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INTRODUCTION:
Arbuscualr

mycorrhizal

(AM)

fungi

fungi

could

prove

beneficial

in

are

phytoremediation system as they can increase the rate of

ubiquitous obligate mycobionts forming symbiosis with

plant survival and establishment, reduce plant stress and

the terrstrial plant communities (Barea and Jeffries

increase plant nutrients acquisition, increase carbon and

1995). They are essential components of soil biota and

nitrogen deposition into soil, thereby contributing to

are found in almost all ecological situations particularly

bacterial growth and increase the volume of soil being

those supporting plant communities with high species

remediated

diversity. AM are known to enhance plant tolerance to a

concentration may decrease the number and vitality of

variety of stresses including nutrients, drought, metal

AM as a result of HM toxicity. Metal transporters and

toxicity, salinity and pathogens all of which may affect

plant-encoded transporters are involved in the tolerance

plants success in a contaminated or polluted soil (Olexa

and uptake of TM (Glassman and Casper 2012;

et al., 2000; Zarei et al., 2010). AM can help alleviate

Rahmanian et al., 2011).

(Almas

et

al.,

2004).Trace

metals

metal toxicity to plants by reducing metal translocation

In recent times, one of the challenges facing the

from root to shoot (Leyval et al., 1997). Therefore they

mankind is the degradation and pollution of soil by

may contribute to plant establishment and survival in

industrial effluents, sludge and solid waste. The pulp and

trace metals polluted sites and could be used as a

paper mill which has been categorized as one of the

complement to immobilization strategies. In the last few

twenty most polluting industries in India discharge huge

years, research interest has been focused on the diversity

quantities of coloured and waste water (effluent) into the

and tolerance of AM in trace metals contaminated soil.

environment and are responsible for soil pollution

To understand the basis underlying adaptation and

consequently the hazardous chemicals enter into surface

tolerance of AM to trace metals in soils,since this could

or ground water and poison the soil or crops. The decline

facilitate and manage these soil microoraganisms for

of plant diversity is due to the soil toxicity generated by

restoration and bioremediation programs (Khan et al.,

dumping of solid paper mill wastes in the area. Several

2000; Shah et al., 2010). AM constitute an important

researches have been carrying out to understand the role

functional component of the soil plant system that is

of AM fungi in plant interaction with toxic metal for

critical for sustainable productivity in stressed soils and

promoting plant growth and the bioavailibility in stressed

promote plant growth to reduce or eliminate the

soils. In order to develop the restoration protocol for

bioavilibility of plants as studied by Joner and Leyval

disturbed habitats, it is necesaary to study benificial

(2003). The variation in metal accumulation and inter-

rhizosphere fungi like AM fungi that are tolerant to

plant translocation depends on the different factors like

various stresses. This will help us develop a protocol by

host-plant, root density, soil characteristics, metals and

studying the association of arbuscular mycorrhizal fungi

their availibility. Metal tolerant AM isolates can decrease

in plants growing in soils polluted with paper mill

metal absorption capacity of these fungi, which could

effluents.

filter metal ions during uptake as described (Val et al.,
1999; Andrew et al., 2013 and Martina and Vosatka

MATERIAL AND METHODS:

(2005)). AM increases its host’s uptake of nutrients and

Location of the study area:

can improve the growth and resistance to environmental
stresses (Biro et al., 2005; Smith and Read, 2008).

The study was conducted at two sites i.e. one
polluted

with paper mill effluents and another non-

polluted site. The first site was effluent dumping site
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inside the campus of Hindustan Paper Corporation

described by Phillips and Hayman (1970).

Limited, HPC, Assam, India. The two sites were

Isolation of Mycorrhizal spores:

approximately 2 Km apart. The study area was located at

Spore extraction from the soil was carried out

an altitude of 116mMSL between 24052`N and 92036`E

using the Wet Sieving and Decanting Technique by

longitides.

Gerdemann and Nicolson (1963). The isolated spores

Collection of soil Sample:

were mounted on glass slide using Polyvinyl Alcohol-

From the polluted and non-polluted site,10

Lactic acid Glycerol (PVLG) and observed under

dominant plant species were selected for the study of

compound

mycorrhizal association. The rhizosphere soil samples of

identified according to the manual of identification of

these individuals of a species were collected. The

VAM fungi by Schenck and Perez (1990). The INVAM

rhizospheric soil samples were randomly selected and

worksheet

then mixed together to obtain a composite representative

Additional spores not included in the manual were

sample. The soil samplings were done trimonthly from

identified as per the description given in the INVAM

April 2010 to January 2012. The soil samples were

website (http://invam.caf.wvu.edu/).

brought to the laboratory in sterile condition and stored

Soil Physico-chemical analysis:

in a refrigerator at 4°C until they were processed.
Collection of root samples:
Fine roots from ten dominant different plants of

microscope

(100-1000X).

was used for

Spores

were

diagnosing the spores.

The physical chracteristics of soil i.e., Moisture
content, soil pH and soil temperature were recorded in
both polluted and non-polluted sites.

the same species were randomly collected and mixed

The chemical chracteristic i.e., N, P, K, Ca, Mg

properly and a composite root sample was obtained for

etc of the soil samples were estimated using the

each plant species. Trypan blue method was followed for

technique in the polluted and non-polluted site

the determination of the intensity of root colonization as

(Jackson,1985). Concentration of trace metalss i.e., Zn,

Caesalpinia pulcherrima

Fig 1: Monthly variation in Mycorrhizal spore population 50gm-1soil of different plant
species growing in the polluted site.
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Ni and Cu were determined by Atomic Absorption

malabathricum (54, 50 gm-1 soil) followed by Samanea

Spectrophotometer (VARIAN Spectra AA 220).

saman (52, 50 gm-1 soil) and Caesalpinia pulcherrima

Statistical analysis:

(49, 50 gm-1 soil) in the polluted site and in the non-

Statistical analysis was carried out by following

polluted site Melastoma malabathricum (123, 50 gm-1

the techniques of Gomez and Gomez (1984). Linear

soil) harboured maximum number of mycorrhizal spores

Regression analyses and correlation-coefficient values

followed by Samanea saman (109,50 gm-1 soil) ,Cassia

were calculated to find out the influence and association

sophera (109,50 gm-1 soil) and Caesalpinia pulcherrima

of various edaphic factors with mycorrhizal spore

(98, 50 gm-1 soil) (Figures-1 and 2).

population and mycorrhizal root colonization (%) in the
both polluted and non-polluted site.

The maximum root colonization was obtained in
July and found decreased gradually until January and
again increased in April studied among the different

RESULTS AND DISCUSSION:

plant species studied in the both polluted and non-

The plants were more mycotrophic in the non-

polluted site. In the polluted site the maximum root

polluted site than those growing in the polluted site. The

colonization was estimated in Melastoma malabathricum

maximum root colonization was obtained in July both in

(44%) followed by Caesalpinia pulcherrima (43%) and

the polluted and non-polluted site. The mycorrhizal root

Mimosa pudica (41%) and the minimum percentage

colonization were estimated maximum in the month of

colonization was obtained in Colocasia esculenta (35%)

July and decreased gradually from October to January

and Axonopus compressus (32%). In the non-polluted

and again increased from April. The rhizosphere soil of

site the maximum root colonization was estimated in

the non-polluted site harboured more mycorrhizal spores

Melastoma

in all the selected plants than the non-polluted site.

Caesalpinia pulcherrima (64%), Samanea saman (62%)

Among the different plant species studied, maximum

and Axonopus compressus (61%) and the minimum root

malabathricum

(68%)

followed

by

mycorrhizal spore count was estimated in Melastoma

Caesalpinia pulcherrima

Fig 2: Monthly variation in mycorrhizal spore population 50gm-1soil of different plant
species growing in the non-polluted site.
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colonization was estimated in Eupatorium odoratum

content of polluted site was found less than the non-

(54%) and Mimosa pudica (52%) (Figures- 3 and 4).

polluted site. The soil calcium and magnesium content

Inter relationship of mycorrhizal association with soil

were also found more in the polluted site than the non-

Physio-chemical factors

polluted site. The various trace metals like Cu, Ni and Zn

The different soil parameters like N, P, K,

were also estimated and found gradually decreased from

Organic C (%), Ca and Mg were estimated in the

July to January and then slightly increased from the

polluted and non-polluted site. The polluted soil was less

month of April (Tables- 2 and 3).

moist than the non-polluted one. The rhizosphere soil

Liner regression analyses were calculated to find

from polluted site was more alkaline than the non-

out the influence of various edaphic factors on

polluted one. Likewise more temperature was recorded

mycorrhizal

in the polluted site and less temperature was recorded in

population. The results of regression analysis showed a

the non-polluted site. All physical parameters were

positive and significant correlation coefficient(R) values

recorded maximum in the month of July that gradually

between mycorrhizal spore population with soil moisture

decreased from October till April except soil pH

content (r = 0.95; P < 0.01; Fig. 5(a)), soil temperature

(Table- 1).

(r = 0.86; P < 0.01; Fig. 5(b)), Nitrogen (r = 0.81;

colonization

and

mycorrhizal

spore

The soil samples from polluted and non-polluted

P < 0.01;Fig. 5(d)), Organic carbon (r = 0.82; P < 0.01;

site showed marked monthly variation in their chemical

Fig. 5(g)), Calcium (r = 0.84; P < 0.01; Fig. 5(h)), Zinc

properties. Nitrogen, phosphorous and organic carbon

(r = 0.59; P < 0.01; Fig. 5(k)), Cu (r = 0.97;P < 0.01; Fig.

(%) content of the rhizosphere soil gradually decreased

5(i)) and Ni (r = 0.92; P < 0.01; Fig. 5(j)). The

from July to January and slightly increased in April.

correlation coefficient with soil pH (r = 0.75; P < 0.01;

A similar trend of monthly variation was also observed

Fig 5(c)) and soil phosphorus (r = 0.75; P < 0.01; Fig. 5

in the non-polluted site as well. The soil phosphorus

(e)) were however, negative and significant.

Caesalpinia pulcherrima

Fig 3: Monthly variation in mycorrhizal colonization (%) of different plant
species growing in the polluted site.
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Caesalpinia pulcherrima

Fig 4: Monthly variation in mycorrhizal colonization (%) of different plant species growing in the non-polluted site.
The
coefficient

positive
values

and
were

significant
between

correlation

0.39; P < 0.01; Fig. 7(k)) in the polluted site. The

mycorrhizal

correlation coefficient with soil Mg and soil pH was

colonization and soil moisture content (r = 0.86;

however found negative and significant.

P < 0.01; Fig. 7(a)), soil temperature (r = 0.70; P < 0.01;

In the non-polluted site, a significant correlation

Fig. 7(b)), Nitrogen (r = 0.85;P < 0.01; Fig. 7(d)),

coefficient values were estimated between mycorrhizal

phosphorus (r = 0.90;P < 0.01; Fig. 7(e)), soil organic

spore population soil pH (r = 0.67; P<0.01; Fig. 6(b)),

carbon (r = 0.64; P < 0.01; Fig. 7(f)), Calcium (r = 0.97;P

soil moisture content (r = 0.82;P < 0.01; Fig. 6(a)), soil

< 0.01; Fig. 7(g)), copper (r = 0.78; P < 0.01; Fig. 7(i))

organic carbon (r = 0.82; P < 0.01; Fig. 6(f)), soil

and Nickel (r = 0.82; P < 0.01; Fig. 7(j)) and Zinc (r =

nitrogen (r = 0.94; P<0.01; Fig. 6(d)), soil phosphorus

Table 1: Monthly Variation in the physical properties of polluted & non-polluted soils.
Sampling Period

Physical parameters
Moisture Content (%)

pH

Soil Temperature (C0)

April,10

7.8 ± 0.08 (16.3 ± 0.05)

6.9 ± 0.08 (4.10 ± 0.05)

23.1 ± 0.08 (15.2 ± 0.03)

July,10

14.4 ± 0.12 (24.8 ± 0.05)

6.1 ± 0.05 (4.80 ± 0.06)

27.5 ± 0.03 (21.5 ± 0.05)

October,10

11.3 ± 0.05 (18.8 ± 0.03)

6.7 ± 0.03 (4.30 ± 0.03)

22.8 ± 0.03 (17.8 ± 0.08)

January,11

5.7 ± 0.03 ( 8.2 ± 0.08)

7.1 ± 0.03 (4.48 ± 0.13)

19.8 ± 0.06 (14.6 ± 0.03)

April,11

8.1 ± 0.03 (14.2 ± 0.06)

6.9 ± 0.05 (4.00 ± 0.05)

22.8 ± 0.03 (15.4 ± 0.08)

July,11

16.5 ± 0.05 (23.8 ± 0.05)

6.5 ± 0.03 (5.30 ± 0.03)

28.2 ± 0.06 (21.0 ± 0.03)

October,11

12.5 ± 0.03 (18.2 ± 0.03)

6.9 ± 0.03 (4.60 ± 0.03)

23.0 ± 0.05 (18.2 ± 0.08)

January,12

6.2 ± 0.03 ( 8.4 ± 0.05)

7.2 ± 0.03 (4.40 ± 0.05)

18.7 ± 0.06 (15.1 ± 0.05)

Months

Data are represented in mean ±SE; Value in parentheses represents the data from non-polluted site
1252
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0.0062±0.06
(0.0034±0.05)
0.0021±0.03
(0.0071±0.05)

0.3290±0.070
(0.0260±0.030)

0.4510±0.050
(0.0870±0.030)

April,11

July,11

0.22±0.03
(0.022±0.06)

0.37±0.05
(0.037±0.06)

0.46±0.05
(0.057±0.03)

0.31±0.07
(0.080±0.04)

0.18±0.06
(0.017±0.05)

0.26±0.05
(0.032±0.03)

0.38±0.05
(0.046±0.06)

0.21±0.02
(0.050±0.03)

K (mg/g)

1.28±0.03
(0.447±0.02)

1.89±0.06
(0.580±0.05)

2.34±0.07
(0.648±0.03)

1.82±0.07
(0.424±0.03)

1.23±0.05
(0.439±0.06)

1.86±0.07
(0.578±0.03)

2.17±0.06
(0.615±0.05)

1.78±0.08
(0.413±0.03)

Organic C%

2.01±0.05
(0.129±0.06)

2.15±0.03
(0.120±0.04)

1.75±0.57
(0.105±0.38)

3.19±0.07
(0.141±0.05)

2.08±0.03
(0.127±0.06)

2.24±0.07
(0.118±0.05)

1.89±0.06
(0.081±0.08)

3.24±0.05
(0.132±0.03)

Mg (mg/g)

Chemical parameters

4.77±0.06
(0.082±0.02)

5.37±0.03
(0.07±0.05)

5.63±0.05
(0.11±0.06)

4.67±0.05
(0.17±0.03)

4.86±0.08
(0.079±0.07)

5.31±0.02
(0.068±0.06)

5.79±0.06
(0.07±0.03)

4.76±0.03
(0.12±0.05)

Ca (mg/g)

0.029±0.05
BDL

0.052±0.06
BDL

0.087±0.03
BDL

0.041±0.06
BDL

0.023±0.08
BDL

0.047±0.07
BDL

0.075±0.05
BDL

0.034±0.02
BDL

Cu (ppm)

Data are represented in mean ±SE; BDL=Below Detectable Limit; Value in parentheses represents the data from non-polluted site

January,12

.0049±0.07
(0.0051±0.03)

0.0047±0.05
(0.0020±0.03)

0.3630±0.060
(0.0240±0.050)

January,11

0.3200±0.030
(0.0280±0.028)

0.0035±0.07
(0.0047±0.03)

0.4100±0.050
(0.0380±0.030)

October,10

0.0031±0.06
(0.0039±0.03)

0.0016±0.05
(0.0062±0.06)

0.4270±0.060
(0.0740±0.030)

July,10

0.3800±0.057
(0.0420±0.060)

0.0057±0.06
(0.0027±0.03)

0.3125±0.080
(0.0217±0.050)

April,10

October,11

P (mg/g)

N (mg/g)

Sampling periods
Months

Table 2: Monthly Variation in the chemical properties of polluted and non-polluted soil.

0.006±0.07
BDL

0.029±0.06
BDL

0.041±0.05
BDL

0.016±0.03
BDL

0.008±0.02
BDL

0.022±0.06
BDL

0.275±0.04
BDL

0.285±0.06
BDL

0.349±0.03
BDL

0.324±0.04
BDL

0.278±0.03
BDL

0.297±0.05
BDL

0.358±0.06
BDL

0.317±0.04
BDL

0.013± 0.05
BDL
0.034±0.03
BDL

Zn (ppm)

Ni (ppm)
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Table 3: Monthly Variation in the Mycorrhizal spore population and Mycorrhizal root colonization (%) in
50gm-1 soil of polluted and non-polluted sites

Sampling Periods

Endogonaceous Spore Population(50gm-1)

Mycorrhizal colonization (%)

24 ± 0.6 ( 52 ±0.8)

21 ± 0.8 (32 ± 0.6)

July,10

54 ± 0.5 (118 ±0.8)

44 ± 0.3 (68 ± 0.4)

October,10

39 ± 0.3 ( 75 ±0.8)

34 ± 0.5 (53 ± 0.3)

January,11

18 ± 0.5 ( 46 ±0.5)

21 ± 0.5 (26 ± 0.3)

April,11

26 ± 0.5 ( 49 ±0.8)

19 ± 0.5 (34 ± 0.6)

July,11

61 ± 0.5 (124 ±0.5)

39 ± 0.3 (61 ± 0.5)

October,11

35 ± 0.5 ( 68 ±0.8)

32 ± 0.3 (48 ± 0.8)

January,12

20 ± 0.5 ( 40 ±0.5)

18 ± 0.3 (28 ± 0.4)

Months
April,10

Data are represented in mean ±SEM; Value in parentheses represents the data from non-polluted site
(r = 0.85; P < 0.01; Fig. 6(e)) and soil magnesium (r =

the same decreased as the pH increased. The presence of

0.77; P < 0.01; Fig. 6(g)).

trace metals in the polluted soil may be responsible for

In the non-polluted site, the mycorrhizal

less percentage of root colonization in the polluted site.

colonization was found significantly and positively

AM spore population decreased with increased amount

correlated with soil moisture content (r = 0.80; P < 0.01;

of trace metals in the soil (Val et al., 1999; Hayes et al.,

Fig. 8(a)), soil temperature (r = 0.94; P < 0.01; Fig. 8(c)),

2003).The negative correlation with soil Phosphorous,

soil pH (r = 0.54; P < 0.01; Fig. 8(b)) soil Nitrogen (r =

Magnesium and pH is may be responsible for the less

0.79; P < 0.01; Fig. 8(d)), phosphorus (r = 0.92; P < 0.01;

percentage of root colonization in the plants. High

Fig. 8(e)), soil organic carbon (r = 0.90; P < 0.01; Fig. 8

alkalinity in the soil was also responsible for decrease in

(f)), Magnesium (r = 0.85; P < 0.01; Fig. 8(h)). The

the number of spores as well as root colonization in the

correlation coefficient with soil Calcium was however

polluted soil. The spore population and mycorrhizal root

found negative and significant.

colonization of AMF fungi were found decreased by the

The present experimental findings revealed the

higher levels of heavy metals in the soil. Our results also

relationship of mycorrhizal spore population and

supports the findings of (Shah et al., (2010); Biro et al.,

mycorrhizal colonization with various physio-chemical

(2005); Göhre and Paszkowski (2006); Mathur et al.,

properties of soil polluted with trace metals. The low

(2007)).

intensity of root colonization and low spore count in the

Among the isolated genera of AM fungi, Glomus

polluted site may be attributed to the sensitivity of

was the most dominant AM genus isolated during the

endomycorrhizal fungi to various soil pollutants. This

present investigation followed by Gigaspora and

may be due to the alkaline pH, higher soil temperature

Scutellospora sp. Dominance of Glomus sp in the

due to the deposition of more amounts of Calcium and

polluted soil may be due to its higher metal tolerance

trace metals that might have adversely affected the

capacity as reported earlier by various workers (Martina

sporulation and colonization ability of the mycorrhizal

and Vosatka 2005; Carrasco et al., 2011; Chen et al.,

fungi as reported by Schenck and Smith (1982). Rohyadi

2007; Zaefarian et al., 2010). The decline of AM fungal

et al., (2004) also observed that the relative growth

occurance (propagule density) and infectivity in trace

improvement by mycorrhizas was highest at pH 4.7 and

metal polluted site which can be used as bioindicators of

1254
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soil contamination (Citterio et al., 2005; Liao et al.,

efficiently to colonize plant roots in trace metal-stressed

2003).

environments by significantly correlated with various
physic-chemical properties of the soil. It is therefore of

CONCLUSION:
Our study suggests that the effluents and the

great importance that we combine selected plants with
specific

AM

fungal

isolates

adapted

to

high

solid wastes dumped by the paper mill have high

concentrations of trace metal in future research for

concentration of trace metals that changed the other

phytoremediation programes. Thus, the isolated strains

physical and chemical properties of the soil. The

of AM fungi can be of great interest since they can be

indigenous AM isolates existing naturally which are

used for inoculation of the plant species and the present

isolated from trace metal polluted soils are reported

study provides evidences for the potential use of the

(a)

(b)

(c)

(d)

(e)

(f)
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(g)

(h)

(i)

(j)

(k)
Figure 5: Mycorrhizal spore population 50gm-1 soil (X) expressed as a function of soil physio-chemical
factors (Y) in the polluted site.Regression is drawn only for statistically significant relationship (p < 0.01).
(MC=Moisture Content; Soil temp(C0),soil pH,Nitrogen (N), Potassium (K), Phosphorus (K),Organic
Carbon (%),Calcium (Ca),Copper (Cu), Nickel (Ni) and Zinc (Zn)).
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(a)

(b)

(c)

(d)

(e)

(f)

(g)
Figure 6: Mycorrhizal spore population 50gm-1 soil (X) expressed as a function of soil physio-chemical factors (Y) in the
non-polluted site.Regression is drawn only for statistically significant relationship (p < 0.01). (MC=Moisture Content;
Soil temp(C0),Soil pH, Nitrogen(N), Potassium(K),Phosphorus(P),Organic Carbon (%),Magnesium(Mg)).
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(g)

(h)

(i)

(j)

(k)
Figure 7: Mycorrhizal colonization (X) expressed as a function of soil physio-chemical factors (Y) in
the polluted site.Regression is drawn only for statistically significant relationship (p < 0.01).
MC=Moisture Content; Soil temp(C0),Nitrogen (N), Phosphorous (P),Organic Carbon (%),Calcium
(Ca),Magnesium (Mg),Copper (Cu),Nickel (Ni) and Zinc (Zn)).

Journal of Research in Biology (2014) 4(2): 1247-1263

1259

Chanda et al., 2014

(a)

(b)

(c)

(d)

(e)

(f)

(k)

(g)

1260
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(i)
Figure 8: Mycorrhizal colonization (X) expressed as a function of soil physio-chemical factors (Y) in
the non-polluted site.Regression is drawn only for statistically significant relationship (p < 0.01).
(MC = Moisture Content; Soil temp(C0),Soil pH, Nitrogen(N), Potassium (K),Phosphorus (P),Organic
Carbon (%),Magnesium (Mg) and Calcium (Ca)).
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