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Abstract: A field study was conducted at Harwood Forest, NE England to investigate the effects of forest management
practices (drainage, mounding and fertilization) on soil properties from 2006 to 2008. The experiment was laid out in a
factorial split plot design on grassland in peaty gley soil. Mounding increased soil bulk density, while drainage reduced
carbon concentration in 010 cm layer. Soil organic carbon concentration in the 010 cm layer was increased by
fertilisation. Mounding did not have any effect in soil organic carbon. The concentration of nitrogen in the in 010 cm was
significantly reduced by drainage and was not affected by mounding or fertilisation. Soil microbial biomass carbon was not
affected by drainage, mounding or fertilisation. Ammonium (NH4+) was significantly increased by mounding and
fertilisation, while none of the treatment affected nitrate (NO3) availability.
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Introduction
Soils are home to a substantial, if not the largest, proportion of biodiversity in terrestrial ecosystems, and form the basis for all
forest growth (Bauhus et al., 2002; Hopmas et al., 2005), play a crucial role in the carbon, nutrient (Neill et al., 1997; Bauhus et
al., 2002; Hopmas et al., 2005) and hydrological cycles (Bauhus et al., 2002; Hopmas et al., 2005). World’s soils constitute a
significant reservoir of carbon (C) in both the organic and mineral forms; thereby play a crucial role in mitigating or contributing
C to the atmosphere (Zerva and Mencuccini 2005a). Globally, soils are the largest C pool in the terrestrial environment (Wang
and Amundson 1999) and contain more than two thirds of the total C stored in living plants (Schlesinger, 1990; Harmon et al.,
1990; Schimel, 1995) and almost twice the amount in the atmosphere (Schlesinger, 1990; Schimel 1995).
Successful establishment of forest plantations in peatland sites characterised by poor drainage, low temperatures and poor soil
fertility (e.g. Bubier et al., 1998; Strom and Christensen 2007) necessitated provisions for subsurface drainage. Land use changes
related to forest management practices can affect the C cycle and C storage in soils (Parfitt et al., 2003) as well as the cycling of
nitrogen (N) in soils. The interaction between C and N cycles may influence C storage (Conant et al., 2001) and regulate N
availability (Parfitt et al., 2003). These possible soil organic carbon (SOC) losses have detrimental effects on soil structure and
soil fertility, contributing to global warming by further increasing the atmospheric concentration of carbon dioxide (CO2) (von
Lützow and Kögel-Knabner 2009).
Afforestation or the conversion of historically treeless areas into forests is a rapidly spreading land-use change which has
potential to sequester carbon (Berthrong, 2009). In the UK forest plantations are often established on former grasslands on peaty
gley soils that require drainage and mounding to lower the water table and prepare planting spots (Mojeremane 2009). These
practices may change the soil’s physical, chemical and biological properties (Jurgensen et al., 1997; Merino et al., 1998) and
influence the amount, quality and distribution of soil organic matter (SOM) (Paul et al., 2002). Machinery used in forest
management operations such as site preparation affect C and N by compacting the soil, thereby altering properties such as bulk
density (McNabb et al., 2001; Xu et al., 2002).
Effects of site preparation for afforestation or replanting on soil C and N are not only important because C and N are often the
major factors determining soil quality but also because soil act as a C source or sink on a global scale (Johnson and Curtis, 2001).
Site preparation and timber harvesting activities may turn soils into sources of C to the atmosphere (Detwiler and Hall 1988). The
main site preparation for afforestation in the UK used to be mechanically lowering the soil water table depth by open drainage
ditches. Currently, the construction of new drainage channels is discouraged, but the practice of excavating old drainage channels
upon replanting is still widespread practice (Mojeremane et al., 2012). While ploughing is discouraged and current best practices
favours the use of mounding or surface scarification, there is little qualitative information on the impact of these practices on the
soil properties and C and N concentrations. Based on the UK’s prevailing environmental conditions, we hypothesised that site
preparation would increase soil bulk density and decrease C and N. The objective of this this research was to assess the above
mentioned hypothesis.
Martial mad Methods
Site description
The field experiment was initiated in May 2006 at Harwood forest, NE England (55°10’N, 2°3’W, 200400 m asl) on
seasonally waterlogged peaty gley with a superficial organic layer varying between 1540 cm. The forest covers 4000 ha
dominated by even aged Sitka spruce (Picea sitchensis (Bong.) Carr.) stands. The average annual precipitation and temperature at
Harwood are 950 mm and 7.6°C, respectively (Zerva and Mencuccini, 2005a). The establishment of the forest started in the 1930s
with planting on moorland and upland rough pasture. Mounding at 2 × 2 m spacing in now used for new planting and restocking
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(Mojeremane et al., 2012). The present experiment was established on unplanted unimproved grassland situated between two
second rotation Sitka spruce stands. The grassland is dominated by Festuca ovina and Deschampsia flexuosa with Calluna
vulgaris and occasionally Eriophorum vaginatum and had been used to graze domestic stock a year prior to the study started
(Mojeremane, 2009). There was no evidence of drainage present at the site prior to the experiment (Mojeremane, 2009).
Experimental design and layout
The field layout comprised of a full factorial split-plot design with six plots measuring 30 × 8 m each established in May 2006
(Mojeremane, 2009). Three plots were selected at random and drained by an excavator following local standard practices. The
open drainage ditches were placed 1.5 m from plot edges and excavated to a depth of 6570 cm (Mojeremane et al., 2012). About
10-m-wide buffer strips isolated drained and undrained plots. Four subplots (8 × 6 m) isolated by 2-m-wide buffer strips were
established in each main plot (Mojeremane et al., 2012). Two randomly selected subplots were mounded, while the remainder
were left unmounded with the mounds being ~40-cm wide and 30-cm deep (Mojeremane et al., 2012). Fertilisation was carried
out in one mounded and one unmounded subplot randomly chosen within each subplot in a crossed design with mounding
(Mojeremane et al., 2012) by applying a compound fertilizer with 81 kg N ha1, 72 kg P ha1 and 35 kg ha1 (Taylor, 1991).
Hence, the main plots allowed testing for drainage effects, whereas the subplots allowed testing for mounding, in isolation or
combined (Mojeremane et al., 2010, 2012). Each treatment was replicated three times (Mojeremane et al., 2010).
Soil sampling
Soil sampling was done during November 2006, February and August 2007, February and June 2008. Soil samples were
collected from four randomly selected locations within subplots. A manually driven square soil corer (5×5cm) was used to obtain
samples from 020 cm depth (November 2006, and February 2008). August 2007 and June 2008 samples were collected from
010, 1020, and 2030 cm depth. Soil samples were bulked by subplot to make composite samples and taken to the laboratory
in black polythene bags for storage in a freezer (–4°C) awaiting analyses.
Soil pH and bulk density determination
Soil samples were analysed for pH in a 1:2.5 soil/water ratio by a combination glass electrode (Wall and Hytönen, 2005; Xue
et al., 2006). The bulk density was determined by the core method (Grossman and Reinsch, 2002) using 5.4 cm diameter and 6 cm
long cores. Bulk density was calculated according to Eliot et al. (1999).
Pb= M/V
Where, Pb is the bulk density (g cm–3), M is the dry mass of a given soil sample (g) and V its fresh volume (cm3).
Soil Chemical analyses
For soil organic carbon (SOC) and total N analyses were performed on August 2007 and June 2008 soil samples Soil samples
were passed through a 4 mm sieve and oven dried to constant weight at 60°C. Dried samples were passed through a 2mm sieve
using hand applied pressure before grinding in a Ball Mill to pass through a 0.5mm sieve. Both SOC and N concentrations were
determined by the dry combustion method (Nelson and Summers, 1982) using a C/N analyser (Carlo-Erba, N 2500). The mass of
C and N in soil samples was calculated using the following equation:
Mc = Md × C/N (%)/100
Where, Mc is total mass of C or N in the sample; Md is dry matter of sample; and C or N is the percentage obtained from C/N
analyser. C and N concentrations were expressed in g kg1.
Determination of soil Microbial biomass C
Soil microbial biomass carbon (MBC) was determined from the November 2006, February and August 2007 samples using the
previously published chloroform fumigation extraction method (Brookes et al., 1985; Vance et al., 1987). About 20 g of soil were
fumigated with ethanol-free chloroform for 24 hrs in a vacuum oven containing a vial with soda lime. Both the fumigated samples
and their non-fumigated counterparts (control) were extracted with 80 mL of 0.5M K2SO4 on a reciprocal shaker set at 100 rev.
min1for an hour. Solutions were then transferred into 50 ml tubes and centrifuged at 4000 rev. min1 for 10 minutes. The
supernatant was transferred to 20 ml plastic vials and filtered through 0.45um Millipore filters. Inorganic C was removed from the
supernatant by acidifying to a pH of 2 using a concentrated phosphoric acid and purging with N2 to degas samples. Organic C in
the extract was analysed in an automated total OC analyser (DC-80, Sartec Ltd., Kent, England) with UV-persulphate oxidation
and IR detector (Wu et al., 1990). Microbial biomass was calculated using previously published method (Wu et al., 1990;
Jorgensen and Mueller, 1996; Jorgensen, 1996). The MBC was calculated as follows:
Microbial biomass C = EC/KEC
Where EC = (OC extracted from fumigated soil)  (OC extracted from non-fumigated soils) and KEC = 0.45.
Determination of Inorganic N
For analyses of inorganic N (NH4+ and NO3) August 2007 and February 2008 soil samples were used. Soil was sieved
through a 2 mm aperture sieve followed by weighing of 5 g samples into glass bottles. About 100 mL of 1M KCl was added to
each sample, sealed and the solution was thoroughly mixed on an orbital shaker set at 150 rev. min1 for an hour. The solution
was then filtered through a filter paper, Ashless Paper 2, and the extracts analysed for NH4+ and NO3 in a continuous flow Series
3 Auto analyser system.
Determination of above-ground plant biomass evaluation
Above-ground plant biomass was measured in June 2007. Two 1×1 m quadrants were randomly established in each subplot
and all plants within quadrants were clipped at ground level using pruning shears and bagged in black polythene bags for
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transportation to the laboratory where they were transferred into paper bags and oven dried to constant weight at 80°C. The plant
dry biomass (DM) was expressed in tons per hectare of dry mass (t ha1 DM).
Statistical analysis
All data were checked for normality and transformed when required. Data were analysed using the general linear model
(GLM) for analysis of variance. The GLM included the effects of drainage, mounding and fertilisation entered as fixed factors and
plot entered as a random factor. The initial GLM included all possible second and third order interactions. If interactions. If
interactions were found not significant, they were excluded and model run again without them to confirm the significance of the
main factors. In case of significant interactions, the data set was split and separate analysis run for each combination. All analyses
were run in Minitab 15 using GLM procedure.
Results
Soil bulk density and pH
The soil bulk density significantly increased with soil depth across treatments (P=0.0001). The soil bulk density ranged from
0.120.15, 0.180.23 and 1.021.13 g cm3 in the 010, 1020 and 2030 soil depths across treatments, respectively. Soil bulk
density from both sampling occasions was not affected by drainage or fertilisation. Soil bulk density was significantly increased
by mounding in the 010 cm depth in August 2007 (P=0.05) and June 2008 (P=0.001). Mounding also increased the soil bulk
density in the 1020 cm depth in both sampling dates (all P=0.01). Soil pH varied significantly with soil depth (P=0.0001) and
was not affected by drainage, mounding or fertilisation. Soil pH varied from 3.94.0, 3.83.9 and 4.14.2 in the 010, 1020 and
2030cm depth, respectively.
Soil organic carbon
SOC concentrations are shown in Table 1. SOC concentration varied with depth on both sampling dates (P = 0.0001). SOC in
010 cm depth was significantly decreased by drainage in August 2007 (P = 0.03) and June 2008 (P = 0.04) but not the 1020 and
2030 cm depths. There was a significant decrease in SOC in the fertilised treatment in 010 cm layer (P = 0.02) in August 2007
only. In none of the sampling occasions was SOC affected by mounding.
Table 1. Effects of drainage, mounding and fertilisation on SOC and N concentration
Sampling
date
August
2007

Parameter

Soil
depth

Drained

Undrained

010

419.2±13.4a

458.2±5.6b

1020

448.3±23.9a

2030

Treatment
Mounded

Unmounded

Fertilised

Unfertilised

436.8±13.7a

440.7±9.6a

426.3±14.0b

452.0±15.5a

447.6±26.3a

452.7±11.0a

37.5±4.4a

37.2±4.6a

39.7±4.9a

35.1±3.8a

451.2±7.
5a
459.9±13
.7
36.8±3.6

010
1020
2030

18.3±0.8a
15.3±0.7a
1.26±0.2a

20.8±0.3b
15.4±0.7a
1.23±0.1a

19.5±0.7a
15.7±0.9a
1.4±0.2a

19.6±0.7a
15.0±0.5a
1.1±0.1a

19.4±0.5a
15.9±0.6a
1.2±0.1a

19.7±0.9a
14.8±0.8a
1.3±0.2a

010
1020
2030

23.1±0.6a
29.2±0.8a
30.1±1.2a

22.1±0.5a
29.7±0.6a
30.0±1.1a

22.5± 0.6a
28.5± 0.7a
29.0±1.2

22.7± 0.6a
30.3± 0.5a
31.0± 1.1a

23.5± 0.5a
29.2± 0.6a
30.7± 1.3a

21.8±0.5b
29.7±0.7a
29.4±0.9a

010

429.4±8.1a

460.9±5.02b

446.2± 8.1a

444.2 ±8.3a

441.3± 8.4a

1020

444.2±16.5a

452.0±12.2a

452.2± 17.7a

443.9±10.4a

2030

35.8±3.8a

41.9±7.1a

39.9 ±4.4a

37.7± 6.9a

449.0±
7.9a
447.2±
15.0a
35.9 ±3.3a

010

17.1±0.3a

18.41±0.2b

17.8± 0.3b

17.7± 0.3a

1020

17.8±0.7a

18.0±0.5a

18.1 ±0.7a

17.7± 0.4a

2030

1.0±0.2a

1.2±0.3a

1.2 ±0.2a

1.1± 0.3a

010

25.1±0.01a

25.0±0.01a

25.1± 0.0a

25.1± 0.0a

1020

25.1±0.03a

25.1±0.02a

25.1± 0.0a

25.1± 0.0a

2030

40.1±2.4a

38.6±2.2a

38.7± 2.6a

40.1± 1.9a

Total C (g kg1)

440.4±24.6
38.0±5.2

Total N (g kg1)

C/N ratio

June 2008

Total C (g kg1)

449.0± 14.1a
41.8 ±7.4a

Total N (g kg1)
17.9±
0.3a
17.9±
0.6a
1.0± 0.1a

17.6 0.3a

25.1±
0.0a
25.0±
0.0a
38.9
±1.8a

25.1± 0.0a

17.9 0.6a
1.2 0.3a

C/N ratio

25.1± 0.0a
39.9± 2.8a

Values are mean± standard error. Different letters in bold following values within lines denotes a statistically significant
difference between drained and undrained, mounded and unmounded, fertilised and unfertilised treatment (P<0.05).
Soil nitrogen
Total soil N concentration is shown in Table 1. Total soil N concentration varied significantly with soil depth (P = 0.0001) and
was higher in the 010 and 1020 cm soil depth compared to the 2030 cm depth. Drainage significantly increased soil N
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concentration only in the 010 cm soil depth in August 2007 (P = 0.04). In June 2008, the total soil N was significantly decreased
by drainage in the 010 cm depth (P = 0.04) but not in the 020 and 2030 cm soil depths. In none of the sampling dates was total
N affected by fertilisation or mounding. Soil C:N ratio varied significantly with soil depth (P = 0.0001). The C:N ratio was
significantly increased by fertilisation only in the 010 cm depth in August 2007 (P=0.01). In none of the sampling dates was the
C:N ratio affected by drainage or mounding.
Soil microbial biomass C
The mean values for soil MBC are shown in Table 2. The undrained had slightly higher MBC than drained treatment in
November 2006. In February 2007 soil MBC was marginally increased by drainage (P = 0.6). Similarly, soil MBC was slightly
higher (but not significant) in the drained that undrained treatment in August 2007. The sampling dates differed significantly (P =
0.0001) in soil MBC. Soil MBC was slightly higher (but not significant) in the fertilised than unfertilised treatment during all
sampling occasions. The mounded treatment had slightly higher (but not significant) MBC that the unmounded treatment during
all the sampling occasions.
Table 2. Effects of drainage, mounding and fertilisation on soil microbial biomass C (mg g1)
Treatment
Sampling date
Drained
Undrained
Mounded
Unmounded Fertilised
Unfertilised
November 2006
1.54±0.28a
2.14±0.13a
1.92±0.25a
1.77±0.22a
1.74±0.22a 1.95±0.25a
February 2007
2.69±0.30a
1.98±0.21a
2.57±0.30a
2.11±0.24a
2.30±0.34a 2.38±0.2a
August 2007
3.50±0.07a
2.85±0.23a
3.27±0.20a
3.08±0.19a
3.06±0.17a 3.29±021a
Values are mean±standard error. Different letters following values within lines denotes a statistically significant difference
between drained and undrained, mounded and unmounded, fertilised and unfertilised.
Inorganic N
The inorganic N (NH4+ and NO3) concentrations are shown in Table 3. In none of the sampling dates was ammonium (NH4+)
affected by drainage. Ammonium concentration was significantly increased by both fertilisation and mounding in August 2007
(all P=0.01). In none of the sampling occasions was nitrate (NO3) affected by drainage mounding or fertilisation.
Table 3. Effects of drainage, mounding and fertilisation on inorganic N (mg g1)
Treatment
Sampling date
Variable
Drained
Undrained
Mounded
Unmounded Fertilised
Unfertilised
August 2007
NH4+
0.09±0.02a
0.06±0.02a
0.10±0.02a
0.06±0.02b
0.21±0.02a
0.05±0.01b
NO3
0.02±0.01a
0.04±0.01a
0.03±0.01a
0.03±0.01a
0.02±0.01a
0.04±0.01a
February 2008
NH4+
0.02±0.00a
0.03±0.00a
0.03±0.01a
0.02±0.00a
0.02±0.00a
0.03±0.01a
NO3
0.02±0.00a
0.02±0.00a
0.02±0.00a
0.02± 0.00a 0.02±0.00a
0.02±0.00a
Values are mean±standard error. Different letters following values within lines denotes a statistically significant difference
between drained and undrained, mounded and unmounded and fertilised and fertilised.
Above plant biomass
Standing above plant biomass assessed as dry mass is shown in Table 4. Above-ground plant biomass was significantly
increased by drainage (P = 0.04) and fertilisation (P = 0.002). Above-ground plant biomass was not affected by mounding.
Table 4. Effects of drainage, mounding and fertilisation on standing above plant biomass (t ha1 DM)
Treatment
Drained
Undrained
Mounded
Unmounded
Fertilised
Unfertilised
7.760.35a
6.03±0.30b
6.84±0.36a
6.95±0.47a
7.53±0.37a
6.26±0.37b
Values are mean±standard error. Different letters following values within lines denotes a statistically significant difference
between drained and undrained, mounded and unmounded and fertilised and fertilised
Discussion
Soil bulk density and pH
Bulk density increased with soil depth, which is consistent with findings of others (Tamminen and Starr, 1994; Zerva, 2004).
Tamminen and Starr (2004) investigated the relationship between bulk density and organic matter content, soil structural
properties and depth and found that density increased with soil depth and remained uniform at soil depth greater than 20 cm. Bulk
density was not affected by drainage or fertilisation but was significantly increased by mounding in the 010 cm depth. The
increase is consistent with results of other studies which reported that the bulk density in compacted soils increased after site
preparation and timber harvesting (Cullen et al., 1991; Johnson et al., 1991; Merino et al., 1998; McNabb et al., 2001). The
increase in bulk density in the mounded treatment was probably enhanced by the combined influence of compaction caused by
machinery (Banco-Canqui et al., 2004; Mojeremane, 2009) and decrease in SOC concentration (Li et al., 2007)
Soil organic carbon
Soils are the major reservoir of C in terrestrial ecosystems (Henderson, 1995) and research has shown that soil C is negatively
affected by land use changes and soil management practices (Batjees, 1996; Ross et al., 1999; Post and Kwon, 2000; Prentice et
al., 2000). Drainage reduced soil organic C in the 010 cm depth in this study. This result is in agreement with previous studies
conducted in peaty gley soil which demonstrated that drainage and ploughing used in afforestation and replanting decrease soil C
in peaty gley soils (Zerva and Mencuccini 2005a; Zerva et al., 2005). It has been demonstrated that drainage increase organic
matter decomposition and enhances C losses to the atmosphere as CO2 fluxes (e.g. Martikainen et al., 1995; Nykänen et al., 1995).
The water table depth in this study was lowered by drainage, which increased soil temperature and improved aeration

48 | www.ijfse.com

International Journal of Forest, Soil and Erosion (IJFSE)

Vol. 3 No.1 February 2013

(Mojeremane, 2009). Changes in these environmental variables have been shown to create aerobic conditions that stimulate the
soil microbial activity and enhance organic matter decomposition (Smith et al., 1994; Trettin et al., 1995; Olson et al., 1996;
Merino et al., 1998; Zerva et al., 2005; Tate et al., 2006) which caused C losses as CO2 in the present study (Mojeremane et al.,
2012). SOC losses from drained organic soils have been attributed to oxidation and enhanced soil respiration linked to improved
aeration and increased temperature (Raich and Schlesinger, 1992; Rey et al., 1992; Euskirchen et al., 2003; Saiz et al., 2006). It is
also possible that drainage increased the production of highly decomposable fine roots (Thomas et al., 1996) in the present study,
thereby simulating soil microbial activity and enhancing organic matter decomposition rates (Lohila et al., 2003 Kuzykov and
Cheng, 2004). The decrease in SOC observed in the drained treatment was lower when compared to studies conducted elsewhere,
probably because of differences in climate, soil type, the intensity of drainage and the time since the site was drained
(Mojeremane, 2009).
Fertilisation increased SOC in August 2007, similar to effects observed in fertilised forest soils (Berg and Matzner, 1997;
Franklin et al., 2003; Foereid et al., 2004; Olsson et al., 2005; Jandl et al., 2007). Increased SOC in fertilised soils have been
attributed to the suppression of ligninolytic enzymes of soil microbes and by chemical stabilisation (Arnebrant et al., 1996; Jandl
et al., 2007). The effect of fertilisation was not significant in June 2008, probably because N uptake by plants (Vitousek and
Matson, 1985; Emmett et al., 1991), loss of N as N2 and N2O (Robertson et al., 1987; Sitaula et al., 1995) and NO3 leaching
(Vitousek and Matson, 1985; Smith et al., 1994) exhausted the N pool in the soil.
Soil nitrogen
Soil N in 010 cm depth was significant affected by drainage but not fertilisation or mounding. Drainage decreased N
concentration, which is consistent with others who reported that timber harvesting and mechanical site preparation decrease N in
forest soils (Smith et al., 1994; Merino et al., 1998). Decreased N in the drained treatment could probably be attributed to
increased soil temperature and aeration which created aerobic conditions that favoured the mineralisation of N in the SOM and
increased N uptake by plants or losses as N2 and N2O emissions or dissolve nitrates (Mojeremane, 2009). Prior studies
demonstrated that site preparation practices increased leaching in upland and boreal forest soils (Nieminen, 1998; Mannerkoski et
al., 2005; Piirainen et al., 2007) which probably occurred in the present study.
Soil microbial biomass carbon
Soil microbes play a critical role in mediating feedbacks between terrestrial ecosystems and global climate change (Dooley and
Treseder, 2012). They regulate the transfer of C from terrestrial ecosystems to the atmosphere through organic matter
decomposition in soil (Swift et al. 1979). They also regulate soil nutrients via organic matter mineralisation and solubilisation of
soil minerals (Mazzarino et al., 1993; Franzluebbers et al., 1994; Fritze et al., 1994; Blazier et al., 2005), especially in infertile
natural and agricultural systems (Yao et al., 2000). The soil microorganism populations and activity may be reduced in infertile
waterlogged soils such as peaty gley soil in the present study site. Lowering the water table of saturated soils for forestry and
agriculture uses through drainage increases soil temperature, oxygen and nutrient availability (Lieffers and Rothwell, 1987;
Lieffers, 1988) and may favour populations and activity of soil microorganisms. However, the activity of soil microorganisms
measured as MBC was not affected by drainage, mounding or fertilization in the present study.
The MBC was slightly increased by drainage in February and August 2007. Low soil pH and fertility observed in the present
study site may have affected the soil microbial population and activity. The lowest MBC was observed in November and February
(winter months), suggesting that the ecosystem activity was low during the winter months and nutrients requirement by soil
microorganisms and plants was probably met by background nutrient levels of soils (Insam et al., 1989). In the late summer
(August 2007) the soil microbial biomass in all treatment increased with soil temperature (Mojeremane, 2009). It seems, therefore
that effects of treatments may have been masked by seasonal effects, which is consistent with others who observed that
fluctuations in soil temperatures affected MBC (Lynch and Panting, 1982; Sarathchandra et al., 1988, 1989).
MBC in the fertilised treatment was slightly lower (but not significant) than in the control which is in agreement with others
who reported lower MBC in fertilised grasslands than control treatment (Yates et al., 1997; Bardgett and Cook, 1998). This result
is comparable to several other studies which failed to detect significant effects of fertilisation on MBC (Castro et al., 1994; Vose
et al., 1995; Sarathchandra et al., 2001). In contrast, others reported increased MBC in fertilised forest (Hobbie, 2000; Vestgarden,
2001) and agricultural soils (Lynch and panting 1982; Hesebe et al., 1985). Soil pH in the present study was low (3.84.2)
(Mojeremane, 2009) and could have negatively affected MBC (Shah et al., 1990; Nodar et al., 1992). Acidic soils have been
shown to favour fungal populations relative to their bacterial counterparts (Nodar et al., 1992).
Inorganic N
Lowering the water table depth increases the mineralisation of N and subsequent nutrient availability to plants in peaty soils
(Grootjans et al., 1985; Updegraff et al., 1995; Bridgham et al., 1998). Our results show that inorganic NH4+ and NO3 were no
affected by drainage probably because N mineralisation was compensated by increased losses. Ammonium was availability was
increased by mounding in August 2007 probably due to increase in net mineralisation of the organic matter on top of mounds.
This was not surprising because changes in the microtopography related to mounds and hollows after mounding modifies a
number of important environmental variables (Liechty et al., 1997), such as soil temperature and moisture (Nohrstedt, 2000) as
well as the thickness and distribution of organic and mineral soil layers (Beatty and Stone, 1986; Schaetzl et al., 1990). Mounding
buried the soil organic layers beneath the mineral soil of mounds and increased soil temperature in 05 cm depth (Mojeremane,
2009) and aeration. These changes may have favoured microbial activity on the top of mounds and accelerated N mineralisation.
Nitrate was not affected by mounding in this study.
Fertilisation increased NH4+ in August 2007 and the increased was not evident at the end of study (June 2008), probably due to
increased uptake by plants or losses as oxides of nitrogen in year one of study (Mojeremane, 2009). Nitrate availability was not
affected by fertilisation and there is a possibility that NO3 was leached to deeper layers or lost through drainage water (Baker and
Johnson, 1981; Bergstrom and Brink, 1986; Mojeremane, 2009).
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Standing above-ground plant biomass
Standing above-ground biomass production measured a year after establishment of the experiment was increased by drainage.
The increase probably resulted from increased soil temperature and improvement in aeration of the root zone which favours root
growth and nutrient availability. Water-saturated soils like those in the present study site have been shown to negatively affect
plant growth by limiting root and shoot growth (Huang et al., 1994; McDonald et al., 2001; Malik et al., 2001, 2002). The increase
in plant biomass in the present study could be attributed to increased substrate temperature and oxygen availability after drainage,
which increased nutrient availability since organic matter decomposition is enhanced under aerobic conditions (Clymo, 1984).
Plant biomass was also increased by fertilisation. The uptake of nitrogen, potassium and phosphorus by plants from the applied
fertiliser may have enhanced their growth. Our results are in agreement with other studies conducted in Calluna dominated
vegetation on heathland which reported increased plant growth application of N (Aerts et al., 1991; Caporn et al., 1995; Uren et
al., 1997; Carroll et al., 1999). Increased above-plant biomass in the fertilised treatment in the present study may suggest that the
site is poor in nutrient.
Conclusion
Soil organic carbon and nitrogen in the present study site were decreased by drainage in 010 cm soil layer. Lowering the
water table by drainage increases oxygenation and soil temperature and thus increases the mineralisation of SOM and N in the
organic matter which resulted in the loss of C and N to the atmosphere. Fertilisation increased SOC accumulation in the 010 cm
layer. Soil microbial biomass carbon and inorganic N were not affected by the imposed treatments due to acidic soil conditions
and poor soil fertility.
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