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Abstract: In a soil conditions like limestone mined spoils which has low soil nutrients level with poor nutrient
cycling capacity; application of selected microbes as inoculants may be helpful in the establishment of plants
in nutrient poor mined spoils. Pongamia pinnata grown on limestone mined over burden dump were
supplemented with different microbial and inorganic fertilizer. Plants inoculated with microbial consortia
including arbuscular mycorrhizal fungi, Azospirillum sp., Azotobacter sp. and Pseudomonas fluorescens
displayed successful establishment and remarkable growth after two years of inoculation. Analysis of different
natural successions on natural and artificial substrates suggests that one of the important factors limiting the
rate of development is the process of immigration of flora. Application of microbial inoculants ensure the
establishment of nutrient supply, soil development which attracts immigration of surrounding species,
accelerates natural regeneration process and ultimately a self sustained system on mined spoils is developed.
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INTRODUCTION explore the effect of different organic and inorganic

Exploitation of limestone has resulted disturbance of limestone mined overburden dumps. Prior to undertake
large tract of land. The fertility status of soil is changed to field trial; detailed soil analysis including physico-
a considerable extent after mining. Mining disrupts soil- chemical characteristics and status of trace elements were
plant-microbe system and causes alteration of nutrient carried out.
dynamics and results reduction in soil productivity.
Interactions of nitrogen, phosphorus and potassium (N,P MATERIALS AND METHODS
and K) and other micronutrients are affected in disturbed
soil. In mined spoils accumulation of heavy metals and Collection of Soil Samples and Soil Analysis: Soil
their toxic effects on plant growth have been reported by samples of overburden materials were collected from
Misra et al. [1]. Establishment of nutrient cycling is of limestone mined overburden dumps of different age
prime importance for functioning of any ecosystem. The groups including 10 years old, 5 years old and 0 year old
role of arbuscular mycorrhizal fungi (AMF) and different (fresh spoil) unvegetated dump. The soil samples were
plant growth promoting rhizobacteria (PGPR’s) in plant carefully collected in polyethylene bags and their
growth and productivity has been well documented [2]. openings were tied with rubber bands. The soil samples
AMF and PGPR’s have been proved significant in so collected were used for the study of nutrients status
reducing the use of inorganic fertilizers. AMF provide the physico-chemical characteristics of soil. For the purpose
access to nutrients like nitrogen, phosphorus and of estimation of the concentration of trace elements (Ni,
potassium, which are often limited in disturbed lands [3]. Pb, Mn, Zn, Fe, Cu and Co) in the limestone mines spoil
Plant growth  promoting  rhizobacteria (PGPRs) help soil, DTPA extraction method prescribed by Lindsay and
AMF   to    establish    colonization   in   plant   roots  [4]. Norvell [5] was applied. Soil Physico-chemical analysis
In the present investigation a study was undertaken to was made by using methods of Black [6].

treatments on the performance of Pongamia pinnata in
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Planting Technique: Before onset of monsoon, pits of Natural Regeneration: In order to study the natural
30cm  were dug at spacing of 2m×2m. There was no soil regeneration on limestone mined overburden dumps3

change made into pits and 6 months old seedlings were quadrates of size 5m x 5m were laid randomly. However,
used for plantation. The seedlings were gently placed in the quadrates size was 2m x 2m in the planted area for the
the pits after removing the polyethylene bags. Due care study of vegetational succession. Vegetational data were
was taken while placement of seedlings in the pits. then quantitatively processed for frequency, relative
Seedlings were inoculated with microbial biofertilizers frequency and abundance according to the formulae
(either singly or in combination) and inorganic fertilizer at given by Curtis and McIntosh [7]. 
the time of plantation and the pit were covered with
excavated soil immediately. There was sufficient moisture RESULTS AND DISCUSSION
in the soil along the month of July, which can help the
growth and proliferation of inoculated microbial Soil Characteristics: Table 1 reveals that available
consortium. The application of different treatments was nitrogen (N) was maximum in soil of 10 years old limestone
made by putting the inoculum in the rhizosphere of mined spoils. The availability of nitrogen was found
seedlings planted in mine spoil. The NPK treatment was slightly reduced in 5 years old spoils while the content of
given @25g per seedling. The broth culture of bacterial available nitrogen was minimum in 0 year old (fresh)
inoculum was diluted 4 times and placed in the spoils. There was a significant variation (P<0.05) in
rhizosphere of plant @30 ml per plant. While AMF culture available nitrogen content among the mined spoils of
containing Glomus mosseae, Glomus intradices, Glomus different age groups. Available nitrogen increased
deserticola, Gigaspora rosea, Gigaspora margarita, significantly with the age of spoils. Vimmersted and co-
Acaulospora scrobiculata and Acaulospora denticulata workers also reported an increase in nitrogen
were placed in the rhizosphere @50g soil inocula having concentration in calcareous mined spoils [8]. Several
300 infective propagules. The mixture of AMF and others workers such as Wali in North Dakota[9], Russel
bacterial inoculant was added @ 50g of AMF inocula and La Roi [10] in Alberta also recorded an increase in N
mixed with 30 ml. diluted bacterial culture and these were with the ageing of the mined spoils. Available
placed in the rhizosphere of the seedlings planted in the phosphorus (P O ) concentration also followed the same
limestone mined spoil. The experiment was started in the trend with maximum concentration in 10 years old spoils,
month of July, 2004. The observations were taken after which was followed by 5 years old spoils. The
one and two years of inoculation. Plants’ height and collar concentration of available phosphorus  was  minimum  in
diameter were recorded. 0  years  old  spoils. Available phosphorus concentration

2 5

Table 1: Status of N, P and K in limestone mined spoils
Available (kg/ha)
----------------------------------------------------------------------------------------------------------------------------

S. No. Age of spoils (Year) N P K
1. 10 64.78 14.92 239.7c c c

2. 5 62.12 4.96 188.0b b b

3. 0 (Fresh spoil) 32.80 3.46 173.9a a a

CD (0.05) 3.0968 1.0202 7.9767
SE ± 1.3429 0.44242 3.4591

Note: - Different alphabets followed by same column are statistically different from each other at 5% rejection level

Table 2: Physico-chemical properties of lime stone mined spoils 
Age of Spoil
----------------------------------------------------------------------------------------------------------------------------

S. No. Properties 10 Years 5 Years 0 Year
1. Organic matter (%) 0.22 0.20 0.10
2. Organic carbon (%) 0.13 0.11 0.05
3. CaCO equivalence (%) 7.3 9.2 18.83

4. Exchangeable Mg  (me/100g) 11.8 10.0 9.4++

5. Exchangeable Ca  (me/100g) 27.8 26.4 37.6++

6. pH 8.2 8.4 8.5
7. EC (mmhos/cm) 0.12 0.15 0.19



World J. Agric. Sci., 6 (6): 707-712, 2010

709

Table 3: Status of trace elements in limestone mined spoils

Concentration of trace elements (ppm)
Age of ------------------------------------------------------------------------------------------------------------------------------------------------------------------

S. No. spoil (Year)  Ni Pb Mn Zn Fe Cu Co

1. 10 0.028 0.36 0.75 0.41 0.43 0.21 0.24
2. 5 0.11 0.57 0.41 0.24 0.48 0.38 0.17
3. 0 0.13 1.3 0.17 0.20 0.57 0.45 0.02

CD (0.05) 0.082363 0.037019 0.0065932 0.0087675 0.018891 0.0087367 0.029970
SE ± 0.029665 0.013333 0.0023747 0.0031578 0.0068041 0.0031467 0.010794

Table 4: Effect of different microbial inoculants and inorganic fertilizer on growth of Pongamia pinnata in limestone mined spoil dump

Growth performance
------------------------------------------------------------------------------------------------------
After 1 year of plantation After 2 years of plantation
--------------------------------------------------- ------------------------------------------------

S. No. Treatments Shoot length (cm) Collar diameter (cm) Shoot length (cm) Collar diameter (cm)

1. AMF 27.37 1.19 94.81 2.63a a ab ab

2. AMF + Azospirillum + fluorescent Pseudomonas + Azotobacter 46.42 1.55 169.60 3.75b b c ab

3. Azospirillum + fluorescent Pseudomonas + Azotobacter 28.35 1.27 121.40 3.11a ab b bc

4. NPK 23.65 1.08 100.40 2.45a a b ab

5. Control 18.84 1.11 54.38 1.78a a a a

CD (0.05) 16.753 0.31380 42.611 1.0148
SE ± 8.1785 0.15319 20.802 0.49542

Same alphabet followed by same column is statistically not different from each other at 5% rejection level.

increased significantly (0.05) with the age of spoils. spoils and it was minimum in 0 year old spoil. On the
Available potassium (K O) estimated maximum in 10 years contrary, exchangeable Ca was maximum in 0 year old2

spoils while it showed its minimum concentration in 0 year spoils and minimum in 10 years old mined spoils. Thus
old spoils. Banerjee et al. [11] have also reported an from the physicochemical characteristics it is evident that
increase in available phosphorus (P O ) and potassium the spoil were alkaline in reaction, highly calcareous and2 5

(K O) with the age of mined spoils. This increase was nutritionally very poor. Percent CaCO  was decreased2

possibly due to increase in the vegetational cover due to with the age of mine spoils. It was highest (18.8%) in 0
natural succession of herbs, shrubs and a few tree year old spoil and lowest (7.3%) in 10 years old spoil. The
species. The microbes in the rhizosphere of these plants plant roots and microbes in the rhizosphere may secrete
enhanced these nutrients possibly through rock certain secondary metabolites, which possibly dissolve
weathering and made available to the growing vegetation. the CaCO  in the older dumps. The concentration of
The physico-chemical status of limestone mined spoils is different heavy metals in spoil of different age groups is
presented in Table 2. The spoils of all age groups showed presented in Table 3. The concentration of Ni, Pb, Fe and
alkaline soil reaction. The pH was highest (8.5) in 0 year Cu was decreased with the aging of the spoils, while the
old over burden material and lowest (8.2) in 10 years old concentration of Mn, Zn and Co increased with the age of
mined spoil. Similarly the electric conductivity (EC) also spoil. All such variations may be due to interaction
followed more or less the same trend. In 0 year old (fresh) between plant roots of growing vegetation and the
spoil it was maximum (0.19 mmhos/cm) and minimum (0.12 microbial succession occurring in the mined spoils.
mmhos/cm) in 10 years old spoil. Organic matter was Increase in level of Cadmium in Zinc mines have been
maximum in 10 years old mined overburdens and minimum reported by Figge et al. [12]. Jastrow et al. [13]observed
in 0 year old (fresh) overburdens. Organic carbon content a variation in concentration of different trace elements in
was also maximum in 10 years old spoil and minimum in 0 coal mine spoil and also reported maximum concentration
year old (fresh) spoil dump. It is remarkable that this trend of Zn among all the heavy metals on coalmine spoils. High
in increase of organic carbon was due to natural level of Zn was also reported by Stucky et al. [14] in
regeneration, which contributed litter thereby, raising the acidic mine spoils. Increasing concentrations of heavy
organic matter and organic carbon content in 10 years old metals in mine spoils are considered to pose potentially
dumps. Exchangeable Mg was maximum in 10 years old serious hazards in the soil-plant system [15]. Heavy

3
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metals may have a beneficial effect on living organism as by introducing plant species. Once the plant species
micronutrients [16], but when high concentration levels established, it can acclimatize to the extreme harsh
are taken up by the plants, its toxic effect have been conditions of the mine spoils. Introduction of plant
observed on many higher plants including forest trees species attracts immigration of other species and if they
[17] as well as on soil microorganisms [18]. Toxic level of established, may result into a very distinctive floral cover
concentration of heavy metals in mine spoil constitute an on disturbed lands. Establishment of herbaceous species
important threat for establishment and further growth, play important role in build up of soil organic matter.
survival and development of plants on mine spoils. Invasion of native herbaceous species along with planted

Growth and Development of Pongamia Pinnata: There are diversity. Revegetation of mine spoils with perennial
many microorganisms that are helpful in wasteland species is important for accelerating the natural
development. Some microorganisms play a crucial role in succession.
phosphorus nutrition of plant. A most important aspect of Plantation of suitable species supplemented with
phosphorus nutrition is mineralization, solubilization and beneficial microbial inoculation on degraded land
immobilization of phosphorus. Phosphorus solubilizing accelerates the invasion of native herbaceous flora. In this
microorganisms convert insoluble inorganic phosphate study, plantation added with different biological
compounds into soluble form. The species of treatments have accelerated the natural succession
Pseudomonas, Bacillus, Aspergillus and Penicillium process. The pioneering species which occurred in the
have been reported to be important in the process of spoil were Phyllanthus niruri, Tridax procumbens,
biological conversion of insoluble phosphorus. Ocimum gratissimum, Argemone mexicana, Zizyphus
Phosphorus solubilising microorganisms act mauritiana, Acacia nilotica and Parthenium
synergistically with nitrogen fixing microorganisms and hysterophorus which established through successional
their combined effect results into enhanced growth of process in mined spoil. The frequency and abundance of
plants. Arbuscular mycorrhizal fungi improve plant naturally occurring species has been discussed here. In
growth and better establishment in mine spoils and highly planted area, the regeneration of Phyllanthus niruri and
degraded soils [19,20]. From the observations (both the Argemone mexicana was recorded highest with frequency
years) presented in the Table 4, it is evident that the (60% each) and abundance value of 1.8 and 2.2,
seedlings of P. pinnata inoculated with AMF in respectively which was followed by Tridax procumbens,
combination with Azospirillum, Azotobacter and Ocimum gratissimum, Parthenium hysterophorus, Acacia
Pseudomonas fluorescens performed best among different nilotica and Zizyphus mauritiana. In planted area the
treatments. In case of shoot length the growth of abundance value was recorded highest (2.2) for Argemone
seedlings inoculated with AMF in combination with mexicana. In unplanted area, the occurrence of colonizing
Azospirillum, Azotobacter and Pseudomonas fluorescens species was less frequent. Tridax procumbens and
was statistically different from all other treatments. In case Argemone mexicana represented in higher frequency
of collar diameter the seedlings inoculated with AMF in (40%) followed by phyllanthus niruri, Ocimum
combination with Azospirillum, Azotobacter and gratissimum, Zizyphus mauritiana Parthenium
Pseudomonas fluorescens maintained statistically hysterophorus and Acacia nilotica. The abundance was
significant difference (p<0.05) from other treatments recorded maximum (1.7) for phyllanthus niruri which was
except Azospirillum, Azotobacter and Pseudomonas followed by A. mexicana, P. hysterophorus, T.
fluorescens (Bacterial mixture) treatments. The synergistic procumbens, O. gratissimum, Zizyphus mauritiana and A.
effect of different microbial groups helped the plants for nilotica. Although each species was occurring in both
establishment and growth on such nutrient deficient soil. planted and unplanted area but the frequency of their

Effect on Natural Regeneration on Spoils: Plantation area as compared to unplanted area of the overburden
provide important place for naturally growing vegetation dump. This could be the effect of plantation and microbial
in the mined overburden dumps. Physico-chemical treatments given to the planted species which promoted
properties of soil are converted suitable for species and the colonizers for establishment. The microbial population
thus it allows other species to grow and also provide in rhizosphere possibly contributed in the availability of
shade to protect the herbaceous vegetation. Biological nutrients needed by the growing vegetation. In the
rejuvenation of the mine spoils can be artificially initiated dolomite  mine  spoils,  Prasad   [21].   Observed   that  the

species may play a significant role in increasing the plant

occurrence and their abundance was greater in planted
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plantations of Gmelina arborea, A. auriculiformis, E. 6. Black, C.A., 1965. Methods of Soil Analysis 2,
tereticornis and P. pinnata were successful and helped
in the acceleration of natural successional process in
mined spoils Also Prasad and Pandey[22] recommended
P. pinnata, D. strictus, A. lebbek, A. procera and E.
officinalis for the restoration of limestone mined out
areas. Pongamia pinnata is a rich source of non-edible oil
and has been recognized as a promising biodiesel
resource. Thus, the plantation of P. pinnata on degraded
land may serve the purpose of wastelands development
and at the same time promotion of green energy
technology. Achievement of the goal of biological
rejuvenation of mined spoils can be fulfilled through
developing a self-sustaining vegetation cover utilizing the
plant species able to exist under harsh conditions. Once
the planted species established, the status of rhizosphere
microorganisms will automatically be altered and thus the
activity of these rhizospheric flora will be accelerated. By
accelerated microbial activity, the nutrient cycle will be
restored and the soil quality of mined spoil would be
improved.

REFERENCES

1. Misra,     A.K.,     R.     Patnaik,     H.N.     Thatoi
and G.S.   Padhi,   1990. Assessment   of   Beneficial
Soil Microflora of Iron and Chromite Mine over

Burdened Mine Area of Orissa- an Index of Sudy of
Heavy Metal Toxicity of Soil Fertility. In
Environmental Impact of   Industrial   and  Mining

Activity, Patnaik,   L.N.   (ed.),  New World
Environmental Series, Ashish Publishing House,
New Delhi, India, pp: 263-269. 

2. Ferera-Cerrato,     R.     and     S.J.     Villerias,   1985.
The VA endomycorrhiza and its effect on the
development of the three arboreons legumes.
Proceedings of the VI  North American conferenceth

on Mycorrhizae, Bend, Oregon, USA, pp: 32.
3. Reid,      C.P.P.     and       S.C.    Grossnickle,     1978.

Use of mycorrhizal fungi in revegetation of
molybdenum  tailings,  Information  Service. In
Proc. high altitude revegetation workshop, Colorado
state Univ., Fort Collins, Colorado, pp: 131-140.

4. Jasper, D.A., A.D.  Robson  and  L.K.  Abott,  1987.
The   effect    of    surface    mining     on     the
infectivity    of     vesicular-arbuscular   mycorrhizal
fungi.  Australian  J.  Botany,  35: 641-652.

5. Lindsay,  W.L.  and  W.A.  Norvell,  1978.
Development   of   a   DTPA    soil   test   for  zinc,
iron, manganese and copper. Soil Sci. Society of
America J., 42: 421-428.

American Society of Agronomy, Madison,
Wisconsin, USA, pp: 1159.

7. Curtis,     J.T.     and     R.P.  Mc     Intosh,     1950.
The  inter-relations  of  certain  analytic  and
synthetic     phytosociological characters.    Ecol.,
31: 434-455.

8. Vimmersted,   J.P.,    M.C.    House,  M.M.   Larson,
J.D. Kasile and B.L. Bishop, 1989. Nitrogen and
carbon   accretion   on   Ohio   coal   mine   spoils:
influence of soil forming factors. Landscape Urban
Planning, 17: 99-111.

9. Wali,  M.K.     and     P.G.     Freeman,   1973.
Ecology of some mined  areas  in  North   Dakota.
In   Some Environmental     Aspects   of   Strip-
mining   in  North Dakota, Wali, M.K. (ed.),
Geological Survey and Education Services, North
Dakota, pp: 25-47.

10. Rusell,   W.B.    and    G.B.     La      Roi,    1986.
Natural  vegetation  and  ecology   of  abandoned
coal  mined  land,  Rocky  Mountain  Foothills,
Alberta, Canada. Canadian J. Botany, 64: 1286-1298.

11. Banerjee,  S.K.,  A.K.  Singh  and  P.K.  Shukla,
2001. Eco-restoration   of   mined   area.   Ann.
Forestry, 9(1): 108-127.

12. Figge, D.A.H., B.A.D. Hetrick and G.W.T. Wilson,
1995. Role of expanded clay and porous ceramic
amendments on plant establishment in mine spoils.
Environ. Pollution, 88: 161-165.

13. Jastrow,   J.D.,   C.A.   Zimmerman,   A.J.   Dvorak
and    R.R.      Hichman,     1981.     Plant    growth
and trace element uptake on acidic coal refuse
amended  with  lime  or fly ash. J. Environ. Quality,
10: 14-16.

14. Stucky, D.J., J.H. Bauer and T.C. Lindsey, 1980.
Restoration of acidic mine spoils with sewage
sludge. I. Revegetation and Reclamation Res., 33:
129-139.

15. CAST., 1976. Application of sewage sludge to
cropland: Appraisal of potential hazards of the
heavy metals to plants and animals. CAST Rep., 64,
MCD-38USEPA, Denver, USA.

16. Mortvedt, J.J., P.M. Giordano and W.K. Lindsay,
1972. Micronutrients in agriculture. Soil Sci. Society
of America J., 666.

17. Bazzaz. F.A., R.W. Carlsonand and G.L. Rolfe, 1974.
The effect of heavy metals on plants-I. Inhibition of
gas exchange in sunflower by Pb, Cd, Ni, Ti.
Environ. Pollution, 7: 241-246.



World J. Agric. Sci., 6 (6): 707-712, 2010

712

18. Jackson,   D.R.   and   A.P.   Watson,   1997. 21. Prasad, R., 1989. Removal of forest cover through
Disruption of nutrient pools and transport of heavy mining and technology for retrieval. Proceedings of
metals in a forested water shed  near  a  lead National Seminar on depletion of soil and forest
smelter. J. Environ. Quality, 6: 331-338. cover. J. Trop. Forestry, 5: 109-116.

19. Powell, C.L., 1980. Mycorrhizal infectivity of eroded 22. Prasad, R. and R.K. Pandey, 1985. Natural plant
soils. Soil Biol. Biochem., 12: 247-250. succession in the rehabilitation of bauxite and coal

20. Lambert, D.H. and H. Cole, 1980. Effects of mine overburden in Madhya Pradesh. J. Trop.
mycorrhizae on establishment and performance of Forestry, 1: 79-84.
forage species in mine spoil. Agron. J., 72: 257-260.


