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Overexploitation of petroleum has resulted in global energy crisis. Now-a-days, petroleum is not relied upon as a stable and economic raw material 

to satisfy tremendous demand for energy. Worldwide efforts are being made to explore the possibility of using Petroleum derived from bio-crude, ex-
tracted from the petro crops as an alternate source of energy. The present study has been undertaken to confirm the efficacy of Glomus claroideum in 
improving the biomass and bio-crude content in Calotropis procera in a variety of wasteland soils viz., alkali soil, brick-kiln soil, calcareous soil, saline 
soil and silica mining soil. All the wasteland soils being poor in available plant nutrients, very low microbial population and high pH caused adverse ef-
fect on the growth and bio-crude content however; G. claroideum improved the biomass and bio-crude content in C. procera in all the wasteland soils. 
The maximum improvement was recorded in calcareous soil and minimum in alkaline soil. 
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Petroleum currently accounts for a larger share of 
world energy consumption than any other energy 
source and is expected to remain in that position 
throughout the forecast period. World crude oil and 
liquid fuel consumption grew to 86.7 million barrel/ 
annum in 2010. EIA expects that world liquid fuel 
consumption will grow by 1.4 million barrel per day 
to 1.6 million barrel/day in 2012 (US Energy Infor-
mation Administration, 2011). Petroleum resources of 
world may not last forever. There is need to develop 
alternative and renewable sources of petroleum. Bio-
mass resources are potentially the world's largest re-
newable energy source. Biomass conversion to fuel 
and chemicals has once again become an important 
alternative to replace oil and coal. Petrocrops (wild 
and waste plants) are renewable source of petroleum 
hydrocarbons (Charoenpakdee et al. 2010). Photosyn-
thetically produced hydrocarbons and phytochemicals 
from plants have been suggested as substitute for con-
ventional petroleum resources (Calvin 1977, Nielson 
et al. 1977). Latex of petro plants is a rich source of 
biocrude, a complex mixture of lipids, triglycerides, 
waxes, terpenoids, phytosterols, polyphenols and 
other modified isoprenoid compounds that can be 
catalytically upgraded for use as liquid fuels (Erdman 
and Erdman, 1981). These are all alternative of petro-
chemicals and source of long chain aliphatic com-
pounds or liquid fuel. 

 The selected petrocrop Calotropis procera (R.Br.) is 
a leticiferous shrub growing easily and well adapted 

to the environmental conditions. The latex of 
Calotropis procera reported to contain Trypsin, 
Calotropin (C29H32O6), Uscharin (C31H41O8) and Ca-
lotoxin (C29H40O10). These photosynthetically pro-
duced hydrocarbons have been suggested as a substi-
tute for conventional petroleum resources (Erdman 
and Erdman 1981). Concerted efforts are being made 
to develop strategies to improve the quality of petro 
crops through scientific inputs, treatments and prac-
tices (Jeffery and Robinson 1979, Kephart 1981, Pals-
son et al. 1981, Campbell 1983, Naqvi et al. 1987). 
Due to economic consideration it is  advocated that 
the petro crops should be raised in the wastelands and 
problematic soils. Through the use of such areas for 
bio-crude production, competition with conventional 
crops and consequent economic disadvantages can be 
avoided (Bassham 1977, Lepinsky and Kresovich 
1979, Slesser and Lewis 1979). Raising of vegetation 
on wastelands and problematic soils, however, re-
quires a well-planned programme involving use of 
convenient and economical scientific inputs and 
strategies which may overcome the adversaries asso-
ciated with such lands and soils. AMF technology has 
proved its potential in overcoming various constraints 
of wastelands and problematic soils (McGee et al. 
2003, Turnau  and Haselwandter 2002, Lalitha and 
Santhaguru 2010).  It has been successfully used in 
reclamation of various types of degraded soils and in 
improving the quality of petro crops or their estab-
lishment in wastelands and problematic soils 
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(Ahiabor and Hirat 1994, Sharma and Roy 1991). 

 In our earlier study we  screened a number of AM 
fungi for improving the performance of Calotropis 
procera (Chandra et al., 2007) and Glomus 
claroideum was found to be the most efficient. The 
present study has been undertaken to confirm the effi-
cacy of Glomus claroideum in improving the overall 
performance of Calotropis procera in a variety of 
wasteland and problematic soils. 

MATERIALS AND METHODS 

Performance of selected AMF in wasteland and 
problematic soils 

Soils of variety of wastelands viz., alkali soil, brick-
kiln soil, calcareous soil, saline soil and silica mining 
soil were collected aseptically in sterilized gunny 
bags. Seedlings of Calotropis procera were raised in 
sterilized mixture of sand and soil (1:1 ratio) in plas-
tic trays from seeds surface sterilized with 3% sodium 
hypochlorite solution. The trays were provided with 
sterilized water and Hoagland solution periodically to 
ensure proper growth of the seedlings. They were 
kept under green house conditions. 

Later on, seedlings of equal size were transplanted (@ 
3 seedlings/pot) in earthen pots (30 X 30 cm) filled 
with unsterilized soils (@ of 5kg/pot) of wastelands. 
Before transplanting the seedlings in the pots, upper 
layer of the soil up to a depth of 4cm was removed 
and a mycorrhizal inoculum consisting of infected 
root pieces and spores (250 spores) collected from the 
pot culture was spread as a layer over the surface. The 
soil removed earlier was replaced in the pots. The 
seedlings were transplanted in the pots in such a way 
that their root system and inoculum layer came in 
contact with each other and the development of a 
symbiotic association was fully ensured. A control 
series without inoculum was also maintained. The 
pots were watered appropriately and maintained un-
der greenhouse conditions. 

Six plants from each treatment as well as control se-
ries were uprooted  every two months after transplant-
ing, upto eight months. Samples of root with adhering 
soil were collected and processed for determining the 

mycorrhizal intensity in roots by the method of Phil-
lips and Hayman (1970) and population of AMF 
spores in rhizosphere by wet sieving and decanting 
method given by Gerdemann and Nicolson (1963).  
Length, fresh and dry weight of roots and shoots, and 
bio-crude content were also recorded. 

For mycorrhizal intensity in roots and spore popula-
tion in the rhizosphere, average of four samplings was 
considered to be the mycorrhizal status of plants dur-
ing a period of six months. The difference in length, 
fresh and dry weight of root/shoot and bio-crude con-
tent of the plants of first and fourth samplings was 
taken to be their growth performance and bio-crude 
productivity during the same period. 

The efficacy of AMF inoculant for Calotropis in the 
wasteland soil was judged on the basis of improve-
ment it caused in the performance of the petro crop 
especially in terms of productivity of biomass and bio
-crude content over control. 

Estimation of bio-crude content 

The bio-crude content of plant was estimated by the 
method outlined by Adams and Mc Chesney (1983). 
Plant material was collected two and eight months 
after transplant and dried at 70°C for 48 hours. Five g 
fine powder of dried plant material was extracted with 
cyclohexane in Soxhlet's apparatus for 20 hours. The 
extract was evaporated (100°C, 24 hours) to remove 
the solvent. The weight of extract was determined and 
the cyclohexane fraction was calculated and recorded 
in terms of yield/g dry plant material. The residue of 
the plant material was dried (4 hours, 100°C) and re-
extracted with methanol in Soxhlet's apparatus for 20 
hours. The extract was evaporated (100°C, 24 hours). 
The weight of extract was determined and the metha-
nol fraction (polyphenol and oil) was calculated and 
recorded in terms of yield/g dry plant material. 

Analysis of physico-chemical and microbiological 
characteristics of different wasteland soils 

Samples of soils from different waste lands were col-
lected aseptically and brought to the laboratory in 
sterilized polythene bags. 
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The soil texture was determined by International pi-
pette method of mechanical analysis outlined by Daji 
(1980), pH by digital pH meter, organic matter in 
terms of organic carbon by the method outlined by 
Piper (1944), nitrogen content in soil by Kjeldahl 
method (Jackson 1973), phosphorus content by the 
method outlined by Mishra (1968), potassium by 
flame photometer (Jackson 1973). 

The population of fungi, bacteria and actinomycetes 
in soil was determined by soil dilution plate method 
(Timonin 1940). For estimating the population of 
fungi, soil suspension of 1:1000 was plated on the 
dishes containing potato dextrose agar medium, for 
bacteria and actinomycetes, soil suspension of 
1:10,000 was plated on Petri dishes containing soil 
extract agar medium. 

Data collected on the physicochemical and microbi-
ological characteristics of field soil and soils of 
wastelands are given Table 1. 

All the wasteland soils were characterized by high pH 
(7.7 to 9.0), poor physical properties (silt, sandy, 
coarse sandy, sand silt etc.), low organic matter, low 
availability of nutrients like nitrogen, phosphorus and 
potassium and low microbial population in compari-
son to field soil.  

 Statistical analysis 

The experiments were performed in pot condition and 
for each set 4 replicates were taken. All the data were 
statistically analyzed by the method of Panse and 

Sukhatme (1985) and the minimum difference re-
quired for significance (CD) at 5% level was calcu-
lated and recorded. 

RESULTS AND DISCUSSION 

In the present investigation, the potentiality of  
Glomus claroideum inoculant in improving the bio-
mass and bio-crude content of Calotropis procera in 
the soils of 5 different wasteland soils viz. alkali soils, 
brick-kiln soils, calcareous soils, saline soils and sil-
ica mining soils was evaluated under pot condition. 

Mycorrhizal Status 

The mycorrhizal status in roots of Calotropis procera 
in terms of % root bits infected and spore population 
in rhizospheric (number/20g air dried soil) soils of 
different wastelands is presented in Table-2. In gen-
eral, the AMF inoculants improved the mycorrhiza-
tion in roots of C. procera in all the wasteland soils. 
However, the improvement varied with the type of 
wasteland soil. The data revealed that in AMF inocu-
lated series average mycorrhizal intensity in the roots 
of C. procera ranged from 33 to 61% while in non-
inoculated series it ranged from 14 to 32%. Likewise 
AMF spore population in inoculated series ranged 
from 68 to 100 spores/20 g air dry soils and in non-
inoculated series it ranged from 26 to 53 spores/20 g 
air dry soil. Maximum improvement in mycorrhizal 
infection and spore population was recorded in cal-
careous soil while minimum in alkaline soil. Lowest 
mycorrhizal status in alkaline soils may be attributed  
to high soil pH, low nutrients and low microbial 
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Soils Soil Tex-
ture 
(Groups) 

pH Organic 
Matter 
(%) 

Nitrogen 
(%) 

Phospho-
rus (ppm) 

Potas-
sium
(%) 

Fungi
(1X104) 

Bacteria 
(1X106) 

Actino-
mycetes
(1X106) 

Field soil Loam 6.4 0.620 0.064 16.50 0.012 94.01 14.24 10.54 
Alkali soil Silt loam 9.0 0.275 0.025   8.03 0.010 21.80 7.47 3.11 

Brick Kiln Soil Sandy 
loam 

7.7 0.120 0.012 15.03 0.015 14.88 4.11 2.67 

Calcareous Soil Coarse 
sandy 
loam 

8.0 0.775 0.078 13.16 0.014 28.98 9.85 5.79 

Silica soil Sand 8.2 0.482 0.050  6.02 0.011 24.39 4.33 3.25 
Saline soil Silt loam 8.6 0.534 0.050  6.02 0.010 40.49 7.47 6.54 

Table 1. Analysis of wasteland soils. 
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Table 3: Effect of G. claroideum on the biocrude yield of C.  procera (mg/5g biomass) in different waste-
land soils under pot condition. 

SOILS*/ 
SAMPLINGS* 

I 
After two months of transplant 

II 
After eight months of transplant 

    C-HEXANE 
EXTRACTED 

    MeOH 
EXTRACTED 

 C-HEXANE 
EXTRACTED 

     MeOH 
EXTRACTED 

AKL (-AMF) 130 786 137 796 

BRK (-AMF) 128 784 136 799 

CAL (-AMF) 129 785 138 801 

 SMS (-AMF)  129  786 134 795 

SS(-AMF) 129 785 136 798 

AKL (+AMF) 130 788 155 825 

BRK (+AMF) 130 787 158 837 

CAL (+AMF) 128 786 161 840 

SMS (+AMF) 130 787 152 826 

SS (+AMF) 130 786 156 830 

Minimum difference required for significance (CD.) at 5% level: 
C-Hexane Extracted: 0.842       MeOH Extracted: 0.046 

Soils* 
AKL- Alkali soil, BRK-Brick-kiln soil, CAL- Calcareous soil, SMS- Silica mining soil, 
SS-Saline land 

Table 2: Effect of G. claroideum on the mycorrhizal intensity in the roots, spore population in the rhizospheric soil, 
length, fresh weight and dry weight of roots and shoots in Calotropis procera in different wasteland soils under pot 
condition. 

  
  

Soil*/sampling 

  
Mycorrhi-

zal intensity 
(% root bit 
infection) 

  
AM spore 
population 

(number/20g 
air dry soil) 

  
Root 

  
Shoot 

Length 
(cm) 

Fresh 
weight 

(g/plant) 

Dry 
weight 

(g/
plant) 

Length 
(cm) 

Fresh 
weight 

(g/plant) 

Dry 
weight 

(g/plant) 

AKL (-AMF) 
BRK (-AMF) 
CAL (-AMF) 
SMS (-AMF) 
SS(-AMF) 
  
AKL (+AMF) 
BRK (+AMF) 
CAL (+AMF) 
SMS (+AMF) 
SS (+AMF) 

14.75 
25.75 
32.75 
19.50 
20.75 

  
32.25 
50.00 
61.00 
33.50 
46.25 

37.75 
45.25 
53.00 
26.25 
39.75 

  
72.50 
84.00 
100.2 
68.50 
78.25 

17.0 
26.1 
27.4 
20.0 
23.1 

  
23.8 
30.1 
35.0 
23.5 
30.4 

13.33 
18.29 
19.78 
13.83 
18.29 

  
17.36 
23.37 
30.59 
18.81 
23.37 

4.33 
5.85 
5.85 
4.46 
4.90 

  
5.88 
7.80 
10.53 
6.32 
7.47 

27.0 
38.4 
40.1 
29.5 
32.5 

  
34.3 
46.7 
48.5 
35.7 
39.8 

24.57 
29.39 
30.19 
26.60 
28.41 

  
28.54 
37.25 
39.79 
30.79 
34.66 

11.30 
13.81 
14.34 
12.31 
13.82 

  
13.70 
17.84 
19.12 
14.78 
16.60 

Minimum difference required for significance (CD.) at 5% level 

Mycorrhizal intensity: 0.172     AM spore population: 0.680      

Root Length: 0.0485                  Root Fresh weight: 0.0437        Root Dry weight: 0.0442 

Shoot Length: 2.817                  Shoot Fresh weight: 0.259         Shoot Dry weight: 0.955        Soils* 

AKL- Alkali soil, BRK-Brick-kiln soil, CAL- Calcareous soil, SMS- Silica mining soil, 

SS-Saline soil 
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population (Aliasgharzadeh et al. 2001, Wang et al. 
2004).  

Growth of roots and shoots 

Growth of roots and shoots of C. procera in terms of 
their improvement in length (cm), fresh weight (g/
plant) and dry weight (g/plant) in different wasteland 
soils with G. claroideum are presented in Table 2 and 
Figure 1. In general AMF inoculant caused an im-
provement in growth of roots and shoots of C. pro-
cera in all types of wasteland soils. However, the ex-
tent of improvement varied with the types of waste-

land soils. The data revealed that in AMF inoculated 
series root length ranged from 23.8 cm to 35.0 cm, 
fresh weight from 17.36 g/plant to 30.59 g/plant and  
dry weight 5.88 g/plant to 10.53 g/plant, while in non
-inoculated series root length ranged from 17.0 cm to 
27.4 cm, fresh weight 13.33 g/plant to 19.78 g/plant 
and dry weight 4.33 g/plant to 5.85 g/plant. Likewise 
shoot length in inoculated series ranged from 34.3 cm 
to 48.5 cm, shoot fresh weight from 28.54 g/plant to 
39.79 g/plant and dry weight from 13.70 g/plant to 
19.12 g/plant and in non-inoculated series, shoot 
length  ranged from 27.0 cm to 40.1 cm, fresh weight 
24.57 g/plant to 30.19 g/plant and dry weight from 
11.30 to 14.34 g/plant. The highest improvement in 
fresh weight and dry weight of the roots and shoots 
was recorded in calcareous soil while lowest improve-
ment was recorded in alkaline soil. Per cent increase 
in root/shoot biomass in AMF inoculated plants over 
control (non-inoculated plants) is presented in Figure-
1. It shows highest improvement in calcareous soil. In 
many earlier reports, efficacy of AMF inoculants in 
improving the performance of their respective hosts 
has been shown to vary with the soils of wastelands 
(Allen and Cunningham 1983, Bloss 1985, Pfeiffer 
and Bloss, 1988, Logan et al. 1989). 

Bio-crude Yield 

The biocrude yield of the C. procera in soils of differ-
ent wastelands is presented in Table-3. The data show 
that the % increase in bio-crude content in AMF in-
oculated plants over control (non-inoculated plants) 
was negligible in the beginning (after two months of 
transplant), however, it increased up to 16% in C-
Hexane extract and more than 5% in MeOH extract 
over control after eight months of transplant (Figure 
2). Improvement in the bio-crude yield (Cyclo-hexane 
extracted and Methanol extracted) of the C. procera 
was observed in all the wasteland soils but the highest 
improvement was recorded in calcareous soil.  

Data shows that the AMF inoculant improved not 
only the mycorrhizal status of the C. procera in soils 
of different wastelands but also their biomass and 
biocrude yield. However, with AMF inoculant i.e., G. 
claroideum, Calotropis showed its best performance 
in the calcareous soil. According to Joshi and Singh 
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(1995) and Charoenpakdee et al. (2010) the improve-
ment in growth parameters may not be because of 
inoculated AMF alone but also its interaction with 
indigenous AMF fungi, physic-chemical characteris-
tics of the soils and other microbes present. The soils 
of different wastelands included in the present study 
differed in their physico-chemical and microbial char-
acteristics. Thus, the difference in magnitude of im-
provement in the performance of Calotropis due to its 
AMF inoculant in the soils of different wastelands 
may be safely attributed to the differences in their 
physico-chemical and microbiological characteristics.  

High pH (9) of the alkali soils along with excessive 
concentration of soluble salts and exchangeable so-
dium, unavailability of nutrients like nitrogen, phos-
phorous, potassium etc. caused adverse effect on the 
growth of the plants. Without AMF inoculant 
Calotropis suffered in the alkali soil due to above 
constraints. However, with G. claroideum it showed 
improvement not only in its mycorrhizal status, but 
also in its biomass and bio-crude content. AMF in-
oculants have been shown to help the plants to over-
come their constraints of alkali soil by increasing 
their tolerance to high pH (Poss et al. 1985, Medeiros 
et al. 1994) and making the soil more porous thereby 
increasing the water absorption (Thomas et al. 1986, 
Logan et al. 1989). 

Soil in brick-kiln area is characterized by lack of 
available nutrients and lower population of microbes. 
Some of the nutrients required by plants are in un-
available form. In the present study, AMF inoculant 
caused an improvement in the mycorrhizal status, 
biomass and bio-crude content of the petro crop in 
soil of brick-kiln area indicating that it could over-
come some of the constraints of this soil. 

Calcareous soil is characterized by high pH value 
(8.0) and alkalinity of soil, creating a poor nutrient 
status of some of the nutrients like iron, manganese, 
boron, copper, zinc, phosphorus, and potassium etc. 
Findings of present study are supported by many ear-
lier reports where AMF fungi have been shown to 
help the plants in overcoming the constraints of cal-
careous soil (Medeiros et al. 1994). 

Saline soil differs from alkali soil in having pH less 

than 8.5. High salt concentration and pH are the ma-
jor constraints for normal growth of plants in this 
soil. Soil structure is ill developed therefore, drainage 
and aeration are poor and oxygen supply is considera-
bly reduced. Many reports are available where AMF 
fungi have shown their potentiality to help the plants 
to overcome the constraints of saline soil (Porras-
Soriano et al. 2009, Poss et al. 1985, Bolan et al. 
1984) and ensure better uptake of nutrients (Hirrel 
and Gerdemann 1980, Allen and Cunningham 1983, 
Pfeiffer and Bloss 1988, Rosendahl and Rosendahl 
1991, Dixon et al. 1993, Phosri et al. 2010). 

Soils of silica mining sites contain silica, sand and 
other coarser particles. Their microbial population is 
very low in comparison to field soil and their nutrient 
status in terms of macronutrients like nitrogen, phos-
phorus and potassium is poor. Soil reaction is moder-
ately alkaline (pH 8.2). High pH, poor physical prop-
erty and less availability of nutrients are the major 
constraints of silica mining soil. The water holding 
capacity is low due to high porosity. Better perform-
ance of Calotropis in soils of silica mining site may 
be attributed to an improved water flow through 
AMF hyphae or a secondary response due to im-
proved nutrition or physiological alteration of the 
host (Powell and Bagyaraj 1984, Tisdall 1994). In the 
present study, variation in the extent of improvement 
in the performance of Calotropis due to selected 
AMF inoculant in different wasteland soils is ex-
pected. This is in conformity with the fact that host 
genotype and soil characteristics govern the activity 
of AMF fungi.  

REFERENCES 

Aliasgharzadeh N, Rastin NS, Towfighi H and Ali-
zadeh A 2001. Occurrence of arbuscular mycorrhizal 
fungi in saline soils of the Tabriz Plain of Iran in rela-
tion to some physical and chemical properties of soil. 
Mycorrhiza 11 119-122. 

Adams PR and Mc Chesney JD 1983 Phytochemicals 
for liquid fuels and petrochemical substitutions: Extrac-
tion procedures and screening results. Econ. Bot. 37 207
-215.  

Ahiabor BD and Hirata H 1994 Characteristic re-

EFFICACY OF AM FUNGI IN IMPROVING PETROLEUM ……. 



 

 67 

sponses of three tropical legumes to the inoculation 
of two species of VAM fungi in Andosol soils with 
different fertility. Mycorrhiza 5(1) 63-70. 

 

Allen FB and Cunningham GL 1983 Effect of vesicu-
lar arbuscular mycorrhizae on Distichlis spicata un-
der three salinity levels. New Phytol. 93 227-236. 

Bassham JA 1977 Increasing crop production through 
more controlled photosynthesis. Science 197 630-
638. 

Bloss HE 1985 Studies of symbiotic microflora and 
their role in the ecology of desert plants. Desert 
Plants 7(3) 119-127. 

Bolan NS, Robson AD and Barrow NW 1984 In-
creasing phosphorus supply can increase the infection 
of plant roots by vesicular-arbuscular mycorrhizal 
fungi. Soil Biol.Biochem. 16 419-420. 

Calvin M 1977 Hydrocarbons via photosynthesis. 
Energy Res. 1 299. 

Campbell TA 1983 Chemical and Agronomic evolu-
tion of common milkweed, Asclepias syrica. Econ. 
Bot. 37 171-180. 

Chandra S, Dubey R, Sharma N, Narayan RP and 
Kehri HK 2007 Selection of arbuscular mycorrhizal 
inoculants for improving biomass and hydrocarbon 
content of three potential petrocrops. J. Indian Bot. 
Soc. 86(3and4) 156-162. 

Charoenpakdee S, Cherdchai P, Dell B and Lumyong 
S 2010 The mycorrhizal status of indigenous arbuscu-
lar mycorrhizal fungi of physic nut (Jatropha curcas) 
in Thailand. Mycosphere 1(2) 167–181. 

Daji JA 1980 Soil Science. Media Promoters and 
Publishers, Bombay 67. 

Dixon RK, Garg VK and Rao MV 1993 Inoculation 
of Leucaena and Prosopis seedlings with Glomus and 
Rhizobium species in saline soil: rhizosphere relations 
and seedling growth. Arid Soil Res. Rehabilitation 
7:133-144. 

Erdman MD and Erdtman BA 1981 Calotropis pro-
cera as a source of plant hydrocarbons. Econ. Bot. 35 
467-472. 

Gerdemann JW and Nicolson TH 1963 Spores of my-
corrhizal Endogone species extracted from soil by 
wet sieving and decanting. Trans. Brit. Mycol. Soc. 
46 235-244. 

Hirrel MC and Gerdemann JW 1980 Improved 
growth of onion and bell pepper in saline soils by two 
vesicular-arbuscular mycorrhizal fungi. Proc. Soil Sc. 
Soc. Amer. 44 654-655. 

 Jackson ML 1973 Soil Chemical Analysis. Prentice 
Hall of India (Pvt.) Ltd., New Delhi 

Jeffery LS and Robinson LR 1979 Growth character-
istic of common milk weed. Weed Sc. 19 193-196. 

Joshi KC and Singh HP 1995 Inter relationships 
among vesicular arbuscular mycorrhizal population, 
soil properties and root colonization capacity of soil. 
J. Ind. Soc. Soil Sc. 43 (2) 204-207. 

Kephart SR 1981 Breeding system in Asclepias in-
carnata L., A. syriaca and A. verticillata L. Amer. J. 
Bot. 68 226-232.   

Lalitha S and Santhaguru K 2010 Response of Acacia 
mellifera to Glomus fasciculatum and Cowpea Rhizo-
bium Inoculation and Supplemented with Inorganic 
Fertilizers. World Jr. of Agri. Sc. 6 (4) 451-456.  

Lepinsky ES and Kresovich S 1979 Fuels from bio-
mass system for arid land environments. In: Int. Arid 
Lands Conf. PI. Resources, Lubbock. 294-306. 

Logan VS, Clarke PJ and Allaway WG 1989 My-
corrhizae and root attributes of plants of coastal sand-
dunes of New South Wales. Aust. J. Pl. Physiol. 16
(1) 141-146.   

McGee P Pattinson G and Markovina A 2003 My-
corrhiza and revegetation. Australia Microbiol. 24(3) 
32-33. 

Medeiros CAB, Clark RB and Ellis JR 1994 Growth 
and nutrient uptake of Sorghum cultivated with ve-

HARBANS KAUR KEHRI, RUDAL DUBEY, RAGHVENDRA PRATAP NARAYAN AND AVINASH PRATAP SINGH  



 

 68 

sicular arbuscular mycorrhizae isolates at varying pH. 
Mycorrhiza 5 185-191. 

Mishra B 1968 Ecology Workbook. Oxford and IBH 
Publishing Co. Calcutta 

Naqvi HH, Hashemi A, Davey JR and Waines JG 
1987 Morphological, chemical and cytogenic charac-
ter of Fi hybrids between Parthenium argentatum 
(Guayale) and P. fruticosum var. fruticosum 
(Asteracea) and their potential in Rubber improve-
ment. Econ. Bot. 41(1) 66-77. 

Nielson PE, Nishimura H, Olvas, JW and Calvin M 
1977 Plant crops as a source of fuel and hydrocarbon 
like materials. Science 198 942-944. 

Palsson BO, Fathi Afshar S, Rudd DF and Lightfoot 
EN 1981 Biomass as the source of chemical feed 
stocks: an economic evaluation. Science 213 513-517. 

Panse VG and Sukhatme PU 1985 Statistical methods 
for agricultural works. Publications and information 
division, IARI, New Delhi, 34. 

Piper CS 1944 Soil and Plant Analysis. Hassel Press, 
Adelaide, Australia. 

Pfeiffer CM and Bloss HE 1988 Growth and nutrition 
of guayule (Parthenium argentatum) in a saline soil 
as influenced by vesicular arbuscular mycorrhiza and 
phosphorus fertilization. New Phytol. 108 (3) 315-
321. 

Phillips JM and Hayman DA 1970 Improved proce-
dures for clearing roots and staining parasitic vesicu-
lar-arbuscular mycorrhizal fungi for a rapid assess-
ment of infection. Trans. Brit. Mycol. Soc. 55 158-
167. 

Phosri C, Rodriguez A, Sander IR and Jeffries P 2010 
The role of mycorrhizas in more sustainable oil plam 
cultivation. Agri. Ecosys. and Environ. 135 187–193. 

Porras-Soriano A, Soriano-Martin ML, Porras-Piedra 
A and Azcon R 2009  Arbuscular mycorrhizal fungi 
increased growth, nutrient uptake and tolerance to 
salinity in olive trees under nursery conditions. Jr. of 
Pt. Physiol. 166 1350–1359. 

Poss JA, Pond E, Menge JAH and Arrell WM 1985 
Effect of salinity on mycorrhizal onion and tomato in 
soil with and without additional phosphate. Plant Soil 
88 307–319. 

Powell CLL and  Bagyaraj DJ 1984 VA Mycorrhiza. 
CRC Press Inc Boca Raton, Florida, USA. 

Rosendahl CN and Rosendahl S 1991 Influence of 
vesicular-arbuscular mycorrhizal fungi (Glomus spp.) 
on the response of cucumber (Cucumis sativus L.) to 
salt stress. Environ. Exp. Bot. 31 313–318. 

Sharma M and Roy AK 1991 Vesicular arbuscular 
mycorrhizae in hypoglycaemic plants. National 
Academy Science Letters. 14(2) 467-468. 

Slesser M and Lewis C 1979 Biological energy re-
sources: Halsted, New York. 

Thomas RS, Dakessian S, Ames RN, Brown MS and 
Bethlenfalvay GJ 1986 Aggregation of a silty clay 
loam soil by mycorrhizal onion roots. Soil Sc. Soc. of 
Amer. Jr. 50 1494-1499. 

Timonin MI 1940 The interaction of higher plants 
and soil microorganisms. I. Microbial population of 
rhizosphere of seedlings of certain cultivated plants. 
Can. J. Res. 18:307. 

Tisdall JM 1994 Possible role of soil microorganisms 
in aggregation of soils. Plant and soil 159 (1) 115-
121. 

Turnau K and Haselwandter K 2002 Arbuscular my-
corrhizal fungi: an essential component of soil micro-
flora in ecosystem restoration. Pp 137-149. In: S. 
Gianinazi, H. schuepp, JM Barea, K. Haselwandter, 
eds. Mycorrhizal technology in agriculture – from 
genes to bioproducts. Berlin: Birkhauser Verlag. 

Wang FY, Liu RJ, Lin XG and Zhou JM  2004  Ar-
buscular mycorrhizal status of wild plants in saline-
alkaline soils of the Yellow River delta. Mycorrhiza 
14: 133-137. 

EFFICACY OF AM FUNGI IN IMPROVING PETROLEUM ……. 


