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Abstract: In this investigation an attempt was made to reveal the root colonization and species diversity of
AMF in the Rhizosphere of sunflower, collected from different areas which differed in physico- chemical
parameter. The higher colonization was observed at Arasadipatti (Pudukkottai), Thalaimalaipatti (Trichy)
Thirukkanurpatti (Thanjavur) and the lower colonization was observed at Thirumalaisamuthirum (Thanjavur).
The colonization among root samples collected from ten different soils, ranged from 20%-70%, this may due to
some biotic and abiotic stress. Altogether fourteen species of AMF were isolated, of which seven species were
contributed by Glomus spp., three by Gigaspora spp. and two by Acalospora spp. and  Scutilospora  spp.,
The spore densities of soils studied varied from 210 to 740/100g soils. The highest isolation frequency, of 60%
was represented by Glomus mossae and the lowest was by Glomus species 1, Gigaspora sp1, Gigaspora sp2.
Among the ten soils, species richness and Shannon-Wiener index of diversity (H’) were found to be greater
at Vallamputhur (Thanjavur), Sampson’s index of dominance (D) was found to be high at Kummankulum
(Pudukkottai).
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INTRODUCTION essential  element  for  growth  and  development.  It has

Arbuscular Mycorrhizal (AM) fungi are the symbiotic enzyme activities of the rhizosphere soil were much
fungi, which form mutualistic association with feeder related to AM fungal activity [4]. The other functions
roots of most terrestrial plants. These fungi are the major attributed to AM fungi include production of plant
component of soil microbial communities in terrestrial eco growth hormones, protection of host roots from
systems, which can form mutually beneficial symbiosis pathogens, uptake of heavy metals, salinity tolerance [5].
with 90% of vascular plants [1]. On global basis, Distribution, diversity, abundance and functioning of AM
mycorrhizae occurs in 83% of dicots and 79% of fungi are primarily based upon the root colonization and
monocots, where as all gymnosperms are mycorrhizal. spore count which further depend upon many
Dense  AM  fungi  infection  is   common   in  most environmental factors [6]. In addition to the sensitivity to
species of Leguminosae and Gramineae. Most of the soil type, some other factors that affect behavior of AM
economically  important  crops  are  infected  by AM fungi are host plant, crop rotation; soil pH, moisture
fungi [2]. These fungi enter cortex of roots to obtain content of soil, soil temperature, nutrient levels and
carbon  from  their  host  plants,  while  assisting the interaction with other soil biota. The objective of this
plants with the uptake of phosphorus and the other investigation is to reveal the species diversity of AM
mineral nutrients from soil [3]. This association is fungi in Rhizosphere of sunflower in different
beneficial to plants because, phosphorus is a major agroecological stations.

been  observed that alkaline and acid phosphatase
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Fig. 1 Map showing the sampling sites of southern districts of Tamil Nadu-South India

MATERIALS AND METHODS Collection of Root and Soil Samples: Extensive field

Location of Sampling Sites: The study sites were located rhizospheric  soils  samples  of  sunflower  crop plants
in southern districts of Tamil Nadu in South India, which from different agro ecological zones of Pudukkottai,
included Pudukkottai (Arasadipatti, Kummankulum, Thanjaur  and  Trichirappalli districts of Tamil Nadu
Manjanviduthi), Thanjavur (Thirukkanurpatti, during the year 2011 -2012. Samples were collected
Vallamputhur, Thirumalaisamuthirum), Trichirappalli randomly. Rhizospheric soils at a depth of 4-16 cm from 5
districts (Meickalnaickanpatti, Valavanthi, different locations in each study site were collected in
Thalaimalaipatti,  M.Kalathur). Location the study sites sterile polyethylene bags using soil  auger.
are shown in Fig. 1. Tiruchirappalli is located at 10.8050°N Approximately 500gm of rhizosphere soil was collected.
78.6856°E. The average elevation is 88 metres (289 ft). It is Soil samples were air-dried and stored at 4°C for
located almost at the geographic centre of the state of processing. A portion of the soil samples was analyzed
Tamil Nadu. Tiruchirappalli experiences a moderate climate for soil physio-chemical parameters like pH, electrical
from August to October, tempered by heavy rain and conductivity, available phosphorus and available
thundershowers and cool and balmy climate from potassium. Remaining soil samples of 200g was used to
November to February. Fog and dew are rare and occur isolate AM fungal spores. The root samples were washed
only during the winter season. Pudukkottai district covers thoroughly with running tap water to remove the adhered
an area of 4663 Sq. Km. which has a coast line of 39 Kms. soil particles. Then roots were cut into small pieces of
The district is located between 78.25' and 79.15' of the East about 1cm and used for the assessment of percentage
of Longitude and between 9.50' and 10.40' of the North of colonization of AMF.
Latitude. Thanjavur is situated beside the mighty River
Cauveri, Thanjavur is geographically located in between Estimation of Root Colonization: The technique of
10.8°N and 79.15°E in the South Indian state of Tamil Phillips  and  Hayman  [7]  modified  by  Koske  and
Nadu. Thanjavur has a trophical climatic condition. Gemma  [8]  was  used  throughout  the  research  work for
During summers the average temperature of the city rises determining the  AM infection in sunflower roots growing
to 36 .6°C, while during the winter season, the average under field condition. This procedure include various
temperature goes down to 22°C.The city of Thanjavur steps i.e. depigmentation of roots by 10%KOH, washing
experiences heavy rain of about 111.37 cm during the with tap water, acidification of roots with 2N Hcl, staining
rainy season. root with 1% trypan blue. Segments of 0.5 cm of were

survey was carried out in order to collect the root and



Number of AM positive segments Root colonization (%) = X100
Total number of segments observed
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placed in slide and observed under Microscope. Statistical Analysis: Ecological measures of diversity
Mycorhizal infection (vesicles, arbuscles) in each segment used to describe the structure of AMF communities
was observed in order to estimate the mycorrhizal included spore density, species richness, relative
infection levels. The root infection percentages were abundance, isolation frequency, Shannon-Wiener index
calculated from the number of infected segments out of of  diversity,   Simpson’s  index  of  dominance [11-13].
total root segments. The formula used to calculate these parameters is given in

species, at least to some extent. Relative abundance was

Isolation  of  AM  Fungi:  AM  spores  were  extracted of AMF. Isolation frequency was defined as the
from the collected soil samples by wet sieving and percentage of soil samples in which a species occurred,
decanting  method  to  obtain  viable   and   debris  free which revealed extent of distribution of given AMF
AM  spores  [9].  Soil  mass   100gm   was   suspended   in species in an ecosystem. The degree of diversity was
500ml  of  distilled  water,  heavier  particles  gradually reflected by Shannon-Wiener index of diversity. Since the
settle  down  the  bottom  of  the  container.  The isolated spores lacked distinguishable fine taxonomic
suspension   was   passed   through   the   series of character, few species were identified to species level and
sieves  of  the  following  pores  dimensions  710mm, were not included in the statistical analysis, except as part
425mm, 250mm and 45mm. Residues from the last two of total spore density. The Pearson correlation coefficient
sieves  were  washed  and  collected  in  the  beaker.  After was employed to determine the relationship between
5 minutes the supernatant was filtered through Whatmann Spore density and Species Richness, Relative abundance
No. 1 filter paper. The filter paper containing the residues and Isolation frequency.
was placed  on  the  Petri  plates  and  was  observed
under light binocular microscope  for  spore  counting. RESULT AND DISCUSSION
The healthy and fresh spores were isolated with the help
of needle and were placed on the slide and were mounted Diversity of AM Fungal Spores and Colonization:
in Poly Vinyl Lacto Glycerol (PVLG) to make permanent Rhizosphere soil samples collected from various localities
slides. revealed the presence of several  species  of  AM  fungi.

Identification of AM Fungi: The isolated AM spores were sample collected from ten different agro  ecosystems.
microscopically examined for spore morphology viz. size From which 14 species were identified. The identified
of spores, nature and number of spore walls, spore species    were     Glomus     mossae,     G.   fasiculatum,
inclusions and hypha attachment. The isolated AM G.  microsporum,  G.  aggregatum,  G.  intradices,
spores were then identified on morphological basis by Glomus sp1, Glomus sp2, Gigaspora sp1, G. gigantiea,
referring to the latest taxonomy on AM fungi given by Gigaspora  sp2,  Acalospora  scrobiculata,  A.  lavis,
Schenck and Perex [10]. Scutilospora      sp1,       Scutilospora    sp2     (Table   3).

the Table 1. Spore density reflects the biomass of AMF

defined as the percentage of spore number of a species,
which indicated the sporulation ability of different species

A total of 4,446 spores of AMF were wet sieved from soil

Table 1: Diversity measures used to describe AM communities

Spore density (SD) The number spores in 100gm soil

Species richness (SR) Number of identified AMF species per soil sample
Relative abundance (RA) Spore number of a species (genus) X100

------------------------------------------------------
Total number of identified spore samples

IF (Isolation Frequency) The number soil samples in which AMF species occurred X100
-----------------------------------------------------------------------------------
The total number of soil samples

Simpson’s index of dominance D=  (n N)i /
2

Shannon –Wiener index of  Diversity (H’)  H’= - P In Pi i

P is the relative abundance of each identified species per sampling site and calculated by the following formula,i

P = n where n is the spore numbers of a species and N is the total number of identified species per sampling sitesi i /N, i
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Table 2: Relative abundance (RA) and Isolation frequency of AM in Rhizosphere soil of Sunflower

S.No Name of the Organisms Relative Abundance (RA)% Isolation Frequency (IF) %

1 Glomus mossae 16.17 60
2 Glomus faciculatum 21.64 50
3 Glomus microsporum 7.21 20
4 Glomus aggrigatum 9.96 30
5 Glomus intradices 6.52 20
6 Glomus sp1 0.68 10
7 Glomus sp2 2.40 30
8 Gigaspora sp1 0.68 10
9 Gigaspora gigantiea 4.12 30
10 Gigaspora sp2 1.37 10
11 Acalospora scrobiculata 8.59 40
12 Acalospora lavis 13.40 50
13 Scutilospora sp1 4.12 30
14 Scutilospora sp2 4.46 40

Table 3: Diversity measurement of AMF community

Factors S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Spore density (SD)/100g of soil 704 470 350 284 210 413 425 530 680 560
Species Richness (SR) 5 5 4 2 4 3 3 6 7 3
Shannon-Wiener index of diversity (H’) 1.6068 1.52 1.1372 0.5297 1.1658 0.7355 0.9189 1.0862 1.805 0.9794
Sampson’s index of dominance (D) 0.2291 0.2254 0.3291 0.1498 0.2054 0.5803 0.4616 0.1952 0.1665 0.4618

Meickalnaickanpatti-S1, Valavanthi -S2, Thalaimalaipatti -S3, M.Kalathur -S4, Arasadipatti- S5, Kummankulum-S6,
Manjanviduthi -S7, Thirukkanurpatti -S8, Vallamputhur –S9, Thirumalaisamuthirum- S10

Supriya Gaur and Purshotam Kaushik [14] isolated a total [17, 18]. Based on relative abundance and isolation
of 16 species of AM from three medicinal plants of which frequency, it was observed that Glomus fasciculatum was
more than fifty percent of the total species identified most dominant (21.64% of RA) followed by Glomus
belonged to the genus Glomus. Like wise Sharma et al. mossae (16.17% of RA) and Acalospora lavis (13.40 % of
[15] described seven species of Glomus from sunflower RA). However Glomus mossae contributed to greater
rhizosphere. Similarly in this study also seven species of isolation frequency (60%) and was widely distributed,
Glomus were isolated and identified. Sharma et al. [16] followed by Glomus fasciculatum and Acalospora lavis
identified seven species of Acalospora from Sunflower (50%). This finding was in accordance Karthikeyan and
rhizosphere soil of Haryana, India. Whereas, in the selvaraj [19]. Correlation analysis revealed that there was
present study two Acalospora species (Acalospora lavis positive correlation between relative abundance and
and A. tuberculata) have been identified (Table 2). In this isolation frequency (SPSS software version16.0, (r =.815)
investigation the species richness was maximum at (Fig. 3). This finding was supported by earlier works [20].
Vallamputhur (SR 7%, SD 680/100g soil) however the They suggested that AMF colonization varied widely
spore density was minimum when compared to among different vegetable crops and fruit yielding crops,
Meickalnaickanpatti (SR 5%, SD 704/100g soil). Spore Glomus was represented by10 species. Furthermore,
density and species richness were found to be less in Shannon-Wiener index of diversity (H’) and Sampson’s
M. Kalathur (SR 2%, SD 284/100g soil). Kummankulum, index  of  dominance  (D)  showed   greater  diversity
Manjanviduthi and Thirumalaisamuthirum had the same (Table 3).
SR (3%) value but differed in SD (413, 425, 560)
respectively; similar results were recorded at AM Fungal Colonization in Root of Sunflower:
Thalaimalaipatti and Arasadipatti (Table 3). Correlation Arbuscular mycorrhizal fungal taxa have a specific
analysis demonstrated that spore density of  AMF multidimensional niche determined by the plant species
species was positively correlated with species richness that are present at the site and by edaphic factors such as
(SPSS software version16.0, r = 618) (Fig. 2). The result of pH, moisture content and phosphorus (P) and nitrogen
the present study coincides with the  previous  reports (N) availability [21]. Variation in spore density and percent
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Fig. 2: Correlation between spore density and species Fig. 3: Correlation between Isolation Frequency (IF) and
richness Relative Abundance (RA)

Table 4: Percentage root colonization of AMF in roots of Sunflower
S.No Study sites Percentage of AM Colonization in Root samples No. of vesicles per Root samples No. of Arbuscles per Root samples
1 S1 50 4 6
2 S2 60 3 2
3 S3 70 5 4
4 S4 40 2 6
5 S5 70 3 5
6 S6 60 2 4
7 S6 50 4 7
8 S8 70 3 4
9 S9 60 2 5
10 S10 30 3 6

colonization among different sampling sites attributed to 2. Hayman, D.S., 1982. The physiology of vesicular
host specificity, edaphic and climatic conditions [22]. arbuscular endomycorrhizal symbiosis. Can, J. Bot.,
Table 4 reveals that the percentage of AMF colonization 61: 944-963.
of sunflower root varied greatly among different study 3. Auge,   R.M.,    2001.    Water    relations,  drought
sites. Highest infection rate of 70% was observed at and    VA     mycorrhizal symbiosis,   Mycorrhiza,
Thalaimalaipatti, Arasadipatti, Thirukkanurpatti and 11: 3-42.
lowest infection rate of 30% was recorded at 4. Chethan Kumar,   K.V.,    K.R.  Chandrashekar   and
Thirumalaisamuthirum. The colonization rate of 35% in R. Lakshmipathy, 2008. Variation in Arbuscular
sunflower root collected from marginal soil and of 29% Mycorrhizal fungi and Phosphatase Activity
sample collected from fertile soil    was  observed  [23]. associated with Sida cardifolia in Karnataka. World.
The results obtained in this study coincides with the J. Agric. Sci., 4(6): 770-774.
previous reports [24], who examined the seasonal 5. Selvaraj, T., P. Chellappan, Y.J. Jeong and H. Kim,
dynamics of several soil variables (soil pH, temperature, 2005. Occurrence and Quantification of Vesicular
moisture) with specific interest to determine the rate of Arbuscular Mycorrhizal (VAM) fungi in Industrial
arbuscular mycorrhizal root colonization, vesicles and Polluted  Soils,   Journal   of  Microbiol.  Biotechnol.,
arbuscles formation in the root and AM fungal spore 15(1): 147-154.
population in the rhizosphere of five medicinal plants and 6. Daniels,   B.A., 1984.    Ecology    of   VAM  fungi,
reported that the season and edaphic conditions are In:   VA    Mycorrhiza,    Eds.    C.L.    Ipowell   and
crucial for the development of AM fungi. D.J.  Bagyaraj.  CRC  Press,  Boca   Raton,  Florida,
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