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In big cities, roof-greening is compulsory for new buildings to deal with urban heat island problem. 

In some cases, lightweight and maintenance-free green roofs are desired. It is estimated that in 

2011 there will be demands for roof-greening of 360 billion yen.

Racomitrium canescens is:

Lightweight

Evergreen

Highly desiccation-tolerant 

Applicable for roof- and wall-greening.

However:

High cost

Slow growth

Low production level

Can bacteria promote the plant's growth?

Racomitrium canescens

特願2008-012159

Our objective is to identify, characterize, and use

bacteria to further promote the plant's growth.

Green roof of RIB, Okayama Univ.

non-sterile 

hydroponic culture

The moss grows 3 

times faster!

Band Identification Score

1-1 Arthrobacter oxydans 210

2-1 Brevibacillus thermoruber 153

2-4 Sphingomonas sp. 157

2-5 Hirschia baltica 165

2-6 Spirosoma linguale 293

3-4 Methylobacterium sp. 198

4-3 Micrococcus luteus 228

4-5 Micrococcus indicus 295

5-3 Methylocella palustris 184

5-4 Micrococcus indicus 295

5-5 Achromobacter sp. 204

5-6 Xanthobacter aminooxidans 78

7-1 Spirosoma-like sp. 200

7-5 Acinetobacter sp. 234

7-6 Achromobacter sp. 159

7-7 Phaeospirillum molischianum 149

7-8 Sanguibacter sp. 232

7-9 Streptomyces thermovulgaris 236

8-1 Cytophaga hutchinsonii 289

8-2 Cohnella yongneupensis 127

8-5 Aquaspirillum sinuosum 105

8-6 Methylobacterium sp. 198

9-1 Hirschia baltica 192

9-2 Methylocella palustris 190

9-3 Spirulina sp. 92

10-1 Sphingopyxis sp. 234

10-2 Bacillus sp. 196

10-3 Methylocapsa acidiphila 268

10-4 Methylocella palustris 212

10-5 Acinetobacter sp. 293

10-6 Dyadobacter hamtensis 287

10-7 Microbacterium keratanolyticum 117

10-9 Dyadobacter hamtensis 281

11-1 Spirosoma linguale 274

12-1 Spirulina sp. 94

12-2 Polaromonas sp. 280
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DGGE analysis of non-sterile hydroponic 

culture samples revealed predomination of 

methylotrophs

Phylogenetic location of the 

isolates within Methylobacteria 

(16SrDNA)

M. organophilum (AB175639)

M. organophilum (D32226)

M. romethanicum (227128)

M. rhodinum (D32229)

M. podarium (AF514774)

M. suomience (AY009404)

M. lusitanum (AY009403)

M. lusitanum (AB175635)

M. extorquens (D32224)

M. rhodesianum (D32228)

M. zatmanii (D32230)

M. chloromethanicum (AB175630)

M. dichloromethanicum (AB175631)

M. extorquens 21C

M. extorquens 11B

M. extorquens (AB175632)

M. chloromethanicum (AF198624)

M. extorquens (AB175633)

M. extorquens 21B

M. extorquens 11A

M. populi (AY251818)

M. thiocyanatum (NAU58018)

M. aquaticum (AJ65303)

M. aquaticum 22A

M. variable (AJ851087)

M. nodulans (AF220762)

M. isbilience (AJ888239)

M. radiotolerans (D32227)

M. fujisawaence (AJ250801)

M. mesophilicum (AJ400919)

M. extorquens AM1 (AM236234)

Isolates name 11A 11B 21B 21C 22A

Identification (16S)        Methylobacterium extorquens        M. aquaticum

N-free medium ○ ○ ○ ○ ○

Siderophore production ○ ○ ○ × ×

Auxin production ○ ○ ○ ○ ○

Calcium phosphate

solublization ○ ○ ○ × ×

HCN production ○ ○ ○ ○ ◎

Characterization of methylotrophs from R. canescens hydroponic culture

22A

21

C

21B

Fusarium oxysporum

(plant pathogenic fungi)

Antifungal activity of 22A

Effect of the isolates on protonema (R. canescens) growth 

M. aquaticum 22A grows along with 

protonema growth

(though it can not grow independently)

M. aquaticum 22A showed strongest 

growth promotion activity. 
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Summary

1. The hydroponic culture samples of Racomitrium canescens is 

predominated by Methylotrophs.

2. The methylotrophic isolates were identified as Methylobacterium

species. 

3. The isolates promoted the growth of the moss.

4. These methylotrophic bacteria can be applied to promote the moss 

growth.
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