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Abstract. A bioassay was carried out to measure the 
mycorrhizal population levels in five soils disturbed by 
mining activities. Mycorrhizal infection of Medicago 
sativa (as test plant) was always less than 56%, and in 
some cases there was no mycorrhization. Thus degrad- 
ation of soil by mining brings about a decrease in my- 
corrhizal inoculum potential. No relationship was 
found between the number of spores and either infec- 
tivity or soil characteristics. 
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Introduction 

Arbuscular mycorrhizae (AM) have a broad ecological 
range; they are found in most ecosystems, including 
rain forests, grasslands, heaths, tropics, dunes, semi-de- 
serts. 

The occurrence of AM in mine soils has been docu- 
mented in studies by Ponder (1979), Zak and Parkin- 
son (1982), Kiernan et al. (1983), Waaland and Allen 
(1987), and Louis (1990). Several studies have also 
pointed out the important role of mycorrhizae in the 
rehabilitation of such disturbed soils, because of the 
contribution of mycorrhizal symbiosis to plant estab- 
lishment and survival (Daft and Nicolson 1974; Khan 
1978, 1981). The abundance of AM may to some extent 
also influence the pattern of plant succession (Allen 
1984; Gemma and Koske 1990; Molina 1993). 

Since natural endophytes are commonly present in 
most ecosystems, including disturbed lands, knowledge 
of the population levels in soil is necessary for planning 
reclamation strategy; this involves the isolation, main- 
tenance and selection of mycorrhizal fungi. Propagules 
of mycorrhizal fungi may be either spores, mycelium or 
infected root fragments, and these can be measured by 

several methods. Measurements of AM levels by 
counting the number of extracted spores may also in- 
clude dead or inviable spores, and as infected root or 
mycelium are important sources of inocula, the corre- 
lation between spore number and infection is usually 
low. Estimation of all mycorrhizal propagules in soil 
makes use of the most probable number (MPN) meth- 
od (Porter 1979; Powell 1980; Adelman and Morton 
1986). The value obtained depends up on the experi- 
mental conditions (Wilson and Trinick 1982), e.g. tem- 
perature, time of harvest, P level in the soil, or the 
morphological characteristics of the root system (Huis- 
man 1982). Although both the number of spores and 
MPN are quantitative estimates of propagule number, 
neither reflects the infectivity of the soil. The term 
"soil infectivity" (Bouhot 1980; Plenchette et al. 1989) 
means the ability of a natural soil with AM to initiate a 
mycorrhizal infection on a host plant, and can be mea- 
sured by a bioassay that determines mycorrhizal colo- 
nization in a test plant. 

The aim of this present study was to estimate the 
infectivity of several disturbed mine soils, in order to 
check the effect of soil degradation on mycorrhizal 
populations. The study was carried out in La Unidn 
(Murcia), SE Spain. Mining activities have been con- 
ducted in this area for 3000 years and this exploitation 
intensified towards the end of the last century. Be- 
tween 1959 and 1990, 8000 tonnes of washed waste was 
poured into the sea daily and later sedimented onto 
the coast; Portman Bay thus became completely filled 
with waste. Huge amounts of solid mine refuse were 
also deposited at adjacent sites. The physical disrup- 
tion of natural soil strata, the microbiological degrada- 
tion of soil and heavy metal contamination have led to 
large denuded and devastated areas. Dfaz and Honru- 
bia (1989) studied the infectivity of several undis- 
turbed, reclaimed and damaged soils; we now report 
results obtained from other spoilt sites. 
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Materials and methods  

Five soils were chosen from spoilt sites. The location and physi- 
cal-chemical characteristics are shown in Tables 1 and 2. 

Twenty randomly selected samples from each site were col- 
lected to a depth of 20 cm, mixed and passed through a 4-ram 
sieve to remove stones and coarse fragments. Three subsamples 
from each bulked soil were sieved and decanted (Gerdemann 
and Nicolson 1963) and processed for spore number under a ste- 
reomicroscope. 

Soil infectivity was determined by a bioassay based on that of 
Moorman and Reeves (1979). Three dilutions of each soil were 
made by mixing the original soil with sand sterilized for 1 h at 
100~ on three consecutive days in the proportions of 1/0, 1/4 and 
1/40. The soil was transferred to pots (8 cm in diameter) with 
twelve replicates per soil dilution. Medicago sativa was selected 
as the test plant because of its ability to serve as host to many 
AM fungi and its good response to mycorrhizal inoculation. 
Seeds were surface sterilized by soaking in HgCI2 for 5 rain and 
then washing with sterile water. Two seedlings per pot were 
planted. The pots were inoculated with a pure culture of Rhizo- 
bium leguminosarum and with natural soil washings without AM 
propagules to provide the natural microflora. Nutrient solution 
(Hewitt 1952) lacking phosphorus was added every 2 weeks. For 

mycorrhizal assessment, plants were harvested at 15, 30 and 60 
days. The whole root system was collected, washed and stained 
(Phillips and Hayman 1970) and examined for mycorrhizal colo- 
nization using the grid-line intersect method (Giovannetti and 
Mosse 1980). 

Results  and discussion 

In  gene ra l ,  the  n u m b e r  of  spo res  was ve ry  low, wi th  
f ewer  than  50 spores /100  g at  each  si te (Tab l e  3). A 
s imi la r  s tudy  o f  o t h e r  si tes in the  s ame  a r e a  r e v e a l e d  
h ighe r  s p o r e  dens i t i e s  in d a m a g e d  soils,  and  894 
spores /100  g we re  c o u n t e d  in an a d j a c e n t  soil  c o v e r e d  
wi th  n a t u r a l  v e g e t a t i o n  and  u n a l t e r e d  b y  min ing  act ivi-  
t ies  t ha t  was t a k e n  as the  c on t ro l  (Dfaz  and  H o n r u b i a  
1989). 

T h e s e  d i f f e r ences  c a n n o t  eas i ly  b e  a t t r i b u t e d  to  o n e  
p a r t i c u l a r  cause;  a l t h o u g h  s e ve ra l  a t t e m p t s  have  b e e n  
m a d e  to  co r re l a t e ,  in n a t u r a l  cond i t ions ,  s p o r e  p r o d u c -  
t ion  with  the  phys i c a l - c he mic a l  charac te r i s t i c s  of  the  

Table 1. Site description 

Locality Soil type Soil condition Vegetation 

1 E1 Portazgo Xeric Torrifluvent Disturbed soil Residual vegetation and pioneer plants 
30S XG8864 

2 La Unidn Xeric Torrifluvent Mine spoil 
30S XG8763 

3 Portman Bay Typic Salorthid Waste sediment 
30S XG8962 

4 Portman Bay Typic Salorthid Waste sediment 
30S XG9062 

5 Portman Bay Xeric Torriorthent Watercourse with occasional 
30S XG8962 refuse dumped 

Pioneer plants 

Salt grassland community: 
Phragmites australis, 
L ygeum spartum, 
Limonium sp. 
Salt grassland community more advanced: 
Phragrnites australis, 
L ygeum spartum, 
Anthyllis cytisoides, 
Dorycnium pentaphyllum, 
Dittrichia viscosa 
Giant reed community: 
Arundo donax, 
Avena sp. 
Piptatherum miliaceum 

Table 2. Physical and chemical character- 
istics of the soils Parameter Site 

1 2 3 4 5 

pH 7.62 7.28 7.86 7.79 7.52 
Organic matter (%) 0.53 1.31 0.67 0.53 0.53 
Co3Ca equivalent total (%) 2.0 34.0 6.0 9.0 7.0 
Electrical conductivity (ds/M) 2.86 4.56 7.50 6.54 2.25 
Available P (mg/kg) 0.62 1.86 0.93 2.09 7.13 
Available K (mg/100 g) 4.31 30.11 35.97 23.85 4.91 
Total N (rag/100 g) 32 74 35 47 55 
Na (mg/100 g) 6.9 349.6 448.5 324.3 11.0 
C1 (cmol/kg) 0.33 0.15 21.75 17.50 0.48 
SO4 (cmol/kg) 7.56 6.40 9.65 7.15 6.98 
DTPA extractable Zn (mg/kg) 62.7 8.8 130.3 236.7 178.2 
DTPA extractable Pb (mg/kg) 311 31 300 368 456 
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Table 3. Spore densities in the soils studied. Means of three repli- 
cates and standard errors 

Site Spores/100 g dry soil 

1 Disturbed 45 + 6 
2 Spoil 25 + 6 
3 Waste sediment 12 + 5 
4 Waste sediment 17 + 4 
5 Watercourse 15 +2  

soil, most studies found no such correlation. Abbot 
and Robson (1977), Hayman (1978) and Medina et al. 
(1988) observed no correlation between spore produc- 
tion and pH or the level of phosphorus available in the 
soil, nor was there any relation to nutrient content (Ho 
1987) or organic matter (Gemma et al. 1989). On the 
other hand, humidity does seem to be linked with 
spore production (Sward et al. 1978; Walker et al. 
1982). Seikh et al. (1975) and Ho (1987) found that the 
number of spores was related to pH, and Abbott and 
Robson (1977) correlated pH with the distribution of 
certain species of mycorrhizal fungi. In dune ecosys- 
tems, a negative correlation was observed between 
sand grain size and spore production (Koske and Hal- 
vorson 1981). 

In the case of the soils studied by our assay, no cor- 
relation was found between spore density and physical- 
chemical characteristics, although low production 
might be partly connected with the high degree of sub- 
strate salinity, the high concentrations of Na, C1 and 
gypsum, and high electrical conductivity, which are 
characteristics absent from soils with higher spore den- 
sities in the same area (Diaz and Honrubia 1989). It is 
also possible that the vegetation influences the number 
of spores. Spore density in the soils of Portman Bay 
were below those of the other two localities studied. 
These recently deposited soils were covered with 
sparsely scattered vegetation, so the probability of tak- 
ing rhizospheric soil at sampling was lower, with low 
spore counts. 

The infectivity of the soils is shown in Fig. 1. The 
percentages of mycorrhizal colonization were generally 
low, always below 56%, and in some cases there was 
no mycorrhization of the host plant at all (1/40 of sites 
2 and 3). 

There does not seem to be any correlation between 
the number of spores and infectivity; the most infective 
soil (site 4) showed a low spore density. The failure of 
the number of spores to indicate the capacity of a soil 
to provoke infections might be explained by the pres- 
ence of non-spore-forming fungi and by the survival of 
these fungi in the form of another type of propagules, 
such as infected root fragments or mycelium. Indeed, 
site 4 had a somewhat more advanced vegetation, with 
a greater proportion of mycorrhizal plants such as leg- 
umes or grasses than adjacent soils, which have non- 
mycorrhizal and facultative mycorrhizal plants. There- 
fore this soil probably contained more viable or infec- 
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Fig. 1. Percentage infection of Medicago sativa grown for 15, 30 
and 60 days in several soils at three dilutions: 1/0 ([~), 1/4 (O), 
1/40 (11). Vertical bars represent standard errors 

tive propagules in the form or mycorrhizal roots and 
hence a higher degree of infection in the test plant. 

It can be concluded that soil degradation by mining 
brings about a decrease in the mycorrhizal population, 
although differences in infectivity and number of 
spores may be observed between soils depending upon 
physical-chemical properties, degree of disturbance or 
vegetation. It is well known that soil degradation nega- 
tively affects microbiological populations, particularly 
mycorrhizal fungi (Williams and Allen 1984; Allen and 
Allen 1990). However, in spite of unfavourable condi- 
tions, the fungi do not totally disappear; this suggests 
an adaptation to stress that can facilitate the establish- 
ment of micotrophic plants capable of surviving in 
these disturbed soils. 

Since reduction of the population of mycorrhizal 
fungi may be significant in the re-establishment of eco- 
systems on degraded soils, more research is needed to 
determine the impact of mine disturbance on mycor- 
rhizal inoculum potential�9 
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