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ABSTRACT 

Abroma augusta L. is mainly used for the treatment of various disorders in the traditional system of medicine and whose 
overexploitation has predicted it as a plant of worthy conservation. The present study was an attempt to examine the 
association ecology of this an endangered plant species with rhizospheric myco-biota and their variability with respect 
to physico-chemical properties of soil. Rhizospheric soils and seeds were collected from 8 natural locations of 
Brahmaputra valley which are distributed in 4 districts of Assam, India. Through this study, it was observed that 26 
species of fungi belonging to 14 families were present in the rhizospheric soil. The highest density (1.00) and natural 
occurrence frequency (0.63%) were observed in Aspergillus candidus and lowest density (0.2) and natural occurrence 
frequency (0.13%) in Alternaria alternata. The highest abundance value (2.0) was observed in Penicillium capsulatum 
and Rhizoctonia sp. and lowest value (1) in Alternaria alternata. The maximum species richness value (12.59) was 
observed in Amsoi whereas minimum species richness (1) was observed in Titabor. The highest diversity index value was 
in Jagiroad (0.14) while Titabor, Namrup, Kokilamukh and Kaziranga locations had almost meager diversity index value 
(0).  Some fungal bio-agents like Trichoderma viride and Gliocladium sp. were also found associated with rhizosphere at 
low elevation and acedic pH range. 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. 
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INTRODUCTION 

The quality of soil is not only related with physical and chemical properties, but with microbiological 
processes also. Soil characteristics influence various basic soil functions such as moderating and 
partitioning water and solutes movement, nutrients redistribution and supply to plant, storing and 
cycling of nutrients, filtering, and buffering, immobilizing and detoxifying organic and inorganic materials, 
promoting root growth and providing resistance to erosion [1]. Several indicators have been suggested 
for assessing soil quality in agro-ecosystems, namely organic matter, topsoil depth, infiltration, 
aggregation, pH, electrical conductivity, suspected pollutants and soil respiration [2]. Measurements of 
the soil microbial community may certainly be used to determine biodiversity, ecological processes and 
structures [3, 4, 5]. Microbial biomass of C and N contribute a significant portion to the active pools of 
organic carbon and nitrogen and therefore provide better insights of soil organic carbon and nitrogen 
turnover [6]. The water availability and pH are also important factors affecting the numbers, activities 
and ecological relationships among microorganisms [7].  
Physico-chemical characteristics of different soils vary in space and time due to variations in topography, 
climate, physical weathering processes, vegetation cover, microbial activities and several other biotic and 
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abiotic variables [8]. Inherent soil physico–chemical properties influence the behavior of soil and hence, 
knowledge of soil property is important [9]. Soil microbial activity is the overall quantification of soil 
functioning, including carbon and nitrogen biogeochemical cycles, organic matter decomposition [10]. 
Many soil chemical properties directly influence microbiological processes and these processes together 
with soil physical-chemical processes determine (1) the capacity of soils to hold, supply and cycle 
nutrients including carbon and (2) the movement and availability of water [11]. A narrow zone of soil 
affected by the presence of plant roots is defined as rhizosphere [12]. The rhizosphere is an environment 
that the plant itself helps to create and where pathogenic and beneficial microorganisms constitute a 
major influential force on plant growth and health [13]. Microbial groups and other bio-agents found in 
the rhizosphere include bacteria, fungi, nematodes, protozoa, algae and microarthropods [13, 14]. 
Microorganisms that adversely affect plant growth and health are the pathogenic fungi, oomycetes, 
bacteria and nematodes, whereas microorganisms that are beneficial include nitrogen-fixing bacteria, 
endo- and ecto-mycorrhizal fungi, Plant Growth-Promoting Rhizobacteria (PGPR) and fungi [15]. So 
keeping in mind all these biological and chemical processes, the study was undertaken on Abroma 
augusta L. which is a threatened important plant species in Bhramputra valley of Assam, India. 
Abroma augusta L. belongs to Sterculiaceae family, commonly known as Devils’s cotton, is a popular plant 
mainly used for the treatment of various types of disorder in the traditional system of medicine [16]. Its 
overexploitation has led to a decrease in its spread in forest areas, limiting it to the forest edges; so there 
is urgent need to conserve this plant species in in situ and ex situ conditions [17]. It is evergreen plant 
with spreading branches, quick-growing hairy shrub or a small tree with velvety branches, found in 
tropical Asia, South and eastern Africa and Australia [18]. The whole plant has been found to contain 
several alkaloids and secondary metabolites including steroids, triterpenes, flavonoids, megastigmanes, 
benzohydrofurans and their glycosides and phenylethanoid glycosides and very effective against a few 
bacteria and fungi [19]. It is found in both wild and cultivated areas, throughout the hot and moister parts 
of India ranging from Punjab and Uttar Pradesh eastwards to Arunachal Pradesh, Assam, Meghalaya and 
Tripura, ascending to 1,200 m, and southwards in peninsular India [19, 20]. Different parts of this plant 
are useful in treating diabetes, stomachache, dermatitis, leucorrhoea, scabies, gonorrhea, cough, 
leucoderma, jaundice, nerve stimulant, weakness, hypertension, uterine disorders, rheumatic pain of 
joints and headache with sinusitis [21]. It is also used in dermatitis, anti- inflammatory and analgesics 
[22]. The leaves of A. augusta contain octacosanol, taraxerol, ß-sitosterol acetate, lupeol, an aliphatic 
alcohol (C32H66O) and mixture of long chain fatty diols. Abromine, the active constituent of the A. augusta 
identified as betaine is mainly responsible for anti-hyperglycemic activity [23]. This important plant 
species particularly in Brahmaputra valley is nearing to its threshold due to overexploitation and needs 
conservation. Therefore, in this study an effort was made to analyze the relationship of myco-biota with 
physico-chemical properties of soil so that both can be exploited for its conservation as a future strategy 
of this study.  
 

MATERIALS AND METHODS 

Survey and collection of seed and rhizospheric soil samples 

As Abroma augusta L. is scattered in its distribution, the survey of different locations in Assam was done 
for the collection of seeds and rhizospheric soil samples. Rhizospheric soil and seeds were collected from 
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). 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 [24]. The ripe, mature fruits were 
collected from small trees which were tallest, straight; best shaped with well developed crowns and were 
free from pests and diseases. Ten ripe fruits per tree were collected at random from the selected trees for 
recording the seeds per 1 gram. The plant specimen were also collected, preserved in herbarium sheets 
for identification and deposited at herbaria of Rain Forest Research Institute, Jorhat, Assam. Rhizospheric 
soil samples (at least three samples) were taken by digging out a small amount of soil (500gms) 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 
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The pH and soil temperature were measured for all soil samples using electronic digital pH meter (Eutech 
Instruments, 2009) soil thermometer (Jainco, 1984). Moisture content was determined by oven dry 
technique [25]. Organic carbon (%) estimation was done by Walkley-Black’s method [26]. 
Isolation and identification of rhizospheric soil Myco-biota  
To ascertain the diversity of soil myco-biota, qualitative analysis involving Warcup’s soil plate method 
[27] and Waksman’s soil dilution method [28] was used. Identification of the fungal isolates was done 
using standard myco-taxonomic literature [29, 30]. The fungal isolates with their accession numbers are 
preserved and retained with Mycology and Soil microbiology Lab., Rain Forest Research Institute, Jorhat, 
Assam, India. 
Statistical analysis 
All data were analyzed statistically, Analysis of the diversity parameters with respect to soil myco-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 [31, 32, 33]. Pearson’s 
coefficient of correlation was calculated to study the relationship between number of seed gram-1 and 
number of rhizospheric soil myco-biota; region-wise, habitat-wise and elevation-wise.  
 
RESULTS AND DISCUSSION 

The physico-chemical data on pH, moisture content, soil temperature, electrical conductivity, humidity 
and organic carbon of all the locations where Abroma augusta was naturally found to occur are presented 
in Table 1. GPS coordinates of these sites along with their elevations were recorded.  The highest 
elevation value (121amsl) was observed in Namrup while lowest (62.4 amsl) was reported in Jagiroad. 
The highest pH (8.2±0.24) was recorded in Kokilamukh and lowest (4.37±0.24) in Titabor. The highest 
(93.87±5.45 Sm-1) and lowest (43.4±2.24 Sm-1) values of electrical conductivity were observed in 
Borholla and Nagamati locations, respectively. The maximum soil temperature value (33°C, each sample) 
was reported in Titabor while minimum value (20 °C, each sample) was observed in Kokilamukh. The 
humidity was found to be highest (69±3.21) in Borholla and lowest in Namrup (34±4.71). Highest 
moisture content (%) (3.84±0.21) was reported in Namrup and lowest value (6±0.25) was observed in 
Borholla. The percent organic carbon was recorded highest (1.15±0) in Kaziranga location and lowest 
(0.06±0) in Titabor location, respectively (see Table 1).  
The location-wise variation with respect to the height of plant, number of seeds/gm and number of fungal 
isolates are shown in Table 2. Maximum height (6.1±0.65) in naturally occurring A. augusta plants were 
observed in Jagiroad, while minimum height (2.77±0.12) was recorded in Nagamati. The number of 
seeds/gram was more (228±1.83) in Amsoi and minimum (156±3.91) in Titabor. The number of fungal 
isolates was maximum (12 isolates) in Amsoi and minimum (1) in Titabor location (see Table-2). 
A total of 26 species of fungi belonging to 14 families were isolated from the rhizospheric soil of A. 
augusta as illustrated in Table 3. The highest density (1.00) was observed in case of Aspergillus candidus 
and lowest (0.2) in Alternaria alternata, Aspergillus versicolor, Bispora sp., Chrysosporium sp., Fusarium 
sp., Gliocladium sp., Mucor racemosus, Nigrospora sp., Nigrospora sphaerica, Oidium sp., Pythium sp., 
Rhizoctonia solani, Rhizopus nigricans and Trichoderma viride each. Natural occurrence of fungi showed 
highest (0.63%) location/region-wise frequency in case of Aspergillus candidus followed by  Alternaria 
alternata, Aspergillus versicolor, Bispora sp., Chrysosporium sp., Fusarium sp., Gliocladium sp., Mucor 
racemosus, Nigrospora sp., Nigrospora sphaerica, Oidium sp., Penicillium capsulatum, Pythium sp., 
Rhizoctonia solani, Rhizoctonia sp., Rhizopus nigricans  and Trichoderma viride (0.13%, each). The highest 
abundance value (2.0) was observed in Penicillium capsulatum and Rhizoctonia sp. and lowest value (1) in 
Alternaria alternata, Aspergillus ochraceous, Aspergillus sp., Aspergillus versicolor, Bispora sp., 
Chrysosporium sp., Fusarium sp., Gliocladium sp., Monilinia sp., Mucor racemosus, Mucor sp., Nigrospora 
sp., Nigrospora sphaerica, Oidium sp., Penicillium citrinum, Pythium sp., Rhizoctonia solani, Rhizopus 
nigricans, Rhizopus sp. and Trichoderma viride each respectively.  In contrary to region wise frequency as 
cited above, the percent natural occurrence and species-wise frequency were highest (15.38%; 33.33%) 
for Aspergillus candidus, while lowest (1.92%; 4.17%) for Alternaria alternata, Aspergillus versicolor, 
Bispora sp., Chrysosporium sp., Fusarium sp., Gliocladium sp., Mucor racemosus, Nigrospora sp., Nigrospora 
sphaerica, Oidium sp., Pythium sp., Rhizoctonia solani, Rhizopus nigricans and Trichoderma viride each 
respectively (see Table 3). 
The region-wise variation related to the species richness and diversity index is shown in Table 4. The 
study of species richness and diversity index showed that maximum species richness value (12.59) was 
observed in Amsoi; whereas minimum species richness (1) was observed in Titabor location. Again the 
highest diversity index value was observed in Jagiroad (0.14); while Titabor, Namrup, Kokilamukh and 
Kaziranga had almost meager diversity index value (0).  
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The physico-chemical parameters viz.- elevation, plant height, pH, electrical conductivity, soil 
temperature, moisture content, humidity and organic carbon percent were categorized into high, medium 
and low ranges upon which further analysis was done. The number of seeds per gram and fungal isolates 
were maximum at low elevation (50-80 amsl), lower plant height (2-4 m), acidic pH value (4-6), medium 
soil temperature (22-24°C), medium organic Carbon (0.5-1.0%), medium moisture content (4-5%) and 
low humidity (30-50%). While minimum number of seeds per gram and fungal isolates were obtained at 
medium elevation (80-110 amsl), more plant height (6-8 m), alkaline pH value (8 m & above), maximum 
soil temperature (24°C & above), high organic Carbon (1.0 % & above), high moisture content (5 % & 
above) and high humidity (70% & above). The number of seeds per gram were maximum in low range of 
electrical conductivity (EC) (40-60 Sm-1) and minimum in high range of EC (80 Sm-1 & above) whereas 
fungal populations were observed highest in medium range of EC (60-80 Sm-1) followed by high range EC 
(80 Sm-1 & above) and lowest in low range of EC (40-60 Sm-1) (see Table 1and Table 2). 

Table 1: Physico-chemical properties of the rhizospheric soils of Abroma augusta L. 

Locations 

GPS 

Coordinates 

Elevatio

n * (m) pH* 

Electrical 

Conductivity* 

(S m-1) 

Temp.* 

(ºC) 

Org. 

Carbon* 

(%) 

Humidity* 

(%) 

Moisture 

Content* 

(%) 

Titabor  
N 25º 54ʹ 38.6ʺ 
E 93º 40ʹ 55.9ʺ 

78±0 4.37±0.24 80.8±4.71 33±0 0.06±0 55±2.36 4.44±0.11 

Borholla 
N 24º 32ʹ 39.3ʺ 
E 94º 11ʹ 12.3ʺ 

83.67±0 4.9±0.26 93.87±5.45 33±0 0.48±0 69±3.21 6±0.25 

Namrup   
N 27º 11.012ʹ 
E 95º 21.999ʹ 

121.33±0 5.22±0.21 55.4±2.83 22.33±0 1.21±0 34±4.71 3.84±0.21 

Nagamati  
N 27º 12.027ʹ 
E 95º 21.4ʹ 

118±0 6.08±0.34 43.4±2.24 23±0 0.37±0 45±3.3 4.3±0.15 

Kokilamukh 
N 26º 49ʹ 52.7ʺ 
E 94º 10ʹ 45.1ʺ 

63±0 8.2±0.24 91.4±4.41 20±0 0.81±0 50±2.4 4.6±0.28 

Kaziranga  
N 26º 38ʹ 6.2ʺ 
E 93º 33ʹ 16.1ʺ 

65.33±0 5.25±0.11 76.1±1.89 22.67±0 1.15±0 53.67±1.91 5±0.38 

Amsoi 
N 26º 07ʹ 26.9ʺ 
E 92º 16ʹ 11.4ʺ 

68.6±0 6.68±0.14 71.28±3.57 21. ±08 0.4±0 41.6±2.83 3.9±0.22 

Jagiroad  
N 26º 06ʹ 49.1ʺ 
E 92º 10ʹ 53.9ʺ 

62.4±0 6.42±0.38 73.9±1.41 21.4±0 0.92±0 48.4±4.01 4.61±0.42 

± SEm (Standard Error of mean), * Average of Three replications 
 

Table 2: Location -wise variation in height of the plant (m), number of seeds/gm and number of fungal 
isolates in the rhizospheric soils of Abroma augusta L. 

Sl. No. 
Locations 

Height of plant* (m) Number of seeds/gm* 

Number of 

fungal isolates 

1 Titabor 3.15±0.47 156±3.91 1 

2 Borholla 4.33±0.72 162±1.31 7 

3 Namrup 5.5±0.84 190±2.47 5 

4 Nagamati 2.77±0.12 183±4.18 7 

5 Kokilamukh 6±0.58 201±2.51 3 
6 Kaziranga 6±1.08 205±3.08 9 

7 Amsoi 4.1±0.44 228±1.83 12 

8 Jagiroad 6.1±0.65 163±2.25 8 

± SEm (Standard Error of mean), * Average of Three replications 
 

Table 4: Floristic indices of fungal flora associated with Abroma augusta L. 
Sl. 

No. 
Locations Species richness (Unique) Diversity Index (Location-wise) 

1.  Titabor 1 0 

2.  Borholla 7.46 0.05 

3.  Namrup 5.64 0 

4.  Nagamati 7.46 0.05 
5.  Kokilamukh 3.67 0 
6.  Kaziranga 9.62 0 
7.  Amsoi 12.59 0.05 
8.  Jagiroad 8.88 0.14 
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Table 3: Location-wise Natural occurrence and Diversity of Myco-flora in the collected soil samples of 
Abroma augusta L. 

S. 

no. 

Name of  

rhizospheric fungi 
Family 

 Locations  
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1.  Alternaria alternata 
(Fr.) Keissl. 

Pleosporaceae 
  

+ 
     

0.13 0.13 1.0 1.92 4.17 

2.  Aspergillus candidus 
Link. 

Trichocomaceae 
 

+ 
  

+ + + + 1.00 0.63 1.6 
15.3

8 
33.3

3 

3.  Aspergillus 
ochraceous Wilhelm 

Trichocomaceae 
 

+ 
   

+ + + 0.50 0.50 1.0 7.69 
16.6

7 

4.  Aspergillus sp. 
Micheli 

Trichocomaceae 
   

+ + 
 

+ 
 

0.38 0.38 1.0 5.77 
12.5

0 

5.  Aspergillus 
versicolor (Vuill.) 
Tiraboschi 

Trichocomaceae 

     
+ 

  
0.13 0.13 1.0 1.92 4.17 

6.  Bispora sp. Fuckel mitosporic 
Ascomycota      

+ 
  

0.13 0.13 1.0 1.92 4.17 

7.  Chrysosporium sp. 
Corda 

Onygenaceae 
 

+ 
      

0.13 0.13 1.0 1.92 4.17 

8.  Fusarium sp. Link ex 
Gray 

Nectriaceae 
     

+ 
  

0.13 0.13 1.0 1.92 4.17 

9.  Geotrichum sp. Link 
ex Persoon 

Endomycetaceae 
 

+ 
    

+ 
 

0.38 0.25 1.5 5.77 
12.5

0 

10.  Gliocladium sp. 
Corda 

Hypocreaceae 
      

+ 
 

0.13 0.13 1.0 1.92 4.17 

11.  Monilinia sp. Honey Sclerotiniaceae 
     

+ + 
 

0.25 0.25 1.0 3.85 8.33 

12.  Mucor racemosus 
Bull. 

Mucoraceae 
     

+ 
  

0.13 0.13 1.0 1.92 4.17 

13.  Mucor sp. Fresen Mucoraceae 
  

+ + 
    

0.25 0.25 1.0 3.85 8.33 

14.  Nigrospora sp. 
Zimm. 

Trichosphaeriacea
e 

+ 
       

0.13 0.13 1.0 1.92 4.17 

15.  Nigrospora 
sphaerica (Sacc.) 
E.W. Mason 

Sordariomycetes  

  
+ 

     
0.13 0.13 1.0 1.92 4.17 

16.  Oidium sp. Link. Erysiphaceae 
 

+ 
      

0.13 0.13 1.0 1.92 4.17 

17.  Penicillium 
capsulatum Raper & 
Fennell 

Trichocomaceae 

       
+ 0.25 0.13 2.0 3.85 8.33 

18.  Penicillium citrinum 
Thom 

Trichocomaceae 
   

+ + 
  

+ 0.38 0.38 1.0 5.77 
12.5

0 

19.  Penicillium sp. Link. Trichocomaceae 
 

+ 
 

+ 
 

+ 
  

0.50 0.38 
1.3
3 

7.69 
16.6

7 

20.  Pythium sp. Pring. Pythiaceae  
       

+ 0.13 0.13 1.0 1.92 4.17 

21.  Rhizoctonia solani 
Kuhn. 

Ceratobasidiaceae 
   

+ 
    

0.13 0.13 1.0 1.92 4.17 

22.  Rhizoctonia sp. DC Ceratobasidiaceae 
   

+ 
    

0.25 0.13 2.0 3.85 8.33 

23.  Rhizopus nigricans 
Ehrenb. 

Mucoraceae 
      

+ 
 

0.13 0.13 1.0 1.92 4.17 

24.  Rhizopus sp. Ehrenb. Mucoraceae 
  

+ 
   

+ 
 

0.25 0.25 1.0 3.85 8.33 

25.  Rhizopus stolonifer 
(Ehrenb. Fr.) Vuill. 

Mucoraceae 
     

+ + 
 

0.38 0.25 1.5 5.77 
12.5

0 

26.  Trichoderma viride 
Pers. 

Hypocreaceae 
  

+ 
     

0.13 0.13 1.0 1.92 4.17 

Total isolates 1 7 5 7 3 9 
1
2 8 

 

 
The relationship analysis illustrates that the Pearson’s correlation coefficient values for variables like 
number of seeds per gram versus number of fungal isolates, species richness versus diversity index and 
number of seeds per gram versus organic carbon (%) were 0.56, 0.45 and 0.28 respectively and these are 
positively correlated (see Figure 1, 2 & 6). Thus, these studied variables positively affect each other i.e. 
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increase in one variable might lead to an increase in the other variable. On the contrary, elevation versus 
species richness (-0.17), elevation versus diversity Index (-0.21), number of seeds per gram versus 
elevation (-0.14) along with number of seeds per gram versus humidity (%) (-0.49) were found to be 
negatively correlated (see Figure 3, 4, 5 & 7). This infers that increase in one variable might lead to a 
decrease in the other variable. 
 

Figure 1: Scatter diagram between number of fungal isolates versus number of seeds per gram 

 
Figure 2: Scatter diagram between Species richness versus Diversity index 

 
Figure 3: Scatter diagram between Species richness versus elevation 
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Figure 4: Scatter diagram between elevation versus Diversity index 

 
Figure 5: Scatter diagram between elevations versus number of seeds per gram 

 
Figure 6: Scatter diagram between organic Carbon (%) versus number of seeds per gram 

 
Figure 7: Scatter diagram between humidity (%) versus number of seeds per gram 
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plant root, are important to plant health and soil fertility [35]. The rhizosphere of most crops or plants 
can exert an influence on the soil microbial communities within the soil [36]. Root exudates from 
different plants can stimulate the growth of unique bacterial and fungal populations in the vicinity of 
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complex food web that utilizes the large amount of carbon that is fixed by the plant and released into the 
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rhizosphere i.e. rhizodeposits. The microbial community in the rhizosphere also harbours other agents 
that exert both deleterious and beneficial effects on the plant [15]. In other words, the rhizosphere is the 
playground and colonization and infection court where soil-borne pathogens and bio-agents establish a 
parasitic or symbiotic relationship with the plant. However, the rhizosphere is also a battlefield where the 
complex rhizosphere community, both microflora and microfauna, interact with soilborne 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 [38, 39].  
The role of fungi in soil is extremely complex and is fundamental to the soil ecosystem [40]. Soil fungi play 
an important role in nutrient cycling, and plant health and development [40, 41, 42]. Some fungi cause a 
range of plant diseases [43, 44], while others antagonize plant pathogens, decompose plant residues, 
provide nutrients to plants, and stimulate plant growth [15]. Information on the knowledge of the 
diversity and structure of fungal communities in bulk and rhizosphere soils help in better understanding 
of their roles in soil ecosystem and in improving plant health. The activity and effects of beneficial 
rhizospheric myco-biota on plant growth and health are well documented for fungi under 
Deuteromycetes e.g. Trichoderma, Gliocladium and non-pathogenic Fusarium species [15]. Direct 
rhizospheric bio-control effects on soil-borne plant pathogens can result from hyperparasitism as is 
documented for Trichoderma and Gliocladium and it affects various fungal pathogens such as Rhizoctonia, 
Sclerotinia, Verticillium and Gaeumannomyces [45]. Thus, determination of the soil fungal community 
composition along with physico-chemical properties of soil associated with rhizosphere of A. 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. 
Many chemical reactions that influence nutrient availability e.g. adsorption, precipitation are influenced 
by the soil chemical environment and soil pH in particular [11]. In this study, acidic soil (low pH) 
harbours more fungal populations than higher pH retaining soils. 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 [46]. On the other hand, electrical conductivity 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 [47]. Soil temperature has a 
dominant influence on plant growth, both directly and indirectly [48].  It is also observed in this study 
that low temperature has more seeds per gram and fungal populations than high temperature. 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. 
Corroborating to this fact, organic carbon percent in the present study also reveals that low and medium 
organic carbon percent ranges influence more seed yield and fungal populations. 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 
[49, 50, 51, 52].  
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 [53]. 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 was 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. Through this study, it was observed that fungal bio-agents like 
Trichoderma viride and Gliocladium sp. were associated with rhizosphere of A. augusta growing in these 
regions characterized by low elevation and high pH ranges. Only the non-mycorrhizal myco-biota 
associated with rhizosphere of the target plant species is discussed in this paper hence, these beneficial 
fungi as cited above along with endomycorrhizal fungi on which work is going on in this laboratory can be 
synergistically exploited for having a formulation as a future propagation-conservation strategy of this 
plant species. 
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