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Abstract: Effects of arbuscular mycorrhizal (AM) and ectomycorrhizal (EM) inoculation on mycorrhiza 
formation and development in E. camaldulensis seedlings were assessed in this study. Two experiments, the 
first with AM fungi and the second with EM fungi, were set up successively using vermiculite-peat (VP) as 
growth medium, and 2.5 mg l-1, 5.0 mg l-1, 10 mg l-1 and 20 mg l-1 phosphorus (P) Ingestad's nutrient solution in 
each experiment. The AM experiment using three AM inocula (including Glomus clarum Nicolson and 
Schenck. (isolate BR148-1) and Gigaspora rosea Nicolson and Schenck. (isolate FL105-5) and one from a trap 
culture of Bangladeshi soil) resulted in 30-50% colonisation; most colonisation was by G. clarum BR148-1 and 
was the highest at 10 mg l-1 P (>50%). In a similar experiment using five isolates of Pisolithus tinctorius (Pers.) 
Coker and Couch., only isolate K55 resulted in colonisation >15% most of which occurred at 2.5 mg l-1 P 
(>25%) while the other isolates resulted in <1% colonisation. This study showed that E. camaldulensis tended 
to be colonised more readily by arbuscular- than ecto-mycorrhizal fungi in the initial period of seedling growth. 
There were indications that the species could become ectomycorrhizal after 16 weeks of growth in glasshouse, 
but that proper care should be taken to select appropriate and compatible EM inoculants. 
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Introduction 
 

The term mycorrhiza is used to describe non-pathogenic associations between fungi and 
the roots of higher plants (Smith and Read, 1997). Mycorrhizas are mainly of two types: 
(a) arbuscular mycorrhizas (AM) which grow inter- and intra-cellularly, and (b) 
ectomycorrhizas (EM) where the fungus forms an external hyphal mantle surrounding the 
root (Smith and Read, 1997). Surveys of mycorrhizal literature have established that 
plants within a genus usually have the same type of mycorrhizas, that is, EM, AM, etc., 
or else they remain non-mycorrhizal (Brundrett et al., 1996) and these relationships are 
generally also consistent within a family (Harley and Harley, 1987; Newman and 
Reddell, 1987; Brundrett and Abbott, 1991). Many Australian trees and shrubs such as 
some Eucalyptus and Acacia species have been reported to have both EM and AM 
associations (Warcup, 1980; Malajczuk et al., 1981; McGee, 1986; Chilvers et al., 1987; 
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Reddell and Warren, 1987; Brundrett and Abbott, 1991). Among the eucalyptus that form 
EM and AM associations, Eucalyptus camaldulensis is reported to be one (Vishwakarma 
and Singh, 1996ab; Meshram et al. 1997; Jamaluddin and Chandra, 1997). Eucalyptus 
camaldulensis is particularly important for the production of domestic products, such as 
poles, posts and timber, but above all, and increasingly, fuelwood. Because of its 
economic importance and because it is planted as an exotic, inoculation of this species 
with mycorrhizal fungi may be required depending on the availability of inocula. The 
effect of mycorrhizal inoculation on growth of this species is therefore of potential 
importance. However, before attempting any experiments that may take an account of the 
effect of mycorrhizal colonisation on growth, it is important first to explore the 
colonisation potential of both AM and EM fungi in E. camaldulensis seedlings. Studies 
on this particular species are very few. Malajczuk and Hartney (1986) compared EM (by 
using Pisolithus tinctorius, Hydnangium carneum, Scleroderma verrucosum and 
Laccaria laccata) formation on micropropagated plantlets and seedlings of E. 
camaldulensis and observed much more uniform mycorrhizal formation on 
micropropagated plantlets than seedlings. Dixon and Hiol-hiol (1992) found that P. 
tinctorius inoculated seedlings of E. camaldulensis resulted in 100% colonisation. 
According to Jamaluddin and Chandra (1997), E. camaldulensis in undisturbed 
plantations in India exhibited root colonisation of up to 59% by AM fungi. They have 
also reported that in E. camaldulensis, the initial colonisation takes place by AM which is 
later replaced by various EM fungal species. Vishwakarma and Singh (1996a) reported 
more than 50% colonisation in E. camaldulensis seedlings inoculated with seven AM 
fungi as compared with the non-inoculated seedlings. However, they did not quantify the 
nutrient regimes used in their experiments. In none of these studies was there a 
systematic attempt to assess the developmental aspects of AM and EM in E. 
camaldulensis. Also these studies did not properly address the host nutrition aspect which 
may be critical for mycorrhizal development in E. camaldulensis. 
 
The aim of this study was, therefore, to look at the effects of AM and EM fungal 
inoculation on mycorrhiza formation and development in seedlings of E. camaldulensis 
under different nutrient regimes. The specific objectives were (1) to identify nutrient 
availabilities for glasshouse experimentation concerning mycorrhizal colonisation of E. 
camaldulensis, (2) to screen the species with a range of fungi/fungal strains to assess 
which fungi are able to form mycorrhiza with it, and (3) to investigate interactions 
between fungi and nutrient availability.  
 
 
Materials and Methods 
 

Growth Conditions: The experiments were carried out between May 1997 and October 
1997 in a glasshouse at the Institute of Terrestrial Ecology, Edinburgh, UK with a 
day/night thermal regime of 20/15±2oC and a light regime varying between 400-800 
µmol photons m-2 s-1. Seeds of E. camaldulensis Dehnh. of SILVERTON (UMBER.CK) 
provenance were obtained from Australian Tree Seed Center, Commonwealth Scientific 
and Industrial Research Organisation (CSIRO), Canberra, Australia. Seeds of E. 
camaldulensis were pre-soaked in 0.1% Thiram (a dithiocarbamate fungicide) for 24 h, 
dried and sown into sterile trays containing sterilised vermiculite-peat (VP). Autoclaved 
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VP mixture was used for growth of E. camaldulensis seedlings where vermiculite, peat 
and tap water were mixed in the proportion 45:10:175 by mass before sterilising. Plastic 
pots (two litter capacity) were used for raising the seedlings. After three weeks of 
germination, one seedling was transplanted from the tray into each pot. A nutrient 
solution modified [according to Mason et al. (1999a,b,c)] from Ingestad’s solution for 
birch (Ingestad, 1971) was supplied to the plants. The proportions of N, P and K were 
100:16:55. Four nutrient concentrations (Ingestad's 2.5, 5.0, 10 and 20 mg l-1 phosphorus, 
P) were used where all nutrient elements were proportionally adjusted. Plants were 
supplied twice a week with the solution with a gradually increased dosage every three 
weeks so that a total of 2 mg, 4 mg, 8 mg and 16 mg phosphorus had been added to 
various nutrient treatment pots respectively by the end of the experiment. 
 
Inoculum Preparation and Inoculation of Seedlings: The experiments involved a range 
of arbuscular mycorrhizal (AM) and ectomycorrhizal (EM) fungi. The isolates, which 
were cultured for inoculation purposes, are listed in Tables 1 and 2. 
 
Table 1. Origin of arbuscular mycorrhizal inocula. 
 

Inoculum  Isolate 
code 

Country of 
origin 

Place of 
origin 

Date of 
collection 

Plant of  
origin 

Glomus clarum 
Nicolson and Schenck. 

BR148-1* Brazil Rain forests Not known Not known 

Gigaspora rosea 
Nicolson and Schenck. 

FL105-5* USA Gainesville Not known Glycine max 

A mixed culture --------- Bangladesh Cox’s Bazar March 1996 Eucalyptus 
camaldulensis 

* The single species cultures were provided by INVAM (International Culture Collection of Arbuscular and VA Mycorrhizal 
Fungi, College of Agriculture and Forestry, West Virginia University, USA). 
 
Table 2. Origin of ecomycorrhizal inocula.  
 

Inoculant fungus  Isolate 
code 

Country of 
origin 

Place of 
Origin  

Date of 
collection 

Plant of  
origin 

Pisolithus 
tinctorius (Pers.) 
Coker and Couch. 

PTE * 
(IMI368132) 

Philippines Not known 1990 Eucalyptus 
camaldulensis 

do K55 * 
(IMI368154) 

Portugal Obidos 1993 Eucalyptus globulus 

do PT3 Tasmania Murdunna 1990 Eucalyptus globulus 

do PT7* Scotland Glasshouse 
experiment 

1993 Eucalyptus globulus 

do PT8* Scotland Glasshouse 
experiment 

1993 Eucalyptus globulus 

* Isolates PT7 and PT8 were cultured from young sporocarps produced by E. globulus –inoculated with isolate PT3 in the pot 
experiments at a glasshouse in the Institute of Terrestrial Ecology (ITE), Edinburgh, UK. Isolates PTE and K55 were supplied 
by the University of Kent, Kent, UK which were deposited under International Mycological Institute (IMI), Surrey, UK, 
collection.  
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For AM inoculum preparation, a sterilised mixture of loam, sand and grit in the 
proportions 2:2:1 (supplied by Scottish Agricultural Industries (SAI) Horticulture 
Limited, Auchterarder, Perthshire) was used as a growth medium for pot cultures. The 
proportions of N, P and K in the loam were 150:10:85. For all AM fungi, the source 
inoculum used in the pot culture was a mixture of colonised roots and soil (approximately 
20 g for each inoculant). Pot cultures of mycorrhizal cowpea (Vigna unguiculata L.) and 
millet (Pennisetum typhoides L.) were established and were maintained for four months 
in a growth cabinet at temperature of 15-25oC and under fluorescent light (16 h of 
irradiance; at 240-260 µmol m-2 s-1). Pot cultures were harvested and roots of cowpea and 
millet were sub-sampled for assessment of mycorrhizal colonisation (details of 
assessment are given later). Pots where root samples were found to be ≥60% mycorrhizal 
(i.e. ≥60% of the total root length being colonised) were used for collecting roots and soil 
as inoculum. For EM inoculum preparation, fungal isolates were cultured initially on agar 
plates of modified Melin-Norkran’s (MMN) solution at room temperature. These cultures 
were then used to inoculate 500 ml flasks containing vermiculite-peat soaked in 180 ml 
MMN (Mason, 1980). Flasks were maintained at room temperature for four months prior 
to use as inocula. AM inoculation was effected by adding 5 g portions of soil-root 
mixture inoculum to the planting hole and EM inoculation by adding 4 g portions of 
mycelial VP to the planting hole. Control seedlings received autoclaved portions of the 
same inoculum. 
 
Mycorrhizal Assessment: Pots were soaked overnight in water and roots from each pot 
were washed from soil by applying a gentle flow of water so that no fine roots were lost. 
Three sub-samples, each one cm long, corresponding with the top, middle and bottom 
parts respectively of the root system were taken. For AM assessment, sampled roots were 
stained using the method of Phillips and Hayman (1970) with modifications given by 
Koske and Gemma (1989). The percentage of root length colonised was determined 
under a low power microscope using the grid-line intersect method (Tennant, 1975) 
modified by Giovanetti and Mosse (1980). Mycorrhizal colonisation was scored by the 
presence of vesicles, arbuscules or hyphae at the point of intersection between root and 
grid. For EM assessment, the sub-sampled roots were placed in Petri dishes in water for 
examination of the tips of all short roots under a dissecting microscope. The tips were 
categorised according to whether they were mycorrhizal or not. An EM root tip was 
defined as a short root with a mycelial mantle, however thin. When no EM colonisation 
was observed in the sub-samples, the remaining roots were checked for mycorrhizal root 
tips.  
 
Statistical Analysis: GENSTAT version 5.3 (Lawes Agricultural Trust, Rothamsted, 
Harpenden, Hertfordshire, UK) was used for statistical analysis and Microsoft Excel 97 
for graphics.  
 
 
Results  
 

Effects of arbuscular mycorrhizal inoculation and nutrient regime on colonization: 
Casual observations of seedlings (from some extra-experimental seedlings inoculated at 
the same time in the same way as the experimental seedlings, and maintained alongside 
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the experiment) indicated that AM colonisation started to spread (>10% of total root) by 
6 weeks after inoculation. At the end of 14 weeks, extent of colonisation by the three AM 
fungi varied between 30-50% (of the total root length). There was a significant interactive 
effect of inoculation and nutrient treatments (P= 0.028) on colonisation of E. 
camaldulensis seedlings by different inoculants. Colonisation by Glomus clarum isolate 
BR148-1 or the Bangladesh culture did not vary significantly between 2.5 mg l-1 P and 20 
mg l-1 P or between 5.0 mg l-1 P and 10 mg l-1 P. The extent of colonisation was the 
highest at 10 mg l-1 P, which varied significantly (P= 0.028) from those at the former 
two. Colonisation by Gigaspora rosea isolate FL105-5 was not significantly different 
among the four nutrient treatments (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Mean extent of arbuscular mycorrhizal (AM) colonisation (%) of E. camaldulensis seedlings 

under three AM inoculation treatments: GC, Glomus clarum BR 148-1; GR, Gigaspora 
rosea FL 105.5; MC, a mixed AM culture from Bangladesh and four nutrient treatments: 
phosphorus 2.5 mg l-1 (P1), 5.0 mg l-1  (P2), 10 mg l-1 (P3),  20 mg l-1 (P4). Means with 
different letters are significantly (p <0.05) different. 

 
On an overall basis, the three inoculant fungi had significantly (P= <0.001) different 
colonisation potential with G. clarum BR148-1 having the highest (up to 50% of the total 
root length), followed by the Bangladesh culture (up to 44%) and G. rosea FL105-5 (up 
to 36%) respectively. Considering all the fungi together, highest colonisation was found 
to have occurred in 10 mg l-1 P (36.40%), which was significantly (P= 0.004) higher 
compared to those at 2.5 mg l-1 P (30.57%) or 20 mg l-1 P (28.1%). Colonisation at 10-mg 
l-1 P (36.40%) was not significantly different from that at 5.0-mg l-1 P (34.48%). 
Colonisation at 20 mg l-1 P was the lowest although it did not differ significantly from 
that at 2.5 mg l-1 P. There was no significant regression between extent of colonisation 
and nutrient concentration (r2 =0.0009, F1,57=0.03, P =0.903). 
 
Effects of Ectomycorrhizal Inoculation and Nutrient Regime on Colonization: Out of 
the five fungal inoculants, only Pisolithus tinctorius isolate K55 resulted in considerable 
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colonisation. Casual observations of seedlings (from extra-experimental seedlings 
inoculated at the same time in the same way as the experimental seedlings and 
maintained alongside the experiment) indicated that EM colonisation started to spread 
(>10% of total root) by 16 weeks after inoculation. At the end of 18 weeks, P. tinctorius 
isolate K55 resulted in significant colonisation (up to 27% of the root tips mycorrhizal). 
The other inoculants, although remaining alive (as live mycelia were found with the 
washed roots) at harvest, did not result in any considerable colonisation (only <1% of the 
root tips mycorrhizal). Most colonisation was found to have occurred at 2.5 mg l-1 
phosphorus (P) nutrient treatment (27% of the root tips mycorrhizal) which was 
significantly (P =0.007) higher than that at either 10 mg l-1 P (11.6%) or 20 mg l-1 P 
(7.8%). There was no significant difference between colonisation at 2.5-mg l-1 P (27%) 
and that at 5.0-mg l-1 P (20.0%). Regression between the extent of colonisation by the 
isolate K55 and nutrient concentration was significant (Fig. 2) (r2= 0.417; F1,18= 12.85; 
P= 0.002); extent of colonisation decreased with an increase in nutrient concentration. 

Fig. 2. Regression of the extent of colonisation (%) by Pisolithus tinctorius isolate K55 on nutrient 
concentration. 

 
 
Discussion 
 

While it was found that E. camaldulensis seedlings formed AM as early as 6 weeks of 
growth, there were indications that E. camaldulensis seedlings tended to be 
ectomycorrhizal after 16 weeks of growth in glasshouse, although even after 16 weeks 
EM colonisation was significantly lower compared to AM colonisation. A similar trend 
has been observed in a Brazilian Eucalyptus plantation (for example, in E. viminalis 
plantation by Bellei et al., 1992) where AM predominated up to 7-8 months after 
plantation establishment before being taken over by EM. Therefore, a later development 
of EM in E. camaldulensis seedlings in this study was similar to what other workers have 
found in other Eucalyptus species. 
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Although variation among different AM fungi in terms of their potential in colonising E. 
camaldulensis roots at different nutrient (P) regimes was observed, there was no 
significant relationship between extent of colonisation and nutrient (expressed in terms of 
P) concentration. Extent of colonisation by any mycorrhizal fungus decreases with an 
increasing availability of soluble P in the growth medium, a trend that has been observed 
in many mycorrhizal experiments (Smith and Read, 1997). In general, colonisation by 
AM fungi at P concentrations ranging from >20 to 100 ppm were reported to have 
resulted in mycorrhiza formation in tropical forest tree seedlings (Sieverding, 1991), and 
P concentrations higher than the upper limit of this range may therefore not be favourable 
for effective mycorrhiza formation. In this experiment, the range of nutrient regimes 
(from 2.5 to 20 mg l-1 P) was probably too narrow to reflect such a trend. Therefore, one 
interesting thing was observed: except for G. rosea FL105-5, the extent of colonisation 
by the other two inoculant fungi were at their maximum at 5 and 10 mg l-1 P nutrient 
regimes, but decreased significantly both at the lower nutrient (2.5 mg l-1 P) and at the 
higher nutrient regime (20 mg l-1 P) indicating that the range of nutrient concentrations 
applied spanned the optimum for the two fungi. Colonisation by G. rosea FL105-5 did 
not differ between the nutrient treatments. This indicated that different AM fungi may 
have different responses to different nutrient availabilities. The decrease in mycorrhizal 
colonisation in response to phosphate application arises from the resulting increase in 
tissue P concentration (Sanders, 1975; Menge et al., 1978). The nutrient concentration of 
host seedlings at 20 mg l-1 P may, therefore, have affected quantity or quality of root 
metabolites or root exudates (Twaraya et al., 1996) which resulted in low colonisation in 
those seedlings.  
 
In the EM experiment, out of the five fungal isolates, only P. tinctorius K55 resulted in 
colonisation (up to 27% of the root tips). The other isolates of P. tinctorius used in the 
experiment were not effective colonisers of E. camaldulensis seedlings, as they resulted 
in little colonisation (<1% of the fine root tips). Most of the colonisation was found at 2.5 
mg l-1 P. This confirms the other findings where lower P concentrations (2-4 ppm) are 
reported to be more favourable for EM formation in Eucalyptus by P. tinctorius (see 
Burgess et al, 1993; Mason et al., 1999b). In the initial two months of the experiment, the 
availability of light was between 700-800 µmol m-2 s-1 during daylight hours, but later 
due to cloudy weather throughout the rest of the experimental period the amount of light 
available fell down to 400-500 µmol m-2 s-1 even with the supplementary light provided 
from mercury vapour lamps. However, although many earlier glasshouse studies of 
Eucalyptus EM did not report the light regimes used, it was found in a very recent study 
done by Jones et al. (1998) that E. coccifera successfully formed both EM and AM at 
400-500 µmol m-2 s-1 in a growth cabinet. A similar experiment with E. globulus with the 
isolate P. tinctorius PT3 has been reported to have resulted in >70% colonisation where 
availability of light was maintained at 1800 µmol m-2 s-1 (Mason et al. 1999b). The 
highest extent of colonisation by the isolate P. tinctorius K55 observed in this study was 
around 27% (of fine root tips). The other isolates of P. tinctorius used in the experiment 
resulted in little colonisation (<1% of the fine root tips). 
 
As noted earlier, highest EM colonisation was observed at 2.5-mg l-1 P in this study. In 
the study of Mason et al. (1999b), E. globulus seedlings were grown at similar P 



Misbahuzzaman, K. and Ingleby, K., 2000. Mycorrhizal development in Eucalyptus camaldulensis dehnh. 

 340

concentration but at a higher N regime (187.5-mg l-1) than that used in this experiment 
(21-mg l-1). This high N regime has resulted in a higher colonisation in E. globulus 
seedlings. However, Burgess et al. (1994) reported a higher level of colonisation in P. 
tinctorius inoculated E. grandis seedlings at similar P (4-mg kg-1 in the form of 
Ca(H2PO4) 2.H2O) and N (150 mg per pot in the form of NH4NO3) concentrations. 
Therefore, a low N supply to mycorrhizal seedlings in this experiment as compared to 
that of Burgess et al. (1994) perhaps was not suitable for extensive mycorrhizal 
formation. There was a significant relationship between the extent of colonisation by P. 
tinctorius isolate K55 and nutrient concentration (Fig. 2). Extent of colonisation by any 
mycorrhizal fungus decreases with an increasing availability of nutrient (P) in the growth 
medium and it has been observed in many mycorrhizal experiments (see Bougher et al., 
1990; Mason et al., 1999b).  
 
 
Conclusion 
 

The work undertaken here involved the study of mycorrhizal colonisation pattern by AM 
and EM fungal inoculation of E. camaldulensis seedlings. This study has indicated that E. 
camaldulensis can form both AM and EM but their development may depend on maturity 
of the host or the affinity of the host to particular mycorrhizal fungi. In this study, there 
was an indication of AM-EM succession in E. camaldulensis seedlings as they 
developed. This aspect need to be considered during transplanting seedlings from nursery 
to the field. In the field, availability of inoculum and competition with indigenous fungi 
and other microbial organisms may largely control the efficacy and persistence of 
mycorrhizal symbionts. For example, succession from AM to EM may become delayed if 
availability of suitable EM inoculum is sparse or absent. If EM can ensure a higher 
survival and growth rates of E. camaldulensis as plantations mature, inoculation of 
seedlings with effective EM fungi (which can outcompete indigenous fungi) should be 
carried out in the nursery stage. However, this clearly needs to be tested in the field. 
Therefore, complementary studies including both indigenous and effective exotic fungal 
isolates should be carried out before embarking on a large-scale nursery inoculation. This 
kind of study can be best done in the field, the result of which may readily be available 
for use in nursery inoculation programmes. 
 
 
References 
 

Bellei, M.D., Garbaye, J. and Gil, M., 1992. Mycorrhizal succession in young Eucalyptus viminalis plantations 
in Santa-Catarina (southern Brazil). Forest Ecology and Management, 54: 205-213. 

Bougher, N.L., Grove, T.S. and Malajczuk, N., 1990. Growth and phosphorus acquisition of karri (Eucalyptus 
diversicolor F. Muell.) seedlings inoculated with ectomycorrhizal fungi in relation to phosphorus 
supply. New Phytologist, 114: 77-85. 

Brundrett, M.C. and Abbott, L.K., 1991. Roots of jarrah forest plants. I. Mycorrhizal associations of shrubs and 
harbaceous plants. Australian Journal of Botany, 39: 445-457. 

Brundrett, M., Bougher, N., Dell, B., Grove, T. and Malajczuk, N., 1996. Working with Mycorrhizas in Forestry 
and Agriculture. Australian Center for International Agricultural Research Monograph 32. Canberra, 
Australia. 



Khulna University Studies 2(1): 333-342 

 341

Burgess, T., Dell, B. and Malajczuk, N., 1994. Variation in mycorrhizal development and growth stimulation by 
20 Pisolithus isolates inoculated on to Eucalyptus grandis W. Hill ex Maiden. New Phytologist, 127: 
731-739. 

Burgess, T., Malajczuk, N. and Grove, T.S., 1993. The ability of 16 ectomycorrhizal fungi to increase growth 
and phosphorus uptake of Eucalyptus globulus Labill. and E. diversicolor F. Muell. Plant and Soil, 
153: 155-164. 

Chilvers, G.A., Lapeyrie, F.F. and Horan, D.P., 1987. Ectomycorrhizal vs endomycorrhizal fungi within the 
same root system. New Phytologist, 107:  441-448. 

Dixon, R.K. and Hiol-hiol, F., 1992. Gas exchange and photosynthesis of Eucalyptus camaldulensis seedlings 
inoculated with different ectomycorrhizal symbionts. Plant and Soil, 147: 143-149. 

Giovannetti, M. and Mosse, B., 1980. An evaluation of technique for measuring vesicular-arbuscular 
mycorrhizal infection in roots. New Phytologist, 84: 489-500. 

Harley, J.L. and Harley, E.L., 1987. A check-list of mycorrhiza in the British flora. New Phytologist 
(supplement), 105: 1-102. 

Ingestad, T., 1971. A definition of optimum nutrient requirements in Birch seedlings. II Physilogia Plantarum, 
24: 118-125.  

Jamaluddin and Chandra, K.K., 1997. Distribution of VAM fungi in bauxite mine overburden plantation of 
Amarkantak (Madhya Pradesh). Indian Forester, 123: 412-418. 

Jones, M.D., Durall, D.M. and Tinker, P.B., 1998. A comparison of arbuscular and ectomycorrhizal Eucalyptus 
coccifera: growth response, phosphorus uptake efficiency and external hyphal production. New 
Phytologist, 140:125-134.  

Koske, R.E. and Gemma, J.N., 1989. A modified procedure for staining roots to detect VA mycorrhizas. 
Mycological Research, 92: 486-505. 

Malajczuk, N. and Hartney, V.J., 1986. Procedures for inoculation of micropropagated plantlets of Eucalyptus 
camaldulensis with ectomycorrhizal fungi, and comparison with seedling inoculation using 
inoculum contained in a peat/vermiculite carrier. Australian Forestry Research, 16: 190-206. 

Malajczuk, N., Linderman, R.G., Kough, J. and Trappe, J.M., 1981. Presence of vesicular-arbuscular 
mycorrhizae in Eucalyptus species and their absence in Banksia sp. after inoculation with Glomus 
fasciculatus. New Phytologist, 87: 567-572. 

Mason, P.A., 1980. Aseptic synthesis of sheathing (ecto-) mycorrhizas. In: D. S. Ingram and J. P. Helgeson 
(eds), Tissue Culture Methods for Plant Pathologists. Blackwell Scientific Publications, Oxford, 
UK. pp. 173-178. 

Mason, P.A., Ibrahim, K., Ingleby, K, Munro, R.C. and Wilson, J., 1999a. Mycorrhizal development and 
growth of inoculated Eucalyptus globulus (Labill.) seedlings in wet and dry conditions in the 
glasshouse. Forest Ecology and Management, 4840: 1-10. 

Mason, P. A., Ingleby, K, Munro, R.C., Wilson, J. and Ibrahim, K., 1999b. The effect of reduced phosphorus 
concentration on mycorrhizal development and growth of Eucalyptus globulus Labill. seedlings 
inoculated with 10 different fungi. Forest Ecology and Management, 4838: 1-10. 

Mason, P.A., Ingleby, K, Munro, R.C., Wilson, J. and Ibrahim, K., 1999c. Interactions of nitrogen and 
phosphorus on mycorrhizal development and shoot growth of Eucalyptus globulus Labill. seedlings 
inoculated with 2 different ectomycorrhizal fungi. Forest Ecology and Management, 4839: 1-10. 

McGee, P.A., 1986. Mycorrhizal associations of plant species in a semiarid community. Australian Journal of 
Botany, 34: 585-593. 

Meshram, S.U., Peshwe, S.A., Joshi, S.N. and Dongre, A.B., 1997. Response of biofertilisers on biomass 
production of Eucalyptus camaldulensis. Annals of Forestry, 5: 43-49. 



Misbahuzzaman, K. and Ingleby, K., 2000. Mycorrhizal development in Eucalyptus camaldulensis dehnh. 

 342

Newman, E.I. and Reddell, P., 1987. The distribution of mycorrhiza among families of vascular plants. New 
Phytologist, 106: 745-751. 

Menge, J.A., Steirle, D.J., Bagyaraj, D.J., Johnson, E.L.V. and Leonard, R.T., 1978. Phosphorus concentration 
in plants responsible for inhibition of mycorrhizal infection. New Phytologist, 80: 575-578.  

Phillips, J.M. and Hayman, D.S., 1970. Improved procedure for clearing roots and staining parasitic and 
vesicular-arbuscular mycorrhizal fungi for rapid assessment for infection. Transactions of British 
Mycological Society, 55: 158-161. 

Reddell, P and Warren, R., 1987. Inoculation of acacias with mycorrhizal fungi: potential benefits. In: J. W. 
Turnbull (ed.), Australian Acacias in Developing Countries. ACIAR proceedings No. 16. Australian 
Center for International Agricultural Research, Canberra, Australia. pp. 50-53. 

Sanders, F.E., 1975. Effect of foliar-applied phosphate on the mycorrhizal infection of onion roots. In: F. E. 
Sanders, B. Mosse and P. B. Tinker (eds.), Endomycorrhizas. Academic Press, London, UK. pp. 
261-276.  

Sieverding, E., 1991. Vesicular-arbuscular Mycorrhiza Management in Tropical Agrosystems. Deutsch 
Gesellchaft für Technische Zusammenarbeit (GTZ), Eschborn, Federal Republic of Germany.  

Smith, S.E. and Read, D.J., 1997. Mycorrhizal Symbiosis. 2nd Edition. Academic Press, London New York. 

Tawaraya, K., Watanabe, S., Yoshida, E. and Wagatsuma, T., 1996. Effect of onion (Allium cepa) root exudates 
on the hyphal growth of Gigaspora margarita. Mycorrhiza, 6: 57-59.  

Tennant, D., 1975. A test of a modified line intersect method of estimating root length. Journal of Ecology, 63: 
995-1001. 

Vishwakarma, V. and Singh, M.P., 1996a. Response of six forest tree species to inoculation with vesicular-
arbuscular mycorrhizae. New Botanist, 23: 37-43. 

Vishwakarma, V. and Singh, M.P., 1996b. Effect of endo-ectomycorrhizal complex on the growth of 
Eucalyptus spp. New Botanist, 23: 119-124. 

Warcup, J.H., 1980. Ectomycorrhizal associations of Australian indigenous plants. New Phytologist, 85: 531-
535. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




