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Abstract 
Small cardamom (Elettaria cardamollllllll Maton) is a major spice crop cultivated for its economic, culinary and medicinal va lues. 
Rhizome/clump rot, caused by Pylhilll1l vexans, FusariulII o.\yspOI"/fIll and Rhizoclol1ia sO/a/li , is one of the destructive fungal di seases 
account ing to 30 per cent crop loss. Deployment of beneficial microbes possessing growth promotion activ ity and antagonistic potential 
aga inst pathogens could be a viable and sustainable approach to nullify the deleterious effects of synthetic molecules on nature and 
to contro l the di sease effectively. In thi s study, an effort was made to isolate the endosymbiotic fungi associated with allied genera of 
cardamom and eva luating thei r antagonist ic efficacy under ill vitro conditions against the rhi zome rot pathogens. Among the endophyt ic 
fungi isolated, maximum inhibition of P l Ie-WillS was not iced in AsuL4 with 72.4 per cent, fo llowed by HcoLI wi th 60.3 per cent, while 
AmeR2 recorded max imum inhibition 65.3 per cent over contro l against R. so/alii followed by HcoLI wi th 55 .1 per cen t inhibition. 
Among the 17 isolates tested against F. o.\)lSpO/"/lIII , endophytes isolated from AmOlllll1ll subll/allllll, AsuLV3 recorded maximum 
inhib ition of 73.8 per cen t followed by AsuL4 with 69.9 per cent. The shortli sted efficacious isolates need to be further evaluated 
under glasshouse and field conditions to confinn their efficacy and could be employed as integral components in ca rdamom production 
system to manage rhizome-root rot efficientl y, economica ll y and ceo-friendly in a sustainable manner. 
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Introduction 

Small cardamon (E/ellaria cardam0ll1l1111 
Maton) also known as queen of spices, is one of 
the most valuable spice crops grown in Western 
Ghats owing 'to its high national and internationa l 
market demand. In India, cardamom is cultivated 
in 70000 hectares. Approximately 18 thousand 
tonnes (Spices Board Estimate, 2014) is produced 
every year and India is a trad itional producer and 
exporter of small cardamom. Diseases are among 
the most significant constraints to cardamom 
production in the subtropics: more than 20 
pathogens (funga l, bacterial and viral) are known 
to attack this crop, but less than a dozen can cause 
substantial economic loss. Among them, rhizome/ 
clump rot (caused by Pylhiull1 vexans. Rhizoclonia 
so/ani and Fusarium oxysporum) and leaf blight 
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(caused by Col/eolrichum g/oeosporoides) are 
the majo r funga l diseases causing about 30 per 
cent crop loss (IllOmas el aI., 198£; Vijayan and 
Thomas, 2002). Indiscriminate use of fungicides 
invites rejection of export consignment due to 
chemical res idues that are above the maximum 
residue level (MRL). 

Symptoms of rhizome rot initially starts as water 
soaked lesions at the collar region, fo llowed by decay 
of the tillers and ultimately leading to toppling of 
ti llers. Infected tillers can be easily pulled out with 
a little force. Use of naturally available antagonistic 
microorganisms against rhizome rot pathogens 
is a substitution approach to grow cardamom on 
a sustai nable basis. Plants express multiple traits 
including that are expressed by symbiotic microbes, 
they provide food or minerals to plants and resistance 



aga inst herbi vores and pathogens (Ba rrett and 
Heil , 20 12). Several characters act direct ly aga inst 
these pathogens like competition, repellent, and 
some indirect effects by producing antimicrobial 
compounds or function as mechanical barri ers (Heil , 
200S). 

The tacti ca l use of naturall y occurri ng 
microbes to ward orf pathogens and augment 
product ion of major crops represents an alternati ve 
and feasible option to induce host plant res istance 
and pesti cide free pest and di sease control. Glenn 
el al. ( 1996) found that endoph ytes are systemic, 
seedborne and non-pathogeni c, belonging to genus 
Neolyphodill lll and were highl y competiti ve and 
antagoni st. 

Marshall el al. ( 199S) characterized ten species 
of endophytes obtained from Tr iliculII. Most 
of them were ACrelllOl1i lllll and Neolyphodilllll. 
Paenibacilllls polYlllyxa and Cilrobacler sp. 
isolated from wild re lati ves of maize showed 
antagonistic acti vity aga inst F oxysporulll (Mousa 
el al., 201 5). The present study was formulated 
with the objective to characteri ze endophytes from 
wild genera of small ca rdamom free from rhzome 
rot and test its effi cacy. 

Materials and methods 

solation of rhizome rot patllo ens 

The pathogen was isolated by using tissue 
di ssection methods as described by Prema 
el al. (20 II ). Infected rhizomes showing typical 
symptoms were cut into small bits and surface 
sterili zed in 0.1 per cent mercuric chloride solution 
for about a minute, followed by washing thrice in 
sterile distilled water. Ti ssues were transferred to 
sterile Petri plates, pre plated with potato dex trose 
agar (PDA) medium. The inoculated Petri plates 
were incubated in BOD incubator at (2S±2°C) and 
observati ons were taken at regular interva ls. The 
pathogen was identified based on their cultural and 
morphological characters. A bit of fungal culture was 
microscopically examined at 40X magnification for 
the presence of conidia (F oxysporlllll ), constriction 
in daughter mycelia (II. so lani) and sporangia 
(P vexans) . 
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Isolation of fungal endosymbionts 

Endophytic fungi present in wild genera of 
cardamom were isolated fro m leaves, stem, root 
and rhi zomes of three wild genera viz. , Aji 'alllolll lllll 
lIIelegllela (A me), A 11/011111111 slIbulalulII (Asu) 
and I-l edycll ill ll l coronarilllll (I-I co). For study of 
endophyti c fungi growing symptomless in healthy 
plant ti ssues, culti vation technique was followed as 
explained by Unterseher and Schn ittler (2009). Pl ant 
organs were di ssected into small fragments, surface 
sterili zed and plated onto PDA medium. Cultural 
characters like colony growth, co lour, zonati on, 
substrate colour, margi n of co lony and topography 
were recorded. 

III vitro inhibition of pathogens 

Funga l endosymbionts were evaluated for their 
ability to inhibit mycelial growth of F oXYSpOrulll , 
P veXCIns and II. solani by following the dual 
culture techn ique (Denni s and Webster, 197 1). The 
antagonist culture was inoculated at one side of Petri 
plate at about a cm fro m one edge of the plate on 
PDA medium and mycelial disc (S mm diameter) 
of seven days old culture of pathogens was placed 
on the opposite side perpendicul ar to the antagonist 
plug. The plates were incubated at room temperature 
(2S±2 0C) fo r four days in case of P vexans and 
II. solani and for seven days in case of F O>)lsporlllll , 
and the rad ialmyceliaLgwwth (mm) of the pathogen 
was recorded. Per cent inhibition of the mycelial 
growth was then calculated by using formula as 
follows. 

Per cent inhibition over control ~ C - T x 100 
C 

where, C is the mycelial growth of pathogen in 
control and T is mycelial growth of pathogen in dual 
plate 

Data analysis 

The in vilro bioassay ex periments were 
laid out in completely randomi zed design 
(C RD), the per cent data was transformed using 
arc sine tra nsformation and stati sti cal analys is 
was ca rri ed out using the so ftware package 
AGR ES version 7.01 ( 1994 Pasca l Inti Soft ware 
Solutions). 

Fungal cndophytcs against rhizome 1"01 or cardamom 

Results and discuss ion 

Rhizome rot in small ca rdamom is one of the 
major diseases known to farmers growing the crop 
in Kerala and Karnataka and is also referred as 
cl um p rot disease, caused by pathogen trio P veXCIIIS, 
II. solalli and F oxysporull/. The disease is a serious 
menace to culti vation of small cardamom in tropics. 
At present, the disease is cont roll ed by drench ing 
huge quanti ty of pesti cides before and after the onset 
of the monsoon. Alternative ly, the use of funga l 
endophytes can be a remedy for the di sease and also 
biologica lly safe. 

Endophytes are we ll thought-o ut as pl ant 
mutua lis ts, as they obtain nouri shment and 
securi ty from the hos t plant , while the host ge ts 
benefit from improved cut -throa t abilit ies and 
augmented confrontati on to va rious biotic and 
abi oti c stresses (Saik konen el a I. , 1998). An 
attempt was made to iso late the endosymbi oti c 
fun gi assoc iated wi th wild genera of ca rdamom, 
namely, Ajrallloll1l1l1llllel eglle la (A me), A 1110111 11111 

sllbllla l ll ll1 (Asu) and J-Iedychill lll coronarilllll 
(Hco) . Iso lati on o f endophyti c fun gi was ca rri ed 
out from leaves, peti ole, stem, root and rhi zo mes 
of these spec ies and charac teri zed. Totall y 17 
iso lates o f endosymbioti c fungi were iso lated 
fro m the three alli ed genera of ca rdamom and 
grown in PDA medium . Grey ish whit e co loured 
co lonies we re obse rved in the iso lates As uLV I 
As uLV2, As uL2 and As uL4 . Grey cO loure<\ 
co loni es we re observed in AsuLV3 AmePe2 
white co loured co lonies we re observed i'; 
As uL2, I-I coL2, AmeL, AseLV, AmePe l and Ame 
R I, whil e brown an brown ish orange co loured 
co loni es we re obse rved in AmeR2 and Ame Ps 
res pecti ve ly. ' 

Vari ati ons were observed in substrate 
co lour, three iso lates (AsuLV I, HcoL I, AmeL) 
were cream coloured, brown to browi sh ye ll ow 
co loured substrates were obse rved in iso lates 
As uLV3, AsuL5 and AmeR2. Margins of 
iso lates also showed var iatio ns, fo ur iso lates 
were irreg ul ar and other were regular and mi xed 
reacti on of wavy and smoothness we re al so seen. 
Considering the topography, II iso lates we re 
raised and flu ffy, fi ve iso lates were fl at, one 

3 

iso late (A mePS) was rai sed and cotto ny and one 
(AseLV) was pOWdery. 

Clea r zo nation was not iced onl y in AmeL 
isolate, with rega rd to pigmenta tion , seven iso lates 
showed cha racteristic pigmentation (Tab le I, 
Fig. I). Maximum colony diameter (90 cm) was 
observed in eleven isolates on sevent h day after 
sub-culturi ng. Colony appearance, co lony growth 
rate and co lony morphology are impo rtant trait s 
for identi fica tion and charac terizat ion of fun gi 
(Prema el al., 20 II ). There was wide vari ati on 
in th e co lony characters viz., co lour, topography, 
pigmentati on, zonat ion, spo rul ation and myce lia l 
growth of diffe ren t iso lates in PDA media. In 
the present study, iso lates were charac teri zed by 
blackish whi te, grey and white co loured co loni es. 
Margins we re smooth as we ll as irregular, all 
th e iso lates diffe red with respect to sporul ati on , 
pigmentat ion, margin and topography. Lu el al. 
(20 12) characterized the endophyt ic fung i iso lated 
from Chinese medicinal plant Aclillidia and 
identifi ed based on moprhologica l and cultura l 
characters. 

Fig. I. C ultural clmracfcrs of endophytic isolates 1'1'0111 wild 
relatives of s lIIall cardamom 
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Table I. Cultural characters of endophytic isolates from AmollllllU slIbll/lIllll1l (Asu), fieliycililllU corollll";IIIU (lico) lind 

A/ramomlll1l me/egllela (Ame) on PDA medium 

SI. 
No. 

I. 
2. 
3. 

4 . 

5. 

6. 

7. 

8. 

9. 

10. 

II. 
12. 

13. 
14. 

15. 

16. 

Isolate 

AsuLVI 
AsuLV2 
AsuLV3 

AsuL2 

AsuL3 

AsuL4 

AsuL5 

AsuPe l 

HcaL I 

HcaL2 

AmeL 
AseLV 

AmePel 

Colony colour Substrate 
colour 

Greyish white Cream 
Greyish white White 
Grey Brown 

Greyish while Light 
brown 

White White 

Greyish black Black 

Whitish brown Brown 

Whitish grey Yellow 

Blackish grey Greyish 
yellow 

White Cream 

White 
White 

White 

Cream 
Creamy 
white 
White 

Margin 

Wavy 
Smooth 
Wavy and 
irregular 
Smooth 

TOI)ography 

Raised and flufiy 
Raised and fluffy 
Raised and flu ffy 

Flal 

Zonation 

No zonation 
No zonation 
No zonation 

No zonation 

Wavy and Raised and fluffy No zonation 
regular 
Smooth Raised and fluffy No zonation 
and regular 
Wavy and Flat No zonation 
irregular 
Wavy and Raised and fluffy No zonation 
regular 
Wavy and Raised and fluffy No zonation 
regular 
Wavy and Raised and fluffy No zonation 
irregular 
wavy 
Smooth 

Smooth 

Raised and fluffy 

Powdery 

Clear zonation 
No zonation 

AmePe2 Grey Blackish Smooth 

Flat 
Flal 

No zonation 
No zonation 

AmePs 

AmeRI 

Brownish 
orange 
White 

grey 
Orange 

White 

Wavy and 
irregular 
Smooth 
and regular 

Raised and cottony No zonation 

Raised and fluffy No zonation 

Pigmentation 

Brown 

Black 

Black 

Yellow 

Whitish yellow 

Black 

Colony 
diameter 

(nun) 

85 
90 
78 

90 

70 

90 

83 

90 

90 

90 

90 
90 

90 
90 

75 

90 

17. Ame-R2- Browlll ___ -"Brownsih Wavy and Flat No zonation Dark brown 83 

yellow irregular 

The results of in vitro anlagonistic activity of 
endosymbionts against mycelial growlh of P. vexal1s 
revealed Ihat AsuL4 isolate significantly reduced the 
mycelial growth of P. vexal1s with mean mycelial 
growth of 21 .3 mm accounting for 72.4 per cent 
inhibition over control. It was followed by HcoLi 
with a mean mycelial growth of 30.7 mm and 60.3 

AsuL<I Hc0l 1 AsuPe1 

Fig. 2. III ,';Iro antagonistic activity of cndollhytcs against 
Pylltilllll vex,,"s 

4 

per cent inhibition over control. Least inhibition 
of 28.0 per cent was recorded in AsuPe I with the 
mycelial growth of 55.7 mm (Table 2; Fig. 2). 

Similarly, ill vitro efficacy of endosymbionts 
against the mycelial growth of R. solani revealed 
that the isolate AmeR2 significantly recorded higher 
inhibition of 65.3 per cent, followed by HcoL! 
recording 55. 1 per cent inhibition over control. The 
lowest inhibition was recorded by AsuL3 with a 
mycelial growth and per cent inhibition of 67 .0 mm 
and 10.7, respectively (Table 3; Fig. 3). 

The result of ill vitro efficacy of endosymbionts 
against mycelial growth of F oxyspol"llm showed 
that among the 17 isolates tested for mycelial 

Fungal cndophytcs agaillst rhizome rot of ca rdamom 

Table 2. III "ill'o antagonistic activity of cndos),mbionts against R )'exaltS 

SI. No. Isolatc Growth of 
pathogcn (mill) 

Percent age inhibit ion 
over control 

Growth of 
cl1dOI)hYle (mm) 

Intcrac tion tYilC 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

ASll LV I 
ASlILV2 
ASlI LV3 
AsuL2 
AsuL3 
AsuL4 
AsuL5 
AsuPci 
HcaL I 
HcaL2 
Amc L 
Ame LV 
Amc Pc I 
Ame Pe2 
Amc Ps 
Ame R I 
Ame R2 
Control 

34.7 
43.7 
45.0 
33.3 
35.0 
21.3 
32 .7 
55.7 
30.7 
35.0 
36.0 
3 1.0 
32.7 
32.0 
36.0 
32.7 
37.0 
77.3 

Values followed by the same alphabet do not differ significantly 

AsuL3 Contlol 

Fig. 3. 111 "ill'O antagonistic activity of cndophytcs against 
R. soltmi 

55.2b 

43.5c 

4 1.8c 

56.9b 

54.7b 

72.4a 

57.7b 

28.0d 

60.3b 

54.7b 

53.4b 

59.9b 

57.7b 

58.7b 

53.4b 

57.5b 

52.8b 

0.0 

30.0 
18.0 
15.7 
25.7 
30.3 
30.3 
34.7 
11.0 
39.0 
34.7 
34.3 
13 .7 
32.3 
29.0 
33.7 
30.3 
21.0 

Overlappi ng 
Inhibition 
Inhibition 
Inhibition 
Overlapping 
Inhibition 
Inhibition 
In hibition 
Inhi biti on 
Overlapping 
Inhi bi tion 
Inhibition 
Overl appi ng 
Overlappi ng 
Overlappi ng 
Inhibition 
Ovcrlapping 

inhibition, the isolate AsuLV3 recorded signifi cantly 
higher inhibition of 73.8 per cent ove r cont ro l 
fo llowed by AsuL4 with 69 .9 per cent inhibitiOl; 
over control. The iso late AmeP2 recorded the lowest 
per cent inhibition (40.6) (Table 4; Fig. 4). Very 
few stud ies in endophytes from the wild re lati ves o f 
culti vated crops have been isolated, characteri zed 

Table 3. I" "iII'O antagonistic activity of cndosymbionts against R. SO/filii 

SI. No. Isolatc Growth of 

I. 
2. 
3. 

4. 

5. 
6. 
7. 
8. 
9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

AsuLVI 
ASIILV2 
ASIILV3 
AsuL2 
AsuL3 
AsuL4 
AsuL5 
AsuPel 
HcaLI 
HcaL2 
Ame L 
Ame LV 

Am~ Pe l 

Ame Pe2 
Ame Ps 
Ame R I 
Ame R2 
Control 

IH,thogcn (m ill ) 

52.3 
4~.3 

49.0 
45.0 
67.0 
38.7 
43.0 
44. 3 
33.7 
46.0 
45.0 
50. 3 
46.3 
36.3 
6 1.7 
45.0 
26.0 
75.0 

Pereentagc inhibition 
0"('1' control 

30.2' 
35.6 fghi 
34.7 ghi 
40.0 rfg 

10.7 k 
48.4 cd 
42.7 de 
40.9 ef 
55. 1 b 
38.7 efgh 
40.0hi 

32.gefgh 

38.lbc 

5 1.si 
17.&1 
40.0efg 

65.3" 
0.0 

Values followed by the same alphabet do not differ significantly 
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Growth of 
cndOI)hytc (111m) 

13.3 

14.3 
11.3 
16.7 
3.0 

22.0 
19.3 
15. 7 
18. 7 
15.7 
18.7 
18.0 
17.3 
20.7 

9.3 
12.3 
28.7 

Interaction type 

Overlapping 
Overlapping 
Overlapping 
Overlapping 
Overlapping 
Inhibition zone 
Overlapping 
Overl apping 
Inhibition zone 
Overlapping 
Overlapping 
Overlapping 
Overlapping 
Overlapping 
Inhibition 
Inhibition 
Inhibition 
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Ta ble 4. III vitro a ntago nistic nctivity of cndosymbionts aga inst F. o.\)lsporum 

SI. No. Iso late G rowth of Percentage inhibition G rowth of Interaction tYI)C 
)la thogcn (mill) over control cndophytc (mm) 

I. ASliLV I 42.0 45.0hi 24.7 Overlapping 
2. ASlILV2 36.7 52.0efgh 30.3 Overlapping 
3. ASlILV3 20.0 73.8 a 45.3 Ovcrlapp ing 
4. AsuL2 28.0 63.3 bed 35.3 Ovcrlapping 
5. ASlI L3 30.3 60.3 cde 37.0 Overl apping 
6. AsuL4 23.0 69.9 ab 34.3 Inhibition zone 
7. AsuL5 37.3 5 1. 1 fgh 38.0 Overl app ing 
8. AsuPe l 25.0 67.2 abc 22.7 Overl apping 
9. HeoLI 42.0 45.0 hi 34.0 Inhibi tion zone 
10. HeoL2 32.7 57 .2 def 34.3 Overl apping 
II . Ame L 36.0 52.8efgh 30.0 Inhibit ion 
12. Ame LV 32.0 58. 1 def 3 1.0 Overl appi ng 
13. Ame Pe l 35.0 54. 1 efg 23.3 Inhibi tion 
14. Ame Pe2 45.3 40.6i 2 1.0 Overl apping 
15. Ame Ps 41.3 45.gegi 26.0 Inhibition 
16. Ame R I 34.0 55.5def 25.0 Inh ibi tion 
17. Ame R2 23 .3 69.4ab 69.0 Ove rlapping 
18. Control 76.3 0.0 

Values followed by the same alphabet do not difTcr signi ficant ly 

and eva luated against plant pathogens, the ir 
efficacy aga inst pathogens operates through 
vari ous mechani sms. Vue e/ al. (2000) identifi ed 
several derivati ves of indo le, terpene, and amide 
from Epichloe j es/licae, however, the inh ibition 
of pathogens in vitro and di sease res istance 
exhi bited in vivo could not be linked clearl y. Turf 
grasses, which had E. j es /ucae as an endophtye, 
showed considerable confro ntati on over turf 
grasses whi ch di d not harbour E. j es/llcae, to leaf 
spot pathogens Sclera/ina hOllleocarpa (C larke 
e/ ai., 2006) and Lae/isaria fi lsiforll1 is (Bonos 
e/ ai. , 2005). Still , the mystery is unsloved that the 
mechanism of enh anced disease confrontation with 
the presence of certa in endophytes, is associated 
with antimicrobial compounds produced by th e 
endophyte or by physical excl usion mechanism 
or by competiti on or combi nati on of all these 
mechani sms, in order to ward off the pathogen. 

Fig. 4. I II vitro antagonistic nctivity of cndOI)hytcs against 
F. oxyspofllm 
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