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Abstract 
The scarce occurrence along with over-exploitation of Abroma augusta vis-à-vis its usage 

by practitioners of traditional medicinal system has augmented its importance among researchers 

and conservation biologists. The present study was an attempt to examine the alterations induced 

by abiotic environmental (i.e. climatic, biotic and physiographic) factors related to the plant habitat 

on the Arbuscular Mycorrhizal (AM) fungal partners of the target plant. Rhizospheric soils 

collected from 24 study sites of eight natural locations under six habitats from the Brahmaputra 

valley, Assam, India were assessed for AM populations. Through this study, a total of 22 AM 

fungal species under three genera (i.e. Glomus, Gigaspora and Acaulospora) were isolated. 

Riverine habitat augments AM spore density (155±1.19) while fallows are characterized by 

maximum colonization by hyphae (80±0.45) and arbuscules (10±0.18). It is evident that increase 

in soil temperature and electrical conductivity, exhibited declining effect on the percent root 

colonization, AM spore numbers per 50 g of soil as well as AM ecological indices. The 

association between rhizospheric fungal biota including endomycorrhizae and abiotic soil 

properties can be exclusively advocated for a broader utilization as an ecological indicator for the 

conservation of target plant species which is discussed in this research paper. 

 

Keywords – Abiotic influence – Ecological indices – Rhizospheric mycobiota – Soil physico-

chemical properties  

 

Introduction 

Soil is a structured, heterogeneous and discontinuous system, generally poor in nutrients 

and energy sources (in comparison with the concentrations optimal for nutrient microbial growth 

in vitro), with microorganisms living in discrete microhabitats (Stotzky 1997, Nannipieri et al. 

2003). Variations in topography, climate, physical weathering processes, vegetation cover, 

microbial activities apart from several other biotic and abiotic variables, in the long run tend to 

differ physico-chemical characteristics of different soils with variance in space and time (Paudel & 

Sah 2003). In other words, the quality of soil is not only related with physical and chemical 

properties, microbiological processes do also owe their share (Parkash et al. 2014). 
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Arbuscular Mycorrhizal (AM) symbiosis is known to bring a wide range of benefits to the 

host plant in both agricultural production systems and natural ecosystems (Tanwar et al. 2014) by 

improving mineral uptake which leads to production of plants which perform better in terms of 

growth indices and environmental stress combat (Barea et al. 1993). Arbuscular Mycorrhizal 

fungi, characterized by “arbuscules” and “vesicles” formed by the aseptate, obligately symbiotic 

fungi of the phylum Glomeromycota (Schüßler et al. 2001) are an important asexually reproducing 

soil microbial community that forms symbiotic relationship with nearly 90 percent of the 

flowering plants (Brundrett 1991, Saikia & Parkash 2014). Usually, plant, soil and climatic factors 

are related to the development of these fungi, and show varied effects on establishment of the 

mycorrhizal symbiosis and its efficiency (Carrenho et al. 2007). Certain edaphic characteristics 

have noteworthy influences on the development of AM fungi in roots, in an advantageous way 

such as potassium (K), nitrogen (Treseder 2004), pH (Isobe et al. 2007) and compaction (Waltert 

et al. 2002) apart from climatic conditions and host plant effects (Kivlin et al. 2011) as well as 

detrimental factors (e.g. Electrical conductivity, Available Phosphorus, etc.) (Isobe et al. 2007). So 

keeping in mind all these biological and chemical processes, the study was undertaken on Abroma 

augusta L. which is an important threatened plant species in Brahmaputra valley of Assam, India. 

Abroma augusta is a popular plant belonging to family Malvaceae (previously under 

family Sterculiaceae) mainly used for the treatment of various types of disorder in the traditional 

systems of medicine (Patel & Dhanabal 2013, Parkash et al. 2014). Owing to this medicament 

utility, the plant has been overexploited, which has consequently  led to a decrease in its spread in 

forest areas, thereby limiting it to the forest edges; which showcases the urgent need to conserve 

this plant species, both in in situ as well as ex situ conditions (Parkash et al. 2013). Morpho-

taxonomically, it is evergreen plant with spreading branches, quick-growing pubescent shrub or a 

small tree with velvety branches, found in tropical Asia, South and eastern Africa and Australia 

(Das et al. 2012). It is found in both wild and cultivated areas, throughout the warm and moister 

parts of the Indian sub-continent ranging from Punjab and Uttar Pradesh eastwards to Arunachal 

Pradesh, Assam, Meghalaya and Tripura, ascending to 1,200 m, and southwards in peninsular 

India (Anonymous 2006, Gupta et al. 2011).  

The plant parts have been reported to contain several types of alkaloids and secondary 

metabolites inclusive of steroids, triterpenes, flavonoids, mega-stigmanes, benzo-hydrofurans and 

their glycosides and phenyl-ethanoid glycosides (Gupta et al. 2011, Saikot et al. 2012). The leaves 

of A. augusta contain octacosanol, taraxerol, ß-sitosterol acetate, lupeol, an aliphatic alcohol 

(C32H66O) apart from mixture of long chain fatty diols. Abromine, the active constituent of the A. 

augusta identified as betaine is mainly responsible for anti-hyperglycemic activity (Mir et al. 

2013). Certain diseases like diabetes, stomachache, dermatitis, leucorrhoea, scabies, gonorrhea, 

cough, leucoderma, jaundice, nerve stimulant, weakness, hypertension, uterine disorders, 

rheumatic pain of joints and headache with sinusitis have been treated with different parts of this 

plant (Rahmatullah et al. 2010). Moreover, its anti-dermatitic, anti- inflammatory as well as 

analgesic activity has also been reported (Al-Bari et al. 2006). Some preliminary studies have 

reported anti-diabetic activity of the dried root bark (aqueous extract) of A. augusta diabetic rats 

(Ali Hussain 2002, Eshrat 2003). Nahar et al. (2010) reported that the methanolic extract of leaves 

of A. augusta significantly reduced the blood glucose level in alloxan-induced diabetic rats when 

administered at a dose of 300 mg/kg/da. The root extracts of A. augusta might be a potential 

source of anti-diabetic agent for the treatment of Type-II diabetes and its α-d-glucosidase 

inhibitory potential could be one of the possible mechanism for its anti-diabetic effect (Bisht et al. 

2014). The fresh viscid sap of the root bark has been considered to be a valuable emmenagogue in 

addition to its usage as uterine tonic. It is also used in dysmenorrhoea (Kirtikar & Basu 1918). 

This important plant species is nearing to its threshold due to overexploitation and needs 

conservation, particularly in Brahmaputra valley of Assam, India. Therefore, in this study an effort 

was made to analyze the relationship of AM fungal species with the rhizospheric physico-chemical 

properties so that both can be exploited for its conservation as a future strategy of this study.  
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Materials & Methods 

 
Survey and collection of seed and rhizospheric soil samples 

Owing to the scattered distribution of A. augusta, an extensive survey of different locations 

in Assam (India) was done for the collection of roots along with rhizospheric soil samples. 

Rhizospheric soil and roots were collected from 24 sampling sites under 8 natural 

locations/provenances of Brahmaputra valley, viz. Titabor, Borholla, Namrup, Nagamati, 

Kokilamukh, Kaziranga, Amsoi and Jagiroad where A. augusta was naturally occurring in these 

geographic locations and distributed in 4 districts i.e. Jorhat, Dibrugarh, Golaghat and Nagaon of 

Assam state in India (latitude 24° 8′ to 24° 2′ N and longitude 89° 42′ to 96° 0′ E). These sites 

were also observed for their habitats as well as geo-positioning and/ or locational data. The 

majority of rain fall (1800 mm to 3000 mm) in these regions occur during monsoon period, i.e. 

March through May, the heaviest precipitation comes with the southwest monsoon, which arrives 

in June, stays through September, and often causes widespread and destructive flooding (Das 

2014). The plant specimen were also collected, preserved in herbarium sheets for identification 

and deposited at herbarium of Rain Forest Research Institute, Jorhat, Assam. Rhizospheric soil 

samples (at least three samples) were taken by digging out a small amount of soil (500g) close to 

plant roots up to the depth of 15-30cm and these samples were kept in sterilized polythene bags at 

10ºC for further processing in the laboratory  and physico-chemical analyses of soil.  

 

Physico-chemical analysis of soil 
The pH and soil temperature were measured for all soil samples using electronic digital pH 

meter (Eutech Instruments, Singapore) and soil thermometer (Jainco, India). Moisture content was 

determined by oven dry technique (Allen 1974). Organic carbon (%) estimation was done by 

Walkley-Black’s method (Walkley & Black 1934). Colour of collected rhizospheric soil samples 

were given according to Munsell Soil Colour Code (Munsell 2000). 

 

Isolation and identification of rhizospheric AM Myco-biota 
 Isolation, quantification and root colonization of VAM spores were done by using wet 

sieving and decanting technique (Gerdemann & Nicolson 1963). The quantitative estimation of 

VAM spores was done by modified method of Adholeya & Gaur (1994). To study the colonization 

of Arbuscular Mycorrhizae, the rapid clearing and staining method was employed (Phillips & 

Hayman 1970). The AM fungi were identified using the keys of Trappe (1982), Walker (1992), 

Schenck & Perez (1990), Morton & Benny (1990), Mukerji (1996), Morton & Redecker (2001) 

and Sharma et al. (2008, 2009). They were also identified by using websites (Blaszkowski 2003, 

Morton 2014). The AM fungal isolates with their accession numbers are preserved, trapped on host 

plants and retained with Mycology and Soil Microbiology Research Laboratory, Rain Forest 

Research Institute, Jorhat, Assam, India. 

 

Statistical analysis 

All the data were analyzed statistically, Analysis of the diversity parameters with respect to 

Arbuscular Mycorrhizal flora viz.-quantitative analysis such as density, frequency and abundance 

of rhizospheric soil myco-flora and diversity indices were computed based on standard methods 

and protocols (Curtis & McIntosh 1950, Miller et al. 1987, Parkash 2012). Pearson’s coefficient of 

correlation was calculated to study the relationship between different variables. For the statistical 

analyses, MS Excel 2007 was used. 

 

Results  

The physico-chemical data on pH, moisture content, soil temperature, electrical 

conductivity, humidity and organic carbon of all the locations where A. augusta was naturally 

found to occur have been discussed in our previous research work (Parkash et al. 2014) where the 
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diversity and distribution of rhizospheric non-mycorrhizal myco-biota associated with the target 

plant species was assessed. The said table in a more elaborative form has been presented in Table 

1. Maximum values with respect to Moisture Content (%) (6.67±0.3), Humidity (%) (75±4.91) and 

Soil Temperature (°C) (34±0) were exhibited by the study site Borholla (study location 

BRHL/DHN/4); while the study site Kaziranga (study location KJRG/LJR/14) exhibited 

maximum values of plant height (m) (8±0) and Available Soil Organic Carbon (%) (1.5±0). 

Although the Elevation (metres above sea level/masl) (130±0 masl) of study site Namrup (study 

location JPR/NMRP/5) was high; yet it presented low values of Moisture Content (%) (3.47±0.21) 

and Humidity (%) (30±4.71). The study site Jagiroad (study location AMS/JR/PH/23) exhibited 

maximum value of Soil pH (8.4±0.28) and minimum value of Elevation (masl) (56±0). With 

respect to Soil Electrical Conductivity (dSm-1), highest (125.1±7.07) value was exhibited by study 

site Borholla (study location BRHL/DDR/3) and lowest (40.3±2.36) value was shown by study 

site Nagamati (study location JHPR/NGMT/8). On the other hand, minimum values with respect 

to Available Soil Organic Carbon (%)(0.06±0) and Soil pH(4.37±0.24)were exhibited by study site 

Titabor (study site TTBR/GPR/1); to plant height (m) by study site Nagamati (study location 

JHPR/NGMT/10) as well as to Soil temperature (°C) by study site Kokilamukh (study location 

KKLM/SAM/11), study site Kaziranga (study location KJRG/SJR/13 and KJRG/LJR/14) and 

study site Jagiroad (study location AMS/JR/PH/22) (20±0). Out of the various study locations, 

maximum sites were characterised by dull orange colour (5YR 6/3) (7 study locations), followed 

by Dull reddish brown (7.5R 5/3), Grayish brown (7.5YR 5/2), Brownish gray (7.5YR 6/1) (3, 

each), Light reddish gray (10R 7/1), Light brown gray (10YR 6/1) (2, each), Light olive gray 

(2.5GY 7/1), Dull brown (2.5YR 4/3), Dull reddish gray (5R 6/1), Brownish gray (7.5YR 4/1)  (1, 

each). 

Location/ Study site wise variation in endomycorrhizal quantification and spore density is 

discussed below (see Table 2). Maximum (155±1.19/ 50 g soil) spore quantification was observed 

in Kokilamukh, while minimum (52±0.94/ 50 g soil) spore density was observed in the study 

location Titabor. Maximal percentage of hyphal colonization (80±0.53) and vesicular infection 

(30±0.07) was observed in the study site Nagamati. On the other hand, low rate of hyphal and 

vesicular infection were observed in Amsoi (54±0.44) and Kokilamukh (10±0.81), respectively. 

Noteworthy is the fact that no vesicular infection was observed among the samples 

(AMS/JR/PH/20, AMS/JR/PH/21, AMS/JR/PH/22, AMS/JR/PH/23 and AMS/JR/PH/24) collected 

from the site Jagiroad, while only one sample (AMS/JR/PH/22) from the mentioned site exhibited 

scanty (10±0.18) arbuscular infection. 

With reference to the study site habitat, analyses of the mentioned parameters divulge the 

following observations (see Tables 3, 4 and 5). The foot hill regions characterized by high plant 

height (7.5 m) and Soil Organic Carbon (1.29 %) and low pH (5.1), moisture content (3.47 %), 

electrical conductivity (43.6 dSm-1) and humidity (30 %) exhibited high AM spore density (155/ 

50g of soil) and per cent vesicular infection (20). On the other hand, River side locations typified 

by high pH (8.2), electrical conductivity (91.4 dSm-1) and relatively low (20°C) soil temperature 

displayed lower percent vesicular infection (10). Only fallow land revealed scanty (10) percent 

arbuscular infection, the habitat being highly (5.28) humid and with comparatively lower (20°C) 

soil temperature. The rest study habitats revealed mere absence of percent arbuscular infection. 

The parameters will be illustrated below with reference to elevation of the study locations (see 

Tables 1, 2 and Fig. 2). Maximum (155±2.83/ 50 g of soil) spore density and hyphal colonization 

(80±0.53) were observed at high elevation sites (130 and 118 masl’s, respectively). However, 

lower values with respect to spore population (42±0.47) and hyphal colonization 



 

1
0

2
 

Table 1 Physico-chemical properties of the collected soil samples of Abroma augusta  

 

 

Sl. 

No. 

Sample numbers Locations Height 

of 

plant 

(m) 

Soil pH Soil Electrical 

Conductivity 

(dSm-1) 

Soil 

Temp. 

(ºC) 

Soil 

Organic 

Carbon 

(%) 

Relative 

Humidity 

(%) 

Site 

Elevation 

(m) 

Soil Moisture 

Content (%) 

Soil colour 

(with Munsell Code) 

1.  TTBR/GPR/1 Titabor 3.15±0 4.37±0.24 80.8±4.71 33±0 0.06±0 55±2.36 78±0 4.44±0.11 Dull orange  

(5YR 6/3) 

2.  BRHL/MDP/2 Borholla 3±0 5.74±0.26 47.1±5.45 32±0 0.72±0 65±3.21 88±0 5.84±0.25 Light brown gray 

(10YR 6/1) 

3.  BRHL/DDR/3 6±0 4.54±0.47 125.1±7.07 33±0 0.3±0 67±4.24 88±0 5.5±0.24 Dull orange 

(5YR 6/3) 

4.  BRHL/DHN/4 4±0 4.43±0.35 109.4±4.95 34±0 0.42±0 75±4.91 75±0 6.67±0.3 Dull orange  

(5YR 6/3) 

5.  JPR/NMRP/5 Namrup 7.5±0 5.1±0.21 43.6±9.43 21±0 1.29±0 30±4.71 130±0 3.47±0.21 Dull reddish brown  

(7.5R 5/3) 

6.  JPR/FCI/6 5±0 5.33±0.32 81.3±2.83 23±0 0.99±0 32±3.07 117±0 4.47±0.24 Light reddish gray 

(10R 7/1) 

7.  JPR/PRBR/7 4±0 5.22±0.21 41.3±4.38 23±0 1.35±0 40±2.36 117±0 3.59±0.19 Light reddish gray 

(10R 7/1) 

8.  JPR/NGMT/8 Nagamati 3±0 6.54±0.34 40.3±2.36 23±0 0.45±0 45±3.3 118±0 3.81±0.14 Brownish gray 

(7.5YR 6/1) 

9.  JPR/NGMT/9 2.8±0 6.26±0.12 48.4±4.78 23±0 0.36±0 45±4.71 118±0 4.36±0.15 Brownish gray 

(7.5YR 6/1) 

10.  JPR/NGMT/10 2.5±0 5.43±0.19 41.5±2.24 23±0 0.3±0 45±3.21 118±0 4.74±0.12 Grayish brown  

(7.5YR 5/2) 

11.  KKLM/SAM/11 Kokilamukh 6±0 8.2±0.24 91.4±4.41 20±0 0.81±0 50±2.4 63±0 4.6±0.28 Light olive gray 

(2.5GY 7/1) 

12.  KJRG/NMGP/12 Kaziranga 3.5±0 5.05±0.2 74.6±1.89 28±0 0.99±0 48±3.77 65±0 4.47±0.21 Light brownish gray 

(10YR 6/1) 

13.  KJRG/SJR/13 6.5±0 5.27±0.11 57.6±3.44 20±0 0.96±0 58±1.91 57±0 5.82±0.38 Brownish gray  

(7.5YR 6/1) 

14.  KJRG/LJR/14 8±0 5.43±0.2 96.1±2.83 20±0 1.5±0 55±1.41 74±0 4.72±0.17 Grayish brown 

(7.5YR 5/2) 

15.  AMS/ROM/15 Amsoi 3.5±0 7.06±0.15 65.4±2.36 22±0 0.63±0 50±3.8 73±0 4.19±0.39 Brownish gray 

(7.5YR 4/1) 

16.  AMS/ROM/16 4.5±0 7.3±0.14 71.8±4.95 22±0 0.69±0 38±4.75 70±0 3.53±0.22 Dull reddish gray 

(5R 6/1) 
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Table 1 continued  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sl. 

No. 

Sample 

numbers 

Locations Height 

of plant 

(m) 

Soil pH Soil 

Electrical 

Conductivity 

(dSm-1) 

Soil 

Temp. 

(ºC) 

Soil 

Organic 

Carbon 

(%) 

Relative 

Humidity 

(%) 

Site 

Elevation 

(m) 

Soil Moisture 

Content (%) 

Soil colour 

(with Munsell Code) 

17. 1

7 

AMS/ROM/17  5.5±0 5.95±0.27 104.2±3.57 22±0 0.3±0 40±2.83 68±0 3.8±0.38 Dull reddish brown 

(7.5R 5/3) 

18.  AMS/ROM/18  

Jagiroad 

3.5±0 5.4±0.47 53±2.16 21±0 0.21±0 40±1.89 66±0 3.97±0.27 Dull orange 

(5YR 6/3) 

19.  AMS/ROM/19 3.5±0 7.7±0.19 62±1.69 22±0 0.15±0 40±3.6 66±0 4.02±0.26 Dull orange 

(5YR 6/3) 

20.  AMS/JR/PH/20 5.5±0 5.62±0.14 63.3±1.41 22±0 0.87±0 45±4.48 72±0 3.96±0.18 Dull orange 

(5YR 6/3) 

21.  AMS/JR/PH/21 Jagiroad 

 

6.5±0 5.65±0.24 63.9±2.36 22±0 1.29±0 47±5.19 70±0 4.38±0.29 Dull orange 

(5YR 6/3) 

22.  AMS/JR/PH/22 5.5±0 5.69±0.38 63.4±3.54 20±0 0.87±0 50±3.31 57±0 5.28±0.47 Dull reddish brown 

(7.5R 5/3) 

23.  AMS/JR/PH/23 5.5±0 8.4±0.28 91.4±2.88 21±0 0.99±0 50±4.01 56±0 4.98±0.31 Grayish brown 

(7.5YR 5/2) 

24.  AMS/JR/PH/24  7.5±0 6.76±0.34 87.5±4.18 22±0 0.57±0 50±3.54 57±0 4.47±0.42 Dull brown 

(2.5YR 4/3) 

 

Mean of three replicates, ± = SEm (Standard error of mean) 
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Table 2 Status of endomycorrhizal (AM) quantification and root colonization of collected samples of Abroma augusta 
 

Sl. 

No. 

Sample 

numbers 

Locations Habitat VAM Spore 

(/50 gm soil) 

% VAM 

Root 

colonization 

Presence of Hyphal 

Infection 

(%) 

Arbuscular 

Infection (%) 

Vesicular 

Infection 

(%) 

H
y

p

. A
rb

. 

V
es

. 

1.  TTBR/GPR/1 Titabor Road side 52±0.94 60±0.45 + - + 60±0.45 0 30±0.27 

2.  BRHL/MDP/2 Borholla 

 

Road side 75±2.36 60±0.18 + - + 60±0.18 0 20±1.19 

3.  BRHL/DDR/3 Paddy field 87±1.89 70±0.98 + - + 70±0.98 0 20±0.18 

4.  BRHL/DHN/4 Paddy field 60±1.41 60±0.27 + - + 60±0.27 0 20±0.32 

5.  JPR/NMRP/5 Namrup 

 

Foot hills 155±2.83 60±0.36 + - + 60±0.36 0 20±1.44 

6.  JPR/FCI/6 Road side 79±1.44 50±0.2 + - + 50±0.2 0 20±0.82 

7.  JPR/PRBR/7 Road side 45±1.66 60±0.14 + - + 60±0.14 0 10±0.48 

8.  JPR/NGMT/8 Nagamati 

 

Paddy field 108±3.78 80±0.53 + - + 80±0.53 0 30±0.07 

9.  JPR/NGMT/9 Paddy field 153±2.6 60±0.45 + - + 60±0.45 0 20±0.45 

10.  JPR/NGMT/10 Paddy field 146±0.98 80±0.07 + - + 80±0.07 0 30±0.36 

11.  KKLM/SAM/11 Kokilamukh River side 155±1.19 70±0.72 + - + 70±0.72 0 10±0.81 

12.  KJRG/NMGP/12 Kaziranga 

 

Road side 144±0.72 70±0.81 + - + 70±0.81 0 20±0.18 

13.  KJRG/SJR/13 Road side 112±0.27 60±1.19 + - + 60±1.19 0 20±0.72 

14.  KJRG/LJR/14 Road side 96±1.51 50±0.32 + - + 50±0.32 0 10±0.98 

15.  AMS/ROM/15 Amsoi 

 

Road side 47±1.70 60±0.98 + - + 60±0.98 0 30±0.14 

16.  AMS/ROM/16 Road side 42±0.47 40±0.07 + - + 40±0.07 0 20±0.53 

17.  AMS/ROM/17 Road side 43±0.81 40±0.23 + - + 40±0.23 0 20±0.07 

18.  AMS/ROM/18 Forest fringe area 64±1.96 70±0.61 + - + 70±0.61 0 20±0.45 

19.  AMS/ROM/19 Forest fringe area 98±2.18 60±0.27 + - + 60±0.27 0 20±1.21 

20.  AMS/JR/PH/20 Jagiroad 

 

Paddy field 51±1.24 60±0.14 + - - 60±0.14 0 0 

21.  AMS/JR/PH/21 Paddy field 135±1.09 60±0.36 + - - 60±0.36 0 0 

22.  AMS/JR/PH/22 Fallow land 100±0.87 80±0.45 + + - 80±0.45 10±0.18 0 

23.  AMS/JR/PH/23 Road side 111±2.05 80±0.53 + - - 80±0.53 0 0 

24.  AMS/JR/PH/24 Paddy field 117±1.91 80±1.44 + - - 80±1.44 0 0 

 

Mean of five replicates, ± = SEm (Standard error of mean); Hyp-Hyphae, Arb-Arbuscule, Ves-Vesicle 
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Table 3 Habitat- and Location-wise natural occurrence and diversity of AM fungi in rhizosphere 

of Abroma augusta 
 

Total Study site habitat Name of endomycorrhizal (AM) fungal 

species 

Study sites Total 
F
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o
w

 l
a

n
d

 

F
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h
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K
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A
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so
i 

J
a

g
ir

o
a
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4   + + + + Acaulospora laevis Gerd. & Trappe    + +  +    

4  + + +  + A. foveata Trappe & Janos   + +   + + 4 

2   +   + A. mellea Spain & Schenk       +  1 

2    +  + A. denticulata  + + + +  + + + 7 

1    +   A. bireticulata     +     1 

2    +  + A. scrobiculata     +   +  2 

2    +  + A. sp.    +    + + 3 

1    +   Gigaspora gigantea   +       1 

2    +  + Gi. sp. +   +     2 

1    +   Glomus albidum     +     1 

4  + + +  + Gl. clavisporum (Trappe) Almeida & 

Schenck 

  +   + + + 4 

4 +  + +  + Gl. geosporum       + + + 3 

1    +   Gl. convulutum  +       1 

3  +  +  + Gl. macrocarpum   + +      2 

2   + +   Gl. mosseae     +   +  2 

1      + Gl. multicaulis    +      1 

1      + Gl. multisubstensum       +   1 

3   + +  + Gl. pallidum Hall + +    + +  4 

1      + Gl. pansihalos  +        1 

1      + Gl. sp.   + +      2 

1      + Gl. microcarpum Tulasne & Tulasne        + 1 

1    +   Gl. segmentatum         + 1 

 

(40±0.07) were observed at a lower (70 masl) altitude. Mention worthy fact is that the scanty 

(10±0.18) arbuscular infection was only observed at lowermost (57 masl) altitude. The percent 

vesicular infection showed a trend similar to spore density, with observance of maximum 

(30±0.36) and minimum (10±0.81) values at higher (118 masl) and lower (63 masl) values of 

altitudes. 

With reference to AM generic diversity, the study revealed maximum dominance (13) of 

Glomus in the rhizosphere of A. augusta, followed by Acaulospora (7); while the least dominant 

genus was found to be Gigaspora (2) (see Table 7 and Figs 1,3,6). A total of 22 species of AM 

fungi belonging to 3 genera (i.e. Glomus, Gigaspora and Acaulospora) were isolated from the 

rhizospheric soil of A. augusta as illustrated in the above mentioned table and figures. The natural 

occurrence and density of AM fungi was observed highest (37.5%, 1.13) in case of Acaulospora 

bireticulata Rothwell & Trappe and lowest (4.17 %, 0.13) in A. denticulata Seiverding &Toro; 

Gigaspora gigantea Gerd. & Trappe; Glomus albidum Walker & Rhodes; Gl. convolutum Gerd. & 

Trappe; Gl. multicaulis Gerd. & Bakshi; Gl. multisubstensum Mukerji, Bhattacharjee & Tewari; 

Gl. pansihalos Bersch & Koske; Gl. macrocarpum Tul. & Tul. and Gl. segmentatum Trappe, 

Spooner & Ivory; each respectively. The highest abundance value (2.33) was observed in Gl. 

geosporum (Nicol. & Gerd.) Walker and lowest value (1) in Acaulospora bireticulata, A. 

scrobiculata Trappe, Gi. gigantea, Gi. sp., Gl. albidum, Gl. clavisporum Almeida & Schenck, Gl. 

convolutum, Gl. mosseae Gerd. & Trappe, Gl. multicaulis, Gl. multisubstensum, Gl. pansihalos, 

Gl. sp., Gl. macrocarpum and Gl. segmentatum each respectively. The species-wise frequency was 
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highest (87.5) for A. bireticulata and lowest (12.5) for A. denticulata, A. scrobiculata, Gi. 

gigantea, Gl. albidum, Gl. convolutum, Gl. multicaulis, Gl. multisubstensum, Gl. pansihalos, Gl. 

macrocarpum and Gl. segmentatum. The region wise frequency was highest (37.5) for A. 

bireticulata and lowest (4.17) for A. scrobiculata, Gi. gigantea, Gl. albidum, Gl. convolutum, Gl. 

multicaulis, Gl. multisubstensum, Gl. pansihalos, Gl. macrocarpum and Gl. segmentatum. 

 

Table 4 Elevation wise natural occurrence and diversity of AM fungi in the collected soil samples 

of Abroma augusta  
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56                     +  1 

57  +          +           2 

63 +                      1 

65    +       +      + +     4 

66 + + +        + +   +   +     7 

68 + + + +   +                5 

70    +  + +    + +          + 6 

72    +   +                2 

73            +      +     2 

74            +           1 

75              +    +     2 

78    +     +         + +    4 

88    +    +     + +      +   5 

117  +  +   +         +    +   5 

118 + +  + + +   + +     +        8 

130  +         +   +         3 

Total 4 6 2 8 1 2 4 1 2 1 4 5 1 3 2 1 1 5 1 2 1 1 58 

 

Maximum AM diversity with reference to study site, study location, habitat type and 

elevation were observed in JPR/NGMT/10 (6), Amsoi (10), Paddy field, Road side (16, each) and 

118 masl elevation (8), respectively. On the other hand minimum values with respect to  the above 

mentioned parameters were exhibited by JPR/FCI/6, KKLM/SAM/11, KJRG/SJR/13, 

KJRG/LJR/14, AMS/JR/PH/22, AMS/JR/PH/23 and AMS/JR/PH/24 (1, each); Kokilamukh (1); 

Fallow land (1); 56, 63 and 74 (1, each) (see Tables 3,4,5,6 and Figs 2,3,4). 

The region-wise variation related to the species richness and diversity index is shown in 

Table 3. The study of species richness and diversity index showed that maximum species richness 

value (16.94) was observed in Amsoi; whereas minimum species richness (4.75) in Titabor 

location. Again the highest diversity index value was observed in Amsoi (0.06); while Borholla, 

Nagamati and Kaziranga had almost meager diversity index value (0.01). No species richness was 

observed at Kokilamukh; while diversity index was nil at Titabor and Kokilamukh study sites. 
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Fig. 1 – Distribution of Arbuscular Mycorrhizal species in rhizosphere (on an average data) 

 

 

 
 

Fig. 2 – Elevation wise variation in Arbuscular Mycorrhizal species (based on an average data) 

 

 
 

Fig. 3 – Elevation wise diversity index and species richness of AM fungi in rhizosphere of 

Abroma augusta  

 

Categorization of elevation, a principal physico-chemical parameter into high (111 masl 

and above), medium (81-110 masl) and low (50-81 masl) ranges was done, upon which further 

analysis of endomycorrhizal quantification data and ecological indices was performed (Figs 2, 4). 

A gradual increase in AM fungal populace (86.51<117.56) and percent vesicular infection 
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(14.72<20.56) was observed with a simultaneous increase in elevation (50-80 masl<111 masl and 

above). On the other hand, an inverse trend was observed in this study with regard to arbuscular 

infection (0.28>0.00) in context of increment in elevation (50-80 masl<111 masl and above). 

Again, percent hyphal colonization remained almost the same with rise in elevation; while the 

parameter boosted to some extent on attaining the medium range. 

 

 

 
 

Fig. 4 – Habitat wise variation in edaphic and other environmental factors/ parameters (on an 

average data) 

 

 
 

Fig. 5 – Habitat wise variation in endomycorrhizal quantification and root colonization (on an 

average data) 

The inter-relationship ascertained on the basis of Pearson’s correlation coefficient values 

for different external environmental factors (variables like Height of plant, Soil pH, Soil Electrical 

Conductivity, Soil Temperature, Soil Moisture Content (%), Available Soil Organic Carbon (%), 

Relative Humidity and Site Elevation) versus endomycorrhizal (AM) quantification, root 

colonization of collected samples and ecological indices of study sites has been depicted in Table 

8. percent Root colonization was positively (0.14, 0.23 and 0.20) correlated with Soil pH,  Soil 

Moisture Content (%) as well as Relative Humidity. AM spore quantification was positively (0.20, 

0.16, 0.06, 0.21 and 0.18) correlated with several environmental variables, viz.- plant height, Soil 

pH, Soil Moisture Content (%), Available Soil Organic Carbon (%) and Site Elevation, 

respectively. With reference to the ecological indices, Species richness was correlated (0.13) with 

site elevation; while Diversity index exhibited a slight level of concurrence (0.18) with soil pH. 
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Fig. 6 – Elevation wise variation in endomycorrhizal quantification and root colonization (on an 

average data) 

 

 
 

Fig. 7 – Scatter diagram between Species richness versus Diversity index of AM Fungi 

 

Discussion 
The role of rhizospheric fungi is extremely complex and is elemental to the soil ecosystem 

(Bridge & Spooner 2001). Soil fungi play a vital role in nutrient cycling and plant health and 

development (Thorn 1997, Bridge & Spooner 2001, Martin et al. 2001). Certain fungi cause a 

range of plant diseases (Jarosz & Davelos 1995, Thorn 1997), while others, including AM fungi 

antagonize plant pathogens, provide nutrients to plants, and stimulate plant growth. Information on 
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the knowledge of the diversity and structure of AM fungal communities dominant both in 

rhizoplane as well as rhizosphere soils help in enhanced understanding of their roles in soil 

ecosystem and in improving plant health. The AM symbiosis is a keystone to the productivity and 

diversity of natural plant ecosystems and seldom is found a situation where its’ ecological 

presence AM isn’t significant. Consequently, loss or perturbation of this relationship can lead to 

serious losses in terms of plant community degradation, silvi-/ phyto-health and/or productivity. 

Loss of AMF propagules will result in a decrease in the capacity of plants to take up nutrients, 

thereby lowering soil fertility. The stability of the ecosystem then becomes threatened (Jeffries et 

al. 2003). Again, soils containing AM flora compatible with an established plant ecosystem, may 

be subjected to a drastic change in plant community as a result of human intervention (e.g. 

deforestation, shifting agriculture, reforestation or re-vegetation) (Jeffries & Barea 2001).Thus, 

determination of the soil fungal community composition along with physico-chemical properties 

of soil associated with rhizosphere of Abroma augusta is essential in order to evaluate above- and 

below-ground plant ecosystem health and functioning with a prospective to exploit myco-biota for 

future conservation strategies. 

Arbuscular mycorrhizal fungi develop intensively inside roots and within the soil by 

forming an extensive extra-radical network and this help plants considerably in exploiting mineral 

nutrients and water from the soil. Phosphorus is the key element obtained by plants through the 

symbiosis and the evidence to support this is extensive (Smith & Read 1997). In exchange, 

mycorrhizal plants provide the fungus with photosynthetic Carbon (C), which in turn is delivered 

to the soil via fungal hyphae. The extra radical hyphae of AMF therefore act as a direct conduit for 

host C into the soil and contribute directly to its C pools, bypassing the decomposition process. As 

a consequence of this, the amount and activity of other soil biota are stimulated; however, this 

seems to be a selective phenomenon, since it stimulates in particular the microbes having 

antagonistic activity against soil-borne pathogens (Linderman 2000). The reason for this 

phenomenon is unknown, but this observation clearly indicates that AMF could be useful 

biological tools for maintaining healthy soil systems. 

The quality of soil depends not only on its physical or chemical properties, but also on the 

diversity and activity of its biota (Doran & Linn 1994). The rhizosphere is also a battlefield where 

the complex rhizosphere community, both micro-flora and micro-fauna, interact with soil-borne 

pathogens and influence the outcome of pathogen infection. The growth or activity of soil borne 

pathogenic fungi, oomycetes, bacteria, and/ or nematodes can be inhibited by several beneficial 

rhizosphere microorganisms (Weller 1988, Raaijmakers et al. 1995, Raaijmakers 2001). The 

rhizosphere of most crops or plants can exert an influence on the soil microbial communities 

within the soil (Gregory 2006). Root exudates from different plants can stimulate the growth of 

unique bacterial and fungal populations in the vicinity of roots (Rovira 1965). Arbuscular 

Mycorrhizal fungi are essential components of soil biota; they can be found in nearly all ecological 

situations, both in natural ecosystems, particularly in those supporting plant communities with 

high species diversity, and also in normal cropping systems, especially if managed with 

sustainable practices (Gianinazzi & Schüepp 1994). The impact of AMF on the reduction of soil-

borne diseases has mainly been evaluated in studies on soil fungal pathogens such as 

Phytophthora, Aphanomyces, Fusarium and Verticillium (Azcön-Aguilar & Barea 1996, 

Raaijmakers et al. 2009) and nematodes causing, respectively, root rots and lesions and galls 

(Guillemin et al. 1993, Pinochet et al. 1996). Some studies have shown that mycorrhizal protection 

could also occur against Erwinia carotovora and Pseudomonas syringae (Garcia-Garrido & 

Ocampo 1989). Arbuscular Mycorrhizal fungi are obligate symbionts and their life cycle depends 

on plant roots, and in return they decrease disease in the latter and reduce population levels of 

pathogenic microorganisms in the soil, especially where the supply of phosphorus (P) is limiting 

(Linderman 1994).  
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Table 5 Ecological indices of AM fungi in rhizosphere of Abroma augusta  
 

Sl. 

No. 

Name of 

endomycorrhizal (AM) 

fungal species 

Density Region-wise 

Frequency 

(%) 

Species-wise 

Frequency 

(%) 

Abundance Occurrence 

(%) 

1 Acaulospora laevis  0.50 37.50 16.67 1.33 7.69 

2 A. foveata  0.75 50.00 25.00 1.5 11.54 

3 A. mellea  0.25 12.50 8.33 2 3.85 

4 A. denticulata  1.13 87.50 37.50 1.29 17.31 

5 A. bireticulata 0.13 12.50 4.17 1 1.92 

6 A. scrobiculata  0.25 25.00 8.33 1 3.85 

7 A. sp.  0.50 37.50 16.67 1.33 7.69 

8 Gigaspora gigantea  0.13 12.50 4.17 1 1.92 

9 Gi. sp. 0.25 25.00 8.33 1 3.85 

10 Glomus albidum  0.13 12.50 4.17 1 1.92 

11 Gl. clavisporum  0.50 50.00 16.67 1 7.69 

12 Gl. geosporum  0.88 37.50 29.17 2.33 13.46 

13 Gl. convulutum 0.13 12.50 4.17 1 1.92 

14 Gl. macrocarpum  0.50 25.00 16.67 2 7.69 

15 Gl. mosseae  0.25 25.00 8.33 1 3.85 

16 Gl. multicaulis  0.13 12.50 4.17 1 1.92 

17 Gl. multisubstensum  0.13 12.50 4.17 1 1.92 

18 Gl. pallidum  0.63 50.00 20.83 1.25 9.62 

19 Gl. pansihalos  0.13 12.50 4.17 1 1.92 

20 Gl. sp.  0.25 25.00 8.33 1 3.85 

21 Gl. microcarpum  0.13 12.50 4.17 1 1.92 

22 Gl. segmentatum 0.13 12.50 4.17 1 1.92 

 

The important role of the soil mycelium of mycorrhizal fungal mycelium in the formation 

of water-stable soil aggregates is well documented (Andrade et al. 1998, Bethlenfalvay et al. 1999, 

Miller & Jastrow 2000). Indeed, AMF produce a very stable hydrophobic glycoprotein, glomalin, 

which is deposited on the outer hyphal walls of the extraradical mycelium and on adjacent soil 

particles, and which appears to act as a long-term soil binding agent (Wright & Upadhyaya 1998, 

1999). As a consequence, the extraradical hyphae, together with the fibrous roots, can form a 

“sticky-string bag that contributes to the entanglement and enmeshment of soil particles to form 

macroaggregates” (Miller & Jastrow 2000), a basic building block of soil structure. This 

underlines once more that AMF are essential components of ecosystems and that their use could 

be crucial, not only for re-vegetation of spoiled lands, but more importantly for maintaining soil 

structure in agricultural soils. Many biotic and abiotic interactions around roots are probably 

mediated by AMF and, as suggested by Bethlenfalvay & Lindermann (1992), “the role of AMF 

may be critical if agriculture is to return to the state where luxury levels of farm inputs of 

fertilisers, pesticides and or chemicals are decreased to levels that are still economic, yet do not 

pollute the environment or pose health risks to consumers or handlers”. However, a successful 

shift in emphasis from chemicals to natural methods, such as crop rotation and the rational use of 

beneficial soil microorganisms, such as AMF, requires better knowledge on the dynamic 

relationships between agricultural practices and spatio-temporal interactions between cultivated 

crops, AMF and other soil biota. 
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Table 6 Pearson’s correlation analyses amongst various external environmental factors along with 

endomycorrhizal (AM) quantification, root colonization of collected samples and ecological 

indices of study sites harboring Abroma augusta  
 

External Environmental 

Factors 

Percent root 

colonization 

AM spore 

number 

(/50 g of soil) 

Species 

richness 

Diversity Index 

Biotic Factor 

Height of plant -0.11 0.20 -0.19 -0.04 

Edaphic Factor 

Soil pH 0.14 0.16 -0.15 0.18 

Soil Electrical Conductivity -0.17 -0.20 -0.39 -0.23 

Soil Temperature -0.01 -0.25 -0.12 -0.33 

Soil Moisture Content (%) 0.23 0.06 -0.27 -0.43 

Available Soil Organic Carbon 

(%) 

-0.14 0.21 -0.06 -0.02 

Climatic Factor     

Relative Humidity 0.20 -0.10 -0.32 -0.45 

Physiographic Factor 

Site Elevation -0.04 0.18 0.13 -0.08 

 

Many chemical reactions that influence nutrient availability e.g. adsorption, precipitation 

are influenced by the soil chemical environment and soil pH in particular (Schoenholtza et al. 

2000). Soil pH is simply a surrogate for this complex of potentially nutrient limiting processes, 

must be evaluated against the sensitivity of the target vegetation or crop and may in some 

instances not be the best measure of soil acidity and soil quality degradation (Aune & Lal 1997). 

Powell & Bagyaraj (1984) also concluded that pH can influence spore germination of AM fungal 

species and that AM spore germination occurs within a range that is acceptable for plant growth. 

Soil pH over a range of 4.8–8 significantly influence spore germination (Daniels & Trappe 1980, 

Basumatary et al. 2015). Our present study, exhibited that pH levels between 5.69-8.4 promoted 

not only AM fungal density but also host plant height. On the other hand, Electrical Conductivity 

(EC) as a measure of ion concentration and the potentially negative effect of salinity on the 

osmotic potential i.e. water relations and nutrient imbalances (Na dominance in sodic soils) is 

primarily used in agricultural soils. Its application to forest soils is usually limited to very specific 

circumstances (e.g. reclamation of mine soils) where highly concentrated soil solutions are known 

or suspected to inhibit forest growth and productivity (Burger et al. 1994). The present study 

divulged the fact that EC within the range of 57.6-125.1 dSm-1 promoted host plant height, while 

the range of 40.3-91.4 dSm-1 was facilitating AM spore populace. Soil temperature has a dominant 

influence on plant growth, both directly and indirectly (Willis & Power 1975). Although the 

temperature range projected by the present study as characteristic of the plant’s habitat is 20-34 

°C; yet arbuscular infections were present only at lower (in this context) temperature (20°C). The 

Soil organic matter (SOM) or soil organic carbon (SOC) is commonly recognized as one of the 

key chemical parameters of soil quality, yet quantitative assessment of its contribution to soil 

quality is often lacking. Soil organic carbon is a critical pool in the carbon cycle and a repository 

of nutrients and through its influence on many fundamental biological and chemical processes; it 

plays a pivotal role in nutrient release and availability (Johnson 1985, Henderson et al. 1990, 

Henderson 1995, Nambiar 1997). Our present observations reveal that an SOC range of 0.3-1.29 

% enhances plant height as well as AM spore density. Most of the rhizospheric study locations 

were characterized by presence of minerals, viz.- goethite and lepidocrocite (FeOOH); although  
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Fig 8 – A-I – A: Gigaspora gregaria (showing bulbous suspensor attachment with spore only). B, 

C: Auxiliary cells of Gigaspora species. D: Glomus mosseae. E: Glomus clavisporum. F-G: 

Acaulospora denticulata. H: Acaulospra laevis with mother vesicle (Mv) and cicatrix (Ctx). I: 

Acaulospora mellea (All images at 400X and Bars = 20 µm). 
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two roadside habitats of study locations BRHL/MDP/2 (Borholla) and KJRG/NMGP/12 

(Kaziranga) were characterized by the presence of mineral quartz (SiO2) as per Munsell soil 

classification colour code (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/edu/?cid=nrcs142 

p2 _ 054286 ). 

In this study, the percentage root colonization was observed to decrease gradually with 

increase in host plant height; study site elevation along with electrical conductivity, temperature 

and available organic carbon (%) of soil. On the other hand, with increase in relative humidity 

apart from pH and moisture content (%) pertaining to soil; the colonization frequency were found 

to gradually increase. On the other hand, the AM spore numbers per 50 g of soil was observed to 

decrease gradually with increase in relative humidity as well as temperature and electrical 

conductivity related to the rhizosphere. Again, with increase in plant height, site elevation along 

with pH, moisture content (%) and available organic carbon (%) of soil; the AM spore numbers 

were found to gradually increase. In the context of ecological indices relating AM fungi; Species 

richness was augmented by site elevation while soil pH amplified Diversity index. 

Previous researches have demonstrated that low soil/ root temperature resulted in reduction 

of percent AM colonization of host plant’s root (Sam et al. 1983, Smith & Roncadori 1986, Baon 

et al. 1994). Yet, it must be borne in mind that these studies are the results of studies conducted in 

greenhouses. Moreover, AM morpho-species, depending on the occurrence site may express 

varying degrees of temperature tolerance (Grey 1991). On the other hand, soil pH and available 

organic carbon (%) of soil had an adverse effect on percent mycorrhizal root colonization; which 

in contradiction to earlier researches. In some these factors were observed influencing the intra-

radical development of these fungi (Carrenho et al. 2007); while in some others no influence were 

observed (Khakpour & Khara 2012). However, the deleterious role of soil electrical conductivity 

on AM root colonization (%) and AM spore quantification was in concordance with earlier 

researches (Mohammad et al. 2003, Khakpour & Khara 2012, Basumatary et al. 2014). 

Mycorrhizal associations encompass a broad range of habitats ranging from aquatic to high 

altitudes; almost in every terrestrial ecosystem. They have even been reported to occur 

symbiotically with roots of cultivated and wild plants growing in disturbed and un-disturbed saline 

soils, including marshlands, river bank, roadsides, and even on the edges of salt slick 

(Aliasgharzadeh et al. 2001, Hildebrandt et al. 2001, García & Mendoza 2007). This accounts for 

the maximum AM spore density in rhizosphere as well as fairly large root colonization in roots of 

plants collected from riverine areas. The disturbance of topsoil is reported to decrease the 

colonization potential of the extrametrical AM fungal hyphal network (Jasper et al. 1989). This 

might account to the fact that fallow lands, where there is no scope of anthropogenic interference 

on the soil layer, accounts for the presence of arbuscular infection, amongst the various study 

habitats. The foot hills, characterized by the high as well as low level of certain edaphic 

environmental variables, are observed to exhibit maximum AM spore density as well as percent 

vesicular colonization. 
The ecology of microorganisms, however, cannot be considered solely in terms of their 

relationships with the abiotic environment, because their success in a given situation reflects their 

ability to co-exist with other microorganisms (Jha et al. 1992). However, the link between 

rhizospheric fungal biota and abiotic soil properties can be exclusively advocated for a broader 

utilization as an ecological indicator for any plant species. Therefore, the present study is an 

attempt to determine the association ecology of an endangered plant species like Abroma augusta 

under threat due to anthropogenic pressure in the Brahmaputra valley of Assam, India.The 

diversity of AMF has significant ecological consequences because individual species or isolates 

vary in their potential to promote plant growth and adaptation to biotic and abiotic factors. Thus, 

the composition and dynamics of populations of AMF have a marked impact on the structure and 

diversity of the associated plant communities, both in natural and agricultural ecosystems (Grime 

et al. 1987, Gange et al. 1990, van der Heijden et al. 1999). An important prerequisite to the 

analysis of populations of AMF in ecological studies is the correct identification of individual 

isolates. The association between rhizospheric fungal biota including endomycorrhizae and abiotic 
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soil properties can be exclusively advocated for a broader utilization as an ecological indicator for 

the conservation of target plant species. Keeping in view the association ecology of non-

mycorrhizal as well as Arbuscular mycorrhizal fungal strains/ isolates from the host plant and 

advantageous role played by these microbes and other edaphic and environmental factors as 

examined, the results were harnessed and utilized in conserving the plant in question and the 

establishment of a conservation plot in the institute campus.  
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