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SUMMARY 

 

We surveyed 45 crop species in 39 genera of 21 

families to explore the incidence and morphology of 

endorhizal fungal associations in roots. The survey 

indicated that 42 of the 45 crop species examined were 

associated with arbuscular mycorrhizal (AM) fungi. In 

addition, 20 of the mycorrhizal crop species were also 

associated with dark septate endophyte (DSE) fungi. 

Twenty crops had Arum-type and 22 had intermediate 

type AM morphologies. AM morphology has been 

described for the first time in 27 crop species. Three 

crop species lacked AM fungal association. Myristica 

fragrans though lacking AM association had DSE 

fungal association. The extent of colonization in roots 

ranged from 41% to 97% for AM and <1% to 61% for 

DSE fungi in the different crop species. Similarly, AM 

fungal spore numbers in the rhizosphere ranged 

between 4 and 60 spores 25 g -1 of soil. Twelve AM 

fungal spore morphotypes belonging to Acaulospora, 

Gigaspora, Glomus and Scutellospora were isolated 

from the rhizosphere soils. Although root length 

colonization by AM fungi was not correlated to AM 

fungal spore numbers, it was significantly and 

negatively correlated to DSE fungal colonization. The 

evidence presented in this paper for the first time 

revealed 19 crop species to be hosts for DSE fungi. 

 

Key words: Arbuscular mycorrhizal; crops; DSE 

fungi; Arum- type; Glomus 

 

RESUMEN  

 

Se exploraron 45 especies de plantas de cultivo que 

comprenden 39 géneros de 21 familias, para explorar 

la incidencia y morfologia de asociaciones fungicas en 

las raíces. Se encontró que 42 de las 45 especies 

estudiadas estuvieron asociadas con micorrizas 

arbusculares (AM). Adicionalmente, 20 de las especies 

de micorrizas de los cultivos estuvieron asociados con 

hongos endófitos septados oscuros (DSE). Veinte 

cultivos tuvieron hongos tipo Arum y 22 tuvieron 

morfologías de AM intermedias. La morfología de 

AM se describe por primera vez para 27 cultivos. Tres 

cultivos carecieron de asociación con alguna AM. 

Myristica fragrans careció de asociación con AM y 

tuvó asociación con DSE. El grado de colonización de 

las raíces fue de 41% a 97% para AM y de <1% a 61% 

para DSE en los diferentes cultivos. Doce morfotipod 

de esporas de AM pertenecientes a Acaulospora, 

Gigaspora, Glomus y Scutellospora fueron aislados de 

suelos de la rizosfera. Aunque la longitud de la raíz 

colonizada por AM no estuvo correlacionada con el 

número de esporas de AM, si fue significativa y 

negativamente correlacionado con la colonización por 

DSE. El presente trabajo es la primera evidencia 

presentada para 19 cultivos como hospederos de 

hongos tipo DSE. 

 

Palabras clave: Micorrizas arbusculares; cultivos; 

hongos endófitos; tipo-Arum; Glomus. 

 

 

 

INTRODUCTION 

 

Most crop species are associated with endorhizal 

fungi. Of the different types of endorhizal fungi that 

associate with plants, arbuscular mycorrhizal (AM) 

and dark septate endophytic (DSE) fungi are the most 

common and widespread (Muthukumar et al., 2006; 

Muthukumar and Prakash, 2009). Cultivated soils, like 

natural soils contain indigenous AM fungi that 

colonize crop plant roots (Piotrowski and Rilling, 

2008). Most crop plants are associated with AM fungi 

with exceptions being in families Amaranthaceae, 

Chenopodiaceae and Brassicaceae. In the soil, AM 

fungi develop a network of extramatrical hyphae 

which serves as an interface between the soil and the 

plant root. These extramatrical hyphae are more 

efficient in nutrient uptake than root hairs (Allen, 

2007). The increase in crop growth and yield through 

enhanced nutrient uptake [especially phosphorus (P)] 

and other mechanisms is a well-known mycorrhizal 

response (Akhtar and Siddiqui, 2008; Giasson et al., 

2008; Sawers et al., 2008). In turn, the fungi obtain 

carbon from the host plant.  
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The morphology of AM colonization within plant 

roots can vary greatly among plant species. Based on 

the occurrence of AM fungal stuructures within the 

roots, AM morphology has been classified as Arum-, 

Paris- or intermediate-types (Dickson et al., 2007; 

Smith and Smith, 1997). In Arum-type, the hyphae and 

vesicles are intercellular with intracellular arbuscules. 

Intracellular hyphal coils with rudimentary arbuscules 

and intracellular vesicles characterize the Paris-type. 

Between these two AM morphological types are a 

range of morphologies termed as intermediate-types 

(Dickson, 2004). It has been indicated that cultivated 

plants have predominatly Arum-type morphology 

whereas plants in natural ecosystems have mostly 

Paris-type morphology (Smith and Smith, 1997). 

Although AM association has been reported in many 

crop species their morphologies are yet to be 

ascertained  (Dickson et al., 2007; Li et al., 2007; 

Muthukumar and Prakash, 2009).  

 

A group of melanized, septate and microsclerotia 

forming fungi known as DSE fungi colonizes roots of 

mycorrhizal and non-mycorrhizal plants. There is a 

debate on what role these fungal endophytes play; 

various experiments have shown that they can be 

beneficial (Narisawa et al., 2002; 2004; Usuki and 

Narisawa, 2007), while others indicate they are 

pathogenic (Wilcox and Wang, 1987) or act as 

commensals (Addy et al., 2005; Jumpponen, 2001; 

Mandyam and Jumpponen, 2005). Peterson et al. 

(2008) indicated that the DSE fungal endophytes 

might replace mycorrhizal fungi in certain hosts under 

certain conditions. DSE fungal endophytes have been 

shown to provide benefits to crop species of non-

mycorrhizal plant families. Recently Usuki and 

Narisawa (2007) have shown that the DSE fungus 

Heteroconicum chaetospira transfers nitrogen (N) to 

Chinese cabbage (Brassica campestris) gaining carbon 

in return. In addition, DSE fungus Phialocephala 

fortinii has been reported to suppress Verticillium wilt 

in eggplant (Solanum melongena) but not in Chinese 

cabbage. Most of the DSE fungi like AM fungi, invade 

host cells without triggering any defense reactions 

(Peterson et al., 2008). Information on DSE fungal 

association in tropical crops is limited compared to 

temperate crops (Jumpponen and Trappe, 1998). The 

objectives of this study were to examine endorrhizal 

fungal diversity and the relationship between AM and 

DSE fungal endophytes in crop roots. 

 

MATERIALS AND METHODS 

 

Root and soil samples were collected during October 

2007 from agricultural fields at Puliampatti (site-A) 

and Anaikatti (site-B) of Erode district (11°.30’-

51º.23’N-77º.09’-35º.63’, E), Tamilnadu, India. The 

sites have an annual mean rainfall of 500-800 mm. 

The soils at both locations were sandy loam. Soils at 

site-A had a pH of 8.45, EC of 0.06 dSm-1, 18.5 mg 

kg-1 of total N, 3.23 mg kg-1 of available P and 26.5 mg 

kg-1 of exchangeable Potassium (K) using the 

procedures of Jackson (1971). Similarly, soils at site-B 

had a pH of 8.67, EC of 0.10 dSm-1, 21.3 mg kg-1 of 

total N, 4.01 mg kg-1 of available P and 43.4 mg kg-1 of 

exchangeable K.  

 

Sample collection 

 

Samples of plant roots and soil of 45 crop species 

belonging to 39 genera in 21 families were collected. 

Five plants were sampled from each crop species. Care 

was taken during collection that roots of individual 

plants were positively identified. For this, herbs were 

usually dug out and sampling of non-herbs was made 

usually from saplings if available or the roots were 

traced back to the stem. Roots were gently washed and 

fixed in FAA (formalin-acetic acid alcohol) and 

transported to the laboratory for processing. 

Rhizosphere soil shaken from roots and adjacent to 

roots was collected and air-dried. Soil samples 

collected from individual plants of each species were 

divided into two halves. One-half was packed 

individually in polythene bags and stored at 4º C until 

processing for extraction and enumeration of AM 

fungal spores. The second half of the individual soil 

samples from each site were bulked to form a 

composite soil sample. The composite soil sample was 

used for establishing trap cultures and soil analysis. 

 

AM and DSE fungal assessment 

 

Fixed roots were washed free of FAA cut into 1-cm 

pieces, cleared in 2.5% KOH (Koske and Gemma, 

1989), acidified with 5N HCl and stained with trypan 

blue or Chlorozal Black E (0.5% in lactoglycerol) 

overnight. Roots that remained dark after clearing 

were bleached in alkaline H2O2 prior to acidification. 

The stained roots were examined with an Olympus 

BX51 light microscope (×200 - 400) for AM fungal 

structures and the percentage of root length 

colonization was estimated according to a magnified 

intersection method (McGonigle et al., 1990). 

 

Initiation of AM fungal trap cultures 

 

Composite soil samples (including plant roots) from 

each site were placed in 15-cm diam., pots containing 

sterile substrate (soil: sand, 3:1 v/v; pH 7.5; 14.3 mg 

kg-1 of total N, 1.05 mg kg-1 of available P and 22.4 mg 

kg-1 of exchangeable K). The trap cultures were kept in 

shade house conditions (temperature 25  6 C, 

relative humidity 79  8%) with sorghum [Sorghum 

bicolor (L.) Moench] as host plant. Pots were watered 

to the point of saturation on alternate days and after 

three months, spores were isolated using wet-sieving 

and decanting technique as described below. 
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Enumeration and isolation of AM fungal spores 

 

Twenty-five grams of air-dried field or trap culture 

soil was dispersed in one litre water and the 

suspension was decanted through 710-37 µm sieves. 

The residues in the sieves were washed into beakers. 

The sievates were dispersed in water and filtered 

through filter papers. Each filter paper was then spread 

on a Petri dish and scanned under a dissection 

microscope at 40 magnifications. All intact spores 

(non-collapsed with cytoplasmic contents and free 

from parasitic attack) were counted. Sporocarps and 

spore clusters were considered as one unit. Intact AM 

fungal spores were transferred using a wet needle to 

polyvinyl alcohol lacto glycerol with or without 

Melzer’s reagent on a glass slide for identification.  

Spore identification was based on spore morphology 

and sub cellular characters using Olympus BX51 light 

microscope and by comparing to original descriptions 

(http://www.lrz-muenchen.de/~ 

schuessler/amphylo/amphylo_species.html). Spore 

morphology was also compared to the culture database 

established by INVAM (http://invam.cag.wvu.edu.). 

 

Statistical analysis 

 

All data were subjected to Analysis of Variance 

(ANOVA) to assess the significance of variations in 

AM and DSE fungal variables among crop species. 

Pearson’s correlation was used to assess the 

relationship between AM and DSE fungal variables. 

Spore numbers were log transformed and percentage 

data on root colonization was arcsine transformed 

prior to analysis. 

 

RESULTS 

 

Occurrence and distribution of endorhizal 

association 

 

Forty-two of the 45 crop species examined had AM 

association (Table 1). We did not observe AM fungal 

structures in Beta vulgaris (Chenopodiaceae), 

Myristica fragrans (Myristicaceae) and Rhapanus 

sativus (Brassicaceae). Roots of 20 AM crop species 

also contained DSE fungal structures. Myristica 

fragrans lacked AM association but had DSE fungal 

association. 

 

Morphology of AM in crops 

 

Arbuscular mycorrhizal colonization was 

characterized by the formation of an appressorium on 

the root surface and hyphal coils in few outer cortical 

cells near the point of entry (Fig. 1a, b). Six families 

had both Arum- and intermediate-type AM 

morphologies (Table 1). Twenty crop species had AM 

morphology of Arum-type and 22 had intermediate- 

type AM morphology. Arum- type morphology was 

characterized by intercellular hyphae and vesicles with 

one or two arbuscules in each cell (Fig. 1d). 

Intermediate-type AM morophology had a 

combination of intracellular hyphae with arbuscules, 

hyphal coils, arbusculate coils and intracellular 

vesicles (Fig. 1c,e,f,g). It was possible to discriminate 

AM morphology at family levels only in Apiaceae and 

Cucurbitaceae where all the species examined within 

each family were of Arum- and intermediate-type 

respectively. 

 

 
 

Figure 1. Endorhizal fungal association in crop 

species. a. Appressorium, hyphal entry point (arrow) 

and hyphal coils (c) of arbuscular mycorrhizal (AM) 

fungi in Coffea arabica. b. Appressorium (arrow) and 

coil (c) in the outer cortical cell of AM Cucurbita 

maxima. c. Intracellular arbusculate coils (hc) of AM 

fungi in Arachis hypogaea.d. Arum-type AM 

morphology in Helianthus annus with intercellular 

hyphae and two arbuscular trunks (at) bearing 

arbuscules (a) in a cell (arrow heads). e. Intercellular 

vesicles (v) and hyphae of AM fungi in Oryza sativa. 

f. Intracellular vesicle (v) of AM fungi in Vigna 

radiata. g. Intracellular vesicles (v) of AM fungi in 

Amarphophallus paeniifolius. h. Microsclerotia (ms) 

of dark septate endophyte fungi within 

Amarphophallus paeniifolius cell. Scale bars = 50 m. 
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Table 1. Endorhizal fungal association and morphology in crop species. 

 

Family 

Crop species AMa 

AM 

typeb DSEa 

Previous reports# 

AM 

statusc 

AM 

typeb 
DSEd  

Apiaceae       

Coriandrum sativum L.** + A - AM11 NR  

Daucus carota L.* + A + AM11 P, I3 NR 

Araceae       

Amorphophallus paeniifolius  (Dennst.) Nicolson var 

campanulatus (Blume ex Decne.) Sivadasan** 

+ 
I 

+ 
NR NR NR 

Arecaceae       

Areca catechu L.* + I - AM8 I8  

Asteraceae       

Helianthus annus L.** + A - AM6,11 NR Te4 

Brassicaceae       

Raphanus sativus L.* 
- 

- 
- AM1 + 

NM11 
NR  

Chenopodiaceae       

Beta vulgaris L.* - - - AM11 NR Te4 

Cucurbitaceae       

Benincasa hispida (Thunb.) Cogn. ** + I + NR NR NR 

Cucurbita maxima Duchesne ex Lam.** + I + AM 1 NR NR 

Luffa cylindrica (L.) M.Roem.* + I - NR NR  

Euphorbiaceae       

Manihot esculenta Crantz.* + I - AM11 P8  

Ricinus communis L.** + A - AM3 NR  

Lamiaceae     NR  

Mentha arvensis L.* 
+ 

A 
+ AM + 

NM11 
NR NR 

Lauraceae       

Cinnamomum verum Presl, Prir. Rostl.** + A + NR NR NR 

Leguminaceae       

Arachis hypogaea L.* + I - AM11, 7 NR  

Cajanus cajan (L.) Millsp** + A - AM6,11 A8  

Cicer arietinum L.* + A + AM 7, 11 NR Tr4 

Lablab purpureus (L.) Sweet.** + A  AM1, 11 NR  

Trigonella foenum-graecum L.* + A + AM11 NR NR 

Vigna mungo (L.) Hepper.** + I + AM7, 11 NR NR 

Vigna radiata (L.) Wilezek.* 
+ 

I 
- AM7, 10, 

11 
NR Tr4 

Vigna trilobata (L.) Verdc.* + A + NR NR NR 

Vigna ungiculata (L.) Walp.** + I + AM7, 11 P3 NR 

Lilliaceae       

Allium cepa L.* + A + AM11 A3 Te4 

Allium sativum L.** + A + AM6,11 A3 Te4 

Malvaceae       

Abelmoschus esculentus (L.)Moerch.* + A - AM1, 11 A3  

Gossypium hirsutum L.** + I + AM11 NR NR 

Myristicaceae       

Myristica fragrans Houtt.* - - + NR  NR 

Pedaliaceae       

Sesamum indicum L.* + A - AM11 NR  
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Continue Table 1      

Family 

Crop species AMa 

AM 

typeb DSEa 

Previous reports# 

AM 

statusc
 

AM 

typeb 
DSEd 

Piperaceae       

Piper nigrum L.** + I + AM11 A3 NR 

Poaceae       

Oryza sativa L.* + I + AM11, 12 NR NR 

Pennisetum typhoides ( Burm.f) Stapf & Hubbard * + A - NR NR  

Saccharum officinarum L.** + I - AM8, 11 P8 Tr4 

Setaria italica (L.) P. Beauv. Ess.* + I - NR NR  

Sorghum halepense (L.) Pers.** + I - AM11 A, I3  

Zea mays L.** + A - AM6, 11 A, P3 Te4 

Rubiaceae       

Coffea arabica L.* + I + AM11 P3 NR 

Rutaceae       

Murraya koenigii (L.) Spreng. ** + I - NR P9  

Solanaceae       

Capsicum annum L.** + A + AM2, 6, 11 P3 NR 

Nicotiana tobacum L.* + I +  NR NR 

Solanum melangena L.** + A + AM1, 11 A3 NR 

Solanum nigrum L.* 
+ 

I 
- AM + 

NM11 
NR Te4 

Solanum torvum Sw. Prodr. ** + I - NM11 NR NR 

Zingiberaceae       

Curcuma longa L.* + A - AM5 A9 Tr8 

Zingiber officinale Roscoe.* + I - AM9 I9 Tr8 
 *Site-A; ** site-B 
a AM, Arbuscular mycorrhizal; DSE, dark septate endophyte; +, Presence; -, absence 
b A, Arum- type; I, intermediate- type; P, Paris- type 
c AM, Arbuscular mycorrhizal; NM, non-mycorrhizal; NR, no report 
d Te, Temperate; Tr, tropical; NR no report 
# 1Akond et al. (2008), 2Castillo et al. (2009), 3Dickson et al. (2007), 4Jumpponen and Trappe (1998), 5Khade and Rodrigues 

(2007), 6Li et al (2007), 7Molla and Solaiman (2009), 8Muthukumar and Prakash (2009), 9Muthukumar et al. (2006), 
10Valsalakumar et al. (2007), 11Wang and Qiu (1996), 12Wangiyana et al. (2006) 

 

 

Extent of AM fungal colonization 

 

There were large differences in the extent of 

colonization among crops (Table 2). The percentage of 

root length with hyphae (%RLH) varied significantly 

among crop species (F44,90 = 3.68; P<0.01). The % 

RLH ranged from 33 (Vigna trilobata) to 81.77 

(Solanum nigrum). The perecentage of root length 

with arbuscules/arbusculate coils (%RLA) ranged 

between 4.55 (Cinnamomum verum) and 41.20 

(Solanum melangena). The %RLA varied significantly 

between different crops (F44,90=9.88; P<0 001). 

Similarly, the percentage of root length with vesicles 

(%RLV) significantly varied among crops (F44,90=6.88; 

P<0. 001) and ranged between <1 (Sesamum indicum) 

and 20.01 (Allium sativum). The percentage of root 

length with hyphal coils (%RLHC) varied significantly 

between different crop species (F44,90 =9.88; P<0.001) 

and ranged between 9.03 (Arachis hypogaea) and 

65.12 (Zingiber officinale). There was a significant 

variation in the percentage of total AM fungal 

colonization (%RLT) among crop species (F44,90=5.51; 

P<0.001). Maximum %RLT occurred in Solanum 

melangena (96.90) and minimum %RLTC occurred in 

Vigna trilobata (41.32). 

 

AM fungal spore numbers 

 

AM fungal spore numbers significantly varied in the 

rhizospheres of different crops (F44,90=16.67; P<0.001) 

and ranged from four spores 25g-1 soil (Capsicum 

annum, Trigonella foenum-graecum) to 60 spores 25g-

1 soil (Vigna ungiculata) (Table 2). There was no 

correlation between AM fungal spore numbers and 

%RLTC (r = 0.209; P>0.05). 
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AM fungal species 

 

AM fungal spores from 12 species in four genera of 

Acaulosporaceae, Gigasporaceae, Glomaceae and 

Scutellosporaceae were isolated from the crop 

rhizospheres and trap cultures from both sites (Table 

3). These included three species in Acaulospora, seven 

in Glomus and one each in Gigaspora and 

Scutellospora. AM fungal spores of eight species 

occurred in site-A and seven species occurred in site-

B. Spores of Acaulospora scrobiculata, Glomus 

aggregatum, G. microaggregatum and G. geosporum 

occurred at both sites. No additional species occurred 

in trap cultures. 

 

Extent of DSE fungal association 

 

Narrow (2-4 μm) diam. runner hyphae  running 

parallel to the root surface characterized DSE fungal 

colonization. At times individual hyphae penetrated 

the epidermis and tended to coil in outer and inner 

cortical cells. The stelar portion was free of 

colonization and there was no evidence of damage to 

host root tissues arising from fungal colonization. 

There was a lack of distinction between the inter-

radical and extra-matrical hyphae, which was 

frequently septate. Microsclerotia formation was 

observed in 11 crop plant species (Fig. 1h). The extent 

of percent DSE fungal colonization (%RLDT) ranged 

from <1 (Solanum melongena) to 61.33 (M. fragrans) 

and varied significantly among crop species (F44,90 = 

17.19; P<0.001) (Table 2). Percentage root length with 

DSE fungal hyphae (%RLDH) ranged from 1.03 

(Coffea arabica) to 61.33 (M. fragrans). Likewise, 

microsclerotia colonization (%RLM) ranged between 

<1 (Cicer arietinum, S. melongena) and 27.25 

(Nicotiana tobacum) and exhibited a significant 

variation in different crops (F 44, 90= 10.24; P< 0.01). A 

significant negative correlation existed between 

%RLDT and %RLT (r= -0.510; P<0.001) 

DISCUSSION 

 

The high incidence of crops colonized by AM fungi 

confirms the ubiquity of AM association in tropical 

agro-ecosystems. Crop species of several families 

examined in the present study have been previously 

reported AM, but their AM morphology has not been 

categorically studied. For example, AM morphology is 

known for only 16 of the 42 mycorrhizal crop species 

examined. Three crop species that lacked AM 

association in the present study belonged to plant 

families that have been designated as non-mycorrhizal, 

Brassicaceae and Chenopodiaceae, where, the third 

non-mycorrhizal crop species M. fragrans belonged to 

a mycorrhizal family (Tester et al., 1987; Wang and 

Qiu, 2006). The presence of fungitoxic compounds in 

root cortical tissues or in root exudates may reduce 

susceptibility of plants to colonization. Tommerup 

(1984) found that Brassica napus produced a soluble 

or volatile compound that reduced the rate of 

germination of AM fungal spores and hyphal growth. 

Mustard oils are found in shoots and roots of plants 

from numerous families including Brassicaceae 

(Schreiner and Koide, 1993; Tester et al., 1987). 

However, various cultivars of Brassica with different 

concentrations of glucosinolates in roots had no effect 

on the colonization of healthy roots by AM fungi 

(Vierheilig et al., 2000). Another reason suggested for 

low incidence of mycorrhizae is a lack of root 

exudation in weakly mycorrhizal plants (Vierheilig 

and Ocampo, 1990). Schwab et al. (1982) sprayed 

Chenopodium quinoa with the herbicide Simazine 

which increased root exudation and induced low levels 

of mycorrhizal colonization. However, AM 

colonization has been reported in many non-

mycorrhizal crop species like R. sativus (Hirrel et al., 

1978) and Chenopodium album (Hirrel et al., 1978; 

Saif et al., 1977). 

 

 

 

Table 3. Spores of arbuscular mycorrhizal (AM) fungal species associated with crop species. 

 

Family AM fungal species 

Acaulosporaceae Acaulospora laevis Gerd. &Trappe1 

 Acaulospora morrowiae Spain & N.C. Schenck2 

 Acaulospora scrobiculata Trappe1,2 

Gigasporaceae Gigaspora gigantea (T.H. Nicolson & Gerd.) Gerd. & Trappe1 

Glomaceae Glomus aggregatum N.C. Schenk & G.S. Sm. emend. Koske1,2 

 Glomus albidum C. Walker & L.H. Rhodes.2 

 Glomus etunicatum W.N. Becker & Gerd.1 

 Glomus geosporum (T.H. Nicolson & Gerd.) C. Walker1,2 

 Glomus heterosporum G.S. Sm. & N.C. Schenck2 

 Glomus indica Manoharachary, Sharathbabu & Adholeya1 

 Glomus microaggregatum Gemma, Koske & P.D. Olexia1,2 

Scutellosporaceae Scutellospora pellucida (T.H. Nicolson & N.C. Schenck) C. Walker & F.E. Sanders2 

Superscript number(s) after AM fungal species names indicate site numbers (see Materials and Methods section) 

from which the soil samples were collected. 
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It is generally presumed that Arum-type morphology is 

often associated with  cultivated plants which are fast-

growing and light-loving (Smith and Smith, 1997), 

while Paris-type plants seems to be shade-loving and 

slow-growing (Brundrett and Kendrick, 1990a, 1990b; 

Yamato and Iwasaki, 2002). The present study also 

supports this view to a certain extent as 20 of the 42 

AM crops had Arum-type morphology. Ahulu et al. 

(2005) found that the majority of the herbs in a mixed 

pine forest on sand dunes in Japan formed Arum-type. 

Similarly, OConnor et al. (2001) found Arum-type 

AM in 21 herbaceous plant species growing in 

Australian desert.  

 

AM morphology of 27 crop species is reported, to best 

of our knowledge, for the first time. Factors involved 

in determining the formation of Arum- and Paris-type 

morphologies, however, remain unclear. Crop species 

within the majority of families formed the same AM 

morphology in accordance with earlier observations 

(Dickson et al., 2007; Smith and Smith, 1997) 

indicating that AM morphology is strongly influenced 

by the identity of the host plant (Table 1). Ahulu et al. 

(2006) using molecular probes demonstrated that 

Rubus parvifolius and Hedera rhombea formed Arum- 

and Paris-type AM repectively inspite of the presence 

of similar AM fungal fungal taxa within their roots. 

Gerdemann (1965) showed that the same AM fungus 

that formed the Arum-type in Zea mays formed Paris-

type in Liriodendron tulipifera. A similar result was 

observed by Gianinazzi-Pearson (1984) using Allium 

cepa and Gentiana lutea respectively. Glomus 

mosseae and G. viscosum, which are known to form 

Arum-type AM in many plant species, produced Paris-

type AM in Smilax aspera, which also forms Paris-

type in nature (Bedini et al., 2000). These suggests 

that the host plant has a significant influence on the 

type of AM morphology. It has been noted that 

differences in cell wall structure and modification 

produced during fungal colonization may be important 

in determining AM morphology in different plant 

species (Bonfante-Fasolo and Fontana, 1985). 

Brundrett and Kendrick (1990a, 1990b) suggested that 

the presence or absence of continuous longitudinal air 

spaces in the root cortex might be the factor 

determining formation of either the Arum- or Paris-

type, respectively. However, Imhof and Weber (1997, 

2000) noted that Voyria obconica formed Paris-type 

AM in spite of the presence of clear inter-cellular 

spaces in the root cortices. Cavagnaro et al. (2000) 

found both Arum- and Paris-type morphologies in 

Lycopersicon esculentum when inoculated with 

different AM fungal species, observing variation in 

each of the morphological groups, such as formation 

of different ratios of hyphal and arbusculate coils by 

pure cultures of AM fungi in the Paris-type AM. 

Cavagnaro et al. (2001) reasoned that if hyphal and 

arbusculate coils have dissimilar roles, then the 

differences in ratios could reflect differences in 

functionality. Furthermore, they noted that 

environmental factors, such as soil P, temperature and 

light as well as molecular activity at the interfaces of 

the morphological structures could influence AM 

morphology. 

 

AM fungal spore numbers recorded in the present 

study was low compared to   reports from other 

cultivated field soils. Land and Schonbeck (1991) 

reported a spore number range of 150-600 spores 100 

g-1 of soil from arable soils of Germany. Similarly, 

Muthukumar and Udaiyan (2000) reported a spore 

density of 20-50 spores 10 g-1 of soil under cowpea 

(Vigna unguiculata) cultivation. Cuenca and Meneses 

(1996) reported 189-1674 spores 100 g-1 soil 

associated with cacao (Theobroma cacao) in 

Venezuela. Recently Valsalakumar et al. (2007) 

reported a spore count of 760-3920 g-1 of soil 

associated with green gram (Phaseolus aureus) in 

south India. As an array of environmental, host and 

fungal factors influence AM fungal spore numbers in 

the soils (Brundrett, 1991) the present observation is 

tenable.  

 

The presence of DSE association in 21 crop species is 

expected as DSE fungal endophytes are assumed to be 

wide spread among angiosperms (Jumpponen and 

Trappe, 1998). In spite of this assumption, only 59 

tropical plant species have been reported hosts for 

DSE fungi (Jumpponen and Trappe, 1998). Nineteen 

crop species are reported here as hosts of DSE fungi 

for the first time. The presence of DSE fungal 

association in Allium cepa and Allium sativum in the 

present study extends the presence of this association 

in the tropics as earlier reports indicate their presence 

in temperate agroecosystems (Jumpponen and Trappe, 

1998).  However, B. vulgaris, C. arietinum, Curcuma 

longa, Helianthus annus, Saccharum officinarum, S. 

nigrum, Sorghum halepense, Vigna radiata, Z. mays 

and Z. officinale previously reported as hosts for DSE 

fungi lacked the association in the present study. The 

functional relationship between plants and DSE fungi 

may be comparable to that between mycorrhizal fungi 

and their host. Studies have shown that DSE fungal 

association is mutualistic rather than parasitic. 

Colonization of cotton (Gossypium hirsutum) roots by 

the dematiaceous hypomecete Cladorrhinum 

foecundissimum improved biomass and shoot P 

concentration (Gasoni and Stegman de Gurfinkel, 

1997). 

 

It is interesting to note that all the DSE fungi 

colonized crops (except M. fragrans) also had AM 

association. Such a dual association of AM and DSE 

fungal endophytes has been previously reported by 

several authors (Muthukumar et al., 2006; 

Muthukumar and Udaiyan, 2002; Mandyam and 

Jumpponen, 2008). This type of dual colonization by 
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different root-associated fungi reflects a dynamic 

nature of root-colonizing fungal community. DSE 

fungal endophytes are known to frequently colonize 

older parts of the root system (Jumpponen and Trappe, 

1998), suggesting that they prefer aging root tissue or 

that they are recycling nutrients from the senescent or 

dead root cells. In the present study, care was taken 

not to include old or dead roots for assessment and the 

presence of DSE colonization in young roots suggests 

a concurrent colonization with AM fungi. It has been 

proposed that DSE fungal association enhance root 

functions of native plants in arid ecosystems, where 

they are exposed to very dry soils (Barrow, 2003). The 

wide spread occurrence of DSE fungi in crop species, 

as indicated in this study, emphasizes their potential to 

function as mutualists along with AM fungi. 

 

REFERENCES 

 
Addy, H.D., Piercey, M.M., Currah, R.S. 2005. 

Microfungal endophytes in roots. Canadian 

Journal of Botany. 83: 1-13. 

 

Ahulu, E. M., Gollotte, A., Gianinazzi-Pearson, V., 

Nonaka, M. 2006. Cooccurring plants forming 

distinct arbuscular mycorrhizal morphologies 

harbor similar AM fungal species. Mycorrhiza. 

17:37–49. 

 

Ahulu, E.M., Nakata, M., Nonaka, M. 2005. Arum- and 

Paris- type arbuscular mycorrhizas in a mixed 

pine forest on sand dune soil in Niigata 

pretecture, central Honashu, Japan. Mycorrhiza. 

15: 129 – 136 

 

Akhtar, M.S., Siddiqui, Z.A. 2008. Arbuscular 

mycorrhizal fungi as potential bioprotectants 

against plant pathogens. In: Siddiqui, Z.A., 

Akhtar, M.S. and Futai, K. (eds.). Mycorrhizae: 

Sustainable Agriculture and Forestry. Springer, 

Dordrecht, The Netherlands. pp. 61-98. 

 

Akond, M.A., Mubassara, S., Rahman, M.M., Alam, S., 

Khan, Z.U.M. 2008. Status of vesicular-

arbuscular (VA) mycorrhizae in vegetable crop 

plants of Bangladesh. World Journal of 

Agricultural Sciences. 4: 704-708. 

 

Allen, M.F. 2007. Mycorrhizal fungi: highways for water 

and nutrients in arid soils. Vadose Zone Journal 

6: 291-297. 

 

Barrow, J.R. 2003. A typical morphology of dark septate 

fungal root endophytes of Bouteloua in arid 

southwestern USA rangelands. Mycorrhiza. 13: 

239 – 247 

 

Bedini, S., Maremmani, A., Giovannetti, M. 2000. Paris-

type mycorrhizas in Smilax aspera L. growing 

in a Mediterranean scherophyllous wood, 

Mycorrhiza. 10: 9-13. 

Bonfante-Fasolo, P., Fontana, A. 1985. VAM fungi in 

Ginkgo biloba roots: their interactions at cellular 

level. Symbiosis. 1: 53-67. 

 

Brundrett, M.C. 1991. Mycorrhizas in natural 

ecosystems. Advances in Ecological Research. 

21: 171-313. 

 

Brundrett, M.C., Kendrick, B. 1990a. The roots and 

mycorrhizas of herbaceous woodland plants. I. 

Quantitative aspects of morphology. New 

Phytologist. 114: 457-468. 

 

Brundrett, M.C., Kendrick, B. 1990b. The roots and 

mycorrhizas of herbaceous woodland plants. II. 

Structural aspects of morphology. New 

Phytologist. 114: 469- 480. 

 

Castillo, C.R., Sotomayor, L.S., Ortiz, C.O., Leonelli, 

G.C., Borie, F.B., Rubio, R.H. 2009. Effect of 

arbuscular mycorrhizal fungi on an ecological 

crop of chilli peppers (Capsicum annuum L.). 

Chilean Journal of Agricultural Research. 69: 

79-87. 

 

Cavagnaro, T.R., Gao, L.L., Smith, F.A., Smith, S.E. 

2001. Morphology of arbuscular mycorrhizas is 

influenced by fungal identity. New Phytologist. 

151: 469–475. 

 

Cavagnaro, T.R., Smith, F.A., Lorimer, M.F., Haskard, 

K.A., Ayling, S.M., Smith, S.E. 2000. 

Quantitative development of Paris-type 

arbuscular mycorrhizas formed between 

Asphodelus fistulosus and Glomus coronatum. 

New Phytologist. 149: 105-113. 

 

Cuenca, G., Meneses, E. 1996. Diversity patterns of 

arbuscular mycorrhizal fungi associated with 

cacao in Venezuela. Plant and Soil. 183: 315-

322. 

 

Dickson, S. 2004. The Arum-Paris continuum of 

mycorrhizal symbioses. New Phytologist. 163: 

187-200. 

 

Dickson, S., Smith, F.A., Smith, S.E. 2007. Structural 

differences in arbuscular mycorrhizal symbiosis: 

more than 100 years after Gallaud, where next? 

Mycorrhiza. 17: 375- 393. 

 

Gasoni, L., Stegman de Gurfinkel, B. 1997. The 

endophyte Cladorrhinum foecundissimum in 

cotton roots: phosphorus uptake and host 

growth. Mycological Research 101: 867-870. 

 

Gerdemann, J.W. 1965. Vesicular–arbuscular 

mycorrhizae formed on maize and tulip tree by 

Endogone fasciculata. Mycologia. 57: 562–575. 

 

Gianinazzi-Pearson, V. 1984. Host-fungus specificity, 

recognition and compatibility in mycorrhizae. 



Tropical and Subtropical Agroecosystems, 12 (2010): 593 -604  

603 

In: Verma, D.P.S. and Hohn, Th. (eds.). Genes 

involved in microbe-plant interactions. 

Springer-Verlag, Vienna and New York. pp. 

225-253. 

 

Giasson, P., Karam, A., Jaouich, A. 2008. Arbuscular 

mycorrhizae and alleviation of soil stresses on 

plant growth. In: Siddiqui, Z.A., Akhtar, M.S. 

and Futai, K. (eds.). Mycorrhizae: Sustainable 

Agriculture and Foresrty. Springer, Dordrecht, 

The Netherlands. pp. 99-134. 

 

Hirrel, M.C., Mehravaran, H., Gerdemann, J.W., 1978. 

Vesicular-arbuscular mycorrhizae in the 

Chenopodiaceae and Cruciferae: do they occur? 

Canadian Journal of Botany. 56: 2813-2817. 

 

Imhof, S., Weber, H.C. 1997. Root anatomy and 

mycotrophy (AM) of the achlorophyllous 

Voyria truncata (Standley) Standley & 

Steyermark (Gentianaceae). Botanica Acta. 110: 

127–134 

 

Imhof, S., Weber, H.C. 2000. Root structures and 

mycorrhiza of the achlorophyllous Voyria 

obconica Progel (Gentianaceae). Symbiosis. 29: 

201–211 

 

Jackson, M.L. 1971. Soil Chemical Analysis. Prentice 

Hall, New Delhi. 

 

Jumpponen, A. 2001. Dark septate endophytes - are they 

mycorrhizal? Mycorrhiza. 11: 207-211. 

 

Jumpponen, A., Trappe, J.M. 1998. Dark septate 

endophytes: a review of facultative biotrophic 

root colonizing fungi. New Phytologist. 140: 

295-310. 

 

Khade, S.W., Rodrigues, B.F. 2007. Incidence of 

arbuscular mycorrhizal (AM) fungi in some 

angiosperms with underground storage organs 

from Western Ghats region in Goa. Tropical 

Ecology. 48: 115-118. 

 

Koske, R.E., Gemma, J.N. 1989. A modified procedure 

for staining roots to detect VA- mycorrhizas. 

Mycological Research. 92: 486- 488. 

 

Land, S., Schonbeck, F. 1991. Influence of different soil 

types on abundance and seasonal dynamics of 

VAM fungi in the arable soils of  N. Germany. 

Mycorrhiza. 1: 39-44. 

 

Li, L.F., Zhang, Y., Zhao, Z.W. 2007. Arbuscular 

mycorrhizal colonization and spore density 

across different land-use types in a hot and arid 

ecosystem, Southwest China. Journal of Plant 

Nutrition and Soil Science. 170: 419-425. 

 

Mandyam, K., Jumpponen, A. 2005. Seeking the elusive 

function of the root- colonizing dark septate 

endophyte fungi. Studies in Mycology. 53: 173-

189. 

 

Mandyam, K., Jumpponen, A. 2008. Seasonal and 

temporal dynamics of arbuscular mycorrhizal 

and dark septate endophytic fungi in a tallgrass 

prairie ecosystem are minimally affected by 

nitrogen enrichment. Mycorrhiza. 18: 145-155. 

 

McGonigle, T.P., Miller, M.H., Evans, D.G., Fairchild, 

G.L., Swan, J.A. 1990. A method which gives 

an objective measure of colonization of roots by 

vesicular-arbuscular mycorrhizal fungi. New 

Phytologist. 115: 495- 501. 

 

Molla, M.N., Solaiman, A.R.M. 2009. Association of 

arbuscular mycorrhizal fungi with leguminous 

crops grown in different agro-ecological zones 

of Bangladesh. Archieves in Agronomy and 

Soil Science. 55: 233-245. 

 

Muthukumar, T., Prakash, S. 2009. Arbuscular 

mycorrhizal morphology in crops and associated 

weeds in tropical agroecosystems. Mycoscience. 

50: 233-239. 

 

Muthukumar, T., Senthilkumar, M., Rajangam, M., 

Udaiyan, K. 2006. Arbuscular mycorrhizal 

morphology and dark septate fungal 

associations in medicinal and aromatic plants of 

Western ghats, Southern India. Mycorrhiza. 17: 

11-24. 

 

Muthukumar, T., Udaiyan,  K .2002. Seasonality of 

vesicular-arbuscular mycorrhizae in sedges in 

sedges in a semi-arid tropical grassland. Acta 

Oecologia. 23: 337-347. 

 

Muthukumar, T., Udaiyan, K. 2000. Influence of organic 

manures on arbuscular mycorrhizal fungi 

associated with Vigna unguiculata (L.) Walp. in 

relation to tissue nutrients and soluble 

carbohydrate in roots under field conditions. 

Biology and Fertility of Soils. 31:114-120. 

 

Narisawa, K., Kawamata, H., Currah, R.S., Hashiba, T. 

2002. Supression of Verticillium wilt in 

eggplant by some fungal root endophytes. 

European Journal of Plant Pathology. 108: 103-

109. 

 

Narisawa, K., Usuki, F., Hashiba, T. 2004. Control of 

Verticillium Yellows in Chinese cabbage by the 

dark endophytic fungus LtVB3. 

Phytopathology. 94: 412-418. 

 

OConnor, P.J., Smith, S.E., Smith, F.A. 2001. 

Arbuscular mycorrhizal association in the 

southern Simpson Desert. Australian Journal of 

Botany. 49: 493-499. 

 

Peterson, R.L., Wagg, C., Pautler, M. 2008. Associations 



Muthukumar and Tamilselvi, 2010 

604 

between microfungal endophytes and roots: do 

structural features indicate function? Botany. 

86: 445-456. 

 

Piotrowski, J.S., Rilling, M.C. 2008. Succession of 

arbuscular mycorrhizal fungi: patterns, causes 

and considerations for organic agriculture. 

Advances in Agronomy. 97: 111-130. 

 

Saif, S.R., Ali, I., Zaidi, A.A. 1977. Vesicular-arbuscular 

mycorrhizae in plants and endogonaceous 

spores in the soil of northern areas of Pakistan. 

III. Dir and Chitral. Pakistan Journal of Botany. 

9: 129-148. 

 

Sawers, R.J.H., Yang, S.Y., Gutjahr, C., Paszkowski, U. 

2008. The molecular components of nutrient 

exchange in arbuscular mycorrhizal interactions. 

In: Siddiqui, Z.A., Akhtar, M.S. and Futai, K. 

(eds.). Mycorrhizae: Sustainable Agriculture 

and Foresrty. Springer, Dordrecht, The 

Netherlands. pp. 37-60. 

 

Schreiner, R.P., Koide, R.T. 1993. Mustards, mustard oils 

and mycorrhizas. New Phytologist. 123: 107-

113. 

 

Schwab, S.M., Johnson, E.L.V., Menge, J.A. 1982. 

Influence of simazine on formation of vesicular-

arbuscular mycorrhizae in Chenopodium quinoa 

Willd. Plant and Soil. 64: 283-288. 

 

Smith, F.A., Smith, S.E. 1997. Structural diversity in 

vesicular-arbuscular mycorrhizal symbioses. 

New Phytologist. 137: 373-388. 

 

Tester, M., Smith, S.E., Smith, F.A. 1987. The 

phenomenon of nonmycorrhizal plants. 

Canadian Journal of Botany. 65: 419-431. 

 

Tommerup, I.C. 1984: Development of infection by a 

vesicular-arbuscular mycorrhizal fungus in 

Brassica napus L. and Trifolium subterraneum 

L. New Phytologist. 98: 487-495. 

Usuki, F., Narisawa, K. 2007. A mutualistic symbiosis 

between a dark septate endophytic fungus, 

Heteroconium chaetospira, and a 

nonmycorrhizal plant, Chinese cabbage. 

Mycologia. 99: 175-184. 

 

Valsalakumar, N., Ray, J.G., Potty, V.P. 2007. 

Arbuscular mycorrhizal fungi associated with 

green gram in south India. Agronomy Journal. 

99: 1260-1264. 

 

Vierheilig, H., Bennett, R., Kiddle, G., Kaldorf, M., 

Ludwig-Müller, J. 2000. Differences in 

glucosinolate patterns and arbuscular 

mycorrhizal status of glucosinolate-containing 

plant species. New Phytologist. 146: 343-352. 

 

Vierheilig, H., Ocampo, J.A. 1990. Role of root extracts 

and volatile substances on non-host plants on 

vesicular-arbuscular mycorrhizal spore 

germination. Symbiosis. 9: 199-202. 

 

Wang, B. Qiu, L. 2006. Phylogenetic distribution and 

evolution of mycorrhizas in land plants. 

Mycorrhiza. 16: 299-363. 

 

Wangiyana, W., Cornish, P.S., Morris, E.C. 2006. 

Arbuscular mycorrhizal fungal dynamics in 

contrasting cropping systems on vertisol and 

regasol soils of Lombok, Indonesia. 

Experimental Agriculture. 42: 427-439. 

 

Wicox, H.E., Wang, C.J.K. 1987. Mycorrhizal and 

pathological associations of dematiaceous fungi 

in roots of 7-month-old tree seedlings. Canadian 

Journal of Forest Research. 17: 884-899. 

 

Yamato, M., Iwasaki, M. 2002. Morphological types of 

arbuscular mycorrhizal fungi in roots of 

understorey plants in Japanese deciduous 

broadleaved forests. Mycorrhiza. 12: 291- 296. 

 

 

 

 

 

Submitted January 17, 2010 – Accepted May 25, 2010 

Revised received May 31, 2010 

 

 

 

 


