
Advances in Bioscience and Biotechnology, 2013, 4, 35-42                                                     ABB 
http://dx.doi.org/10.4236/abb.2013.47A2005 Published Online July 2013 (http://www.scirp.org/journal/abb/) 

The underground organ microbial complexes of 
moorland spotted orchid Dactylorhiza maculata (L.) 
Soó (Orchidaceae) 

Nina V. Shekhovtsova1, Oleg A. Marakaev1, Kseniya A. Pervushina1, George A. Osipov2 
 

1Demidov Yaroslavl State University, Yaroslavl, Russia 
2Academician Yu. Isakov Research Group, Bakulev Scientific Center of Cardiovascular Surgery, Moscow, Russia 
Email: bioksusha@mail.ru, osipovga@mail.ru 
 
Received 8 May 2013; revised 8 June 2013; accepted 18 June 2013 
 
Copyright © 2013 Nina V. Shekhovtsova et al. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 

This paper is focused on the first study of microbiota 
of a moderate climate orchid from Northern hemi- 
sphere—Moorland Spotted Orchid Dactylorhiza mac- 
ulata (L.) Soó growing in its natural habitat. There 
have been obtained detailed data concerning bacterial 
communities from rhizosphere and inner tissues of 
young and old tubers. It was done using the biomar- 
ker analysis method where the markers were detected 
by gas chromatography—mass-spectrometry. It is 
shown that the number of bacterial genera and the 
bacteria amount (105 - 108 CFU per gram of dry 
weight) in D. maculata microbial complexes decreases 
from rhizosphere to old tuber to young. At the same 
time all three bacterial cenoses closely resemble each 
other in biodiversity. Their constant members are gg. 
Hyphomicrobium, Methylococcus, Nitrobacter, Pseu- 
domonas and Sphingomonas (Proteobacteria), Bacil- 
lus and Clostridium (Firmicutes), Rhodococcus and 
Streptomyces (Actinobacteria). There were found dif- 
ferences peculiar to the taxonomic structure of each 
microbial complex. The rhizosphere is dominated by 
Actinobacteria while in inner tissues Proteobacteria 
are prevalent. The bacteria of gg. Ochrobactrum, 
Xanthomonas, Butyrivibrio, Corynebacterium, Myco- 
bacterium, Propionibacterium, Sphingobacterium and 
specific iron reducers were shown to belong to rhizo- 
sphere community. Genera of Agrobacterium and Bi- 
fidobacterium were found only in the endophytic mi- 
crobiota of the young tuber while g. Aeromonas is 
specific for endophytic microbiocenosis of the old tu- 
ber. Endophytic bacteria complexes of the tubers dif- 
fer in structure too: more numerous and diverse Ac- 
tinobacteria mark the old tuber while the young or- 
gan has bigger share of gg. Bacillus and Clostridium.  

The results suggest that the endophytic bacteria in 
tubers originate from rhizosphere. By means of pla- 
ting on nutrient media there were isolated three phyla 
of bacteria—Proteobacteria, Firmicutes and Actino- 
bacteria which made up 103 CFU per gram of fresh 
tissue weight. The phylum of Bacteroidetes, a minor 
part of the microbiocenosis was found only by bio- 
marker method. The bacterial genera associated with 
D. maculata detected by us can positively influence 
the plant by means of their exometabolites. It can be 
used for strategic and tactical approaches to rare spe- 
cies conservation. 
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1. INTRODUCTION 

The Orchid Family (Orchidaceae) is the largest family of 
monocotyledonous plants, spread all over the world [1]. 
They form symbiotic relationships with microorganisms 
essential for their life activity during all stages of ontho- 
genesis [2,3]. The best studied are the relationships be- 
tween orchids and mycosymbionts that enable germina- 
tion of the seeds and accompany the grown plant through 
all life cycles [4,5]. At present the view of mycosym- 
biotic relationship has shifted in benefit of the multi- 
component concept that would include other microorga- 
nisms along with mycorrhizal fungi [2]. It has been es- 
tablished that among those associate symbionts there are 
bacteria inhabiting the orchid underground organs [6,7]. 
The bacteria associated with subtropical and tropical or- 
chids have been subjects of numerous researches, both in 
the plants natural habitat and under greenhouse condi- 
tions [6,8-10]. There are many studies of pathogenic bac-  
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teria affecting Orchidaceae cultivated in floriculture in- 
dustry [11]. There are data concerning the biodiversity of 
associative bacteria obtained by their having been iso- 
lated and characterized using the plating method [9,10, 
12]. However the results showing the domination of one 
or another group of microorganisms can be viewed as re- 
lative only because they depend strongly on the nutrient 
medium used in each particular case. The alternatives to 
plating method are molecular-biological and chemotaxo- 
nomic methods which allow to study the taxonomic struc- 
ture of the microbial complexes without isolating them 
on nutrient media. The method of fatty acid biomarkers 
in particular is used to reconstruct both quantitative and 
qualitative structure of microbial complexes in situ [13].  

It has been previously shown that the orchid symbiotic 
bacteria are able to synthesize substances (phytohormo- 
nes, vitamins, ferments, amino acids, antibiotics) which 
control germination of seeds, the plant development and 
growth, forming of mycorrhiza and resistance towards 
phytopathogens [8,10,14,15].  

There is definite lack of data concerning symbiotic 
bacteria associated with underground organs of moderate 
climate orchids from Northern hemisphere in their na- 
tural habitat [16,17]. The associative bacteria of Orchi- 
daceae that might play a crucial part in controlling ontho- 
genesis as well as in the expansion of the host plant eco- 
logical amplitude and symbioses, their forming and sta- 
bility are practically unstudied [18]. The results of such 
studies could be used for the purposes of rare orchid spe- 
cies conservation, their introduction and reintroduction. 
They could be also implemented in optimization of the in 
vitro multiplication and cultivation of the orchids, and 
for decorative or medicinal purposes.  

This research aims to explore the rhizosphere and en- 
dophytic complexes of microorganisms in the young and 
old tubers of Moorland Spotted Orchid Dactylorhiza ma- 
culata (L.) Soó in its natural habitat of moderate climate 
Northern hemisphere, notably Central European Russia.  

2. MATERIALS AND METHODS 

2.1. Research Objects 

The object of the research was the root layer in the soil, 
the inner tissues of tubers belonging to D. maculata 
grown in Central European Russia (Yaroslavl region) and 
microorganisms isolated from them. D. maculata is a 
permanent herbaceous plant with a young tuber forming 
yearly during the vegetation while the one formed in pre- 
vious year dies off [19]. The D. maculata of the case 
study grew in a young birch forest with a touch of alder, 
mixed herbs and gramineous environment, in the loamy 
sod-podzolic soil. The humus content in the layer where 
the tubers were found (3 - 8 cm) was 1.4%, рН-4.2. 

2.2. Sampling and the Preparation of Samples 
for Microbiological Analysis 

The samples were gathered during the flowering period 
of D. maculata when the plants still had both their old 
and new tubers. The underground organs were carefully 
dug up and the samples of the rhizosphere were taken. 
Those included the 2 mm soil layer adjoining tubers. The 
soil samples were dried and cleaned from inclusions, 
crushed in sterile conditions and later used for marker 
fatty-acids detection. 

The tubers have been washed three times in sterile tap 
water while shaken in shake-flask propagator for 15 min. 
Their surface has been sterilized in 6% chloramine solu- 
tion for 6 min, then washed three times in sterile tap 
water and dried. Then the tubers were weighed and dried 
until they acquired constant weight, and used for detec- 
tion of marker fatty-acids. Some of the tubers were left 
fresh so that they could be used to isolate the microor- 
ganisms from by cultivation method. 

In all cases the average sample included materials from 
five plants. 

2.3. Reconstruction of Bacterial Community 
Using Biomarker Analysis 

Using gas chromatography-mass spectrometry method 
(GC-MS) specific chemical markers have been detected 
on the surface structures of microorganisms (fatty acids, 
hydroxy acids, aldehydes). Taxonomy structure of D. 
maculata rhizosphere microbiocenosis and that of the 
tuber inner tissues has been reconstructed through well- 
established algorithm [13]. The instrument used in this 
research was chromatograph mass spectrometer АТ 5973 
D produced by Agilent Technologies (USA).  

A melted sample (1.0 g) was subjected to acid metha- 
nolysis by treatment in 0.6 ml 1M HCl-methanol solu- 
tion for 3 hrs at 80˚C. At this stage the compound lipids 
of microorganisms and other cells from the sample re- 
lease fatty acids and aldehydes. Fatty acid methyl esters 
received in the solution were then extracted by applying 
200 mkl of hexane, dried and treated by 20 mkl of N, 
O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) for 15 
min at 80˚C in order to produce trimethylsilyloxy acid 
esters as well as alcohol and sterols. For analysis pur- 
poses reagent solution (2 l) was introduced into injector 
of the chromate-mass-spectrometer (GC-MS). This is us- 
ual procedure for lipid fraction investigation of biologic 
matter. GC-MS analysis was performed on chromato- 
graph mass spectrometer GCMS-QP 2000 (Shimadzu, 
Japan). The quadrupole mass spectrometer has a resolu- 
tion of 0.5 mass units over the whole mass range of 2 - 
1000 amu. Ionization is performed by electrons at 70 eV. 
The sensitivity of GC-MS system is at 1 ng methyl stea- 
rate in constant scanning mode and the same in selected  
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ion mode. Chromatographic probing was achieved by a 
fused silica capillary column HP-5MS 25 m long and 
0.25 mm wide in internal diameter. Chromatography was 
performed in programmed temperature mode with the 
temperature range set from +130˚C to +320˚C, tempe- 
rature rate 5 grad/min. Temperature in the injector was 
+280˚C, interface temperature +250˚C.  

Mass-fragmentography method (MF) was used to ana- 
lyze minor biogenic chemical components. A special pro- 
gram was designed to accumulate specific ion signals 
from microorganism marker compounds used for selec- 
tive detection. The program sent periodic requests to five 
temporal groups each of which counted up to 20 ions. 
These groups that consisted of chemical substances ran- 
ged from decanoic acid to sitosterol, were timed during 
chromatography at 4 to 40 min intervals from the mo- 
ment of the probe’s injection. 

Measurement algorithm allows detecting about 140 
microbial marker compounds if 3 - 4 parameters per 
compound are used: two specific ions, characteristic re- 
tention time as well as correlation of chromatographic 
peak areas. 

The species structures of rhizosphere and tuber micro- 
bial communities were estimated using the database of 
fatty acid profiles and markers of microorganisms after 
the protocol described earlier. Identification of isolated 
microbial pure cultures and comparison of their residue 
profiles to library data was based on fatty acid structure. 
For this purpose both own identification program by 
image recognition and manuals of determinative bacte- 
riology were used. On mass-fragmentograms the marker 
peak areas were integrated automatically by the task pro- 
gram using the internal standard. Then these data organi- 
zed in Excel tables were processed by computational 
program. Calibration using tridecanoic acid trideutero- 
methyl ester was done and its results applied to the final 
computation.  

Calculation of community structure and effective mi- 
crobial cells number. The program designed for the ana- 
lysis and the algorithm for identification and compu- 
tation of effective microbial cells number were based on 
the data pertaining to chemical composition of individual 
and collective markers which characterized over 500 of 
microorganisms assumed to have formed the community.  

Cell envelope of different organisms is known to have 
up to 200 fatty acids in its lipid structure, depending on 
the type of the cell-bacterial, fungous, plant or animal. 
Some compounds are associated with one taxon only. 
Cell number or weight of such microorganisms were cal- 
culated by marker compound concentration using known 
data on fatty acid content in microbial cells and making 
allowances for preparation and device calibration condi- 
tions. 

2.4. Similarity Estimation for Reconstructed 
Bacterial Cenoses  

Similarities in bacterial genera that make up respective 
bacterial communities have been estimated. Sørensen’s 
Similarity Index was calculated as  

 2sC a b c   

where a is the number of shared bacterial genera, b— 
number of genera only in community 1; с—number of 
genera only in community 2. Cs ranges from 0 (no spe- 
cies overlap) to 1 (complete overlap) [20]. 

2.5. Isolation of Bacteria from the Tubers 

Prepared tubers were sliced into 5 mm segments under 
sterile conditions, put into sterile mortar and ground into 
powder with a small amount of water. The resulted su- 
spension was then serially diluted tenfold. From each 
dilution 0.1 ml was plated onto two selected media: (1) 
peptone yeast glucose agar (PYGA), containing per liter: 
glucose, 1 g; peptone, 2.0 g; casein hydrolyzate, 1.0 g; 
yeast extract, 0.5 g; agar, 17.0 g; and (2) starch-ammo- 
nium agar (SAA), containing per liter: starch, 10.0 g; 
(NH4)2SO4, 2.0 g; K2HPO4, 1.0 g; yeast extract, 0.5 g; 
MgSO4 × 7H2O, 1.0 g; NaCl, 1.0 g; CaCO3, 3.0 g. Ny- 
statin (50 μg·ml−1) was added to all media to inhibit fun- 
gal growth. All plates were incubated at 28˚C until single 
bacterial colonies arose. Bacteria were isolated from 
young and old tubers separately during flowering when 
the orchid has both.  

2.6. Determination of Bacterial Number  

The number of bacteria inhabiting tubers was calculated 
by Koch plating method according to which the number 
of bacterial colonies cultivated on each plate was esti- 
mated. The bacterial number was calculated as: 

1a 10nM V     

where M is the number of bacterial cells per 1 ml of 
initial organ suspension, a is an average of colonies from 
three replicates, V = 0.1 ml (aliquot, plated on the plate), 
10n is dilution factor. Сolony-forming units (CFU) per 
gram of fresh tissue weight were counted after 3 weeks 
of incubation at 28˚C.  

2.7. Determination of Bacteria Phenotypic 
Properties 

Different types of bacterial colonies were counted. The 
colonies were further purified by three times streaking 
onto PYGA and SAA plates to obtain pure cultures. The 
bacterial cultures were classified into morphological 
groups based on their phenotypic properties as described 
in Bergey’s Manual of Systematic Bacteriology (2nd 
Edition, Springer, N.Y., 2005-2012). The appearance of 
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colonies and morphology of cells was studied after bac- 
teria have been plated in fresh medium for 24, 48 and 72 
hrs respectively. The Gram stain was performed in order 
to divide bacteria into Gram-positive and Gram-negative. 
Morphological and tinctorial properties have been stud- 
ied by means of light microscopy.  

2.8. Statistical Analysis 

Isolation of associate bacteria has been replicated three 
times. The data on bacterial number and strain content 
values have been subjected to statistical analysis using 
Excel Package. Bacterial population percentage (%) was 
estimated as follows: the number of microbial colonies 
of given bacterial strain divided by the total number of 
bacterial colonies × 100%. Values calculated are the mean 
of three replicates, standard error is shown as ± m in the 
text.  

3. RESULTS AND DISCUSSION  

GC-MS analysis of FA fractions in rhizosphere and tuber 
specimens revealed the 81 fatty acid biomarkers of bac- 
teria. Among them the following chemicals are found: (1) 
unbranched hydroxy fatty acids (FA)—saturated 3-hy- 
droxydecanoic (3hC10:0), 3hC11:0, 3hC12:0, 2hC12:0, 
3hC13:0, 3hC14:0, 2hC14:0, 3hC15:0, 2hC15:0, hC16:0, 
3hC17:0, 10hC18:0, 3hC18:0, 3hC20:0, 3hC22:0, 2-hy- 
droxy-cyclo-nonadecanoic (2hC19cyc), and unsaturated 
10hС18:1; (2) branched unsaturated hydroxy FA—hy- 
droxy-iso-undecanoic (hiC11:0), 3-hydroxy-anteiso-tri- 
decanoic (3haC13:0), 3hiC13:0, 3hiC14:0, 3hiC15:0, 
3haC15:0, 2hiC15:0, hiC16:0, 3hiC17:0 and 3haC17:0; 
(3) unbranched saturated FA—from decanoic (C10:0) to 
nonadecanoic (C19:0), except of C11:0 и C16:0, as well 
as cyclopropane FA—C17:0cyc and C19:0cyc; (4) bran- 
ched saturated FA—iso-tridecanoic (iC13:0), anteiso-tri- 
decanoic (aC13:0), iC14:0, iC15:0, iC16:0, iC17:0, iC18:0, 
aC15:0, aC17:0, iC19:0, aC19:0, 10-methyl-tetradecanoic 
(10MeС14:0), 10MeС16:0, 10MeС17:0 and 10MeС18:0; 
(5) unbranched unsaturated FA—dodecenoic (C12:1), 
cis-11,12-tetradecenoic (C14:1d11c), C14:1d5, C15:1, 
C16:1d9c, C16:1d7c, trans-7,8-hexadecenoic (C16:1d7t), 
C16:1d5c, C17:1, C18:1d7c, C18:1d9c, C20:1d9c and 11 
Me18:1; (6) branched unsaturated FA—iso-hexadecenoic 
(iC16:1), iC17:1 and 11Me18:1; aldehydes (7) unbran- 
ched saturated—C14a, C15a, C16a, C17a, (8) unbranched 
unsaturated—C18:1a, C18:1d7a, (9) branched saturated 
—iC14a, i15a, аC15a, i16a, i17a, a17a and (10) sterol 
—coprostanol. 

The minor microbial components have been used for 
calculation of reconstructed microbial complexes on the 
base of data about biomarkers of microorganisms which 
have been remarked in the rhizosphere and internal tis- 
sues of different plants including tropical orchids [13].  

In the course of the research there have been recon- 
structed and described bacterial communities of the rhi- 
zosphere and inner tissues of both old and young tubers 
belonging to D. maculata (Table 1). The diversity of the 
communities included 35 genera of gram-positive and 
gram-negative bacteria that according to the phylogene- 
tic system for procaryotic classification belong to four 
phyla—BXII. Proteobacteria, BXIII. Firmicutes, BXIV. 
Actinobacteria and BXX. Bacteroidetes.  

The rhizosphere community of D. maculata contained 
32 genera of which 15 belonged to Proteobacteria, 11— 
to Actinobacteria, and 4 genera to Firmicutes и Bacte- 
roidetes respectively (Table 1). The most numerous were 
Actinobacteria (58%) with codominant Proteobacteria 
(35%). Firmicutes and Bacteroidetes were represented by 
7% of all bacteria. Compared to tuber microbiota, the 
rhizosphere community had 8 bacterial groups—gg. 
Ochrobactrum, Xanthomonas, Butyrivibrio, Corynebac- 
terium, Mycobacterium, Propionibacterium, Sphingobac- 
terium and specific iron reducers. The only dominant 
group in the rhizosphere community was g. Streptomyces 
(15%) from the phylum of Actinobacteria.  

The endophytic bacterial complex of D. maculata 
young tuber contained 20 genera, of which 10 genera be- 
longed to Proteobacteria, 4 genera to Actinobacteria and 
Firmicutes each, 2 genera belonged to Bacteroidetes (Ta- 
ble 1). Groups arranged by number in decreasing order: 
Proteobacteria (56%)—Firmicutes (35%)—Actinobacteria 
(7%)—Bacteroidetes (2%) (Figure 1). Genera of Clostri- 
dium was the dominant one (made up 27% of commu- 
nity). Its codominants were proteobacteria gg. Sphingo- 
monas, Methylococcus, Hyphomicrobium, Nitrobacter 
which made 10% of the community. Bacteria from ge- 
nera Agrobacterium and Bifidobacterium were found in 
young tuber only.  

The tissue microbiota in D. maculata old tuber con- 
sisted of 24 genera of which Proteobacteria 11 genera, 
Actinobacteria—7, Firmicutes—4 and Bacteroidetes—2 
(Table 1). The biodiversity and numbers of bacteria per 
phyla in old tuber corresponded with the findings in the 
young tuber (Figure 1). The difference is the increasing 
of Actinobacteria in numbers and diversity and the de- 
creasing of Firmicutes. Genera of Sphingomonas (17%), 
Methylococcus (17%) among Proteobacteria and g. Clo- 
stridium (14%) of Firmicutes dominate the group with gg. 
Hyphomicrobium, Methylococcus remaining co-dominants 
(no less than 11%). The endobacteria of g. Aeromonas 
are specific for the old tuber.  

Microbial complexes of D. maculata young and old 
tubers have their differences as well. While still forming, 
a tuber is colonized by bacteria of gg. Agrobacterium, 
Bifidobacterium, Riemerella that are no longer found in 
the old dying tuber. On the other hand the old tuber has 
bacteria specific for it—gg. Aeromonas, Caulobacter, 
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Table 1. Taxonomic structure of reconstructed microbial communities associated with underground organs of D. maculata (%). 

Inner tissues 
№ Bacterial genus Rhizosphere 

young tuber old tuber 

Proteobacteria 

1. Acetobacter 5.7 0.8 0.5 

2. Aeromonas – – 2.3 

3. Agrobacterium 7.1 1.0 – 

4. Burkholderia 1.0 1.5 0.5 

5. Caulobacter 0.9 – 0.5 

6. Desulfovibrio 1.4 0.1 0.8 

7. Hyphomicrobium 6.1 11.9 11.4 

8. Methylococcus 2.8 12.1 16.7 

9. Nitrobacter 0.8 11.7 11.2 

10. Ochrobactrum 3.9 – – 

11. Pseudomonas 1.6 1.5 5.3 

12. Rhodobacter – 1.0 1.0 

13. Sphingomonas 0.7 14.6 17.2 

14. Xanthomonas 2.8 – – 

15. Specific iron-reduction bacteria 0.1 – – 

Firmicutes 

16. Acetobacterium 0.2 0.6 0.7 

17. Bacillus* 1.7 7 3.5 

18. Clostridium 1.0 27 13.7 

19. Eubacterium 0.5 0.4 0.2 

Actinobacteria 

20. Actinomadura 4.6 – 0.2 

21. Arthrobacter 6.6 – 0.3 

22. Bifidobacterium – 0.1 – 

23. Butyrivibrio 8.5 – – 

24. Corynebacterium 2.6 – – 

25. Micrococcus 6.6 – 0.3 

26. Mycobacterium 2.0 – – 

27. Nocardia 4.1 – 1.9 

28. Propionibacterium 1.5 – – 

29. Pseudonocardia 4.6 0.7 1.2 

30. Rhodococcus 2.0 3.8 5.4 

31. Streptomyces 15.1 2.3 2.8 

Bacteroidetes 

32. Bacteroides 0.7 0.2 2.3 

33. Cytophaga 0.6 – 0.1 

34. Riemerella 1.4 1.7 – 

35. Sphingobacterium 0.8 – – 

Total bacterial cells number × 104 per gram 13835.00 36.78 99.78 

*According to Bergey’s Manual (2009), g. Bacillus can include such bacterial families as Bacillaceae, Alicyclobacillaceae, Paenibacillaceae, Planococcaceae. 
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Figure 1. Distribution of number (a) and diversity (b) in the 
composition of rhizosphere and endophytic microbial com- 
plexes of the D. maculata. 
 
Actinomadura, Arthrobacter, Micrococcus, Nocardia and 
Cytophaga. This variability in old and young tuber mi- 
crobial complexes corroborates the previous conclusion 
that the endophytic bacteria composition in one and the 
same orchid species can vary depending on different fac- 
tors [6,7].  

14 genera of the 35 identified by us were earlier 
described in the researches of subtropical and tropical 
orchids from greenhouses and their natural habitat. From 
the surface and inner tissues of epiphyte and terrestrial 
orchid species there have been isolated following bac- 
teria—gg. Acetobacter, Azospirillum, Burkholderia, Pseu- 
domonas, Arthrobacter, Streptomyces, Bacillus [7,9, 
12,14]. The species of such genera as Agrobacterium, 
Sphingomonas, Micrococcus, Mycobacterium, Nocardia, 
Rhodococcus were found to be specific for root surface 
[7,8,12]. K.G. Wilkinson et al. (1994) showed g. Xantho- 
monas to be an endophytic habitant only. The genera of 
Pseudomonas, Sphingomonas, Xanthomonas, Microco- 
ccus, Nocardia, Rhodococcus, Streptomyces, Bacillus 
were also identified in association with epiphyte orchid 
air-roots [7,8]. The most commonly mentioned among 
bacteria found with tropical and subtropical orchids are 
gg. Pseudomonas, Bacillus, Burkholderia, Xanthomonas, 
Arthrobacter, Rhodococcus that have also been identified 

by us, and gg. Enterobacter, Erwinia, Flavobacterium 
and Kurthia, not found in association with Moorland 
Spotted Orchid [7,9,10,12,14]. 

In bacterial complexes of D. maculata the number of 
genera and the bacteria amount decreases from rhizo- 
sphere to old tuber to young. However, the biodiversity 
similarities in all three bacteriocenoses according to Sø- 
rensen’s index are rather close. The similarity coefficient 
for rhizosphere and old tuber communities is 0.80, for 
rhizosphere and young tuber it is 0.71 and for old and 
young tuber it is 0.77. Among constant components of D. 
maculata rhizosphere and tubers both are bacteria gg. 
Hyphomicrobium, Methylococcus, Nitrobacter, Pseudo- 
monas and Sphingomonas (Proteobacteria), Rhodococcus 
and Streptomyces (Actinobacteria), Bacillus and Clostri- 
dium (Firmicutes) (Table 1). Taking into account the 
high degree of similarity between communities (more 
than 0.6) it is reasonable to assume that endophytic bac- 
teria in the tubers originate from rhizosphere. Rhizo- 
bacteria outnumber endophytic bacteria in old and young 
tuber by 10 - 100 times. Young tuber has the least num- 
ber of microorganisms (37% of their number in old tuber) 
which is probably explained by the late start of bacterial 
colonization in storage organs.  

As the starch-ammonium agar (SAA) plating shows, 
the number of hydrolytics participating in decomposition 
of the storage organ biopolymers is higher in old tuber 
compared to the young. It is 4583 ± 290 and 1100 ± 90 
CFU/g of fresh tissue weight respectively (Figure 2). At 
the same time the proportion is quite reverse for copio- 
trophes consuming low molecular compounds. Using pe- 
ptone yeast glucose agar (PYGA) it was possible to ex- 
tract only 3967 ± 220 CFU/g of fresh tissue weight from 
young tuber and 2083 ± 110 CFU/g from old. Indepen- 
dent of media used for plating, the bacterial groups cul- 

 

 

Figure 2. Structure of microbial complexes in young and old 
tubers of D. maculata, isolated on starch-ammonium agar 
(SAA) and peptone yeast glucose agar (PYGA). The number 
shows the absolute amount of bacteria, CFU per gram of fresh 
tissue weight. 
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tivated range in descending order like this—Proteobac- 
teria—Firmicutes—Actinobacteria for young tuber and 
Proteobacteria—Actinobacteria—Firmicutes for old tuber. 
This mostly corroborates the data obtained for recons- 
tructed microbial communities of storage organs as shown 
above. 

We’ve calculated the number of endophytic bacteria in 
D. maculata tubers as 103 CFU per gram of fresh tissue 
weight (Figure 2) which is keeping within the 103 and 
105 CFU/g of plant fresh tissue range, common popu- 
larity size of endophytic bacteria associated with the 
most of investigated plant species [21,22]. However it is 
considerably less than the number of bacteria extracted 
from roots of greenhouse orchids—106 CFU per gram of 
dry tissue weight [8,12]. 

As for biodiversity, from young tuber there were 
isolated 18 strains of bacteria, of which 7 belong to Pro- 
teobacteria, 7—Actinobacteria и 5—Firmicutes. Actino- 
bacteria were at their most numerous and diverse in old 
tuber. Steady dominance of Proteobacteria was probably 
due to the fact that tubers contained considerable amount 
of low molecular compounds all through their growth 
and development. The change in dominant status within 
the hydrolytic group can be caused by the lower content 
of available substrate in old tuber while the amount of 
intercellular spaces within it has grown. In young tuber 
its active growing doesn’t give enough time for interce- 
llular spaces to form which leads to poorer aeration of 
the organ. 

By analyzing reconstructions of microbial communi- 
ties and the results of bacterial plating on nutrient me- 
dia it becomes possible to highlight the processes of mi- 
crobial succession in tubers. As shown above, the shift in 
dominance within the hydrolytic group can be explained 
by changes in storage organ physiology. In its initial 
stage the forming tuber is colonized by fast-growing Fir- 
micutes while towards the final stage Actinobacteria be- 
come the dominant hydrolytics.  

Regarding potential properties of associated bacteria it 
is important to note that gg. Agrobacterium, Burkhol- 
deria, Pseudomonas, Sphingomonas, Xanthomonas, Ar- 
throbacter, Micrococcus, Mycobacterium, Rhodococcus 
and Bacillus, associated with D. maculata and previou- 
sly identified in tropic orchids are able to produce auxins 
[8,10,12,14]. Bacteria from gg. Bacillus, Pseudomonas и 
Xanthomonas found in substrate roots of Australian or- 
chids, promote germination of their seeds together with 
mycosymbiont [14]. Bacteria Bacillus, Sphingomonas and 
Mycobacterium isolated from aerial roots of epiphyte 
greenhouse orchids also promote germination in absence 
of mycosymbiont [14]. The rhizobacteria identified as 
Bacillus and Burkholderia, isolated from Cattleya walke- 
riana orchid were shown to promote survival and growth 
of in vitro germinated plantlets during ex vitro acclimati- 
zation [10]. Similar properties of bacteria identified in 

rhizosphere and tubers of D. maculatа can be subject of 
future research. 

4. CONCLUSIONS 

This paper describes the first comprehensive study of 
microbiota of a moderate climate orchid from Northern 
hemisphere in its natural habitat, case Moorland Spotted 
Orchid Dactylorhiza maculata. There have been obtained 
detailed data concerning bacterial communities from rhi- 
zosphere and inner tissues of its young and old tubers. 
For the first time it was done using the biomarker ana- 
lysis method where the markers were detected by gas 
chromatography—mass-spectrometry. 

There have been identified 32 genera of bacteria in the 
tuber rhizosphere, 20 genera among the young tuber en- 
dophytes and 20 genera of endophytes in the old tuber. 
The number of rhizobacteria was 108 CFU per gram of 
dry soil, varying in endophyte communities from 105 to 
106 CFU per gram of dry tissue weight and 103 CFU per 
gram of fresh tissue weight. The number of endobacteria 
in the young tuber was less than in the old.  

There are differences peculiar to the taxonomic struc- 
ture of each microbial complex. By means of marker ana- 
lysis it was found that the microbial complexes of bac- 
teria associated with D. maculata contained four phyla 
—Proteobacteria, Firmicutes, Actinobacteria and Bacter- 
oidetes. The first three were later detected by means of 
plating on nutrient media. The results suggest that the en- 
dophytic bacteria in tubers originate from rhizosphere.  

The rhizosphere is dominated by Actinobacteria while 
in inner tissues Proteobacteria are prevalent. Endophyte 
bacterial complexes of the tubers differ in structure too: 
more numerous and diverse Actinobacteria mark the old 
tuber while the young organ has bigger share of the bac- 
teria of gg. Bacillus and Clostridium.  

The bacteria associated with D. maculata identified by 
us have been earlier shown to play a positive role in the 
life of other plant species by means of their exometa- 
bolites. This can be used for strategic and tactical approa- 
ches to rare species conservation.  
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