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Abstract  

Present study deals with the isolation of endophytic fungi from leaf and root explants of 
Ananus comosus var queen from three growing conditions i.e. wild, cultivated as monoculture and 
cultivated as mixed cropping system with rubber plants. A total of twenty-nine endophytic fungal 
strains along with two nonsporulating forms were isolated from the host plant from three 
experimental plots. The maximum numbers of fungal strains were found belong to family 
Aspergillaceae and order Eurotiales. The highest rates of colonization and isolation (p<0.05) of 
endophytic fungi have been reported in wild foliar explants (95.53±0.53) and monoculture 
(1.02±0.01), respectively. The highest relative frequency was observed among isolated fungal 
strains in the case of Lasiodiplodia theobromae isolated from the leaf and root of wild (26.22%) 
and monoculture (29.62%) explants. In L. theobromae and Aspergillus flavus, isolated from the leaf 
and roots of wild (21.66%) and monoculture (14.66%) explants showed the highest colonization 
frequency. Current findings showed that the distribution of fungal endophytes and their relative 
frequency in host plants vary in three different growing conditions. 
 
Key words – Colonization frequency – Fungal endophytes – Mixed cropping – Monoculture – 
Pineapple  
 
Introduction  

Endophytes are microorganisms which colonize the living plant tissues without causing any 
immediate apparent harmful effects (Azevedo et al. 2000). Endophytic fungi spend whole or part of 
their life cycle and colonize inter and/or intracellular spaces in healthy plant tissues of stem, 
petiole, roots and leaves without causing no apparent symptoms of the disease (Cabral et al. 1993). 
According to Paulus et al. (2006), variation in chemical profiles of the host plant might affect the 
differential distribution of endophyte assemblages in different host plants.  

Monoculture of crop plants exerts negative effects on microbial biomass and diversity. 
Therefore, intercropping and crop rotations are preferred for better management of soil fungi 
(Nayyar et al. 2009). It was suggested that different crops produce different organic residues and 
provide diverse food which promotes fungal diversity and activity of soil fungi (Swer et al. 2011). 
According to Stukenbrock & McDonald (2008), evolutionary dynamics of host-microbe 
interactions shift due to environmental differences of natural and domesticated habitats and also by 
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genetic variation between wild and cultivated populations of the host plant. It was stated that 
environmental conditions, agroecosystems and plant chemicals exert an effect on the diversity of 
fungal endophytic community (Saunders & Kohn 2009). Apart from that, agricultural practices may 
influence root microbial communities (Seghers et al. 2004). It was reported that type of cultivation 
environment i.e. open fields and greenhouses affect the diversity of endophytic fungi in soybean 
(Pimentel et al. 2006). It was also suggested that mixed-cropping between two field pea varieties 
influenced root-associated microbial communities and two varieties supported significantly 
different fungal communities as compared to grown as monocrops (Horner et al. 2019). Moreover, 
extensive variation in rhizosphere composition between plant species, as well as mixedcropping 
between crop species can induce significant changes in soil fungal community composition and 
diversity (Li & Wu 2018) which may affect root-associated fungal community composition.  

The present study aimed to isolate endophytic fungi from leaves and roots of Ananus 
comosus grown under three different growing conditions i.e. wild, monoculture and as a mixed 
crop with Rubber. Pineapple is considered to be one of the major horticultural crops of Tripura 
state. Favourable agroclimatic condition favours the cultivation of this crop. Peoples even from 
different tribe groups have been practicing the cultivation to earn their livelihood. Two varieties of 
pineapple i.e. Queen and Kew variety are generally grown in the state. But Queen variety which is 
relatively small, rich in aromatic quality and the taste is cultivated in Sepahijala district. However, 
presently farmers are moving towards the rubber cultivation for high profitability. Although in 
some areas Pineapple being cultivated as a mixed crop with Rubber. Endophytic mycoflora is 
considered to be a dynamic structure which can have a role in sustainable agricultural development. 
This aspect certainly enhances the importance of studying endophytic fungal taxa associated with 
this crop under different growing conditions. 
 
Materials & Methods  
 
Sampling sites 

Madhuban (23°46'02.2"N; 91°18'02.7"E) and Kathaltali of Sepahijala district (23°46'56.5"N; 
91°17'25.3"E), Tripura was chosen as sampling site where the test samples growing under three 
different growing conditions i.e. at wild, cultivated (monoculture) and as cultivated (mixedcrop 
with rubber) and were designated as S1, S2 and S3 respectively. 
 
Sampling of explants 

A. comosus (L.) Merr.var. queen plant was selected for the present study. The plants were 
selected from three different growing conditions by non-random sampling method. Only healthy 
and disease-free plants were selected to minimize the presence of pathogenic and saprobic species. 
Leaves and roots were collected as explants from five host plants from three experimental sites in 
sterile bags and processed within 24 hours of collection. Sampling of explants was carried out from 
February 2013 to January 2014. 
 
Isolation of endophytic fungi 

Isolation of fungal endophytes was done according to the standard protocol (Schulz et al. 
1998, Strobel & Daisy 2003) with slight modification as per the requirement of root/leaf tissue. The 
exposure time length with sterilant was decided based on tissues strength. Sterilized samples were 
cut in the dimensions of approximately 0.5 cm × 0.5 cm. Four to five segments of plant tissues 
were placed on 2% Malt Extract Agar (MEA) or Potato Dextrose Agar (PDA) plate supplemented 
with streptomycin (100 µg/ml), and incubated in a BOD (Biological Oxygen Demand) incubator 
for 7 to 21 days at 25(±2)°C. To ensure proper surface sterilization, the sterilization protocol was 
validated using a leaf imprint method (Schulz et al. 1998). The plated segments were monitored on 
every alternate day. Hyphal tips from fungi growing out from the samples were subsequently 
transferred onto fresh plates to isolate pure colonies. 
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Identification of fungi 
Macroscopic characteristics of colonies and microscopic characteristics were observed.  

The standard manuals and literatures were used for identification of fungi (Raper & Fennell 1965, 
Booth 1971, Ellis 1971, Domsch et al. 1980, Watanabe 2002). Identification of fungal strains were 
authenticated by Molecular identification (ITS sequence of rDNA) or by morphological 
identification from NFCCI, Agharkar Research Institute, Pune. Nomenclature was authenticated 
from Index Fungorum (www.indexfungorum.org) and MycoBank (www.mycobank.org) databases. 
 
Data analysis 

Colonization rate (CR), Isolation rate (IR), Relative frequency (RF) (Photita et al. 2001, 
Huang et al. 2008) and Colonization frequency (CF) (Hata & Futai 1995) were determined. 
 
Diversity indices 

Diversity indices were also calculated according to Hammer et al. (2001). Dominance_D, 
Evenness_e^H/S, Shannon_H and Simpson_1-D and Species richness for both epiphytic and 
endophytic fungal strains were calculated using PAST software (3.19 version). 
 
Statistical analysis 

All the assays were performed in triplicate and the results were expressed as Mean ± SE 
values. The mean values and standard error were calculated using Origin version 7.0. One way 
analysis of variance (ANOVA) was conducted to test the significance among the leaf or root 
explants of three different sampling sites. Colonization and relative frequencies of leaf and root of 
three types of explants (wild, monoculture and mixed cropping) using two- way ANOVA were 
analyzed, where the growing conditions of host plant (wild, monoculture and mixed cropping) and 
fungal isolates were used as factors.  
 
Results and discussion 
 
Isolation and identification of endophytic fungi 

The present investigation deals with the comparative evaluation of endophytic fungal 
diversity in leaf and root explants of Pineapple (A. comosus) plant from three different growing 
conditions i.e. wild, monoculture, and mixedcropping. A total of twenty-nine endophytic fungal 
strains along with two nonsporulating forms were isolated from the host plant. Of them maximum 
numbers of fungal strains belong to family Aspergillaceae and order Eurotiales followed by order 
Hypocreales. Among the isolated endophytes, eight fungal strains and one nonsporulating form 
were isolated from leaf explants whereas, nine fungal strains and one nonsporulating form were 
obtained from root explants of host plants growing in a wild condition. From leaf explants of host 
plants from monoculture system ten fungal strains and one nonsporulating forms were isolated; 
however, from root explants, eight fungal strains and one nonsporulating form were recovered. 
From leaf explants of host plants grown in mixedcropping condition thirteen endophytic fungi and 
one nonsporulating form and from root explants twelve endophytic fungi as well as one 
nonsporulating form, were isolated. 

Of them, Acremonium strictum was only isolated from foliar explants of S1. Daldinia 
eschscholtzii was isolated as leaf endophyte from S2 plants. Cladorrhinum samala, Scytalidium 
lignicola, Trichothecium roseum, Gongronella butleri and Monilia pruinosa were isolated from 
both root and leaf explants of S3. Moreover, Cladosporium cladosporioides, Nectria ventricosa and 
Taleromyces stollii were isolated as leaf endophyte and Mortierella zychae was isolated only from 
root explants in case of S3 (Table 1). It was demonstrated that mixed-cropping between two 
varieties of field peas alters root fungal community composition in comparison to mono-cropping 
(Horner et al. 2019) which partially supported the present experimental findings as here host plant 
A. comosus cultivated under mixedcropping system with Hevea brasiliensis. Moreover, according  
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to Xiong et al. (2016) fungal communities of black pepper – vanilla and vanilla monoculture systems differed which correlated with present findings. 
 
Table 1 Checklist of isolated endophytic fungal strains and their occurrence in explants of host plants in three growing condition. 
 

Isolated endophytic fungal strains Wild (S1) Monoculture 
(S2) 

Mixed cropping 
(S3) Order Family 

Leaf Root Leaf Root Leaf Root 
Acremonium strictum W. Gams + - - - - - Hypocreales Incertae sedis 
Aspergillus candidus Link - + - + - + Eurotiales Aspergillaceae 
Aspergillus flavus Link - + - + - - Eurotiales Aspergillaceae 
Aspergillus fumigatus Fresen. - - + - + - Eurotiales Aspergillaceae 
Aspergillus japonicus Saito + - + - - - Eurotiales Aspergillaceae 
Cladorrhinum samala (Subram & Lodha) W. 
Gams & Mouchacca - - - - + + Sordariales Podosporaceae, Lasiosphaeriaceae 

Cladosporium cladosporioides(Fresen.) G.A. de 
Vries - - - - + - Capnodiales Cladosporiaceae 

Curvularia lunata (Wakker) Boedijn + - + - - + Pleosporales Pleosporaceae 
Daldinia eschscholtzii (Ehrenb.) Rehm - - + - - - Xylariales Hypoxylaceae 
Fusarium oxysporum Schltdl. - - + - + + Hypocreales Nectriaceae 
Fusarium sp. + - + - - - Hypocreales Nectriaceae 
Gongronella butleri  (Lendn) Peyronel & Dal 
Vesco - - - - + + Mucorales Cunninghamellaceae 

Lasiodiplodia theobromae (Pat.) Griffon & 
Maubl. + + + + - + Botryosphaeriales Botryosphaeriaceae 

Monilia pruinosa Cooke & Massee - - - - + + Helotiales Sclerotiniaceae 
Mortierella zychae Linnem. - - - - - + Mortierellales Mortierellaceae 
Nectria ventricosa C. Booth - - - - + - Hypocreales Nectriaceae 
Nigrospora oryzae (Berk. & Broome) Petch + - + - - - Xylariales Apiosporaceae 
Paecilomyces variotii Bainier - + - + - + Eurotiales Thermoascaceae 
Penicillium citrinum Thom - - + - + - Eurotiales Aspergillaceae 
Penicillium sclerotiorum J.F.H. Beyma + + + + - - Eurotiales Aspergillaceae 
Pestalotiopsis versicolor (Speg.) Steyaert + - + + + + Amphisphaeriales Pestalotiopsidaceae 
Rhizoctonia solani J.G. Kühn - + - + - - Cantharellales Ceratobasidiaceae 
Scytalidium lignicola Pesante - - - - + + Helotiales Hyaloscyphaceae 
Staphylotrichum coccosporum J.A. Mey. & 
Nicot - - - - + - Incertae sedis Not assigned 

Talaromyces stollii N. Yilmaz, Houbraken, 
Frisvad & Samson - + - - + - Eurotiales Trichocomaceae 

Trichoderma harzianum Rifai - + - + - - Hypocreales Hypocreaceae 
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Table 1 Continued. 
 

Isolated endophytic fungal strains 
Wild (S1) Monoculture 

(S2) 
Mixed cropping 

(S3) Order Family 
Leaf Root Leaf Root Leaf Root 

Trichothecium roseum (Pers.) Link - + - - + + Hypocreales Incertae sedis 
Nonsporulating hyaline form + - + - - - Not applicable Not applicable 
Nonsporulating dematitious form - + - + + + Not applicable Not applicable 
 

Different fungal strains were reported to be isolated as endophytes from different host plants. Aspergillus japonicus was isolated from Tridax 
procumbens (Aharwal et al. 2018), Aspergillus fumigatus and Nigrospora oryzae were from Eucalyptus citriodora (Kharwar et al. 2010) and 
Aspergillus flavus and Penicillum citrinum were reported from medicinal plants (Uma Maheswari & Saranya 2018). Whereas, Cladosporium 
cladosporioides and Trichoderma harzianum were recovered from Quercus sp. (Moricca et al. 2012), Acremonium strictum were isolated from tea 
cultivars (Win et al. 2017), Lasiodiplodia theobromae was reported from Catharanthus roseus (Dhayanithy et al. 2019) and Penicillium sclerotiorum 
was isolated from Garcinia atroviridis (Arunpanichlert et al. 2010). Moreover, Talaromyces sp., Curvularia lunata and Fusarium oxysporum were 
isolated from medicinal herbs (Rajagopal et al. 2010), Rhizoctonia solani was reported from wheat plant (Comby et al. 2016), Staphylotrichum 
coccosporum was identified from Coscinium fenestratum (Goveas et al. 2011) and Monilia sp. Mortierella sp. were isolated from Aquilaria sinensis. 
(Gong & Guo 2009) In the present investigation, these fungal strains were isolated as foliar and/or root endophytes from the host plants grown in three 
sampling sites. As low host preference or host specificity of endophytic fungi was observed in previous investigations (Cannon & Simmons 2002, 
Rajamani et al. 2018), it might be possible that isolated endophytes from the host plant A. comosus overlap with isolated endophytic fungal strains 
from other host plants. Sterile forms were also isolated from many other angiospermic hosts (Cannon & Simmons 2002) which correlated with present 
findings where two types of nonsporulating forms were isolated as endophytes. Pestalotiopsis sp. and Fusarium sp. were reported as endophytes of 
Hevea brasiliensis (Rocha et al. 2011). Moreover, Cladosporium cladosporioides, Lasiodiplodia theobromae, Trichoderma harzianum, Pestalotiopsis 
sp. and Fusarium sp. were isolated as endophytes from Hevea brasiliensis (Gazis & Chaverri 2010). These endophytic fungal strains were also 
obtained from explants sampled from host plant growing with H. brasiliensis in the present investigation. Fusarium oxysporum and Pestalotiopsis 
versicolor were documented as endophytes from explants of host plant grown under mixedcropping system with Hevea brasiliensis in present 
experimental findings. Wearn et al. (2012) stated that the isolated endophytes showed organ specificity within plants. The present experimental 
findings also indicated that some of the isolated endophytes showed organ specificity and species number and diversity of endophyte also varied 
between leaf and root explants (Table 1). Huang et al. (2008) also indicated the tissue specific nature of endophytic fungi although most of the 
endophytes only exhibited tissue preference.  
 
Analysis of diversity 

To find out the significant effect of colonization and isolation rate of explants (Table 2) on two types of explants i.e. leaf and root sampled from 
wild, monoculture and mixed cropping conditions the analysis of variance (ANOVA One Way) was performed. Thus, if the significant effect of at 
least one explant sample had been found at 5% level of significance (i.e., p-value<0.05), then Tukey HSD test was carried out to identify the presence 
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of most significant effects of colonization and isolation rate in which explants. The p-value of 
corresponding ANOVA (One Way) had been reported (<0.05) in Table 2. The highest colonization 
and isolation rates of endophytic fungi were recorded in foliar explants of wild (95.53±0.53) and 
monoculture (1.02±0.01) respectively and both of them were showed significant differences 
(p<0.05) from others. Whereas for root and leaf explants of wild types the lowest colonization and 
isolation levels of endophytes were observed, and they also showed a significant difference at 
p<0.05 from other types.  
 
Table 2 Colonization and isolation rate in different explants (S1, S2 and S3) collected from three 
sampling sites. 
 

Colonisation and isolation rate 
of explants 

Sampling sites p-value Wild (S1) Monoculture (S2) Mixed cropping (S3) 

Leaf colonization Rate 95.53±0.53a 87.22±0.56b 83.89±0.56c 1.47E-05 
Isolation Rate 0.87±0.01a 1.02±0.01b 0.97±0.01c 8.93E-06 

Root colonization Rate 78.89±1.11a 93.67±1.83b 80.55±0.55a 0.00033 
Isolation rate 0.96±0.01a 0.95±0.00a 0.93±0.01a 0.085 

Each value is expressed as the mean ± SE of three replicates. Different alphabets differ significantly at p<0.05 
along with each sampling sites. 
 

Among isolated fungal strains, the highest relative frequency was observed in the case of 
Lasiodiplodia theobromae isolated from leaf and root of S1 and root explants of S2 (Table 3). 
Daldinia escholtzii, exhibited the highest relative frequency in foliar explants of S2. For S3 
explants highest relative frequency was observed in Taleromyces stollii (leaf explant) and 
Aspergillus candidus (root explant). Colonization frequency of different fungal strains also varied 
(Table 3).The colonization and relative frequencies of isolated fungi from root significantly 
differed between three sampling sites (wild, monoculture and mixed cropping) (isolates: F = 4.95, 
p<0.001 and F = 4.33, p<0.001), whereas colonization and relative frequencies of endophytic fungi 
in foliar explants showed no significant differences between three growing conditions. The result 
may be interpreted with earlier finding where Treatment group (mono-cropped and mixed-cropped) 
significantly affect root fungal community composition in two field pea varieties (Horner et al. 
2019). 

The similarity of endophytic fungal strains isolated from explants of different sampling sites 
might be supported by the fact that the genetic correlation of the host plant determines the extent of 
similarity of endophyte communities (Sieber 2007). It was suggested that the variation in 
colonization pattern and diversity of endophytic fungi in roots of plants of Chenopodiaceae family 
might be due to difference in phytogeography and soil condition (Aletaha et al. 2018). Differences 
in colonization and occurrence of endophytic fungi of roots from different sampling sites recorded 
in the present study also correlated and interpreted with these findings. Colonization frequency of 
different endophytic fungi colonized varied in different plant tissues. This might be due to the 
differential affinity of each endophyte to different plant tissues (Dhayanithy et al. 2019). It was 
stated that change in microbial communities may be due to different plant exudates produced under 
the mixed-cropping regime in comparison to mono-cropping in field pea varieties (Horner et al. 
2019). Endophytic fungal composition in the present investigation also varied between different 
explants collected from three sampling sites which might be substantiated by the earlier finding. 
The present finding was also supported by earlier finding where the distribution of the fungal 
species within the host differed in different microhabitat (Putra et al. 2015).  

The highest and lowest value of Shannon and Simpson diversity indices were observed in leaf 
explants of S3 and S1 respectively (Table 4). Whereas, highest and lowest evenness value was 
recorded in case of S1 root and S1 leaf respectively. The maximum value of dominance was 
recorded in case of S1 leaf (Table 4). Species richness was greater in leaf explants than root in case 
of endophytic fungal assemblages which correlated with earlier finding (Sahani & Hemalatha 
2018). 
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Table 3 Colonization frequency and relative frequency of isolated fungal endophytes. 
 

Name of the fungal strains CF (%) of Leaf RF (%) of Leaf CF (%) of Root RF (%) of Root 
S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

Acremonium strictum 3.33 0 0 3.27 0 0 0 0 0 0 0 0 
Aspergillus candidus 0 0 0 0 0 0 6.66 8.33 12.33 5.3 11.25 17.41 
Aspergillus flavus 0 0 0 0 0 0 8.33 14.66 0 8.19 25 0 
Aspergillus fumigatus 0 11.66 10.66 0 9.65 12.24 0 0 0 0 0 0 
Aspergillus japonicus 8.33 3.33 0 8.19 4.83 0 0 0 0 0 0 0 
Cladorrhinum samala 0 0 5 0 0 5.66 0 0 6.66 0 0 8.43 
Cladosporium cladosporoides 0 0 8.66 0 0 9.34 0 0 0 0 0 0 
Curvularia lunata 8.35 5 0 11.47 6.45 0 0 0 6.66 0 0 8.43 
Daldinia escholtzii 0 16.66 0 0 20.12 0 0 0 0 0 0 0 
Fusarium oxysporum 0 8.33 10 0 9.9 10.79 0 0 3.66 0 0 4.33 
Fusarium sp. 8.33 5 0 10.33 4.83 0 0 0 0 0 0 0 
Gongronella butleri 0 0 3.66 0 0 5.17 0 0 5 0 0 5.66 
Lasiodiplodia theobromae 21.66 10 0 26.22 11.95 0 11.33 16.33 11.66 18.95 29.62 16.86 
Monilia pruinosa 0 0 3.66 0 0 5.17 0 0 3.66 0 0 3.44 
Mortierella zychae 0 0 0 0 0 0 0 0 3.66 0 0 4.19 
Nectria ventricosa 0 0 6.66 0 0 5.66 0 0 0 0 0 0 
Nigrospora oryzae 14.9 3.33 0 12.33 4.83 0 0 0 0 0 0 0 
Paecilomyces variotii 0 0 0 0 0 0 16.66 13.66 10 11.47 14.95 9.43 
Penicillium citrinum 0 5 6.66 0 6.05 9.34 0 0 0 0 0 0 
Penicillium sclerotiorum 16.66 12.33 0 18.22 14.1 0 10 8.33 0 15.47 14.87 0 
Pestalotiopsis versicolor 6.66 3.33 3.66 6.55 3.22 3.44 0 10 6.66 0 12 10 
Rhizoctonia solani 0 0 0 0 0 0 5 8.33 0 9.66 9.25 0 
Scytallidium lignicola 0 0 3.66 0 0 3.44 0 0 3.66 0 0 4.66 
Staphylotrichum coccosporum 0 0 3.33 0 0 3.44 0 0 0 0 0 0 
Taleromyces stollii 0 0 12.33 0 0 18.58 10 0 0 9.83 0 0 
Trichoderma harzianum 0 0 0 0 0 0 5 8.33 3.66 8.91 11.66 4.33 
Trichothecium roseum 0 0 3.33 0 0 3.44 3.33 0 0 6.55 0 0 
Nonsporulating hyaline form 6.66 3.33 0 3.27 3.22 0 0 0 0 0 0 0 
Nonsporulating dematitious form 0 0 3.33 0 0 3.44 3.33 3.33 3.33 4.91 7.45 2.19 

Note: Wild (S1), Monoculture (S2), Mixedcropping (S3), Colonization frequency (CF) and Relative frequency (RF)  
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Table 4 Analysis of the diversity of fungal isolates from A. comosus. 
 

Diversity indices S1 leaf S1 root S2 leaf S2 root S3 leaf S3 root 
Taxa_S 9 10 12 9 14 13 
Dominance_D 0.1546 0.1179 0.1126 0.1348 0.09792 0.1057 
Simpson_1-D 0.8454 0.8821 0.8874 0.8652 0.9021 0.8943 
Shannon_H 2.011 2.218 2.325 2.101 2.476 2.393 
Evenness_e^H/S 0.83 0.9189 0.8526 0.9078 0.85 0.8422 

Note: Wild (S1), Monoculture (S2) and Mixedcropping (S3) 
 
Conclusion 

The colonization and relative frequencies isolated fungi from root significantly differed 
between wild, monoculture and mixed cropping regimes. Mixed-cropping between Pineapple and 
Rubber plant might direct to changes in fungal community composition of roots differently. This in 
turn pointed to changes in soil chemistry and microbial interactions. Different cropping 
management system might be helpful for isolating newer fungal taxa. More number of fungal taxa 
recovered from explants of mixed cropping system, which might indicate the preference of mixed 
cropping system over monoculture. However, extensive sampling from different sites is required in 
this respect. Further, isolated endophytic fungal strains may be evaluated for antagonistic activity 
against plant pathogen of host plant as well as mixed crop. 
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	Madhuban (23 46'02.2"N; 91 18'02.7"E) and Kathaltali of Sepahijala district (23 46'56.5"N; 91 17'25.3"E), Tripura was chosen as sampling site where the test samples growing under three different growing conditions i.e. at wild, cultivated (monoculture...

