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A study was undergone to explore the soil beneficial microorganisms in rhizosphere soils of 
lanceifolia
Jorhat, Nagaon, Golaghat, Sivasagar and Dima Hasao districts, Assam.   Beneficial microorganisms in 
rhizosphere soils of 
study exposed that 
Average root colonization of the plant species was recorded for 63.4 with a range of 50
depending on the place 
tentatively up to the genus. AM fungi, nitrogen
(PSM) and plant growth promoting rhizobacteria (PGPR) have been reported as 
soil health and plant survival. Twenty
lanceifolia rhizosphere soils belongs to eight (8) genus of 5 families of Glomeromycota i.e. Glomus, 
Acaulospora, Diversispora, Steptoglom
Gigaspora. Apart from arbuscular mycorrhizal fungi some other beneficial bacteria such as 
Fluorescent Pseudomonas and Bacillus spp were isolated from different culture media and identified.  
Some PSM, phyt
Trichoderma, Mucor etc were also isolated from rhizosphere soils of the plant species.
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INTRODUCTION 
 

Garcinia lanceifolia (G.Don) Roxb. is a tropical evergreen 
plant grows as under shrub of family Clusiaceae. It has small 
thick epicarp fruit with a juicy, acidic, fragrant pulp. Leaves 
are lanceolate or elliptic, leathery. Flowers are cymes, 
pinkish red, and blossoms from April to October. Fruit is 
berry, ovoid, orange-yellow in color, one-celled, and seeds up 
to five (enclosed in an edible aril-like pulp). The ripened fruits 
are eaten as chutney and mixed with curry. The popular 
traditional use of the fruit is in the preparation of sauce and 
cold drinks. Fruits are of high medicinal value and dried fruits 
are used for curing blood dysentery and indigestion and colic 
pain in the traditional system of medicine (Sarma 
The plant is used for treatment of headache (Paul 
decoction of fruits is used in stomach ailments, leaves are used 
for treatment of stomachic, diuretic and the fruits are used for 
dysentery and diarrhea and flatulence (Buragohain, 2011).
fruit pulp is applied on wounds and decoction of fruit with salt 
is swallowed for fever. The crude fruit extracts were reported 
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ABSTRACT 

A study was undergone to explore the soil beneficial microorganisms in rhizosphere soils of 
lanceifolia (D.Don) Roxb. Rhizosphere soil samples were collected from ten different villages of 
Jorhat, Nagaon, Golaghat, Sivasagar and Dima Hasao districts, Assam.   Beneficial microorganisms in 
rhizosphere soils of Garcinia lanceifolia were cultured, isolated and 
study exposed that Garcinia lanceifolia has Arbuscular mycorrhizal fungi (AMF) association in roots. 
Average root colonization of the plant species was recorded for 63.4 with a range of 50
depending on the place of collection. AMF spores were isolated from rhizosphere soils and identified 
tentatively up to the genus. AM fungi, nitrogen-fixing bacteria, phosphate solubilizing microorganism 
(PSM) and plant growth promoting rhizobacteria (PGPR) have been reported as 
soil health and plant survival. Twenty-one (21) types of AMF spores were isolated from Garcinia 
lanceifolia rhizosphere soils belongs to eight (8) genus of 5 families of Glomeromycota i.e. Glomus, 
Acaulospora, Diversispora, Steptoglomus, Funneliformis, Rhizophagus, Entrophospora, and 
Gigaspora. Apart from arbuscular mycorrhizal fungi some other beneficial bacteria such as 
Fluorescent Pseudomonas and Bacillus spp were isolated from different culture media and identified.  
Some PSM, phytostimulator and decomposer microfungi such as Penicillium, Aspergillus, 
Trichoderma, Mucor etc were also isolated from rhizosphere soils of the plant species.

is an open access article distributed under the Creative Commons Attribution License, which 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 

(G.Don) Roxb. is a tropical evergreen 
plant grows as under shrub of family Clusiaceae. It has small 
thick epicarp fruit with a juicy, acidic, fragrant pulp. Leaves 
are lanceolate or elliptic, leathery. Flowers are cymes, creamy 
pinkish red, and blossoms from April to October. Fruit is 

celled, and seeds up 
like pulp). The ripened fruits 

are eaten as chutney and mixed with curry. The popular 
ional use of the fruit is in the preparation of sauce and 

cold drinks. Fruits are of high medicinal value and dried fruits 
are used for curing blood dysentery and indigestion and colic 

Sarma et al., 2010).  
The plant is used for treatment of headache (Paul et al., 2010); 
decoction of fruits is used in stomach ailments, leaves are used 
for treatment of stomachic, diuretic and the fruits are used for 
dysentery and diarrhea and flatulence (Buragohain, 2011). The 
fruit pulp is applied on wounds and decoction of fruit with salt 
is swallowed for fever. The crude fruit extracts were reported  
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to be antibacterial leaves are used 
tender leaves are consumed as vegetable by some tribes
et al., 2016). The methanolic extract of 
and fruits contains flavonoids, tannins, reducing sugar, steroid 
terpene and cardiac glycosides (
2012). The plant species was recorded from evergreen forests 
of Lakhimpur, Sivasagar, Cachar, Nagaon, Khasi Hills, Garo 
Hills (Meghalaya) and Naga Hills (Nagaland) (
1991). Presently the plant species is reported as 
and rare in wild condition and only occurring under cultivation 
in homesteads and generally grown under shade i.e. the crown 
cover of upper story trees (Rai 
the soil surrounding to the root system of the plant. 
rhizosphere is a good habitat of many microorganisms and 
they contribute in growth and survival of the plant species 
(Micallef et al., 2009; Chaparro 
2014; Sun et al., 2014). Some rhizospheric microorganisms 
such as Arbuscular Mycorrhizal Fungi (AM fungi) are 
associated in the root of certain plant species and could 
contribute the plant by improving phosphorus nutrition (Smith 
and Gianinazzi-Person, 1988). Retaining in the root cortex, 
they behave like pseudo roots and inv
water, soluble minerals and micronutrient such as zinc, copper 

International Journal of Current Research 
Vol. 9, Issue, 07, pp.53823-53830, July, 2017 

 

Dipimani Saikia, Kachari, A. and Hazarika, P. 2017. “Arbuscular mycorrhizal fungi and other beneficial microorganisms in the rhizosphere soil 
International Journal of Current Research, 9, (07), 53823-53830. 

Available online at http://www.journalcra.com 
 z 

ARBUSCULAR MYCORRHIZAL FUNGI AND OTHER BENEFICIAL MICROORGANISMS IN THE 
(G.DON) ROXB. 

Hazarika, P. 

Microbiology, Sikkim University, Gangtok 737102, Sikkim 
 

 
 

A study was undergone to explore the soil beneficial microorganisms in rhizosphere soils of Garcinia 
(D.Don) Roxb. Rhizosphere soil samples were collected from ten different villages of 

Jorhat, Nagaon, Golaghat, Sivasagar and Dima Hasao districts, Assam.   Beneficial microorganisms in 
were cultured, isolated and identified during 2016-17. The 

has Arbuscular mycorrhizal fungi (AMF) association in roots. 
Average root colonization of the plant species was recorded for 63.4 with a range of 50- 96 per cent 

of collection. AMF spores were isolated from rhizosphere soils and identified 
fixing bacteria, phosphate solubilizing microorganism 

(PSM) and plant growth promoting rhizobacteria (PGPR) have been reported as useful for sustaining 
one (21) types of AMF spores were isolated from Garcinia 

lanceifolia rhizosphere soils belongs to eight (8) genus of 5 families of Glomeromycota i.e. Glomus, 
us, Funneliformis, Rhizophagus, Entrophospora, and 

Gigaspora. Apart from arbuscular mycorrhizal fungi some other beneficial bacteria such as 
Fluorescent Pseudomonas and Bacillus spp were isolated from different culture media and identified.  

ostimulator and decomposer microfungi such as Penicillium, Aspergillus, 
Trichoderma, Mucor etc were also isolated from rhizosphere soils of the plant species. 
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used to treat stomachic diabetic, 
tender leaves are consumed as vegetable by some tribes (Gogoi 

). The methanolic extract of G. lancifolia flowers 
and fruits contains flavonoids, tannins, reducing sugar, steroid 
terpene and cardiac glycosides (Chowdhury and Handique, 

The plant species was recorded from evergreen forests 
of Lakhimpur, Sivasagar, Cachar, Nagaon, Khasi Hills, Garo 
Hills (Meghalaya) and Naga Hills (Nagaland) (Kanjilal et al., 

). Presently the plant species is reported as endangered 
and rare in wild condition and only occurring under cultivation 
in homesteads and generally grown under shade i.e. the crown 
cover of upper story trees (Rai et al., 2011). The rhizosphere is 
the soil surrounding to the root system of the plant. The 
rhizosphere is a good habitat of many microorganisms and 
they contribute in growth and survival of the plant species 

., 2009; Chaparro et al., 2014; Sugiyama et al., 
., 2014). Some rhizospheric microorganisms 
cular Mycorrhizal Fungi (AM fungi) are 

associated in the root of certain plant species and could 
contribute the plant by improving phosphorus nutrition (Smith 

Person, 1988). Retaining in the root cortex, 
they behave like pseudo roots and involve in up taking of 
water, soluble minerals and micronutrient such as zinc, copper 
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and sulphur by mycorrhizal root (Swaminathan and Verma, 
1979; Li et al., 1991) and finally contribute in improvement of 
plant growth (Nouaim & Chaussod, 1994; Deelerck et al., 
1995). Positive effect of inoculation of AM fungi along with 
other microorganism such as nitrogen fixing bacteria, 
phosphate solubilizing microorganism (PSM), plant growth 
promoting rhizobacteria (PGPR) has been reported as useful 
for sustaining soil health and plant survival in land use systems 
(Camprubi et al., 1995; Dutta, 2002; Hazarika et al., 
2010a&b). Few bacterial species reported colonizing very 
efficiently the roots or the rhizosphere soil of the plant species 
(Kuzyakov & Domanski, 2000). These bacteria are referred to 
as plant growth promoting rhizobacteria (PGPR). In turn, the 
PGPRs perform some important activities for plant growth and 
health either by improving nutrient acquirement or by 
hormonal stimulation. Role of micro-organisms associated in 
rhizosphere are reported as imperative for plant growth, as they 
influencing nutrient cycling (Nayyar, 2009), favor the 
absorption of nutrients (Davison, 1988), produce hormones 
that promote growth (Denarie et al., 1992), fix nitrogen 
(Farnsworth, et al., 1977), suppress pathogens (Shippers et al., 
1987), decomposition of organic matter in soils((Juma, 1998; 
Ruiter et al., 1994), dissolution of minerals (Nakas & Klein, 
1980; Whalen and Hamel, 2004), suppress plant pathogens by 
production of antibiotics (Kent et al., 2002) and increase 
adaptive nature of plant species (Haney et al., 2015). PGPRs 
involve in enzymatic nutrient mobilization from organic matter 
and by the production of siderophores increase the availability 
of nutrients (Anderson et al., 1993; Whiting et al., 2001; Jing 
et al., 2007).   

 
Some fungi such as Aspergillus, Penicillium, Trichoderma are 
reported to act either as Phyto-stimulator or inhibits the attack 
of rhizospheric pathogenic microorganisms and involve in 
decomposition of the organic matter, mineralization and 
release soluble form of nutrients to plant species (Tarkka et al., 
2008, Brimecombe et al., 2007, Whipps, 2004, Vessey, 2003, 
Motsara et al., 1995). Plant-microbe interactions may thus be 
considered beneficial, neutral or harmful to the plant, 
depending on the specific microorganisms and plants involved 
and on the prevailing environmental conditions (Nihorimbere 
et al., 2011). Exploring these microorganisms by unraveling 
their possible relationships with plants has launched a new and 
fascinating area of investigations in the rhizosphere research. 
A considerable number of rhizosphere bacterial species are 
reported to exert the beneficial effect upon nutrient availability 
and soil aggregation (Johansen and Binnerup, 2002). 
Therefore, their use as biofertilizers or control agents for 
agriculture improvement has been a focus of numerous 
researchers for a number of years (Welbaum et al., 2004). 
Garcinia lanceifolia is an endangered edible fruit bearing 
species and the barks are reported to use to extract medicine 
(Bora et al., 2015).  So far, there has not been any report for 
the study of rhizosphere soil beneficial microorganisms of G. 
lanceifolia. Therefore, the present study is undertaken to 
explore soil beneficial microorganisms of G. lanceifolia 
rhizosphere. 

 

MATERIALS AND METHODS 
 
Study site 

 
The samples of plant species were collected from a total 10 
villages of Jorhat, Sivasagar Nagaon, Dima Hasao and 

Golaghat districts of Assam viz Jalukoni, Titabor, 
SahpuriaGaon, Gohai Tekela Gaon, Selenghut of Jorhat 
district; Anaighoria Gaon, Morongial  and Dholi Kumar Gaon 
of Golaghat district; Geleki of Sivasagar, Jokholabondha of 
Nagaon district and Jatinga of Dima Hasao during December, 
2016 and January 2017. The study areas of these five districts 
are located in between 21º30// N to 26029// N latitude and 
92º69//E to 95º25// E Longitude. Average annual temperature 
varies between 9°C to 39°C. The districts receive an average 
rainfall of 2244 mm per annum. The northwest monsoon is 
contributing a major share in governing the climate of the area. 

 

 
 

Fig.1. Garcinia lanceifolia plant and flowering and fruiting and 
soil collection from the rhizosphere 

 
Sample collection 
 
Roots and soil samples were collected from near the base of 
the plant species up to 15 cms from the surface. There were 
three plants sampled for each plant species and the three 
samples were mixed to obtain one composite sample for 
analyses. Two such composite samples were taken for each 
plant species. This sampling procedure was repeated for each 
plant. Tendered roots of Garcinia lanceifolia were collected 
for investigation of AMF structures such as arbuscule, vesicle 
and mycelium along and to study root colonization by AMF of 
the individual plant species by tracing them horizontally from 
the base of the plant. 

 
Clearing, staining and per cent AM colonization of root 
samples 
 
The root samples collected were washed with tap water to 
remove the adhered materials, cleaned and kept in a hot air 
oven at 45º C for 72 h. Such dried roots of the samples were cut 
into 1 cm pieces, soaked in tap water, and kept in a 10 per cent 
KOH solution for 24 h.  It was then washed in tap water for 
several times and bleached with 10% H2O2, slightly acidified 
with 0.01N HCl at room temperature and stained in 0.05 per 
cent Trypan blue in lectoglycerol (Phillips and Hayman, 1970; 
Kormanik and Mc Graw, 1982). After 24 h the roots were 
transferred to 50% glycerol and kept until per cent AM 
colonization determined. Stained root segments were examined 
under a stereo-compound microscope (Leitz-Laborlux 11 POL) 
at 100 x for AMF vesicles, arbuscules, hyphae etc. and 
hundred such root segments were examined for per cent AM 
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colonization. Per cent AM colonization was quantified by 
gridline intersect method (Giovannetti and Mosse, 1980). Root 
segments with AMF structure such as vesicles, arbuscules and 
hyphae with AMF spores on DPX mounted slides with clear 
structure were microphotographed.  

 
Per cent root length colonization ten (10) numbers of root 
segments of 1 cm long were selected at random from a stained 
sample and mounted on microscopic slides. About 50 roots 
segments from each sample were used for slide method (Read 
et al., 1976) and observed under microscope for presence and 
absence of AMF structure such as vesicles, arbuscules and 
hyphae with AMF spores.  

 
Percent AMF colonization was calculated by using the formula 

 
                                         No. of root bits having colonization 
% root colonization = ------------------------------------------------   x 100 
                                         Total number of root bits observed 

 

 
Isolation, quantification and identification of AM fungal 
spore 
 
Each triplicate soil samples were mixed thoroughly but 
separately and roots fragments separated. From each 
thoroughly mixed soil samples, two sub-samples of 100 g were 
weighed. One sub-sample was used for determination of spore 
number and other was oven dried at 60o C for 72 h to calculate 
the number of spore in soil dry weight basis. AMF spores were 
isolated by wet sieving and decanting method (Gerdemann and 
Nicolson, 1963). 100 g soil sample was suspended in about 
700 ml of water in a one-liter beaker and stirred for 3 to 4 
minutes so that all soil particles were suspended. Soil and 
spore suspension were passed through a set of brass sieves of 
460, 150, 120, and 45m. These steps were repeated for three 
times and the spores along with debris retained on the sieves 
were collected in 100 ml beaker separately. The 500 m sieve 
found retained no spores or sporocarps except root fragments 
and other debris. The spore suspension collected in the beakers 
was transferred to watch glass with the help of pasture pipette 
and examined under a stereomicroscope and a stereo-zoom 
microscope. Apparently healthy spores with regular wall 
orientations were counted and similar looking spores 
separated. Isolated AMF spores will be examined thoroughly 
under the stereomicroscope.  
 
Similar looking spores were transferred to separate vials, and 
detailed study for identification and classification was carried 
out. Spores selected for identification was mounted on 
polyvinyl lectoglycerol (PVLG) and identified up to genus 
and/or species level. Identification and documentation of an 
organism are done on the basis of its certain characteristic 
features include morphological, biological, ecological and even 
molecular traits. Primarily, AMF identification involves 
measurement and evaluation of spore characteristics. 
Morphological characters always play an important role in 
classification. Identification is also achieved by comparing 
individuals using preserved specimens, species descriptions, 
illustrations and keys. The morphological characters used for 
identification of AMF are organization of spores, sporocarp 
morphology, morphology of intact spores, spore wall 
characters, morphology of the subtending hyphae, occlusion of 
spores and morphology of soporiferous saccules (Morton, 

1988). Gerdemann and Trappe (1974) first categorized AMF 
spores in loosely formed clusters, randomly dispersed in a 
loose or dense hyphal network or highly ordered with a hyphal 
plexus. The spores, after isolation can be separated under a 
stereoscopic microscope based on the characters such as color, 
size, shape, etc. Proper identification of each fungus requires 
careful examination of a number of spores under a light 
microscope, often at high magnification. Spores selected for 
identification were mounted on polyvinyl lectoglycerol 
(PVLG) and identified up to genus and / or species level with 
the taxonomic key in the manual for the identification of AMF 
by Schenck and Perez (1990) and INVAM (2015), 
(International collection of Vesicular-Arbuscular Mycorrhizal 
Fungi) Classification of West Virginia University, Florida. 
 
Plant Growth- Promoting Rhizobacteria (PGPR) 
 
Plant growth promoting rhizobacteria were isolated from 
rhizosphere soil of Garcinia lanceifolia by using serial dilution 
technique. 1 gm of soil sample was taken in the test tube 
containing 9mL of distilled water and shakes the test tube. 
Serial dilution was performed up to 10-1., 10-2, 10-3, 10-4, 10-5, 
10-6, 10-7 dilution. Aliquots of 0.1ml suspension was 
transferred from 10-2, 10-3, 10-4, 10-5, 10-6, 10-7 dilution on 
sterilized Petri plates. After that, 0.1 ml aliquot was transferred 
from each and every test tube by sterilized Petri plates to the 
agar plates and did spread plate in both King’s B agar and 
Nutrient agar media. Inoculated Petri dishes were kept in the 
incubator at 27- 30ºC for 4-5 days. Glassware’s used in the 
experiments were sterilized in hot air oven by exposure to 
steam at 1210C and 15 for 15 minutes or longer, depending on 
the nature of the item. Almost all media were sterilized in the 
autoclave at 15lb pressure to attain the temperature of 1210C. 
The fluorescent Pseudomonads are a large group found in the 
rhizosphere of various plants.  For culturing the Pseudomonas 
King’s B medium was used the composition of the medium is 
given below. These rhizobacteria were purified by streaking on 
fresh plates (Streak plate method) containing King’s B medium 
and preserved at – 30oC for subsequent inoculation. Streaks 
were made across the surface of the agar with a loop full 
(inoculating loop) of mixed culture. After inoculation, the Petri 
plates were incubated at 28 to 30oC for 2 to 3 days and when 
the bacterial colonies formed, the Petriplates were observed 
under florescent/ ultraviolet light. Yellow-green or blue-white 
fluorescence in and around the colonies were seen for 
fluorescent Pseudomonas. The bacterial mass from the single/ 
pure colony was taken with a needle from its periphery and put 
on the glass slide and stained with Gram stain and mounted by 
a cover slip. The size and shape of the bacterial cells were 
observed under the stereo-compound microscope at 40X and 
followed by100X using Emerson oil and distinct morphology 
of the bacterium was microphotographed. 
 

Culture of Bacillus spp 
 

Bacillus spp were isolated from the rhizosphere soil of 
Garcinia lanceifolia with the help of serial dilution technique 
(following the same procedure described for Pseudomonas 
florescent mentioned above). Spread plate method was 
followed for the culture of Bacillus species in Nutrient Agar 
medium by transferring 0.1 aliquots of each dilution. The 
bacterial mass from the single pure colony was taken with a 
needle from its periphery and put on the glass slide and stained 
with Gram stain and mounted by a cover slip. Morphological 
characterization was done as per procedure describes for 
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Florescent Pseudomonas observed under the compound 
microscope. 
 

Culture of rhizospheric fungi 
 

1 gm soil collected from the rhizosphere of G. lanceifolia was 
taken and undergone the serial dilution techniques and 
different dilutions were taken for culturing the microfungi in 
Potato Dextrose Agar (PDA) medium. Sterilization of culture 
media, glassware, and aseptic conditions were maintained. 
Autoclave, hot air oven, laminar air and antibacterial agent 
were used for maintenance to free other contaminations. 
Mycelium and spore-bearing hyphe from axenic culture were 
observed under the microscope for their characterization and 
micro photography. 
 
Statistical analysis 
 
No other statistical analysis are performed except the 
calculation of the average of the AMF spore number 100 g-1 
soil and per cent root colonization of 10 different sites of the 
soil sample collected. 
 

RESULTS 
 
Arbuscular mycorrhizal colonization in roots and AMF 
spores extracted from the rhizosphere soils 
 
Arbuscular Mycorrhizal fungi colonization in roots 
 
The microscopic observations under the stereo-compound 
microscope revealed the presence of vesicles, arbuscules and 
extramatrical mycelium in cortical zones of the plant roots are 
presented in the Figure-2 and Table-1. The average per cent 
root colonization of the plant species was recorded for 63.4. It 
was also observed that the per cent root colonization could 
vary with the place to place. It ranged with a minimum of 50 to 
a maximum of 96 per cent. 

 
Table 1. Percent root colonization of arbuscular mycorrhizal 

fungi in root of Garcinia lanceifolia 

 

Place of collection 
Total 
root  
bits 

Colonized 
root bits 

% root colonization 
(colonized bits/total 
root bits observed 

×100) 

Dholi Kumar Gaon, Jorhat 50 25 50 
Jatinga, Dima Hasao 50 26 52 
Anaighoria Gaon, Golaghat 50 30 60 
Morongial,Golaghat 50 32 64 
Jalukoni, Titabor, Jorhat 50 27 54 
Sahpuria Gaon, Jorhat 50 30 60 
Selenghut, Teok, Jorhat 50 40 80 
Jokholabondha, Nagaon 50 27 54 
Gohai Tekela Gaon, Jorhat 50 32 64 
Geleki, Sivasagar 50 48 96 

 
AMF spores in rhizosphere soils 

 
Garcinia lanceifolia rhizosphere soils contained about 21 types 
of AM fungi spores of eight (8) genus (Fig-3).Of which, serial 
No. A-F represented Glomus spp., G-K: Acaulospora spp., 
L&M: Diversispora spp., N: Steptoglomus sp., O: 
Funneliformis sp., P& Q: Rhizophagus spp ., R: 
Entrophospora sp. and S-U : Gigaspora spp. It was also 
recorded that all soils samples did not represent the  same  
number of AMF spores. The minimum number of AMF spores 

were detected from Dholi Kumar Gaon with 104 spores 100g-1 
soil. The maximum numbers of AMF spores were isolated 
from Anaighoria Gaon, Golaghat with 610 spores 100g-1 soil. 
However, arbuscular mycorrhizal spores types were almost 
similar to all soil samples studied invariably to the site of 
collection (Table-2). 

 
Table 2. AMF spores 100g-1 isolated from rhizosphere soils of 

Garcinia lanceifolia 

 

Place of Collection 
No. of AMF 
spores 100g-1 

soil 

Average 
number of 

AMF Spores 

Dholi Kumar Gaon 104  
 
 
 
 

358 

Jatinga, Dima Hasao 299 
Anaighoria Gaon, Golaghat 610 
Morongial,Golaghat 330 
Jalukoni, Titabor, Jorhat 310 
Sahpuria Gaon, Jorhat 450 
Selenghut, Teok, Jorhat 397 
Jokholabondha, Nagaon 205 
Gohai Tekela Gaon, Jorhat 495 
 Geleki, Sivasagar 375 

 

 
 

Fig.2. Microphotographs of arbuscular mycorrhizal fungi 
structures in root cortex of Garcinia lanceifolia. [A]- 
arbuscules, [B-F] –different types of vesicles, [G]- 
mycelium with spore and [H]- AMF spores inside the 
root cortex 

53826 Dipimani Saikia et al. Arbuscular mycorrhizal fungi and other beneficial microorganisms in the Rhizosphere soil of Garcinia lanceifolia (G.Don) Roxb. 



 
 
Fig.3. Photomicrographs of Arbuscular Mycorrhizal Fungi 
spores isolated from rhizosphere soils of Garcinia lanceifolia 
A-F: Glomus sp., G-K: Acaulospora sp., L&M: Diversispora 
sp., N: Steptoglomus sp., O: Funneliformis sp., P& Q: 
Rhizophagus sp ., R: Entrophospora sp. and S-U: Gigaspora 
sp. 

 

 
 
Fig.4. Photographs of Bacterial growth n culture media. [A-D] 
Fluorescent Pseudomonas in King’s B medium. [E]- 
Microphotograph of Fluorescent Pseudomonas sp., [F]- 
Bacillus sp., Isolated from rhizosphere soils of Garcinia 
lanceifolia 

 
 

Fig.5. Photographs of fungal colony formation in PDA media. 
[A-D] cultured from rhizosphere soils of Garcinia lanceifolia 

 

 
 
Fig.6. Photomicrographs of microfungi isolated from 
rhizosphere soils of Garcinia lanceifolia in PDA culture 
[A] Aspergillus sp., [B] Penicillium sp., [C] Bipolaris sp., [D] 
Trichoderma sp., [E] Mucor sp., [F] Curvularia sp. 
 
Other beneficial microorganisms in rhizosphere soils of 
Garcinia lanceifolia 
 
The culture of rhizosphere soils of the plant species observed 
the growth of bacterial colonies in Petri plates in dilutions of 
10-2 to 10-7 in inoculated aliquots in King’s B and Nutrient 
Agar media. Numbers of bacterial colonies counted in different 
dilutions i.e. 10-1 was 139, 10-3 had 132 10-4 had 78, 10-5 40, 
10-6 30 and 10-7 contained only 28 bacterial colonies. The 
bacterial structures that observed under the stereo-compound 
microscope and the microphotographs were shown in fig. 4. 
Some micro fungi that were observed to grow in potato 
dextrose agar medium and photographs of them were presented 
in fig 5. Growth characteristic of the fungal colonies were 
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observed as light blue for Penicillium spp, Darty/ black 
colonies for Aspergillus spp and Cottony to brown for Mucor, 
Biplories, Curvularia spp and white to brown for Trichoderma 
spp. Microphotographs of microfungi isolated from 
rhizosphere soils of G. lanceifolia in PDA culture were 
presented in figure-6. Six microfungal genera such as 
Aspergillus, Penicillium, Bipolaris, Curvularia, Trichoderma 
and Mucor were isolated and identified. 
 

DISCUSSION 
 
Microorganisms are indispensable constituents of soil and they 
have direct or indirect influence in maintaining the soil's health 
throughout their beneficial or detrimental activities. 
Rhizosphere inhabiting microorganisms arbitrate soil processes 
such as decomposition, nutrient mobilization and 
mineralization, storage release of nutrients and water, nitrogen 
fixation and denitrification. Furthermore, the organisms 
possessing a phosphate-solubilizing ability can also convert the 
insoluble forms phosphate compounds into soluble forms in 
soil and make them available to the plant species. The study 
revealed that plant species could prefer good numbers of 
beneficial microorganisms. The plant and microbe interaction 
influences the plant growth and survival. Several factors may 
influence the survival of a plant species including 
anthropogenic pressure, habitat loss, and degradation of micro 
and macro environments including soil beneficial 
microorganisms. The rhizobacteria specifically fluorescent 
Pseudomonas and Bacillus spp and arbuscular mycorrhizal 
species associated with the rhizosphere of G. lanceifolia may 
also receive special attention to the researchers to find out the 
any relation with the cause of declination of plant species from 
the natural habitat. The study for soil microorganisms in rice 
rhizosphere from different locations in South Karnataka has 
reported a total of 57 Gram positive Bacilli, 6 Gram negative 
Bacilli, 47 Gram positive Cocci and six Actinomycetes (Ritesh 
et al., 2014).  In comparison to rice rhizosphere least number 
of beneficial microorganisms was detected from Garcinia 
lanceifolia rhizosphere. In another study reported by 
Gnanasekaran et al. (2015) from the banana field of 
Manachanallur, Tiruchirappalli was found dominated by 
genera of fungi such as Aspergillus, Penicillium and 
Trichoderma species. The present study also revealed the 
similar results. This may also happen that the populations and 
diversity of soil beneficial microorganisms required sustaining 
the growth and survival of the G.lanceifolia not at par to give 
proper support to the plant species. Few works reported that 
processes shape and drive the composition and dynamics of the 
rhizosphere microbes not only to safeguard plant productivity 
but also to safeguard human health as the proliferation of 
human pathogenic bacteria in and on plant tissues (van der 
Heijden et al., 2007; Tyler & Triplett, 2008; Teplitski et al., 
2011; Kaestli et al., 2012). The work done to recommend the 
proper solution for sustain this endangered plant species is not 
enough and can be considered as peeping through a window to 
see the room. Therefore, a detail research work is required to 
explore the actual cause (s) of loss of natural populations and 
to recommend the solution for the conservation of the plant 
species in the natural habitat. 
 
Acknowledgement 
 
The authors are very thankful to Dr. R.S.C. Jayaraj, Director, 
Rain Forest Research Institute, Sotai Ali, Jorhat for timely 
permission and guidance. The authors are also thankful to Shri 

Arup Kr. Deka, Head, Silviculture and Forest Management 
Division for providing laboratory facilities to conduct the 
study. 
 

REFERENCES 
 
Anderson, T.A., Guthrie, E.A,, Walton, B.T. 1993. 

Bioremediation in the rhizosphere: plant roots and 
associated microbes clean contaminated soil. Environ Sci 
Technol 27:2630–2636. 

Bora, N. S., Kakoti, B. B. and  Barnali Gogoi (2015) 
Antibacterial activity of the methanolic extract of the bark 
of Garcinia lanceifolia Roxb. Journal of Pharma SciTech, 
4(2):34-35. 

Buragohain, J. 2011. Ethnomedicinal Plants Used by the ethnic 
Communities of Tinsukia District of Assam, India. Recent 
Res. Sci. Technol. 3(9): 31-42. 

Camprubi, A., Calvet, C. and Estaun V.1995. Growth 
enhancement of Citrus reshni after inoculation with 
Glomus intraradices and Trichoderma aureoviridae and 
associated effects on microbial populations and enzyme 
activity in potting mixes. Plant and Soil, 173: 233-238. 

Chaparro, J. M., Badri, D. V. and Vivanco, J. M. 2014. 
Rhizosphere microbiome assemblage is affected by plant 
development. ISME J. 8: 790–803. doi: 
10.1038/ismej.2013.196 

Chowdhury, T. and Handique, P.J. 2012. Evaluation of 
antibacterial activity and phytochemical activity of 
Garcinia lancifolia Roxb. Int. J. Pharma. Sci. 3(6): 1663-7.  

Davison, J. 1988. Plant benefical bacteria.Biotechnology, 6: 
282–286. 

Deelerck, S.C.,Planchtte and Strullu, G.G. 1995.Mycorrhizal 
dependency of banana (Musa acuminata, AAA group) 
cultivar. Plant and Soil, 176:183-187. 

Denarie, J., Debelle, F. & Rosenberg, C. 1992. Signaling and 
host range variation in inoculation. Annual Review of 
Microbiology, 46: 487–531. 

Dutta D. 2002. Occurrence and significance of vesicular 
arbuscular mycorrhizal fungi (VAMF) in Jhum agro-
ecosystem of Karbi Anglong, Assam. Ph.D Thesis, Forest 
Research Institute, Dehradun India. 

Farnsworth, R.B., Rommey, E.M. & Wallace, A. 1977. 
Nitrogen fixation by microfloral—higher plant associations 
in arid to semiarid environments. In: West, N.E. & Skujins, 
J.J. (Eds), Nitrogen in Desert Ecosystems, pp. 17–19. 
Stroudsburg, PA: Dowden, Hutchinson & Ross Inc. 

Gange, A.C. 2006. Insect–mycorrhizal interactions: patterns, 
processes, and consequences. In: Ohgushi T, Craig TP, 
Price PW (eds) Indirect interaction webs: nontrophic 
linkages through induced plant traits. Cambridge 
University Press, Cambridge , pp 124–144 

Gerdemann, J.W. and Nicolson, T.H. 1963. Spore of 
mycorrhizal Endogone extracted from soil by wet sieving 
and decanting. Trans. Br. Mycol. Soc., 46: 235-244. 

Giovannetti, M and Mosse. B.1980. An evaluation of 
techniques for measuring vesicular- arbuscular mycorrhizal 
infection in roots. New Phytol., 84: 489-500. 

Gnanasekaran, P.,  Mohamed Salique, S. and Panneerselvam, 
A.2015.Isolation and Identification of Soil Mycoflora in 
Banana Field at Manachanallur, Tiruchirappalli Dt., Tamil 
nadu, India Int. J.Curr.Microbiol.App.Sci 4(7): 729-740 

 Gogoi, B., Das R.P. and Barua U. (2016) Antioxidant activity 
of Garcinia species of Assam. International Journal of 
Agriculture Sciences, ISSN: 0975-3710 & E-ISSN: 0975-
9107, 8 (29):1611-1612. 

53828 Dipimani Saikia et al. Arbuscular mycorrhizal fungi and other beneficial microorganisms in the Rhizosphere soil of Garcinia lanceifolia (G.Don) Roxb. 



Haney, C. H., Samuel, B. S., Bush, J., and Ausubel, F. M. 
2015. Associations with rhizosphere bacteria can confer an 
adaptive advantage to plants. Nat. Plants 1:15051.doi: 
10:1038/nplants.2015.51 

Hazarika, P, Talukdar N. C. and Singh, Y. P. 
2010a.Performance of Native Arbuscular Mycorrhizal 
Plant Species and Soil Amendments in Revegatation of 
Coalmine Overburden Global Journal of Environmental 
Research 4(3): 192-198 

Hazarika, P, Talukdar N.C. and Singh, Y. P. 2010b.Effect of 
application of beneficial microorganisms, lime, organic 
amendments and top soil on growth of Crotalaria stricta in 
coal mine overburden dump spoils. Asian Jr 
Microbial.Biotech. Env. Sc. 12: 10-19. 

INVAM, 2015. International Culture Collection of (Vesicular) 
Arbuscular Mycorrhizal Fungi. West Virginia University, 
Morgantown, West Virginia. URL: http://invam.wvu.edu/ 
the-fungi/species-descriptions (diacces 30 July 2015).  

Jing, Y., He, Z., Yang, X. 2007 Role of soil rhizobacteria in 
phytoremediation of heavy metal contaminated soils. J 
Zhejiang UnivSci  8:192–207 

Johansen, J.E. and Binnerup, S.J. 2002 Contribution of 
Cytophaga-like bacteria to the potential of turnover of 
carbon, nitrogen, and phosphorus by bacteria in the 
rhizosphere of barley ( Hordeumvulgare L.). Microb Ecol. 
43:298–306 

Juma, N.G. 1998. The pedosphere and its dynamics: a systems 
approach to soil science. Volume 1. Edmonton, Canada, 
Quality Color Press Inc. pp 315. 

Kaestli, M., Schmid, M,, Mayo ,M. Harrington, G., Felicity, 
W., Jason, H., Daniel., G and     Currie, B.J.. 2012 Out of 
the ground: aerial and exotic habitats of the melioidosis 
bacterium Burkholderia pseudomallei in grasses in 
Australia. Environ Microbiol 14: 2058–2070. 

Kanjilal, U.N., Kanjilal, P.C. and Das, J. 1991. Flora of 
Assam. Vol – I &II, Allied Book Centre, 15-A, Rajpur 
Road, Dehra Dun - 248001. 

Kuzyakov, Y. and Domanski, G. 2000. Carbon input by plants 
into the soil. J. Plant Nutr. Soil Sci. 163: 421–431. doi: 
10.1002/1522-2624(200008)163:4<421::AID 
JPLN421>3.0.CO;2-R 

Li, X.L., H. Marcher and George, E. 1991.Acquisition of 
phosphorus and copper by VA mycorrhizal hyphae and 
root to shoot transport in white clover.Plant and Soil,136: 
39-47. 

Mahamuni, S.V., Wani, P.V. and Patil, A.S. 2012. Isolation of 
phosphate solubilizing fungi from rhizosphere of sugarcane 
& sugar beet using Tcp & Rp solubilization, Asian Journal 
of Biochemical and Pharmaceutical Research, 2(1): 237-
244. 

Micallef, S. A., Shiaris, M. P., and Colón-Carmona, A. 2009. 
Influence of Arabidopsis thaliana accessions on 
rhizobacterial communities and natural variation in root 
exudates. J. Exp. Bot. 60: 1729–1742. doi: 
10.1093/jxb/erp053 

Motsara, M.R., Bhattacharyya P.B., Srivastava B. 1995. 
Biofertilizers their description and characteristics, In: 
Biofertilizer Technology, Marketing and Usage, A 
sourcebook- cum-Glossary, Fertilizer Development and 
Consultation Organization 204–204, A Bhanot Corner, 1–2 
Pamposh Enclave, New Delhi, 110048, India, pp. 9–18. 

Nakas, J.P. and Klein, D.A. 1980. Mineralization capacity of 
bacteria and fungi from the rhizosphere–rhizoplane of a 
semiarid grassland. Applied and Environmental 
Microbiology, 39: 113–117. 

Nayyar,  A. 2009.  Impact of mineral n and p and manure on 
arbuscular mycorrhizal fungi, other soil microorganisms 
and on soil functionality in different agroecosystems. PhD 
Thesis,  Department of Soil Science,University of 
Saskatchewan  Saskatoon, Canada 

Nihorimbere, V., Ongena, M., Smargiassi, M., and Thonart, P. 
2011. Beneficial effect of the rhizosphere microbial 
community for plant growth and health.Biotechnol.Agron. 
Soc. Environ. 15: 327–337. 

Nouaim, R. and R. Chaussod 1994.Mycorrhizal dependency of 
micropropagatedargan tree (Arganiaspinosa) I growth and 
biomass production.Agroforestry Systems, 27: 53-65. 

Phillips, J. M. and Hayman, D. S. 1970. Improved procedure 
for clearing roots and staining parasitic and vesicular-
arbuscular mycorrhizal fungi for rapid assessment of 
infection. Trans. Br. Mycol. Soc., 55: 158 - 161. 

Rai, P.K. & Lalramnghinglova, H. (2011) Ethnomedicinal 
Plants of India with Special Reference to an Indo-Burma 
Hotspot Region: An overview Ethnobotany Research & 
Applications 9:379-420 

Read, D.J., H.K Kousheki and Hodgson, J. 1976. Vesicular-
Arbuscular mycorrhiza in natural vegetation systems.I. The 
occurrence of infection.New Phytol., 77: 641-653. 

Ruiter, P.C., Neutal, A.M. and Moore. J.C. 1994. Modelling 
food webs and nutrient cycling in agro-ecosystems. TREE 
9:378-383. 

Sarma, H., Tripathi A. K., Borah S. and Kumar, D. 2010. 
Updated Estimates of Wild Edible and Threatened Plants of 
Assam: A Meta-analysis. Int. J. Bot.6: 414-423. 

Schenck, N.C. and Perez, Y. 1990. Manual for the 
identification of VA mycorrhizal (VAM) fungi. Univ. of 
Florida, Synergistic Pub., Florida, USA., pp.241. 

Shippers, B., Bakker, A.W. & Bakker A.H.M. 
1987.Interactions of deleterious and beneficial rhizosphere 
microorganisms and the effect of cropping practices.Annual 
Review of Phytopathology, 25: 339–358. 

Sugiyama, A., Ueda, Y., Zushi, T., Takase, H., and Yazaki, K. 
2014.Changes in the bacterial community of soybean 
rhizospheres during growth in the field. PLoS ONE 
9:e100709. doi: 10.1371/journal.pone.0100709 

Sun, J., Zhang, Q., Zhou, J., and Wei, Q. 2014. Illumina 
amplicon sequencing of 16S rRNA tag reveals bacterial 
community development in the rhizosphere of apple 
nurseries at a replant disease site and a new planting site. 
PLoS ONE 9:e111744. doi: 10:1371/journal.pone.0111744. 

Swaminathan, K. and Verma, B. C.1979.Response of three 
crop species to vesicular arbuscular mycorrhizal infection 
on zinc deficient Indian soils.New Phytol.,82: 481-487. 

Tarkka, M., Schrey, S., Hampp, R. 2008 Plant associated 
micro-organisms. In: Nautiyal CS, Dion P (eds) Molecular 
mechanisms of plant and microbe coexistence. Springer, 
New York, pp 3–51 

Teplitski, M., Warriner, K., Bartz, J. and Schneider, K.R. 2011 
Untangling metabolic and communication networks: 
interactions of enterics with phytobacteria and their 
implications in produce safety. Trends Microbiol 19: 121–
127. 

Tyler, H. L. and Triplett, E.W. 2008 Plants as a habitat for 
beneficial and/or human pathogenic bacteria. Annu Rev 
Phytopathol 46: 53–73. 

van Baarlen, P., van Belkum, A., Summerbell, R.C., Crous, 
P.W. and Thomma, B. 2007 Molecular mechanisms of 
pathogenicity: how do pathogenic microorganisms develop 
cross-kingdom host jumps? FEMS Microbiol Rev 31: 239–
277. 

53829                                         International Journal of Current Research, Vol. 9, Issue, 07, pp.53823-53830, July, 2017 

 



Vessey, J.K. 2003 Plant growth promoting rhizobacteria as 
biofertilizers.Plant Soil255:571–586 

Welbaum, G. E., Sturz, A. V., Dong, Z., and Nowak, J. 2004. 
Managing soil microorganisms to improve productivity of 
agro-ecosystems.CRC. Crit. Rev. Plant Sci. 23: 175–193. 
doi: 10.1080/07352680490433295.  

Whalen, J.K., and Hamel, C. 2004. Effects of                             
key soil organisms on nutrient dynamics in temperate  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  agroecosystems p 175-208. In: D. Clements and A. 
Shrestha (ed.) New dimensions in Agroecology. Food 
Products Press. New York, USA.  

Whipps, J.M. 2004 Prospects and limitations for mycorrhizas 
in biocontrol of root pathogens.Can J Bot.82:1198–1227  

Whiting, S.N., de Souza, M.P. and Terry, N. 2001 Rhizosphere 
bacteria mobilize Zn for hyperaccumulation by 
Thlaspicaerulescens. Environ SciTechnol35:3144–3150. 

******* 

53830 Dipimani Saikia et al. Arbuscular mycorrhizal fungi and other beneficial microorganisms in the Rhizosphere soil of Garcinia lanceifolia (G.Don) Roxb. 


