
 

The effects of excessive moisture on soil C and N mineralization 

rates in coastal forests of British Columbia 

 

Introduction 

 

Conifers regenerating on cutovers of cedar-hemlock (CH) forests in northern 

Vancouver Island, Canada, exhibit slow growth and nutrient deficiencies (N and P) which 

are not observed on adjacent cutovers of hemlock-amabilis fir (HA) forests.  Further 

investigation showed that this phenomenon initiates before harvesting and in old growth 

CH stands. Several potential causative factors have been investigated, including 

competition and alellopathic effects of the ericaceous shrub salal (Gaultheria shallon 

Pursh) and its associated ericaceous mycorrhizae (Prescott and Sajedi 2008; Bennet et al 

2003; Messier 1993; Weetman et al. 1989b), slow decay of cedar litter (Prescott et al. 

2000; Weetman & Prescott 2000; Keenan et al. 1995), and lack of soil disturbance by 

windthrow in CH stands (Weetman & Prescott 2000; Keenan et al. 1994). Based on studies 

to date, these appear to be the primary reason for the poor nutrient supply. The current 

hypothesis is that these sites have excess moisture, which leads to incomplete 

decomposition, immobilization of nutrients into humus, poor nutrient supply and slow tree 

growth.  

Both CH and HA forest were initially classified as the same ecosystems with the 

same soil and topographic position without consistent differences (Keenan 1993; Germain 

1985; Lewis, 1982). Howeverobservations of greater frequency of gleyed horizons and 

hydromors (deMontigny 1992), lower fauna abundance and biomass and larger population 

of copepods (Battigelli 1994) and slightly lower landscape positions in CH sites than HA 

sites (Albani and Lavery 2000) indicated that moisture content of the soil in CH may 

exceed to the maximum water-holding capacity at least during significant part of the year. 

Thus, anoxic conditions might have developed which could affect both root and microbial 

activities. Lower oxygen could result in reductions in  microbial biomass and the present 

populations of microbial communities would be replaced by those with slower metabolism. 



Consequently, decomposition, microbial respiration, enzyme activities and mineralization 

of  nutrients will decrease. 

Soil microorganisms are vital components of terrestrial ecosystems. They have 

fundamental roles in decomposition of organic matter and nutrient cycling as well as 

beneficial and antagonistic interactions with plants and animals. Microbial activities are 

affected by soil moisture directly and through the influence of moisture on soil aeration and 

temperature. With domination of facultative organisms under low-oxygen or anaerobic 

conditions, microbes seek alternate electron acceptors for their respiration or they 

undertake fermentative processes. Both processes are less efficient and result in less 

complete or slower decomposition in comparison with the aerobic form. Schuur (2001) 

showed that litter decomposition rates and nutrient release slowed with increased rainfall, 

apparently as a result of both reduced soil oxygen availability and the production of low-

quality litter in wetter sites. Anoxic conditions in CH forest floors could lead to low faunal 

numbers and therefore low turnover of microbial biomass, even with a similar measure of 

microbial biomass standing crop. Batigelli et al. (1994) found lower fauna abundance and 

biomass in a CH stand compared with an adjacent HA stand. Larger populations of 

millipedes, branchiopods and copepods, which are aquatic animals, were found on CH 

cutovers. 

CO2 efflux has been shown to be strongly related to soil moisture directly or 

indirectly through the influence of soil moisture on temperature, which affects both degree 

of decomposition and production of CO2 (Bouma and Bryla, 2000, Dilustro et al., 2004). 

Scanlon and Moore (2000) measured CO2 production over twelve-day incubations under 

oxic and anoxic conditions in a cool-temperate peatland. The degree of decomposition was 

strongly correlated with CO2 production which was lower under anoxic conditions. They 

also found that under anoxic conditions, initial CO2 production rates may be high, until a 

stable, low production rate is established. Thus, quantifying realistic relative rates of CO2 

production under oxic and anoxic conditions is problematic from incubation experiments, 

yet the position of the water table has a fundamental control on C oxidation rates. Soil 

texture can also influence soil CO2 efflux through its effects on soil moisture and 

temperature, both of which influence microbial and root activity. Dilustro et al. (2004) 

found that soil CO2 efflux was significantly related to soil moisture only in sandy sites 



when soil water content was above the wilting point threshold; whereas, no significant 

relationships were found between soil moisture and soil CO2 efflux in the clayey sites. 

Anoxic conditions can alter the form of elements in soil solution from oxidized to 

reduced forms, decrease CO2 efflux, slow the mineralization of nutrients and 

decomposition rate and changes microbial population and enzymes. All of these changes 

can affect site productivity. The purpose of this study was to test the effects of excessive 

moisture on mineralization of carbon and nitrogen and enzyme activity. My hypothesis are: 

• accumulation of soluble organic nitrogen (SON) and NH4 in the forest floor and mineral 

soil will increase and accumulation of NO3 will be lower in CH forests and will decrease 

under anoxic condition. 

• mass loss rates and mineralization of carbon will be lower on the wetter (CH) sites and 

will decrease under excessive moisture. 

 

Under optimal conditions (about field capacity), higher availability of nitrogen is expected 

in HA forest floor and mineral soil than CH sites. When soil moisture increases, microbes 

will have less access to oxygen and consequently the nitrification rate will slow down and 

ammonium will accumulat until microbes start using ammonium as a source of energy in 

absence of O2 and NO3. Once an anaerobic condition is established, nitrogen 

mineralization would be limited by nitrate and carbon availability of the substrate (Myrold, 

1999). Lower nitrogen concentrations and higher lignin/ nitrogen ratio and complex 

compounds of cedar might result in higher accumulation of ammonium in CH sites than 

HA sites under saturated conditions.  

 

 

 

 

Materials and methods 

 

Study site 

Study sites are located on northern Vancouver Island, near Port McNeill, British 

Columbia, in the very wet maritime of the Coastal Western Hemlock (CWHvm) 

biogeoclimatic zone. The climate is characterized by cool, moist summers, and mild, wet 

winters. Mean annual precipitation is 1900 mm, 70% of which falls mainly as rain in the 



winter months (October to March). The summer months were less rainfall than the winter 

months, but rainfall during the growing season prevents any soil moisture deficit in most 

years. Mean daily temperature ranges from 3.3 °C in January to 14 °C in August. The area 

has a gentle topography with elevation no greater than 300 m a.s.l.. Mineral soils are well to 

poorly drained loamy Humo-Ferric Podzols which overlay unconsolidated morainal and 

fluvial outwash material (Prescott et al. 1993). 

This study focused on two dominant forest types in the region, namely CH, or Cedar- 

Helock, and HA,or Hemlock-Amabalis fir. CH stands are old-growth forests, dominated by 

western redcedar with western hemlock as the co-dominant species. These forests are 

uneven-aged and have a relatively open canopy. Salal dominates the understory with smaller 

amounts of Vaccinium spp., Rubus specttabilis(Pursh), Blechnum spicant (L.), Cornus 

canadiensis (L.), and the mosses Hylocomium splendens (Hedw.)  B.S.G., Kindebergia 

oregano (Sull.) Ochyra, and Rhytidiadelphus loreus (Hedw.)Warnst. (de Montigny, 1992). 

HA stands are predominantly second-growth, even-aged forests origination from a 

windstorm in 1908. Western hemlock and amabilis fir dominate the dense canopy. The 

sparse understory generally consists of Blechnum spicant, Vaccinium spp., and the mosses 

named above (de Montigny, 1992). 

 

Sampling 

 

Five stands of CH and HA ecosystems were selected from old-growth forests over an 

area of approximately 100 km
2
. These sites were selected based on maps and ecosystem 

classification obtained from Western Forest Products Ltd. Both ecosystems have similar 

moisture regime,(hydric to sub-hydric), and they both occur at each site replicate. In each 

stand (5 site replications x 2 ecosystems = 10 stands), a circular plot of 25-m diameter was 

established 50 meters away from the transition between the two forest types. A sample, 

approximately 200 g, of two master horizons, H as the organic horizon and B as the mineral 

horizon were collected from eight randomly selected points at each circular plot. Samples 

were collected at about 10 cm from the top surface of each horizon within each soil pit. 

Samples were kept cool (approximately 4ºC) during sampling and transported to the 

laboratory immediately after sampling for further analysis. All eight samples of a circular 

plot were then composited by site and passed through a 5-mm sieve to remove all large 



pieces of wood and roots and coarse fragments. Moisture content of the sieved samples were 

determined by oven-drying 20 g of each sample at 110
0
 C for 24 hours. 

 

 

Moisture gradient 

To look at the effects of excessive moisture on mineralization of C and N, a gradient of 

moisture was developed in the lab. Preliminary results show that moisture content of the 

samples collected in summer 2005 were much higher than field capacity values obtained in 

the lab (2-3 times more) using pressure plate or standard method (Klute, 1965) and the sand 

system. The moisture contents of the samples that were placed under 10 Kpa pressure for one 

day were approximately the same as samples were put on washed moderate-size sand 

moisture table for three days. Moisture contents of the field samples were at the very high 

end of their moisture content. Thus, field capacity was used as the minimum moisture level 

that might be obtained in both forest types during short periods of drought in the summer. 

CH sites than HA sites; however most of the mineral soils were wetter than the field capacity 

This value was on average 200% and 60% (dry-weight basis) for H and B horizons, 

respectively. Field samples of the humus layer from both sites was at field capacity with 

slightly higher content in. Thus, 50 g of all mineral composited samples were saturated and 

put under 10 Kpa pressure for one day to obtain field capacity.  

As of these sites are saturated for part of the year, saturation level was used as the end 

point of the upper end of the simulated moisture gradient. In an experimentally developed 

study, a subsample of each site was put in plastic rings covered with Whatman No.42 filter 

paper at the bottom. Samples were put on porous plates with saturated sand to allow capillary 

rise of water infiltration to saturate the samples. Plates were put in the refrigerator to impede 

evaporation from their surface. Once the water was at the surface level of the sample, it was 

considered saturated. Depending on the carbon and clay content of the samples, it took 2-7 

days for the samples to become saturated. Samples from the humus layer of the HA sites 

showed some potential for water repellency. The moisture content of the saturated samples 

was then measured, and was on averag 650% and 130% (dry-weight basis) for organic and 

mineral samples, respectively. To avoid the effects of the time it takes for samples to get 

saturated on microbial activity and C and N mineralization, a 100-g fresh portion of the 



sieved samples were taken and adjusted to its saturation moisture level by adding the 

previously determined quantity of water. Two other moisture treatments were chosen 

between field capacity and saturation level to form a moisture gradient. These levels were 

selected at: 350% and 500% for humus layer and 90% and 110% for the mineral soil (all 

values are dry-weight basis). Two 100-g portion of each sieved samples were then collected 

and their moisture content were adjusted to each of these levels. Thus the 4 treatments for 

humus were 200%, 350%, 500% and 650% and for mineral soil were 60%, 90%, 110% and 

130%. 

 

Incubation study 

 After adjusting samples for moisture treatments, 50 g of each sample was aerobically 

incubated in glass canning jars (Kerr wide mouth, 1 pint (0.6 dm3)) in the dark at room 

temperature (about 20ºC) for 20 days. To avoid side effects of oxygen deficiency, the lids 

were removed twice a week for 15 min. Microbial biomass, concentrations of soluble organic 

N (SON), NO
3
 and NH

4
, pH and redox potential were measured after the incubation period.  

 

Redox and pH  

Reduction-oxidation (redox, Eh) potential and pH were measured in 0.01 M CaCl2 

solutions (Sparks, 2000). The solutions were prepared in 1:1 (soil:solution) ratio and 1:3 

(humus:solution) ratio. A digital waterproof oxidation-reduction potential testor (OAKTON 

ORPTestr BNC) was used to measure Eh values. The solution was stirred until the soil 

solution was well mixed and allowed to settle for 10 min with occasional swirling. After the 

last swirling, the electrode was inserted in the solution and allowed to stand for 5 min before 

reading. The readings were corrected to pH 7 by adding -59 mV per pH unit (Qualls et al. 

2001; Bohn 1985). The pH was measured with a Pt electrode by a standard pH meter in the 

same solutions.  

 

Nitrogen measurements 

Total nitrogen and carbon was determined by total combustion (LECO, 1996)(LECO 

Corp, 1996. Methods manual for CNS – 2000 Analyzer. St. Jos. Michigan, USA). Soluble 

inorganic N (SIN) was measured in forms of extractable nitrate and ammonium using 



colorimetric methods with K2SO4 extraction (Keeney & Nelson 1982). A 10-g subsample of 

each incubated sample was weighed and extracted in 100 ml of 0.5 mol/L K2SO4 to estimate 

initial concentrations of ammonium, nitrate and soluble organic N (SON). The samples were 

then shaken for 1 h and gravity-filtered through Whatman No. 42 filter paper. Nitrate and 

ammonium concentration were measured in a 10 mL aliquot of the filtrated solution with a 

Lachat QuickChem AE autoanalyser using the copperized cadmium reduction method. 

Soluble organic N (SON) contents were measured in the remaining solution (Hannam and 

Prescott, 2003). Each extract was vacuum-filtered through a 0.45-µm Durapore PVDF 

membrane filter. Material passing through a filter of this pore size was considered dissolved 

(Hannam and Prescott, 2003). An adapted persulfate solution was used to convert dissolved 

N in the filtered extracts to nitrate (Cabrera and Beare 1993). Ten mL of the modified 

persulfate solution was added to 10 mL of each soil extract in 25 mL glass bottles. Equal 

volume of the persulfate solution to the soil solution has been shown to be sufficient for 

complete oxidation of dissolved N (Hannam and Prescott, 2003). After autoclaving at 121ºC 

for 45 min, persulfate digests were analyzed for nitrate concentration using the same 

autoanalyser. SON was calculated by subtracting the SIN (sum of nitrate and ammonium) 

from total soluble N amounts in the extracts. 

 

Microbial biomass N and C 

Microbial biomass N and C was measured using the chloroform fumigation-extraction 

technique (Parkinson & Paul, 1982, Voroney et al., 1993). A third 10-g subsample of the 

fresh sieved soil sample was fumigated under vacuum for 24 h. Fumigated  samples were 

then extracted with 0.5 M K2SO4, gravity-filtered with Whatman No.42 filter paper, and then 

vacuum-filtered, oxidized and analyzed for nitrate as described above. Organic carbon was 

analyzed using the high-temperature combustion method, with the Shimadzu TOC-500 

Carbon Analyzer. Microbial biomass C was estimated as the difference between fumigated 

and unfumigated samples and no correction factor was used. Microbial biomass N was 

calculated similarly.  

 

Carbon Mineralization 



 Mineralization of carbon was measured by estimation of CO2 efflux in incubated 

samples (Prescott et al. 2000, ). A 5-g and 10-g dry weight subsample of the organic and 

mineral soil samples that had been adjusted for moisture were transferred into canning jars 

(Kerr wide mouth, 1 pint (0.6 dm3)), with an air-tight septum on the lid, and incubated in the 

dark at room temperature (about 20ºC). One mL of the headspace gas inside the jar was 

sampled with a syringe twice per week for a month. CO2 concentration was measured with 

an infrared gas analyzer (Model LI-800, LI-COR Inc., Lincoln, NE, USA) using nitrogen as a 

reference gas. The jars were opened for 20 min immediately after each measurement. The 

concentration of CO2 were then converted to milligrams of CO2 and C and summed for the 

six sampling occasions to estimate the total amount of C mineralized through microbial 

respiration during the incubation time. 

 

Data analysis 

A split-split-plot experiment over a complete randomized design was used to analyze 

the data. Consistent with the different nature of the organic and mineral soils, data from the 

two horizons were analyzed separately. Forest type and laboratory-developed moisture levels 

were considered as the main treatments. Analysis of variance (General Linear Model 

procedure of SAS) was used to test for differences in response variables. 

 

 

 

Results 

 

Redox and pH 

Redox potential and pH were not different between the two forest types at any 

moisture level after incubation. However, redox values declined significantly in both forest 

types when moisture content increased above 500% in forest floor (Table1; Fig 1). This 

threshold was 110% in the mineral soil where redox decreased, but increased afterward 

(Fig 2). Redox and pH values of the field samples did not change during incubation (6 mV 

and 0.1, respectively); however pH increased by 0.46 and redox decreased by 54 mV 

under saturated condition during the incubation period. 

 



Total C, total N and C/N ratio 

There was no significant difference between the two forest types in the total C and 

total N concentration in both organic and mineral soil. Also, neither of the two variables 

changed with increasing moisture (Table 1). However, total N concentration was slightly 

lower in CH forest floor than HAat all moisture treatments. C/N ratio was slightly higher 

in CH forest floor at field moisture conditions (200%) and the difference between the two 

forest types became greater with increasing moisture. 

 

N mineralization 

In the forest floors, almost all available inorganic N was in the ammonium form 

(Figure 3; table 1); negligible amount of nitrate were extracted. Regardless of moisture 

level, soluble inorganic nitrogen (NH4
+
 + NO3

-
) was always significantly lower in the 

organic layer of CH sites than HA sites. The differences increased with increasing 

moisture due to the different responses of soils from the two sites to increased moisture 

levels. In HA sites, SIN increased with increasing moisture, but in CH sites SIN 

concentration did not change with increasing moisture except at the 500% moisture level 

where it decreased significantly.  

In the mineral soil, SIN was low and there was no significant difference between the 

two sites or between the treatments although there was a trend for lower mineralization in 

CH samples (Figure 4). Nitrate was more prevalent in the mineral soil and seemed to 

increase with increasing moisture.  

 

SON 

In general, SON was lower in samples from CH sites than HA sites in both organic 

and mineral layers and increased with increasing moisture. In the organic layer, SON was 

initially or under the field moisture condition slightly higher in CH  than in HA sites. SON 

concentration in CH forest floors was unaffected by moisture treatments until soils became 

saturated (650%) at which SON significantly increased. In HA forest floor, SON increased 

significantly with increasing moisture above field capacity (200%).  In mineral soil, 

increasing moisture had almost no effect on SON concentration. 



In CH forest floors, SON was the dominant form of nitrogen in the exchangeable 

pool regardless of moisture content. In HA forest floors, however, ammonium was the 

dominant form. In the mineral soil, SON was always higher than inorganic N forms 

regardless of forest type and moisture treatment. 

 

Microbial biomass 

There was no difference in total microbial biomass between the two forest types. 

The results indicate reductions in microbial biomass with increasing moisture after a 

threshold. 

Similar reduction was observed in microbial biomass in mineral soil above 60%. 

Other than the saturated soil with higher total microbial biomass in HA sites, there was no 

differences between the two sites.  

 

C mineralization 

The amount of carbon mineralized through microbial respiration over a month in the 

humus layers was slightly lower in CH than HA sites. The differences ere greater under 

excess moisture conditions.  Above 500% moisture, C mineralization declined.  No 

significant difference was observed between C mineralization rate in samples from CH and 

HA sites. Carbon mineralization or microbial respiration increases with increasing 

moisture to almost twice of the rate at the first moisture level (field condition) and then 

declined slightly in both CH and  HA sites... 

 

 

 

Conclusion 

Higher moisture (excessive) was associated with reduced C-mineralization and 

microbial biomass. N mineralization was less affected by excessive moisture. CH sites had 

lower mineralization of N and C in the humus and responded different and stronger to 

excessive moisture than HA sites. This indicates that under anoxic conditions, litter quality 

might become an important factor in controlling the availability of nutrients. In cedar 

forests with higher C/N ratio and phenolic compounds and lower proportion of easily 



decomposable substrates, SON is a more important form of available N than SIN. 

Similarly, under anoxic condition SON becomes a more important source of N for plant 

and microbial uptake. Thus, the effect of excessive moisture on N mineralization appears 

to arise indirectly through its impact on C mineralization. The results supports the 

hypothesis that excessive moisture conditions underlies the differences between CH and 

HA sites. 
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Figure 3. Nitrogen mineralized and 

proportion of ammonium and nitrate 

available after 20-day laboratory 

incubation of forest floors from HA and 

CH forest types. Error bars are SEs 

(n=5). 

 

Figure 2. Redox values of mineral soil 

normalized for pH 7  

 

Figure 1. Redox values of forest floor 

normalized for pH 7  
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Figure 4. Nitrogen mineralized and 

proportion of ammonium and nitrate 

available after 20-day laboratory incubation 

of mineral soil from HA and CH forest 

types. Error bars are SEs (n=5). 

 

Figure 5. Soluble organic nitrogen 

after 20-day laboratory incubation of 

forest floor at different moisture 

levels 

 

Figure 6. Soluble organic nitrogen 

after 20-day laboratory incubation of 

mineral soil at different moisture 

levels 

 



 

 

 
 

Figure 7. Amount and type of soluble N associated with the exchangeable 

pools of the two forest types (HA and CH). 

 

 

 



    Table 1. 

 

 200% 350% 500% 650% 

 HA CH HA CH HA CH HA CH 

         

Eh (mv)  196(8) 197(4) 195(8) 184(13) 180(8) 178(11) 82(23) 88(9) 

pH  3.5(0.14) 3.7(0.17) 3.2(0.15) 3.4(0.17) 3.4(0.21) 3.5(0.17) 3.9(0.15) 4.1(0.21) 

Total N (% ) 1.18(0.06) 1.08(0.03) 1.25(0.05) 1.06(0.03) 1.25(0.04) 1.06(0.03) 1.23(0.05) 1.04(0.03) 

Total C (%) 46.9(0.6) 47.3(0.9) 47.6(0.7) 47.4(1.0) 47.3(0.7) 48.0(0.9) 47.9(0.7) 48.1(0.8) 

C/N 40(1.9) 44(1.6) 38(1.6) 45(1.4) 38(1.6) 45(1.2) 39(1.8) 46(1.2) 

NO3
+
-N 1.37(0.8) 1.64(0.4) 0.15(0.1) 0.17(0.1) 0.28(0.1) 0.43(0.1) 0.96(0.2) 2.4(0.6) 

NH4
-
-N 153(33) 46(20) 232(49) 52(8) 201(38) 10(5) 257(44) 39(20) 

SON 53(5.5) 66(4.1) 95(7.8) 73(6.9) 95(12.6) 65(4.7) 122(6.5) 94(7.2) 

Microbial biomass C 

(mg C/g soil) 
1.7(0.2) 1.9(0.2) 2.7(0.7) 1.6(0.3) 0.7(0.3) 1.1(0.4) 1.8(0.3) 1.2(0.4) 

C mineralization 

(mg C/g C) 
0.6(0.07) 0.7(0.15) 1.1(0.08) 0.9(0.26) 1.2(0.21) 0.9(0.16) 1.1(0.12) 0.8(0.19) 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. 

 

 60% 90% 110% 130% 

 HA CH HA CH HA CH HA CH 

         

Eh (mv)  223(9) 233(2) 244(4) 255(6) 186(17) 195(7) 257(6) 256(9) 

pH  4.5(0.07) 4.4(0.12) 4.5(0.04) 4.3(0.09) 4.6(0.03) 4.5(0.13) 4.5(0.05) 4.3(0.09) 

Total N (% ) 0.21(0.02) 0.25(0.02) 0.21(0.02) 0.25(0.01) 0.23(0.03) 0.23(0.02) 0.21(0.02) 0.23(0.01) 

Total C (%) 6.6(0.8) 7.4(0.6) 6.7(0.8) 7.4(0.6) 6.9(1.0) 7.2(0.7) 6.7(0.9) 7.2(0.6) 

C/N 31((0.9) 30(2.1) 31(1.1) 30(2.0) 29(1.6) 31(2.1) 31(0.6) 32(2.2) 

NO3+-N 1.61(0.72) 0.06(0.02) 0.35(0.27) 0.09(0.03) 1.60(0.66) 3.09(1.46) 2.91(1.36) 2.60(0.89) 

NH4--N 0.72(0.6) 0.00(0.0) 2.69(1.2) 1.69(0.8) 0.00(0.0) 0.43(0.4) 0.00(0.0) 0.55(0.5) 

SON 38(4.7) 28(3.7) 39(4.6) 36(4.1) 32(6.1) 18(1.9) 34(3.4) 25(2.0) 

Microbial biomass C 

(mg C/g soil) 
0.4(0.1) 0.5(0.2) 0.3(0.1) 0.2(0.1) 0.3(0.1) 0.1(0.1) 0.2(0.1) 0.1(0.03) 

C mineralization 

(mg C/g C) 
0.2(0.04) 0.3(0.06) 0.2(0.05) 0.3(0.05) 0.4(0.08) 0.5(0.09) 0.4(0.09) 0.4(0.08) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


