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Abstract

As assessment of VA mycorrhizal association in 2! naturally occurring seedlings of shrub and tree species belonging to 19 genera 
and distributed among 16 families collected from a 12 years old iron ore mine reject dump was made. Spore densities of iron ore mine 
rejects and adjacent undisturbed site were also studied. It was observed that the seedlings of all the species studied, showed mycorrhizal 
infection. The mycorrhizal infection varied from 25% to 98% in the different species. It was observed that the spore densities of the iron 
ore mine rejects was very low as compared to that of adjacent undisturbed areas.

Introduction

Land disturbances such as surface mining can 
disrupt VA mycorrhizal population and often results 
in growth media with minimal levels o f endophyte 
inoculum. Natural revegetation of abandoned mined 
land is a slow process on dry, nutrient poor sites even 
when plant propagule are available. To facilitate natu
ral succession and to reclaim the drastically disturbed 
sites that contains no top soil, low-cost technique of 
establishing vegetation must be developed. A more 
economical and long lasting alternative may be to 
reintroduce mycorrhizal fungi adapted to local natu
ral vegetation onto sites identified for revegetation 
(Parkinson, 1978).

VA mycorrhizae are sometimes reported as im
portant associates of pioneers (Jehne and Thompson, 
1981) as many plants may require endomycorrhizal 
infection in order to survive disturbed lands (Reeves 
et a/., 1979). Use of local mycorrhizal fungi that oc
cur in established vegetation communities could en
sure that the fungi are adapted to the regional climate 
although not necessarily to the specific environment 
of the disturbed site (Helm and Carling, 1993).

The state of Goa with an area of approximately 
3702 sq. km, lies on the West coast o f India between 
15° 48 00" N and 14° 53’ 54" N Latitude and 74° 20'

13" E and 73® 40' 33" E Longitude. The mining op
eration is such that, two classes of waste are produced, 
viz., piles of overburden waste rock and lean ore, 
which constitutes the reject dumps, and a fine grained 
waste resulting from the ore beneficiation process and 
deposited in large man made basins called tailing 
ponds. The later kind of waste materials are termed 
as tailings. Most of the waste dumps rise up tc 50-60 
metres high with 50-55° angle of repose. These being 
unconsolidated are prone to slumps and slides due to 
heavy monsoon rains.

There has been considerable interest in the pos
sible utilization of VAM fungi for the reclamation of 
mine spoils. The occurrence of VAM in mine spoils 
has been documented in studies by Ponder (1979), 
Kieman et al. (1983), Waaland and Allen (1987), 
Ponniah et al. (1992). Extensive infection o f VAM 
fungi in plants colonizing anthracite and bituminous 
coal wastes of Pennsylvania was recorded by Daft & 
Hacskaylo (1976) who hypothesized that application 
of VAM fungi may ensure successful reclamation. 
Similarly, mycorrhizal colonization has been recorded 
on a reclaimed siripmine in Wyoming (Allen and 
Allen, 1980).

The revegetated mine spoils may prove to be 
valuable sources of inoculum of adapted strains. 
Hence, the present study was undertaken to find out
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whether the mycorrhizal fungi could colonize acid 
infect the seedlings of naturally growing trees and 
shrubs of iron ore mine wastelands and to estimate 
the spore densities in the reject samples.

M aterials and Methods

Soil pH was measured in 0.01 M CaCl,. Electri
cal conductivity and cation exchange concentrations 
were determined in 1:1 water: waste extracts. Cation 
concentrations were measured by Atomic absorption 
spectrophotometry. Mineral (available) nitrogen was 
determined after extraction in 2M K.C1 (Bremner, 
1965a) and total nitrogen determined after acid- 
Kjeidahl digestion (Bremner, 1965b). Phosphorus was 
determined by using Olsen and Dean's (1965) method. 
Total water soluble sulphate-sulphur was measured 
turbidimetrically. (Annon, 1981). All analyses were 
carried out on air-dried material but results are ex
pressed on an oven-dry (105°C) weight basis after 
correction for moisture content.

Soil samples from a depth of 20 cm were ran
domly collected from different sites o f a 12 years old 
reject dump site and the undisturbed site surrounding 
the mining area, and were sieved and decanted 
(Gerdemann and Nicoison, 1963) and processed for 
spore number under a stereomicroscope.

Root samples were collected randomly from six 
month old seedlings o f trees and shrubs growing on a 
12 years old iron ore mine reject dump. The roots 
were freed from adhering soil, gently washed and cut 
into 1 cm segments. The degree o f colonization was 
calculated by using the slide method (Giovannetti and 
Mosse, 1980). Colonization of the roots was deter
mined after clearing the roots with 10% KOH and 
staining with Trypan blue (Philips and Hayman, 
1970).

Results

The pH of the reject dumps was found to be 6.02 
(0.18) with an EC value o f 0.005 (0.012) (mS cm'1). 
All the plant macro and micro-nutrients analyzed were 
in very low levels (Table-1).

Table-1: Some properties of iron ore mine rejects 
of Goa

Properties Mean (S.D.)

pH 6.02 (0.18)
EC (mS cm'1} 0.051 (0.012)
Total N 93.2* (NA)
Available N 3.S* (NA)
P 1,5 (NA)
SO, -S <0.1 (NA)
Ca 1.76 (0.80)
Mg 0.92 (0.55)
K 0.76 (0.26)
Na 2.60 (0.54)
Cu <0.05 (NA)
Fe <0.0! (NA)

Concentrations in ng g 1 oven dry spoil.

Na » Not applicable.

S.D. * Standard deviation.

EC =» Electrical conductivity.

* =* Mean of rwo replicates taken from bulked samples.

It is observed that the number of spores were 
very low with fewer than 50 spores/100 g. How
ever, the adjacent soil covered with natural veg
etation and unaltered by mining activities which 
was taken as a control showed as high as 384 
spores/lOOg (Table-2).

Vesicular-arbuscuiar mycorrhizal colonization 
was recorded in all the seedlings taken up for the study 
(Table-2 & 3). Among the seedlings of shrubs. VAM 
infection varied from 25% to 98%. Very heavy 
infection was recorded in Desmodium heterocarpon 
(98%), Ziziphus rugosa (96%), Eugenia corymbosa 
(95%), Carissa carandas (94%) and Caiycopteris 
Jloribunda (91%). While low infection was recorded 
in Microcos paniculata (25%). Rest o f the shrubs 
showed moderate to heavy infection (Table-2).

In the seedlings of tree species, the VAM infec
tion varied from 27% to 98%. Very heavy infection 
was recorded in Casuarina equsitifoiia (98%), Ficus 
racemosa (96%) and Psidium guajava (93%), while 
tow infection was recorded in Ficus hispida (27%).
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Sr.
No.

Plant species Family Degree of 
root

colonization (%)

Type of 
infection

1. Microcos paniculata L. Tiliaceae 25 H A V

2. Triumfetta rhomboidea Jacq. Tiliaceae 67 H A

3. Ziziphus oenoplia (L.) Miller Rhamnaceae 62 H V

4. Ziziphus rugosa Lamk. Rhamnaceae 96 H A V

5. Calycopteris floribunda (Roxfa.)

Lamk. Combretaceae 91 H V

6. Leea indica (Burm.f.) Merr. Leeaceae 84 H A V

7. Desmodium keterocarpon (L.) DC. Febaceae 98 H A V

8. Eugenia corymbosa Lamk. Myrtaceae 95 H A V

9. Carissa carandas L. Apocynaceae 94 H A V

10. Cosmostigma racemosum

(Roxb.) Wight Asclepiadaceae 89 H A V

11. Flueggea microcarpa Blume Euphorbiaceae 82 H A V

H«Hyphal; A * Arbuscuiar, V » Vesicular.

Table-3: Degree of root colonization in some naturally occurring seedlings of tree species of iron ore mine 
wastelands of Goa

Sr.
No.

Plant species Family Degree of root 
colonization {%)

Type of 
infection

1. Bombax ceiba L. Bombacaceae 67 H A V

2. Zanthoxylum rhetsa DC. Rutaceae 85 H A V

3. Psidium guajava L. Myrtaceae 93 H A V

4. Sapium insigne (Royle) Trimen Euphorbiaceae 83 H A V

5. Trema orientaiis (L.) Blume Ulmaceae 88 H A

6. Ficus hispida L. f. Moraceae 27 H A V

7. Ficus racemosa L. Moraceae 96 H V

S. Lannea coromandelica (Houtt.) Merr. Anacardiaceae 62 H A V

9. Acacia auricu/iformis A. Cunn.

ex Benth. Mimosaceae S9 H V

10. Casuarina equisetifolia Forster &

Forster f. Casuannaceae 98 H V

H -  Hyphal; A - Arbuscuiar, V - Vesicular.
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The remaining seedlings showed moderate to heavy 
infection (Table-3).

Discussion

Chemical analysis o f the mine rejects revealed 
that the mine rejects show acute deficiency of Nitro
gen (N), Phosphorus (P), Potassium (K) and other 
essential macro and micro-nutrients. Electrical con
ductivity (EC) is very low indicating that there is no 
likelihood of salinity problems, and the pH is neither 
acidic nor alkaline, thus poses no problem for plant 
growth. Use of inorganic fertilizers is costly, incurs 
access problems and presents the possibility o f caus
ing eutrophication of streams. The use o f VAM tech
nology would be a probable answer to these prob
lems. Mycorrhizal fungi have fundamental role in the 
rehabilitation of many disturbed land because of 
mycorrhizal symbiosis to plant establishment and 
survival (Khan. 1981). The abundance o f VAM may 
be to some extent also influences the pattern o f plant 
succession (Gemma and Koske, 1990; Molina, 1993).

In the present study it was observed that all the 
seedlings o f shrubs and trees found growing on the 
reject dum ps show ed m ycorrh izal infection . 
Mycorrhizal fungi, as well as other soil micro
organisms are essential to normal ecosystem function, 
but population level may be reduced or eliminated 
during disturbance. Inoculating seedlings with either 
pure culture of mycorrhizal fungi or forest soil has 
been found to increase mycorrhizal formation by 
seedling planted on mine spoils, unreforested 
clearcuts, or sites where the mycorrhizal fungi 
required by the seedlings do not occur naturally 
(Amaranthus and Perry, 1987; Danielson, 1988). 
Inoculated seedlings generally grow better than 
uninoculated seedlings, partly because faster root and 
mycorrhizal development permit seedlings to absorb 
nutrients and water needed for rapid establishment 
(Amaranthus and Perry, 1989).

The present study reveals that all the seedlings 
of shrubs and tree species growing on a fairly estab
lished mine reject dump showed mycorrhizal infec
tion. Hence, further identification o f the natural 
endophytes and their application after thorough 
screening w ould be rew ard ing  as far as the

revegetation programmes of the mine wastelands are 
concerned.
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