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						Abstract
 Eucalypts have been shown to form both arbuscular mycorrhizas (AM) and ectomycorrhizas (ECM) in glasshouse experiments. Little is known, however, about the relative dominance of these two mycorrhiza types on individual eucalypt species across their natural range. This study examined mycorrhizal colonisation levels of Eucalyptus grandis Hill ex Maiden roots at 29 sites representing a broad range of wet sclerophyll forest types in the wet tropics of north-eastern Australia. Adult E. grandis trees sampled in situ were invariably heavily ectomycorrhizal, with 76–100% fine root length colonised (% RLC). There were comparatively low levels of AM, with typically less than 10% RLC. Seedling E. grandis grown in intact soil cores from the field sites under glasshouse conditions had lower total levels of mycorrhiza formation compared with adult trees, with more variable ECM formation (10–95% RLC) and more extensive AM formation (10–40% RLC). There were no apparent trends in mycorrhiza formation across different soil parent material, rainfall or vegetation categories used. The current research suggests that arbuscular mycorrhizas are more prominent on seedlings, whereas ectomycorrhizas predominate in adult trees of E. grandis. Possible reasons for these differences and a comparison with other studies of eucalypt mycorrhizas under natural conditions are presented.

					

				
				
					

				

		 
				

				
					
						
							Acknowledgments

								 
						

						This research was supported by an Australian Postgraduate Award, CSIRO Land and Water Supplemental Research Scholarship and research funding from the Rainforest CRC and CSIRO Land and Water. The primary author would like to thank Tony Morrison for his invaluable assistance with the field work, Sue Joyce, Grace Baker and Lea Keto for their encouragement and guidance with various laboratory techniques, and Steve McDermott and her family for their great moral support. The provision of permits by the Wet Tropics Management Authority and the Department of Natural Resources and Mines is gratefully acknowledged.

 
			References

		


		
[bookmark: R1]
			
		 

Adams
F
 (2002) Arbuscular mycorrhizae and ectomycorrhizae of Eucalytptus grandis: Formation in tropical forests, and fungal effects on seedling growth. PhD Thesis, James Cook University, Townsville, Qld. 


		
		
		
[bookmark: R2]
		Adjoud D,
		Plenchette C,
		Halli-Hargas R, Lapeyrie F 
		(1996) Response of 11 Eucalyptus species to inoculation with three arbuscular mycorrhizal fungi. Mycorrhiza 6, 129–135. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R3]
		Arveby AS, Granhall U 
		(1998) Occurrence and succession of mycorrhizas in Alnus incana. Swedish Journal of Agricultural Research 28, 117–127. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R4]
		Bellei MM,
		Garbaye J, Gil M 
		(1992) Mycorrhizal succession in young Eucalyptus viminalis plantations in Santa Catarina (southern Brazil). Forest Ecology and Management 54, 205–213. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R5]
		Bellgard SE 
		(1991) Mycorrhizal associations of plant species in Hawkesbury Sandstone vegetation. Australian Journal of Botany 39, 357–364. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R6]
			
		 

Bougher
NL
 (1995) Diversity of ectomycorrhizal fungi associated with eucalypts in Australia. In ‘Mycorrhizas for plantation forestry in Asia’. (Eds M Brundrett, B Dell, N Malajczuk, G Mingqin) pp. 8–15. (ACIAR: Canberra) 


		
		
		
[bookmark: R7]
		Brundrett M 
		(2004) Diversity and classification of mycorrhizal associations. Biological Reviews 79, 473–495. 
			

		| Crossref | GoogleScholarGoogle Scholar | PubMed |
					
			[image: open url image1]
		
		

		
		
		
[bookmark: R8]
		Brundrett MC, Abbott LK 
		(1991) Roots of jarrah forest plants. 1. Mycorrhiza associations of shrub and herbaceous plants. Australian Journal of Botany 39, 445–457. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R9]
		Brundrett MC,
		Ashwath N, Jasper DA 
		(1996a) Mycorrhizas in the Kakadu region of tropical Australia. 1. Propagules of mycorrhizal fungi and soil properties in natural habitats. Plant and Soil 184, 159–171. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R10]
		Brundrett MC,
		Ashwath N, Jasper DA 
		(1996b) Mycorrhizas in the Kakadu region of tropical Australia. 2. Propagules of mycorrhizal fungi in disturbed habitats. Plant and Soil 184, 173–184. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R11]
		Burgess T,
		Dell B, 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. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R12]
		Buwalda JG, Goh KM 
		(1982) Host–fungus competition for carbon as a cause of growth depressions in vesicular-arbuscular mycorrhizal ryegrass. Soil Biology and Biochemistry 14, 103–106. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R13]
		Cázares E, Smith JE 
		(1996) Occurrence of vesicular-arbuscular mycorrhiza in Pseudostuga menziesii and Tsuga heterophylla seedlings grown in Oregon Coast Range soils. Mycorrhiza 6, 65–67. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R14]
		Chen YL,
		Brundrett MC, Dell B 
		(2000) Effects of ectomycorrhizas and vesicular-arbuscular mycorrhizas, alone or in competition, on root colonization and growth of Eucalyptus globulus and E. urophylla. New Phytologist 146, 545–556. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R15]
		Chilvers GA, Pryor LD 
		(1965) The structure of eucalypt mycorrhizas. Australian Journal of Botany 13, 245–259. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R16]
		Chilvers GA,
		Lapeyrie FF, Horan DP 
		(1987) Ectomycorrhizal v. endomycorrhizal fungi within the same root system. New Phytologist 107, 441–448. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R17]
		Cromack K,
		Sollins P,
		Graustein WC,
		Speidel K,
		Todd AW,
		Spycher G,
		Li CY, Todd RL 
		(1979) Calcium oxalate accumulation and soil weathering in mats of the hypogeous fungus Hysterangium crassum. Soil Biology and Biochemistry 11, 463–468. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R18]
		Dell B,
		Malajczuk N,
		Bougher NL, Thompson G 
		(1994) Development and function of Pisolithus and Scleroderma ectomycorrhizas formed in vivo with Allocasuarina, Casuarina and Eucalyptus. Mycorrhiza 5, 129–138. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R19]
		Francis R, Read DJ 
		(1994) The contributions of mycorrhizal fungi to the determination of plant community structure. Plant and Soil 159, 11–25. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R20]
		Gardner JH, Malajczuk N 
		(1988) Recolonisation of rehabilitated bauxite mine sites in Western Australia by mycorrhizal fungi. Forest Ecology and Management 24, 27–42. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R21]
		Giovannetti M, Mosse B 
		(1980) An evaluation of techniques for measuring vesicular-arbuscular infection in roots. New Phytologist 84, 489–500. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R22]
		Giovannetti M,
		Sbrana C,
		Citernesi AS, Avio L 
		(1996) Analysis of factors involved in fungal recognition responses to host-derived signals by arbuscular mycorrhizal fungi. New Phytologist 133, 65–71. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R23]
			
		 

Gomes
TCR
, 
Faria
LP
, 
Lin
MT
 (1987) Mycorrhization of eight species of eucalypts with VAM fungi. In ‘Mycorrhizae in the next decade: practical applications and research priorities (7th NACOM)’. (Eds DM Sylvia, LL Hung, JH Graham) pp. 125. (Gainesville University: Gainesville, FL) 


		
		
		
[bookmark: R24]
		Griffiths RP,
		Ingham ER,
		Caldwell BA,
		Castellano MA, Cromack K 
		(1991) Microbial characteristics of ectomycorrhizal mat communities in Oregon and California. Biology and Fertility of Soils 11, 196–202. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R25]
		Harrington GN, Sanderson KD 
		(1994) Recent contraction of wet sclerophyll forest in the wet tropics of Queensland due to invasion by rainforest. Pacific Conservation Biology 1, 319–327. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R26]
		Harrington GN,
		Thomas MR,
		Bradford MG,
		Sanderson KD, Irvine AK 
		(2000) Structure and plant species dominance in north Queensland wet sclerophyll forests. Proceedings of the Royal Society of Queensland 109, 59–74. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R27]
		van der Heijden EW, Vosatka M 
		(1999) Mycorrhizal associations of Salix repens L. communities in succession of dune ecosystems. 2. Mycorrhizal dynamics and interactions of ectomycorrhiza and arbuscular mycorrhizal fungi. Canadian Journal of Botany 77, 1833–1841. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R28]
		Hopkins MS,
		Reddell P,
		Hewett RK, Graham AW 
		(1996) Comparison of root and mycorrhizal characteristics in primary and secondary rainforest on a metamorphic soil in north Queensland, Australia. Journal of Tropical Ecology 12, 871–885. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R29]
		Jones MD,
		Durall DM, Tinker PB 
		(1998) A comparison of arbuscular and ectomycorrhizal Eucalyptus coccifera: growth response, phosphorus uptake efficiency and external hyphal production. New Phytologist 140, 125–134. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R30]
			
		 

Keyser
F
 (1972) ‘1 : 250 000 geological series explanatory notes: Innisfail, Queensland. Sheet SE/55-6 International Index.’ (Australian Government Publishing Service: Canberra) 


		
		
		
[bookmark: R31]
			
		 

Khan
AG
 (1993) Vesicular arbuscular mycorrhizae (VAM) in aquatic trees of New South Wales, Australia, and their importance at land–water interface. In ‘Wetlands and ecotones: studies on land–water interactions’. (Eds B Gopal, A Hillbricht-Illowska, RG Wetzel) pp. 173–180. (National Institute of Ecology: New Delhi) 


		
		
		
[bookmark: R32]
		Koske RE, Tessier B 
		(1983) A convenient permanent slide mounting medium. Mycological Society of America Newsletter 34, 59. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R33]
			
		 

Laffan
MD
 (1988) ‘Soils and land use on the Atherton Tableland, north Queensland. Soils and land use series No. 61.’ (CSIRO Division of Soils: Adelaide) 


		
		
		
[bookmark: R34]
		Lebel T, Castellano MA 
		(1999) Australasian truffle-like fungi. XI. History and current trends in the study of the taxonomy of sequesterate macrofungi from Australia and New Zealand. Australian Systematic Botany 12, 803–817. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R35]
		Lodge DJ 
		(1989) The influence of soil moisture and flooding on formation of VA endo- and ecto-mycorrhizae in Populus and Salix. Plant and Soil 117, 243–253. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R36]
		Lodge DJ, Wentworth TR 
		(1990) Negative associations among VA-mycorrhizal fungi and some ectomycorrhizal fungi inhabiting the same root system. Oikos 57, 347–356. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R37]
		McGee PA 
		(1986) Mycorrhizal associations of plant species in a semi-arid community. Australian Journal of Botany 34, 585–593. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R38]
		Mosse B 
		(1962) The establishment of vesicular-arbuscular mycorrhiza under aseptic conditions. Journal of General Microbiology 27, 509–520. 
			

		| PubMed |
					
			
[image: open url image1]
		
		

		
		
		
[bookmark: R39]
		Moyersoen B, Fitter A 
		(1999) Presence of arbuscular mycorrhizas in typically ectomycorrhizal host species from Cameroon and New Zealand. Mycorrhiza 8, 247–253. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R40]
			
		 

Muchovej
RMC
, 
Amorim
EFC
 (1990) Development and effect of endo-and/or ectomycorrhizal fungi on seedlings of Eucalyptus grandis. In ‘Abstracts of the 8th NACOM, Wyoming’. (Eds MF Allen, SE Williams) p. 251. (University of Wyoming Agricultural Experiment Station: Wyoming) 


		
		
		
[bookmark: R41]
			
		 

Nix
HA
 (1981) The environment of Terra Australia. In ‘Ecological biogeography of Australia’. (Ed. A Keast) pp. 105–133. (Dr W Junk Publishers: London) 


		
		
		
[bookmark: R42]
		Oliveira VF,
		Zambolim L, Neves JCL 
		(1995) Growth of Eucalyptus seedlings inoculated with mycorrhizal fungi. Fitopatologia Brasiliera 20, 164–168. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R43]
		Read DJ,
		Kianmehr H, Malibari A 
		(1977) The biology of mycorrhizas in Helianthemum. New Phytologist 78, 305–312. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R44]
			
		 

Reddell
P
 (1993) Mushrooms, truffles and mycorrhizas in plant communities of the heathlands area, Cape York Peninsula. In ‘Cape York Peninsula scientific expedition report. Vol. 2’. pp. 77–82. (Royal Geographic Society of Queensland Inc.: Brisbane) 


		
		
		
[bookmark: R45]
		Reddell P, Malajczuk N 
		(1984) Formation of mycorrhizae by jarrah (Eucalyptus marginata Donn ex Smith) in litter and soil. Australian Journal of Botany 32, 511–520. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R46]
		Reddell P, Milnes AR 
		(1992) Mycorrhizas and other specialised nutrient-acquisition strategies: their occurrence in woodland plants from Kakadu and their role in rehabilitation of waste rock dumps at a local uranium mine. Australian Journal of Botany 40, 223–242. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R47]
		Reddell P,
		Hopkins MS, Graham AW 
		(1996) Functional association between apogeotropic aerial roots, mycorrhizas and paper-barked stems in a lowland tropical rainforest in north Queensland. Journal of Tropical Ecology 12, 763–777. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R48]
		Reddell P,
		Gordon V, Hopkins MS 
		(1999) Ectomycorrhizas in Eucalyptus tetrodonta and E. miniata forest communities in tropical northern Australia and their role in the rehabilitation of these forests following mining. Australian Journal of Botany 47, 881–907. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R49]
		dos Santos VL,
		Muchovej RM,
		Borges AC,
		Neves JCL, Kasuya MCM 
		(2001) Vesicular-arbuscular-/ecto-mycorrhiza succession in seedlings of Eucalyptus spp. Brazilian Journal of Microbiology 32, 81–86. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R50]
			
		 

Tracey
JG
, 
Webb
LJ
 (1982) ‘Vegetation of the humid tropical region of north Queensland.’ (CSIRO Publishing: Melbourne) 


		
		
		
[bookmark: R51]
		Turton SM, Duff GA 
		(1992) Light environments and floristic composition across an open forest-rainforest boundary in northeastern Australia. Australian Journal of Ecology 17, 415–423. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R52]
		Unwin GL 
		(1989) Structure and composition of the abrupt rainforest boundary in the Herberton highland, north Queensland. Australian Journal of Botany 37, 413–428. 
			

		| Crossref |
					  
			
[image: open url image1]
		
		

		
		
		
[bookmark: R53]
			
		 

Willmott
WF
, 
Trezise
DL
, 
O’Flynn
ML
, 
Holmes
PR
, 
Hofmann
GW
 (1988) ‘Cairns region 1 : 100 000 geological map and commentary. Sheets 8064 and 8063.’ (Queensland Department of Mines: Brisbane) 


		
		
		
[bookmark: R54]
			
		 

Wilson
PR
, 
Baker
DE
 (1990) ‘Soils and agricultural land suitability of the wet tropical coast of north Queensland: Ingham area.’ (Queensland Department of Primary Industries: Brisbane) 


		
		
		
[bookmark: R55]
			
		 

Zar
JH
 (1999) ‘Biostatistical analysis.’ 4th edn. (Prentice Hall International Inc.: Upper Saddle River, NJ) 


		
		
		
[bookmark: R56]
		Zambolim L,
		de Barros NF, da Costa LM 
		(1982) Influence of vesicular-arbuscular mycorrhizas on the growth and nutrient uptake of Eucalyptus seedlings. Revista Arvore 6, 64–73. 
			[image: open url image1]
		
		

		
		



 


 





 
				

		
			
		

				
					
						
	
		[image: Committee on Publication Ethics]

	

	
		
			
						
							
					

							
							
							
							
							
						

						

					
								
									Rent Article (via Deepdyve)
								
							
			Export Citation
			
				Cited By (45)
			
				Get Permission
		
		

		
		
		
			View Dimensions

			

		

	
			
			
				View Altmetrics

				

			

		
			
				
					Subscriber Login

					
					
					
					Username:
					

					Password:
					 
				 

			

		
					

				
	
		   
		

	 
		    
	            Journal Navigation

    	        
						

						
							Left Panel NavigationJournal Home
						

							About the Journal
	Editorial Structure
	Publishing Policies
	Contacts


					
					
	

						
							Left Panel NavigationContent
						

							
												Left Panel NavigationLatest
											
	
														  Left Panel NavigationMost Read
													
	All Content
	Special Issues
	Research Fronts
	Virtual Issues
	Turner Review Series


					
					
	

						
							Left Panel NavigationFor Authors
						

							General Information
	Scope
	
										
				                            
				                       	Submit Article
										
										
	Author Instructions
	Licence to Publish
	Open Access
	Read and Publish
	Publishing Charges
	Awards and Prizes


					
					
	

						
							Left Panel NavigationFor Reviewers
						

							Reviewer Guidelines
	
										
				                            
				                       	Review Article 
										
	Reviewer Recognition
	Annual Reviewer Index


					
					
	

						
							Left Panel NavigationFor Subscribers
						

							Subscription Prices
	Customer Service
	Library Recommendation


					
					
	

						
							Left Panel NavigationFor Advertisers
						

						

					
					


				
				

			
	 [image: email icon]
	 	e-Alerts

	 	
		Subscribe to our Email Alert or [image: RSS] feeds for the latest journal papers.

	 

	 



			    
		


	

    
		
         
          Links

            
              Links first column

              	About Us
	Contact Us
	Help
	Workshops
	Building Technology Resources 


            
        

        
          Browse by subject

          
            
              Browse by subject first column

              	Animals
	Built Environment
	Food & Agriculture
	Gardening & Horticulture
	Children


            
          

          
            
              Browse by subject second column

              	Marine & Freshwater
	Natural Environment
	Physical Sciences
	Plants & Fungi
	Science in Society


            
          

        

        
          Connect with us

            [image: Like us on Facebook]
            [image: Follow us on Twitter]
            [image: Connect with us on Instagram]
            [image: Connect with us on LinkedIn]
        
 

	
		We acknowledge the Traditional Owners of the land, sea and waters, of the areas that we live and work on across Australia. We acknowledge their continuing connection to their culture, their contribution to our shared knowledge, and pay our respects to their Elders past and present.

		
			Copyright Legal Notice and Disclaimer Privacy

		

		[image: CSIRO]
		
			[image: Australian Academy Of Science]
		
	
	





     
     [image: Clicky]



		

    
	














