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Abstract: Cutaway peatlands in the midlands of the Republic of Ireland are rarely the focus of sci-
entific studies. Due to peat extraction, the soil quality and related microenvironment is severely
impacted. Returning them to a ‘near natural state’ would require greater insights into this ecological
niche. The current work took the initiative to study microbiology of vast cutaway sites in the mid-
lands of Ireland. Peat was collected over two seasons in January, February and April. Homogenised
peat was aseptically cultured on a range of specific and non-specific culture media. Microbial enu-
meration, Gram staining and other microscopic observation of morphologically distinct microor-
ganisms were performed. Total viable bacterial and fungal numbers were highest in February (1.33
x 105 CFU ml*! and 5.93 x 10° CFU ml respectively) and were lowest in April (1.14 x 10° CFU ml?!
and 5.57 x 106 CFU ml"). Penicillium spp. and Trichoderma spp. were common in all the sites. The
highest values of phosphate solubilising index were recorded in peat collected in April (SI=3.167 &
3.000). Overall, there is a statistically significant difference (p <0.0001) among the microbial numbers
across the three months. This variation could be due to the temperature and pH difference in peat
soil.

Keywords: Cutaway peatlands; aerobes; fungi; anaerobes; actinomycetes; restoration

1. Introduction

Peatlands are water-logged ecosystems that can store thousands of years of carbon
in the depths of their soil [1]. In order to gain land, modern methods strip the surface
vegetation away and dry out the surface layers using large machines [1]. During the peat
extraction process, original surface peat forming vegetation is disrupted. It eventually
leads to peat drainage [2]. Drainage-based practices in agriculture and forestry has caused
approximately 15% of peatlands to degrade worldwide [3]. The long-term effects of peat
harvesting include peat compaction, formation of different vegetation types, manipula-
tion of soil chemistry and erosion [1,2]. Furthermore, hydrological functions are impaired.
It drops the water table level [4]. The combination of low water table level and high oxy-
gen content can facilitate the accelerated rates of microbial decomposition and subse-
quently the CO: gas emissions increase [4,5]. When there is no longer an economic supply
of peat at a particular site, it becomes rich in atmospheric carbon [2,6]. It leads to contin-
uous greenhouse gas emissions [6].

Considering the major impacts of peatland drainage, the Republic of Ireland has
launched several restoration projects across the country. One primary example is the
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‘Rehabilitation of cutaway peatlands in the midlands of Ireland’. It's objective was to rec-
reate wetland nature in previously used industrial cutaway bogs [2]. The BOGFOR re-
search program (1998-2005) was another Irish project. BOGFOR addressed the key com-
ponents in afforesting industrial cutaway lands. The main challenges were soil heteroge-
neity and avoiding the dominance of competitor plant species [7]. Introducing peat form-
ing plant species into the land has received the most attention in peatland restoration
practices [8]. For restoration, plant community studies have been used widely while there
is a paucity of studies applying soil microbiology of cutaway peatland ecosystems. Micro-
organisms can regulate many interactions with plants and the soil [9]. Proper understand-
ing of the ‘terrestrial carbon cycle’ is required to implement novel restoration practices.
Because soil microbial community greatly impacts the carbon cycle. Microorganisms me-
diate major steps of the terrestrial carbon cycle [10]. But there are no studies reported on
different types of microbial groups in relation to numbers and temporal variation in cut-
away bogs. Information about peat soil in the scope of microbiology have the potential
to unravel unseen dynamics of the peat environment. Novel findings can introduce effec-
tive re-wetting schemes. Urbanova and Barta assumed that methanogenic microorgan-
isms in peat can act as an indicator to observe the environmental conditions [11]. The effect
of re-wetting schemes can be monitored by the numerous, yet reliable information ob-
tained by the methanogenic Archaea in peat. In conclusion, the study emphasized the im-
portance of investigating the anaerobic microbial populations [11]. One recent study re-
ported the bioindicator values of ‘mites and vegetation’ to assess the quality of peatlands.
They observed significant changes in the number of species of the vegetation in recovering
peatlands [12]. Likewise, the microbial numbers and communities in a drained peatland
could be different than its pristine conditions (Pristine condition of a peatland is its origi-
nal state, often refers to as ‘near natural’ condition as reference). However, not only meth-
anogens but other groups of microorganisms are also pivotal in understanding the neces-
sary steps of reclamation since they mediate certain reactions in the terrestrial carbon cy-
cle. Such data can be employed as bio-indicators to monitor the restoration success of
drained cutaway sites. It is necessary to monitor activities of a peatland ecosystem against
baseline or reference data to assess the restoration progress. It is something inadequate in
Western Europe [13]. Throughout restoration, the drained lands reach ‘near-pristine con-
ditions’. Culture isolation is one way to find indicator organisms. While this is a long-term
goal, our pilot study took the initiative to collect the necessary baseline data of culturable
populations to reach that goal in the future. If studies are focused on and microbial groups
in the sense of modifying them as microbial/environmental indicators, the complexity of
the restoration process can be gradually minimised. Considering this ‘potential’ of mi-
crobes, our study presents the following aims and objectives for this pilot-research i.e., (i)
to collect baseline data of culturable microbial groups present in each cutaway site (ii) to
compare the microbial numbers according to different groups in each site (iii) to demon-
strate the possibility of microbial communities can act as an environmental measure for
peatland restoration. The soil - microbial ecosystem must be well understood in the resto-
ration process. Because it will not be achieved in a single day.

It is the first time in Ireland to conduct this type of a pilot microbiological study based
on cutaway peatlands in the midlands (midland accounts for the main production in cut-
away peatlands) [7]. The current work collected preliminary data of six different microbial
groups according to temporal variation. The actual total microbial numbers might be
higher than the ones illustrated (through culture isolation) in this paper.

2. Materials and Methods
2.1. Experimental set up and study sites

Samples were collected from study sites in County Offaly (53°9'46” N 7°39'10” W),
County Laois (53°9'49” N 7°37’18” W) and County Tipperary located in the midland of
Republic of Ireland (Figure 1). Peat across three cut- away-rough-grazing sites was
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collected over winter and spring seasons (January, February and April) in the year 2022. 97
The purpose of this experiment setting was to compare peat microbiota across the cuta- 98
way peatland sites and interpret if there are significant differences in the tested microbial 99
parameters. 100

(a) (b)

Figure 1. (a) The map of Republic of Ireland denoting the sampling locations in the midlands; (b) 101
The geographical view of the cutaway peatland located in County Offaly on January,2022. (The av- 102
erage temperature was 6°C). 103

2.2. Sampling 104

The vegetation type of the peat was carefully observed before the sampling process. 105
Some of the observed vegetation types were Sphagnum mosses and sedges of which the 106
lands were dominated with. Each site was divided into 10 strips having the form of zigzag. 107
Ten composite soil samples were collected from each site to represent the whole site. Rep- 108
licating the sample size would result in minimum errors. The depth of the soil was in the 109
range of 0-15 cm. A standard soil knife was used to dig the soil into relevant depths. Peat 110
soil 250-300g was collected to previously sterilized airtight containers. The samples were 111

kept in around 4°C - 6°C. 112
2.3. Isolation of different types of culturable microorganisms 113
2.3.1. Isolation and enumeration of the total viable bacteria and aerobic bacteria 114

The soil samples were sieved through a 2 mm sieve to remove small stones, fauna 115
and plant debris. Fresh peat (10.0 g) was suspended in 90.0 ml of sterile maximum recov- 116
ery diluent. It was dispersed in a homogeniser at 140 rpm for 1 hour. The resulting sus- 117
pension was diluted by serial, 10-fold stages. Pour plate technique (1ml aliquots) was per- 118
formed for the dilutions 10! — 107 on Nutrient agar for the detection of total viable bacte- 119
ria. The pH of the medium was 7.0 + 0.2. Likewise, the serial dilutions were spread plated 120
(0.1ml aliquots) on Nutrient agar and Tryptic soy agar (TSA) for the detection of aerobic 121
bacteria. The plates were incubated in inverted position at 37 £1°C. Colonies were counted 122
after 48-72h incubation period. This procedure was repeated to peat soil from the three 123
cutaway sites separately. 124

2.3.2. Isolation and enumeration of the culturable fungal population 125

Serial dilutions (10! — 107) as described in section 2.3.1. were plated on half- strength 126
Czapek-Dox agar medium. The agar medium was treated with streptomycin to inhibit the = 127
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bacterial growth. The plates were incubated at 25 +1°C. The colonies were counted after 128
2-3 weeks of incubation period. Fungal colonies with different morphologies were sub- 129
cultured on new Czapek- Dox agar media. The fungal spores, conidia, hyphae, sporangia 130
were observed under light microscope. Primary identification of fungi was performed ac- 131
cording to the descriptions and mycological keys in Gams and Bissett (1998) and Text 132
book of Fungi [14,15]. This procedure was repeated to peat soil from the three cutaway 133
sites separately. 134

2.3.3. Isolation and enumeration of anaerobic bacteria 135

The serial dilutions (10" — 10”) as described in section 2.3.1. were pour plated on an- 136
aerobic agar. The plates were incubated inside the anaerobic jars with the Microbiology 137
Anaerocult® A (Reagent for the generation of an anaerobic medium) in it. The colony 138
counts were recorded after 2-3 weeks of incubation at 25 +1°C. Morphologically different 139
colonies were subcultured three consecutive times to obtain pure isolates. Gram staining 140
was performed for the purified isolates. This procedure was repeated to peat soil from the 141
three cutaway sites separately. 142

2.3.4. Isolation of phosphate solubilising bacteria (PSB) 143

Sterilised Pikovskaya medium was initially prepared without dextrose (glucose) to 144
avoid the sugar caramelisation. Filter sterilised dextrose solution was added to the 145
sterilised medium separately. The dilution series (101 — 10-7) as described in section 2.3.1. 146
were spread plated on Pikovskaya agar. Control plates were set up by spreading 0.1ml of 147
sterile maximum recovery diluent on Pikovskaya agar. The plates were incubated at 148
30£1°C for three weeks. Colonies with halozones were detected. The diameters were 149
measured using a standard ruler. The reading error for a standard ruler with mm 150
increments was +/- 0.Imm under optimal conditions. The uncertainity value was 151
indicated for the diameter lengths in centimeters [16]. Phosphate solubilising index (PSI) 152
for each colony was calculated using the following equation. 153

Phosphate solubilising index (PSI) = {(Diameter of the halozone + colony) cm/ (Diam- 154

eter of the colony) cm} 155
156
2.3.5. Isolation of actinomycetes 157

Serial dilutions (10! — 107) as described in section 2.3.1. were plated on starch casein 158
agar. The plates were incubated at 25 +1°C. Colonies with different morphologies were 159
sub cultured after 2-3 weeks of incubation. All the bacterial colonies with different mor- 160
phologies were subjected to subculture by three successive streak isolations to obtain pure 161
cultures. Parallelly, Gram-negative and Gram-positive bacteria were differentiated by 162
Gram’s staining. 163

2.3.6. Glycerol stock preparation 164

40% (v/v) glycerol stock solution (200ml) was prepared by mixing glycerol (80ml) 165
with de-ionized water (120ml). The stock solution was autoclaved. Pure isolates were ob- 166
tained from total viable bacteria, aerobic bacteria, fungi, anaerobes, phosphate solubiliz- 167
ing bacteria and actinomycetes. Each pure bacterial isolate (single colony) was inoculated 168
in Nutrient broth overnight. Fungal colonies were inoculated in Czapek-Dox modified 169
broth. Overnight pure culture (500pl) was banked in sterilized 40% (v/v) glycerol solution 170
(500p) in sterile cryovials. They were gently mixed and labelled. Cryovials were stored 171
at -80°C. 172

2.4. Measuring the soil pH 173
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The pH values of each peat sample were measured using the soil survey standard 174
test method. 1:5 soil: water suspension (w:v) was prepared as followed. 10.0g of peat was 175
weighed into a clean duran bottle. 50 ml of de-ionized water was added into it. The soil 176
suspension was mechanically shaken for 1 hour at 15rpm (LABWIT, ZWYR-D2402, 177
Shanghai, China). The pH meter was calibrated prior to obtaining the readings. The 178
electrode was immersed into the soil suspension and pH values were recorded. 179

2.5. Statistical analysis 180

Prism version 9.4.0 Graph pad Software, Inc. was used to produce the graphs and the 181
statistical analysis. All the samples were analysed in triplicates. Data were presented ina 182
logarithmic scale and error bars of all figures were presented using the mean with stand- 183
ard deviation (SD). Multiple comparison analysis was performed using Tukey's test un- 184
less otherwise stated. Statistical significance differences of the microbial population num- 185
bers were analysed using one -way analysis of variance (ANOVA) and two-way ANOVA 186

with Tukey's post hoc-test. 187
3. Results 188
3.1. Total viable bacterial (TVB) and the aerobic bacterial (AB) population 189

The microbial numbers illustrated in this paper were based on a certain ‘land use” 190
type in peatlands. All the three sites described in this section were categorised under cut- 191
away, rough and grazing. These three sites were located in different venues in the mid- 192
lands. But their vegetation and the ‘land use’ types are quite similar. Therefore, our study 193
made an attempt to compare the different types of microbial groups in three different 194
climatic changes and how they vary with each group of microorganisms. The Average pH 195
of peat soil in January, February and April was 4.15 + 0.03, 6.03 + 0.05 and 5.35 + 0.04, 19
respectively. 197

According to Figure 2a, greater number of total viable bacteria (1.33 x 105 CFU ml') 198
was recorded from the cutaway site which the samples were collected in February. There 199
was a statistical significance difference (p < 0.0001) between the numbers of total viable 200
bacteria across the three sites on January, February and April (Figure 2a). The total bacte- 201
rial number was 1.14 x 103 CFU ml" in April. It was the lowest quantity among the three 202
time points. This pattern was not observed for the aerobic bacteria. The numbers of aero- 203
bic bacteria were 1.71 x 105 CFU ml! and 1.20 x 10> CFU ml? in April and February, re- 204
spectively (Figure 2b). However, there were slight differences in aerobic number across 205
the three sites (Figure S1). According to Figure 2b, the comparison of TVB with AB popu- 206
lations indicates interesting findings. There was statistical difference between cutaway 207
samples collected from January and April in terms of TVB and AB populations (p < 208
0.0001). Furthermore, there was a statistical difference between the February sample to 209
the rest of the cutaway sites (p < 0.05). Peat collected in January and April showed higher 210
AB population than the TVB. This phenomenon was opposite in February( Figure 2b). The = 211
ratio of AB to TVB was greater than 1.4 in January and April. It was less than 1 in February 212
(Figure 52). 213
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% % %k k * % % %k %k

BE Total viable bacteria
£:1 Aerobic bacteria

Log CFU/ ml
Log CFU/ ml

(d)

Figure 2. (a) Number of total viable bacteria across three cutaway sites cultured in three different
time periods; (b) Comparison of total viable bacteria and aerobic bacteria, ns, not significant (p >
0.05); *p < 0.05; **p < 0.01***p < 0.001; ****p < 0.0001; (c) Initial serially diluted pour plate isolation of
TVB in cutaway peat collected in February; (d) Typical viable bacterial pure culture isolated in Jan-
uary.

3.2. Morphology of bacteria under light microscopy

The microscopic observation of pure bacterial isolates revealed most were predomi-
nantly Gram-positive rods arranged as chains. (Figure 3a) They could be an indication of
Bacillus spp. Cells with central endospores and sub-terminal endospores (Figure 3b) were
detected. The proportion of Gram-negative (Figure 3c) isolates was comparatively less
than that of Gram-positive bacteria. Occasional Gram-negative short rod (Figure 3c) cells
were also detected.

(a) (b) (c)

Figure 3. Light microscopy of subcultured bacterial isolates under oil immersion lens (10 x 100). (a)
Gram-positive bacilli isolated in April cutaway site, (b) Gram-positive bacilli with sub-terminal en-
dospores, (c) Gram-negative short rods isolated in April cutaway site.

3.3. Variation of fungal population in three temporal changes in different cutaway sites
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Log CFU/ ml

Numerous types of morphologically different fungal species were isolated from all
three sites. The sub-cultured fungal isolates were phenotypically different in colour,
shape, size and the colony formation. According to Figure 4a, the fruiting body of Penicil-
lium spp. was observed under the light microscope. It was detected in all the three cuta-
way sites. The growth rate of Penicillium spp. was comparatively higher than the other
fungal species. Colonies of Penicillium spp. appeared on the Czapek- Dox agar during the
tirst five days of incubation (Figure 4b & 4c). But most of the other fungal species required
two weeks of incubation for the colony development.

The highest number of fungal population was found in February. April sample de-
notes the lowest amount of fungal population. Those values are statistically different (p <
0.0001). In accordance with Figure 4d, the fungal populations significantly differ with each
other during the three time periods. There was also a statistical difference between Janu-
ary and February (p < 0.01). Confirming to Figure 4e, the fungi to viable bacteria (F / TVB)
ratio was 1.05 and 1.14, in peat collected in January and April. The F/ TVB ratio in February
was significantly lower than the rest. This value was less than 1 which was an indication
of higher proportion of viable bacteria (0.76).

O a2 S, 2
(b) . '(Cl.;\ ‘3 -, 5
o - a¥ 4 %5
'/,:.-r‘ e R "3 74 \ Qs R
q AN - [ & 5 =
W7 2 4 > A " 4 Y ~
{1/ S99 p— N B HEE &
7 o ) fy A S
= ! / ! C . "
?/ {/ "oy | ¥ £
& oo
i LA
O ‘ e
i /] 0 Sy
K /1, :
3 ; 20 p';
N AL
1.2
=
1.1 i :
[ ]
o 1.0 i i i
E F -Fungi
I 0.9 TVB-Total viable bacteria
0.8 i
B
0.7 T T
2 'bd N
'bo\) & v.Q
p &

Figure 4. (a) Image of Penicillium spp. conidia- bearing structures under light microscope (10x100);
(b) Image of spores inside sporangia under light microscope; (c) Image of Trichoderma spp. spores
under light microscope (10x100); (d) Fungal population across the three cutaway sites, ns, not sig-
nificant (p > 0.05); *p <0.05; **p < 0.01**p < 0.001; ****p <0.0001; (e) The ratio of fungi to viable bacteria
in each cutaway site.

3.4. Variation and enumeration of anaerobic bacteria across the three sites

The maximum depth of peat collected was 15cm. Therefore, the following anaerobic
microbial numbers represent the peat layer above 15cm of depth well. Considerable green
colour colony development was achieved after 3 weeks of incubation. Gas formation was
primarily detected at the bottom of the petri dish. Some of the colonies developed at the
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bottom of the anaerobic agar layer. Other colonies were grown in the middle and on the 265
surface of the agar medium. The abundance of anaerobic bacteria across the three study 266
sites during January, February and April was illustrated in Figure 5a. Peat collected in 267
January was the richest in anaerobic number (1.14 x 10> CFU ml). This value was signifi- 268
cantly higher than the rest (p <0.0001). On the contrary, there was no significant difference 269
in anaerobic bacterial numbers between February and April (p > 0.05). Those values were 270
lower than the number in January by approximately one order of magnitude. The pre- 271
dominant organisms were Gram-negative short rods in all the samples. Occasional Gram- 272
positive short rods were detected. Some isolates showed bizarre swellings in the middle 273
of the bacterial cell. Some isolates exhibited terminal endospores. 274

Log CFU/ml

(b) (c)
275

Figure 5. (a) Quantity of anaerobic population across cutaway sites in three different time pe- 276
riods, ns, not significant (p > 0.05); *p < 0.05; **p < 0.01***p < 0.001; ***p <0.0001; (b) Halozone devel- 277
opment due to phosphate solubilisation by PSB isolated in January; (c¢) Halozone development due 278
to phosphate solubilisation by PSB isolated in April. 279

3.5. Phosphate solubilizing activity in three different time periods 280

Phosphate solubilising activity was determined using the Pikovskaya medium. [tem- 281
ploys p-tri- calcium phosphate as the sole source of insoluble, inorganic phosphate. The 282
concentration of the phosphate source and the pH of the medium were at a constant 283
throughout the experiment. Therefore, phosphate solubilizing index was interpreted for 284
the phosphate solubility at pH 7.0. Interestingly, phosphate solubilizing bacteria was de- 285
tected in all the three sites. The majority of the PSB isolates took 2-3 weeks to reach the 286
maximum diameter of the halozone. According to the Table 1. PSB which has a remarka- 287
ble ability to solubilize calcium phosphate, were isolated in April (SI=3.167 & 3.000 respec- 288
tively). Comparatively, the least ability to demonstrate phosphate solubilization was rec- 289
orded in January (SI=1.25 & 1.26 respectively). It was noted that approximately 77.7 % of = 290

the PSB isolates demonstrates PSI values in the range of 1-2 and 28.57% above SI =2. 291
292
293
Table 1. Phosphate solubilizing index of PSB isolates after 3 weeks of incubation. 294

Average diameter Average diameter of the Phosphate solubili-
of the colony(cm) colony + Halozone (cm) zation index (PSI)
P3S1 1.0+0.1 1.25+0.1 1.250

P3S2 0.95+0.1 12+0.1 1.263

P3S3 0.35+0.1 0.5 0.1 1.429

PSB Isolate
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P354 04+0.1 0.525+0.1 1.313

P751 1.05+£0.1 1.425+0.1 1.357

P752 05+0.1 0.65+0.1 1.300

P8S1 05+0.1 1.5+0.1 3.000

P8S52 06+0.1 1.9+0.1 3.167

P8S3 1.25+0.1 2.0x0.1 1.6
1 The uncertainity value (+) was indicated with the average diameter measurements. 295
3.6. Detection and isolation of actinomycetes 296

Colony development on starch casein agar was achieved after 2-3 weeks of incuba- 297
tion. Colony development was comparatively slower than the typical bacteria. Many col- 298
onies exhibited the appearance of halozones. The halozones remained colourless when 299
the plates were treated with iodine solution. The typical characteristic colonies were ‘pel- 300
let’ like and pigmented (Grey, pink, maroon, yellow and orange). The presence of sub- 301
strate mycelium and the aerial mycelium were prominent. Gram-positive clusters of 302
branched filamentous bacteria were detected under light microscopy. They resembled fil- 303
amentous fungi. 304

305

Figure 6. (a) Halozones developed due to starch hydrolysis by the bacteria grown on starch casein 306
agar; (b) Visible clear zone around an actinomycete colony after the addition of iodine; (c) Pig- 307
mented actinomycete isolate obtained from the cutaway site in April; (d) Pigmented actinomycete 308

isolate obtained from the cutaway site in January. 309
310
4. Discussion 311

Cutaway peatlands in general are former bogs [1]. They were converted to drained 312
lands due to extensive use of land for peat extraction [2]. From soil structure to microbial 313
environment is altered in cutaway peatlands due to its ‘land use’. The differences of the 314
vegetation that occur during the formation of cutaway land have been studied in several 315
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attempts [1,17]. While it was proven to be an ideal approach to restore the degraded peat- 316
land like cutaway sites, finding a solution from a microbiological point of view can be 317
promising in setting up effective re-wetting schemes. Therefore, through this study base- 318
line data of different microbiological groups were collected and analysed in three cutaway 319
sites in the midlands over 3 months (2 seasons). Vegetation pattern in these lands showed 320
some similarities. Peat soil from each site was collected in January, February and April. 321
The two physiological factors considered are temperature and pH of the peat soil. The 322
average temperature in peatlands during the three months were 6°C, 7°C and 10°C re- 323
spectively. For the culture isolation of this study, both selective and general-purpose me- 324
dia were used. The study strongly intended to differentiate the isolation procedure for 325
culturable microbial populations in peat. However, the aim of this study was to give op- 326
timal culture conditions in a laboratory and adapt the natural peat microorganisms to 327
grow as regular microorganisms. The isolation of unculturable populations would require 328
some adjustments such as adjusting the pH of the medium, temperature, preparation of 329
media using peat extracts and long incubation periods. 330

In February, both the total viable bacterial population (Figure 2a) and the fungal pop- 331
ulations (Figure 4d) were greatest compared to the other two months. April records the 332
lowest numbers of total viable bacteria (Figure 2a) and fungal population (Figure 4d). The 333
temperature of these two climates were around 7°C and 10°C (in February and April re- 334
spectively). While this temperature difference is apparent, the effect of temperature onthe 335
quantity of microbiota cannot be modelled without further data. However, the changing 336
of total microbial numbers is not temperature dependent. Physiochemical properties of 337
peatlands over time can provide added value to explain the differences of microbial quan- 338
tities over time. Both total viable bacteria (Figure 2a) and fungi (Figure 3d) reflect a similar ~ 339
pattern in terms of microbial quantities. The numbers in three months are significantly 340
different from each other. This could be due to the difference of temperature, pH and the 341
nutrient availability of the soil. Peat collected in January and April are much more acidic 342
(4.15+0.03 and 5.35 = 0.04 pH) than February (6.03+ 0.05 pH). The pH of the culture media 343
was 7.0 0.2 which is a neutral value. Initially microorganisms were thriving in acidic soil =~ 344
for a longer time. They face a difficulty in adapting to a neutral environment. However, 345
the pH difference (6.03-7.0pH) in peat and the culture media was lowest in February. The 346
higher bacterial and fungal growth recorded in February could be due to this better chance 347
of microbial adaptation to neutral environment (7.0pH). But the numbers of aerobic bac- 348
teria do not resemble the same pattern as the total viable bacteria. There is no significant 349
difference between January’s and February’s aerobic population. Aerobes strongly de- 350
pend on the availability of oxygen. During the sampling process if a higher proportion of 351
peat soil was collected from the top layers, the possibility of isolating more aerobes is 352
higher. In current study short incubation periods were employed to isolate aerobic and 353
total bacteria. It was necessary to target the culturable organisms. A successful growth of 354
aerobes was observed after 48 hours of incubation [17]. 355

A study conducted by Rebekka et al., (2007) examined the effect of vegetational suc- 356
cession on the fungal community and structure [18]. The effect was strongest for the peat 357
soil collected from the surface horizons [18]. Differences of the fungal communities have 358
been proven by denaturing gradient gel electrophoresis-fingerprinting [19]. Very few 359
studies have actually detected such changes. Apart from the prokaryotic communities, 360
eukaryotic organisms have also been addressed in the context of cutaway peatlands. In 361
Ireland, some of the cutaway peatlands in midlands have been converted to wetlands be- 362
cause of reflooding. Based on such sites, phytoplankton communities were assumed tobe 363
a great tool to monitor the chemical water quality [18]. Abundance of organisms such as 364
dinoflagellates, blue-green algae have reflected the water quality in cutaway sites located 365
in the midlands. These sites were rich in phosphorus and other minerals. Phytoplankton 366
communities act as indicators to monitor the level of water quality in wetlands [20]. Prior 367
to this study Higgins and co-worker have analysed zooplankton species present in artifi- 368
cial lakes. These lakes were created on Irish cutaway peatlands. The study also revealed 369
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that establishment of phytoplankton and protozoans is rapid when the cutaway lands are 370
flooded [21]. The same principle can be applicable to microbial community. One report 371
shows the microbial abundance acts as an early indicator to observe the changes in soil 372
quality. The particular study has utilised peat microbes to measure soil carbon and nitro- 373
gen in peatlands [22]. 374

The scientific literature states that microbial availability is greatly governed by the 375
factors such as temperature, moisture, oxygen availability and the substrate concentra- 376
tion. But root exudates of plant matter can influence the growth of some soil microbes 377
[23]. In this study most of the Gram- negative bacteria isolates were detected among the 378
anaerobic bacteria (Figure 3c). One role of the Gram-negative bacteria includes the fresh 379
carbon turnover [24]. Gram-positive isolates (Figure 3a & 3b) were mostly detected among 380
the total viable bacteria across all the three sites. They have the potential to utilise recalci- 381
trant carbon sources in peat soil [24]. A study carried out in Finnish cutaway sites has 382
analysed the microbial community structures using the phospholipid fatty analysis. They 383
observed statistically significant differences among the microbial community structures 384
in Finnish soils. Peat collected in the 10-15 cm layer comprised higher proportions of 385
Gram-positive bacteria than the Gram-negative bacteria [23]. Similar to our study, this 386
study has also illustrated the fungi/bacteria (F/B) ratio respective to different depths and 387
sites [23]. The F/B ratios (Figure 4e) recorded on our study sites are comparatively higher, 388
similar to those determined in previous studies [25]. The proportion of fungi is higher in 389
drained peatlands than the bare peat [23]. This can be taken into consideration in the res- 390
toration process. The ratio of fungi: bacteria could be a fine indicator of effective restora- 391
tion practices to bring the drained lands into pristine condition. Cultivation and drainage 392
can increase the abundance of fungi. But peat extraction could drive this force to inhibit 393
the growth of fungi [23]. However, when practices such as ecological succession takes 394
place on land the fungal species can degrade the plant litter. Thereby the F/B ratio gradu- 395
ally increases [23]. As per the results obtained in current study, the F/B ratio in three 396
months are significantly different from each other (Figure 4e). To reason out this, previous 397
plant succession steps and duration of peat extraction must be considered along with the 398
temperature. A study conducted in China reveals that fungal communities are more sen- 399
sitive than bacteria when they respond to drainage. The study concludes that the contri- 400
bution of fungi is more significant than bacteria to build up the overall microbial activity 401
[26]. 402

Another peatland study based in Spain hypothesised that microbial community 403
structure can be governed by the temperature and moisture content in seasonal changes. 404
As in many microbiological studies, PLFA profiling confirmed that the F/B ratio was very = 405
low. And changes in microbiota with the temperature were noticeable. The study did not 406
detect any correlation between the peat botanical origin and the microbial community. 407
However, factors like temperature and aeration of peat had proven the exerted influence 408
on microbial community composition [27]. An important microbial indicator like F/B (Fig- 409
ure 4e) is interpreted in current study. It is considered as a vital proxy for carbon transfor- 410
mations in peatlands [27]. As a pilot study, microbial parameters like these would be un- 411
deniably important in collecting baseline data for the continuation of this project. 412

The majority of studies based on peatland microbiology address the dynamics of an- 413
aerobic microorganisms. The reason is most methanogenic bacteria are anaerobes. They 414
act as the key reason for greenhouse gas emissions [17]. The type of vegetation is another 415
vital element influential on the greenhouse gas emissions [28]. One underlying reason (in 416
general) is that lack of vegetation in abandoned cutaway peatlands encourages peat oxi- 417
dation. It increases CO2 emission [17]. Hypothetically, there is no exact single class of bac- 418
teria capable of breaking down the complex polymers in peat. A wide range of microor- 419
ganisms are involved in the anaerobic degradation process in peatlands. Some microbes 420
can produce methane gas in the anaerobic peat layer. The produced methane gas is uti- 421
lised by other microorganisms residing in the aerobic peat layer [28]. Therefore, thereisa 422
rising necessity of exploring the anaerobic microorganisms in peat ecosystem. Because it 423
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could build a platform to take measures to mitigate peatland drainage. A recent study 424
conducted by Urbanova and Barta have shown the importance of studying the anaerobic 425
community of drained peatlands. Based on the abundance of methanogenic community 426
in pristine, re-wetted and drained sites, some vital conclusions have been drawn. Meth- 427
anogenic abundance in drained site could reach up to approximately a pristine-like state 428
after the re-wetting schemes were applied. It proves that microorganisms are such good 429
indicators which could reflect the restoration success in peatlands [11]. Therefore, the cur- 430
rent study collected baseline data of abundance of anaerobic bacteria (Figure 5a) in three 431
cutaway sites. The cutaway site in January records the highest number of anaerobic bac- 432
teria. It is significantly higher (p < 0.0001) than in February and April. The initial growth 433
of anaerobic bacteria leads to the release of COz2 to the anaerobic medium. When the CO2 434
dissolves, carbonic acid is produced. Carbonic acid can make the anaerobic medium 435
slightly acidic, although it is slightly neutral initially. Considering the initial pH of the 436
peat soil, anaerobes from the January sample could have better opportunity to grow ina 437
slightly acidic medium than the rest. This could be one underlying reason for the higher 438
numbers of anaerobes recorded in January. Comparatively low numbers of anaerobes 439
were recorded in February and April. Without further information regarding any previ- 440
ous re-wetting steps, only narrow conclusions could be made from the initial enumera- 441
tions of the anaerobic bacteria in our study. However, the comparative data of microbial 442
quantities and the pure anaerobic isolates could be quite useful to draw valid conclusions, 443
when this study is continued ahead of its pilot stage in the future. A study carried outin 444
Finland has focused the methane-cycling microbial communities in Finnish peatlands. 445
Based on the abundance of methanogens and methanotrophs, the authors conclude that 446
it will at least take up to about 10 years to restore the forestry drained peatland. They 447
predicted it using the microbial indicators. Microbial indicators were isolated from the 448
aerobic surface and the anaerobic surface of peat [29]. Few countries which are rich in = 449
northern peatlands has taken this approach. But Republic of Ireland has not entirely 450
stepped into the application of microbial indicators to analyse the vegetation succession 451
or the restoration succession after rewetting of cutaway peatlands. 452

Apart from the main characteristic microbial groups, actinomycetes and phosphate 453
solubilising organisms share a great responsibility in the decomposition process in peat- 454
lands. Knowledge concerning the role of these specialised microbial groups in Irish peat- 455
lands and other countries is limited. One such study carried out in North America studied 456
the effect of vacuum extraction of peat using microbes as biological indicators [30]. The 457
difference between a natural peatland and a vacuum extracted peatland was compared 458
using microbial populations including the actinomycetes [30]. Bacterial and the fungal 459
populations were lower in vacuum extracted lands than the pristine- state lands [30]. The 460
numbers of actinomycete populations were always lower than the typical bacteria which 461
is also consistent with our studies. However, it is not accurate to assume that all the colo- 462
nies grown on starch casein agar belong to the group of actinomycetes. Even saccharolytic 463
organisms can grow on starch casein agar. Therefore, interpreting the colony counts on 464
starch casein agar as a whole of actinomycetes number would not be entirely accurate. 465
The population could represent both the saccharolytic and actinomycete organisms. In 466
this present study, starch casein agar medium was used to isolate actinomycetes. The sole 467
source of carbon is starch. But some actinomycetes are unable to utilise starch. They would 468
not have been detected at some point. However, actinomycetes which utilise starch can 469
release a significant amount of glucose (and other simple sugars) molecules to the me- 470
dium. So, there is a possibility that actinomycetes which cannot utilise starch but can rely 471
on the glucose released to the medium. The initial aim of the current study was to detect 472
the presence of actinomycetes in these three cutaway sites using a standard selective me- 473
dium. Starch casein agar was frequently used in previous studies solely based on actino- 474
mycetes. The basis of selecting the isolation media was to isolate the preliminary yet cul- 475
turable microbial population first. In our study, several distinct microbial groups have 476
been primarily isolated in relation to their numbers. The authors took morphology into 477
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consideration as an initial step for primary detection of actinomycetes. But of course, if 478
this study is proceeded ahead its pilot stage, a detailed characterisation of actinomycetes 479
using the biochemical tests can be performed. The collective data of the actinomycetes can 480
then be presented in a separate manuscript. Commonly isolated actinomycete species in 481
previous research work include Micrococcus, Streptomyces spp, and Nocardia [30]. Culture 482
characteristics of the actinomycete colonies (Figure 6) isolated in each month are distinct. 483
Further classification studies are yet to conduct to identify to the genus level. It should be 484
emphasised that the majority of the soil actinobacteria are likely to thrive in aerobic con- 485
ditions [31]. Therefore, in this study when the peat taken in the below layers may have 486
restricted the growth of strictly aerobic actinomycetes. Another study based on Finnish 487
peatlands investigated the variation of actinobacterial populations among bogs. The com- 488
position of actinobacteria is correlated with the water table level. In conclusion, the writers 489
state when the water table level is altered, obvious changes will be detected in the actino- 490
bacterial community [31]. 491

According to the results discussed here the objectives of our study were achieved. 492
That includes (i) baseline microbial data on Irish peatlands, (ii) comparison of microbial 493
numbers (six different groups) in sites temporally and (iii) possibility of adapting mi- 494
crobes as early indicators to monitor restoration progress. Owing to this importance of 495
studying the microbial diversity in Irish peatlands, preliminary data was gathered to con- 496
tinue studies and initiate setting up promising re-wetting schemes in the future. The sub- 497
sequent reclamation will have significant impact on the Irish peatlands. It will aid to min- 498
imise the greenhouse gas emissions. The microbial parameters mentioned here will be a 499
valid initiative for the future peatland research to study Irish peatlands in depth. Prelim- 500
inary indicators like F/B is a tool to monitor peatland restoration over time. However, 501
some possible future directions for peatland microbiology are worth mentioning. The 502
pure isolates obtained from the current work can be sequenced to identify possible indi- 503
cators in each season. The isolation of unculturable populations can be performed in a 504
follow-on study by setting up bio-reactors which exactly mimics a peat environment. Data 505
of unculturable microbial populations can be compared with the culturable population 506
numbers. It can be presented in the future. Moreover, since this pilot research does not 507
anticipate being a conclusive study for peatland microbiology, sample size will be in- 508
creased during future work. Combined isolation-based study and metagenomics-based 509
studies will provide a better picture of the total microbiota. Microorganisms other than 510

bacteria and fungi should be focused on the future since their role could be notable. 511
512
513
5. Conclusion 514

In accordance with the results obtained here, there is an overall statistically signifi- 515
cant difference between the microbial numbers (TVB, Aerobes, fungi and anaerobes) 516
across three cutaway sites. Among the three time points, total viable bacterial and fungal 517
numbers were highest in February when it is the coldest. The numbers of total viable bac- 518
teria and fungi were lowest in April when it is comparatively warmer. There is a statisti- 519
cally significant difference among the microbial numbers in three months. The difference 520
of temperature and pH might be the reason for this significant variation of microbial num- 521
ber. Penicillium spp. and Trichoderma spp. are common in all the sites. The highest phos- 522
phate solubilising index values are recorded from the cutaway peat collected in April (SI 523
=3.167 & 3.000). In view of the importance of studying the microbial diversity in Irish 524
peatlands, preliminary data is generated while fulfilling the aims and objectives. This pro- 525
ject also gives valuable future directions which will pave the way to set up promising re- 526
wetting schemes to reduce greenhouse gas emission. 527
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