 1-SHD LOV HAdVD SLI
‘Ou uoIssadde
QOURIJY ‘Ou UOISSadJe ueq uan uonedo T ISOH almny mvﬂoomm

(panunuod) [ dqeL

pringer

NS



Eur J Plant Pathol

produced using the slide culture technique (Johnston
and Jones 1997). PDA pieces of 3 cm square were kept
on microscope slides and placed in an empty Petri dish
containing filter paper moistened with sterile distilled
water. Spores were inoculated on the edge of the agar on
all four sides and a sterile cover slip was placed over the
inoculated agar. The Petri plates were incubated at 25
+1 °C on a laboratory bench sealed with parafilm.
Appressoria were formed under the cover slip after 4-7
days. For each isolate, length and width of 100 random-
ly chosen conidia and appressoria were determined
atx 400 magnification with a Zeiss bright field micro-
scope using Axio Vision soft ware. For each isolate,
three replicates were maintained and each replicate
contained six Petri plates. The experiments were repeat-
ed thrice.

DNA extraction

Fungal isolates were grown in potato dextrose
broth at 25+1 °C for 7 days. Mycelia were har-
vested from liquid cultures through Whatman no.3
filter paper, dried and subsequently ground into a
fine powder in a mortar and pestle using liquid
nitrogen. DNA was extracted from mycelial
powder according to the method of Raeder and
Broda (1985) and slightly modified by
Chowdappa et al. (2003) by incubating at 37 °C
for 10 min after the phenol: chloroform: isoamyl
alcohol (25:24:1) precipitation. This was followed
by precipitation with 0.54 volumes of isopropyl
alcohol and centrifugation at 10,000 rpm for
2 min. The DNA pellet was washed with 70 %
cold ethanol, dried at room temperature overnight
(16 h) and then re-suspended in 30 ul of 10 mM
TE buffer (pH.8). DNA was stored at -20 °C.

PCR amplification and DNA sequencing

Eight loci including the partial tDNA-ITS (I/79),
actin (ACT), chitin synthase 1 (CHS-1),
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), B-tubulin (TUBZ2), Histone (CYLH3),
glutamine synthetase (GS) and ApMat were ampli-
fied and sequenced using the primer pairs I7S-1 F
(Gardes and Bruns 1993) /ITS-4 (White et al.
1990), ACT512F/ACT783R (Carbone and Kohn
1999), CHS-79 F/CHS-354R (Carbone and Kohn
1999), GDFI1/GDRI (Templeton et al. 1992), Bt2a/
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Bt2b (Glass and Donaldson 1995), CYLH3F/
CYLH3R (Crous et al. 2004), GSFI/GSRI
(Stephenson et al. 1997) and AM-F/AM-R (Silva
et al. 2012a), respectively.

Each 50-ul PCR mixture included 39.75 ul of
PCR-grade water, 5 pl of reaction buffer, 1 ul of
2.5 mM of each dNTP, 1 ul of each primer (10pmol/
ul), 1 ul of DNA template and 0.25 ul of Tag DNA
polymerase. PCR reactions were carried out in a
thermal cycler (Eppendorf Master cycler). The cy-
cling parameters for /7S consisted of a denaturation
step at 95 °C for 3 min followed by 35 cycles at
95 °C for 30 s, 55 °C for 45 s, 72 °C for 45 s and a
final step at 72 °C for 15 min. The cycling param-
eters for ACT were initiated at 95 °C for 3 min
followed by 35 cycles at 95 °C for 30 s, 54 °C for
45 s, 72 °C for 1 min and a final step at 72 °C for
15 min. The cycling parameters for partial CHS and
CYLH3 region consisted of a 4 min denaturing step
at 95 °C followed by 35 cycles at 95 °C for 30 s,
58 °C for 45 s, 72 °C for 45 s and a final cycle of
15 min at 72 °C. GAPDH and GS consisted of 94 °C
for 4 min, followed by 35 cycles at 94 °C for 45 s,
60 °C for 45 s, 72 °C for 1 min and a final cycle at
72 °C for 15 min. The cycling parameters for TUB2
consisted of 95 °C for 4 min followed by 35 cycles
at 95 °C for 30 s, 54 °C for 45 s, 72 °C for 60 s and
a final step at 72 °C for 15 min. The cycling param-
eters for ApMat were initiated at 94 °C for 3 min
followed by 30 cycles at 94 °C for 45 s, 62 °C for
45 s, 72 °C for 1 min and a final step at 72 °C for
7 min. PCR amplification products were separated
by 1.5 % agarose electrophoresis gels in 1.0 x TBE
buffer and were observed under UV light after stain-
ing with ethidium bromide (0.5 pg/ ml). Amplified
DNA products of ITS, ACT, CHS-1, GAPDH, TUB?2,
CYLH3, GS and ApMat were purified using a
Nucleospin® gel and PCR Clean-up (Macherey-
nagel, Germany). Products were sequenced using
the sequencing service from Merck Specialities Pvt
Ltd, Bangalore. Sequencing of each PCR product
was performed in both directions. Sequencing reac-
tions contained the same primers of all genes that
were used in the PCR.

Phylogenetic analyses

Reference sequences downloaded from the Fungal
Biodiversity Centre (CBS-KNAW) (http://www.cbs.
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knaw.nl/Colletotrichum/) were included in the analyses
along with the combined dataset of ITS, ACT, CHS-I,
GAPDH, TUB2, CYLH3, GS and ApMat gene regions
of our isolates (Table 1). Sequences were aligned with
Clustal W, in Bioedit v.7.0.5.3 (Hall 1999) and manually
adjusted where necessary, the alignment gaps were treat-
ed as missing data for each gene, then nucleotide align-
ments of all genes were concatenated in MEGA v.5
(Tamura et al. 2011). Nucleotide substitution models
were determined using Mr-Model-test v.2.3 (Nylander
2004) for each gene region under the Akaike
Information Criterion (AIC) and included in the analy-
ses. Phylogenetic reconstructions of concatenated and
individual gene trees were performed using Bayesian
(BI) Markov Chain Monte Carlo (MCMC) and
Maximum Likelihood (ML) criteria. Bayesian analyses
(BI) were performed using Mr-Bayes v.3.1.2
(Huelsenbeck and Ronquist 2001; Ronquist and
Huelsenbeck 2003). MCMC were run for 20 million
generations and for every 1000 generations sampling
was done with the first 50 % of samples discarded as
burn-in. Maximum likelihood (ML) analyses were per-
formed in RAXML v7.0.4 (Stamatakis 2006), all free
modal parameters were estimated by RAXML for the
concatenated dataset with ML estimate of 25 per site
rate categories. In the RAXML platform, the concatenat-
ed dataset was partitioned by locus. The RAXML soft-
ware accommodated the GTR model of nucleotide sub-
stitution with the additional options of modeling rate
heterogeneity (I") and proportion invariable sites (I) and
the thorough bootstrap algorithm of RAXML with 1000
replications was implemented with nodal support.
Phylogenetic trees and data files were viewed in
MEGA v. 5 (Tamura et al. 2011) and Fig-Tree v1.2.2
(Rambaut and Drummond 2008). The sequences of all
small cardamom isolates used in multi-gene analyses
were deposited in GenBank (Table 1).

Pathogenicity testing

The pathogenicity of the isolates was determined by
inoculating intact small cardamom leaves of variety
Appangalal according to the method of Silva et al.
(2012b) with slight modifications. Fully matured second
leaves from the spindle leaf of one-year-old plants were
inoculated. The leaves were surface sterilized by
smearing with 1 % sodium hypochlorite solution before
inoculation, then washed three times in sterile distilled
water and subsequently air dried. The middle portions of

the leaves were then pinpricked and placed on wire mesh
platforms. Inoculation was carried out on the wounded
leaves by placing 20 pl of a conidial suspension (10%/ml)
prepared from 20-day-old PDA cultures. The fungal
inoculum was produced in Petri dishes containing PDA,
which were incubated for 20 days at 28 °C under a 12-h
photoperiod. Spore suspensions were prepared by adding
20 ml of sterile distilled water to the surface of the
cultures, brushing with a soft bristle brush, and filtering
through a double layer of cheesecloth. Spore concentra-
tion was determined using a haemocytometer and adjust-
ed to 10° conidia ml™" with sterile water. Leaves used as
control were inoculated with 20 pl of sterile distilled
water. After inoculation, the leaves were placed in moist
chambers and maintained at 25 °C+1 °C, RH 90 %
under a 14-h photoperiod for 7 days. The lesion size
was recorded on each leaf seven days after the
inoculation.

Results
Collection of isolates

Twenty-five isolates of Colletotrichum were obtained
from small cardamom showing typical symptoms of
anthracnose in Karnataka, Kerala and Tamil Nadu states
of India (Figs. 1 & 2). The detailed morphological and
multilocus phylogenetic analyses (ITS, ACT, CHS-I,
GAPDH, TUB2, CYLH3, GS and ApMat genes) revealed
six species: C. karstii (2 isolates), C. gloeosporioides (1),
C. siamense (7), C. syzygicola (6), Colletotrichum sp (5),
and C. guajavae (4).

Morphological characters

The Colletotrichum isolates clustered into six morpho-
logical groups based on colony characteristics, growth
rate and conidial morphology (Fig. 3 and Table 2).

In the morphological group 1 (C. karstii) iso-
lates, the upper surface color of the colony is pale
olivaceous gray with a growth rate ranging from
8.7 to 11.1 mm with an average of 10.0+0.7 mm/
day. The conidia length and width varied from
142 to 16.1x5.1-7.0 um (15.3+0.8 x6.0+0.6 pum)
respectively and were cylindrical, hyaline, straight and
obtuse at both apexes. Appressoria were circular or
clavate measuring 6.0-10.0x5.0-7.0 um (7.8
+1.7x6.1+0.9 um).
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Fig. 3 Morphology of
Colletotrichum species isolated
from small cardamom in India 1)
C. karstii 2) C. gloeosporioides 3)
C. siamense 4) C. syzygicola 5)
Unknown Colletotrichum sp. 6)
C. guajavae a) Culture on PDA,
b) conidia, ¢) appressoria

The isolates of morphological group 2
(C. gloeosporioides) produced pale olivaceous grey col-
onies on PDA with an average growth rate of 11.1
+0.2 mm/day ranging from 7.8 to 11.1 mm. The conidia

@ Springer

were all sub cylindrical with blunt round ends. The
average length and width of the conidia were 12.5—
2x4.5-6.1 um (14.7£1.6x5.3£0.6 um), respectively.
Appressoria were clavate, regular or irregular in outline
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and weakly lobed measuring 8.2-11.0 X 5.2-7.0 um (9.4
+0.8%6.0+0.6 um).

The morphological group 3 isolates (C. siamense) on
PDA exhibited dense grayish-white aerial myceli-
um, pale yellowish to pinkish colony with visible
orange conidial masses at the inoculum point with
a growth rate ranging from 7.5 to 11.0 mm with
an average of 11.0+0.9 mm/day. Setae were
not found. Conidia were single-celled, smooth-
walled, guttulate, hyaline, fusiform with obtuse to
slightly rounded ends, sometimes cylindrical with
9.00-17.1x3.0-6.0 pm (13.8+3.1x4.7+0.9 um)
in size. Appressoria were brown and ovoid mea-
suring 4.8-12.3x4.9-7.1 um (8.5+2.7%6.0
+0.9 um).

Colonies of the morphological group 4
(C. syzygicola) isolates exhibited white to grey with
orange conidial mass on the upper surface and grey on
the reverse side with an average growth rate of 10.8
+1.3 mm/day ranging from 7.2 to 11.0 mm. Conidia
were hyaline, ovoid to cylindrical with rounded apices
6.0-12.5%x5.2-6.1 pm (13.8+1.2x5.6+£0.3 pum).
Appressoria were brown to dark brown, circular to
clavate and lobed measuring 17.7-19.7 x 7.1-7.9 um
(18.6+0.7x7.4+0.3 pum).

The morphological group 5 isolates (Colletotrichum
sp) produced light grey to dark grey colonies on PDA
with a growth rate ranging from 7.0 to 11.0 mm with
an average of 10.7+£2.4 mm/day. The conidia were
cylindrical, straight, with each apex rounded, often
tapering slightly towards the base, measuring 8.5—
16.7x4.3-7.2 um (12.1£3.3x5.9+1.0 pum).
Appressoria were variable in shape, clavate to irregu-
lar and lobed 5.1-10.2x4.8-7.1 um (8.0+1.9x6.0
+0.8 pum).

The morphological group 6 (C. guajavae) iso-
lates had flat colonies with white or pale oliva-
ceous grey to rosy buff color on the upper side
while on the reverse side, the color was grey
olivaceous to olivaceous black; growth rate ranged
from 7.2 to 11.0 mm with an average of 10.7
+1.8 mm/day. Conidia were hyaline, smooth-
walled, aseptate, straight, cylindrical to fusiform
with both ends slightly acute, with or without
guttules 6.0-12.5x2.6-4.7 um (8.8+2.2x3.7
+0.7 pum). Appressoria formed singly, were medium
brown, smooth-walled, subglobose or elliptical to cla-
vate, measuring 8.1-9.5x4.5-6.1 um (8.8+0.5x5.2
+0.6 um).
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Phylogenetic analyses

The trimmed sequences of the /7S region ranged
from 597 to 618 bp, the ACT gene ranged from
259 to 281 bp, CHSI gene ranged from 289 to
299 bp, GAPDH ranged between 262 and 277 bp,
TUB2 gene ranged from 447 to 701 bp, CYLH3
varied from 392 to 411 bp, GS ranged between
789 and 865 bp and the ApMat gene ranged from
863 to 906 bp. The dataset of combined eight genes
used for phylogenetic analyses included 4454 char-
acters including the alignment gaps, the gene bound-
aries are I7S: 1-621 bp, ACT: 622-906 bp, CHSI:
907-1203 bp, GAPDH: 1204-1511 bp, TUB2:
1512-2230 bp, CYLH3: 2231-2653 bp, GS: 2654—
3523 bp and ApMat: 3524-4454 bp, of which 2564
characters were conserved, 1866 characters variable
and 1254 characters were parsimony informative. For
Bayesian analysis, a GTR+G+1 model was selected
for combined multi-gene data analysis and incorpo-
rated in the analysis. The consensus tree obtained
from Bayesian analyses confirmed the tree topology
of rapid bootstrapping estimations of RAXxML
(Fig. 4). The combined analyses resulted in the
detection of six well separated clades: two isolates
included in group 1 corresponded to C. karstii with
a bootstrap support of 98 % and a Bayesian poste-
rior probability value of 1; group 2 had one isolate,
representing C. gloeosporioides with a bootstrap
support/Bayesian posterior probability value of 100/
1; group 3 had seven isolates representing
C. siamense with 91/1; group 4 had six isolates
representing C. syzygicola with 100/1; group five
had five isolates of Colletotrichum sp. with 97/1;
and the group six had four isolates representing
C. guajavae with 90/0.97.

Pathogenicity testing

Typical symptoms of sunken and oval streaks with
reddish margin surrounded by yellow halo were
observed on the leaves of the small cardamom
variety Appangalal inoculated with isolates of: C. karstii
(2 isolates), C. gloeosporioides (1), C. siamense (7),
C. syzygicola (6), Colletotrichum sp (5), and C. guajavae
(4), after seven days. All of the isolates were re-isolated
from the leaves and showed the same morpholog-
ical characteristics that were observed upon the
initial isolation.
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Fig. 4 Phylogenetic tree of Colletotrichum species, isolated from
small cardamom in India, constructed with concatenated se-
quences of the ACT, TUB2, CHS-1, CYLH3, GAPDH, GS and
ITS genes. Bayesian posterior probability values above 0.50 are
shown at the nodes and bootstrap support values (500 replicates)

Discussion

This study represents the first attempt to characterize
Colletotrichum species associated with anthracnose of

above 50 % below BPP values. The colour shadings indicate the
detection of six well separated Colletotrichum species from small
cardamom. Red letters indicate the isolate numbers of
Colletotrichum species obtained from small cardamom

small cardamom in India using a polyphasic approach.
Colletotrichum gloeosporioides was previously consid-
ered as the only causal organism of the disease based on
morphological characters (Govindaraju et al. 1998;

@ Springer



Eur J Plant Pathol

Praveena and Biju 2012; Saju et al. 2013). No
Colletotrichum species reported on small cardamom
have been analyzed previously using molecular ap-
proaches. Detailed morphological and molecular phylo-
genetic analyses of twenty-five isolates revealed six
species as the causal agent of small cardamom anthrac-
nose, i.e., C. karstii (C. boninnense species complex),
C. gloeosporioides, C. siamense, C. syzygicola,
Colletotrichum sp. (C. gloeosporioides species com-
plex), and C. guajavae (C. acutatum species complex).

Colletotrichum karstii a species in the
C. boninense species complex was reported on sev-
eral host plants in the world, including orchid plants
(Yang et al. 2011; Damm et al. 2012a; Jadrane et al.
2012), Citrus (Peng et al. 2012), Mangifera indica,
Carica papaya, Eugenia uniflora, Bombax
aquaticum (Damm et al. 2012a; Weir et al. 2012;
Lima et al. 2013) and apple (Velho and Stadnik
2014). Some isolates from Passiflora edulis in
Brazil that were initially identified as C. boninense
(Tozze et al. 2010) were subsequently revealed to be
C. karstii based on GAPDH phylogeny (Damm et al.
2012a). Colletotrichum karstii isolates identified in
this study are fitted to the description of Damm
et al. (2012a).

Colletotrichum gloeosporioides was epitypified
by Cannon et al. (2008) and it has been possible to
compare strains of Colletotrichum with that of the
epitype, using multi-locus analysis (Cannon et al.
2012; Damm et al. 2012a, b; Weir et al. 2012;
Doyle et al. 2013; Sharma et al. 2013; Hyde et al.
2014; Yan et al. 2014). Our C. gloeosporioides
isolate fit the description of C. gloeosporioides
based on morphology and phylogeny (Cannon
et al. 2008; Weir et al. 2012). Previously, there were
a few reports of occurrence of C. gloeosporioides on
large cardamom based on morphology (Saju et al.
2013) but those isolates are not available for comparison
to confirm whether they belong to C. gloeosporioides.

Colletotrichum siamense was originally described as
a causal agent of anthracnose on coffee berries in north-
ern Thailand (Prihastuti et al. 2009). C. siamense is
thought to be geographically diverse with a wide host
range (Weir et al. 2012) and is considered to be a species
complex on several hosts (Doyle et al. 2013; Sharma
etal. 2013; Udayanga et al. 2013; Lima et al. 2013). The
ApMat marker has been reported to be highly useful in
resolving the C. siamense species complex (Silva et al.
2012a; Sharma et al. 2013). Our isolates of C. siamense
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fit within the morphological description of C. siamense
(Prihastuti et al. 2009) and this was further confirmed by
multi-gene analysis including of the ApMat gene
(Sharma et al. 2013, 2014). There are no previous re-
ports of the association of C. siamense as a pathogen of
small cardamom.

Colletotrichum syzygicola was first reported from
northern Thailand on Citrus aurantifolia and Syzygium
samarangense (Udayanga et al. 2013). This
C. syzygicola was earlier closely related to C.
cordylinicola originally described from Cordyline
fruticosa, an ornamental plant in the Asparagaceae in
Thailand ((Phoulivong et al. 2010). Our isolates fit the
description of C. syzygicola (Udayanga et al. 2013)
based on morphology and multi-locus phylogeny .

The unknown Colletotrichum sp., forming a separate
clade which is closely related to the C. kahawae clade
within a group with high bootstrap support (Fig. 4),
needs to be examined in detail.

Colletotrichum guajavae was described within
the C. acutatum species complex. Peres et al.
(2002) identified C. acutatum (s. lat.) from a gua-
va fruit in Brazil based on /TS sequences which
was identical to that of C. guajavae in the C.
acutatum complex identified by Damm et al.
(2012b). Later, Guerber et al. (2003) identified
C. acutatum (s. lat.) based on a phylogeny from
combined GAPDH and GS sequences. But it be-
longs to the clade of C. guajavae where the
GAPDH sequence generated by that study differs
at 5 bp from that of the C. guajavae ex-holotype
strain IMI 350839 of Damm et al. (2012b). Our
C. guajavae isolates corresponded to the descrip-
tion of Damm et al. (2012b).

The results of the pathogenecity studies clearly
indicate that six species of Colletotrichum pro-
duced typical symptoms of anthracnose on leaves
of small cardamom and the fungal isolates were
re-isolated. Thus, this study revealed that six spe-
cies of Colletotrichum are responsible for small
cardamom anthracnose in India. The present study
provides basic information for developing manage-
ment strategies which, in the absence of resistant
or tolerant small cardamom cultivars, should
include looking for effective bio-control agents
and green fungicides with acceptable levels
of residue contamination for use in commercial
small cardamom production in India as it is an
export-oriented crop.


https://en.wikipedia.org/wiki/Mangifera_indica%23Mangifera%20indica
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