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Table 4 Statistical outcomes for NMS ordinations for each season, and MRBP and PerMANOVA results showing no community 
differences for bacteria (MspI) and fungi (Haem) by treatment (TRT) 

Season Microbe NMS MRBP-TRT PerMAN OVA-TRT Vectors 

Summer 2005 Bacteria 'Stress = 1 0 .80  A=-0.004 P=OA6 CEC 
Instability= O.OOOOO I P=0.60 

Fungi bStress = 3 8.74 A =-O .O I l P=0 .88  None 
Instability=O .OO 1 070 P= 0 .80  

Fall 2005 Bacteria 'Stress=9 .77  A =-0.005 P=0.53 None 
Instability=O.OOOOOI P=0.56 

Fungi CStress= 9.54 A =-0 .005 P=0. 1 5  % Moisture 
Instability= O.OOOOO l P= 0 .58  

Spring 2006 Bacteria CStress= 1 0 .75 A=0 .023 P=0.29 None 
Instability=O.OOOOO I P=0.09 

Fungi cStress =9 .08  A=0 .047 P=0.02 None 
Instability=O .OOOOO I P=0.05 

Summer 2006 Bacteria CStress =9 .34 A = 0.005 P=0.29 P-Bray, CEC, % Moisture 
Instability= O.OOOOO I P=0.36 

Fungi CStress=4.2 1 A =0.005 P=0. 3 1 CEC, Total C 
Instability= O.OOOOO I P=0 .39  

Fall 2006 Bacteria CStress= I 0 .07 A=0 .0 1 2  P=OA3 None 
Instability= 0 .00000 I P= 0.22 

Fungi "Stress = 1 3 .56  A=-0.033 P= 0.52 None 
Instability= 0 .000090 P=0.93 

Spring 2007 Bacteria CStress= 8 . 3 04 A =-0 .0 1 04 P=0.57 % Moisture 
Instability= O. 00000 1 P= 0.70 

Fungi bStress = 32 .24 A = 0.0 1 8  P= O. l l  None 
Instability=O.OOOO l O  P=0.20 

CLPP cStress = 8 .3 0  A=0 .022 P=OAI Aminesl Amides, Amino Acids, Carbohydrates 
Instability=O .OOOOO 1 P=O. l1 

The "Vectors" column contains variables that showed a significant correlation (R2 ) with the bacterial, fungal, and functional 
community structure 
" Denotes 2-D solution 
b Denotes I -D solution 
c Denotes 3 -D solution 

al. 1997; Velazquez-Martinez and Perry 1997; Jones et 
al. 2010). In support of our hypothesis, compaction 
decreased plant-available N by 27%, on average, and 
�-N and N mineralization by 26%, on average, 
comp ared to the non-mechanically disturbed treat­
ment. Similarly, Lindo and Visser (2003) found 
decreased NHcN after c1earcut harvesting, whereas 
DeLuca and Zouhar (2000) reported an increase in the 
levels of NH4-N and potentially mineralizable N 
immediately following harvesting and p rescribed fire. 
The anaerobic N availability index values in our study 
were similar to values reported by Myro1d (1987) and 
Hebel et al. (2009) for other central O regon forest 
sites (Table 3). Myrold (198 7) also found a highly 
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significant correlation (R2= 0. 731) between anaerobic 
mineralizable N and microbial biomass N, using data 
from seven sites across Oregon. Based upon results of 
that research (Myro1d 198 7), the significantly higher 
net mineralizable anaerobic N on the non­
mechanically disturbed treatment in our study 
(Table 3) may indicate that there was a greater 
microbial biomass N pool present under that treat­
ment. Breland and Hansen (1996) postulated that N 
mineralization in compacted soil was reduced by 
increased physical protection of organic materials 
and microbial biomass against attack by micro­
bivores. Busse et al. (2006) suggested that a decrease 
in pore size that benefits microbial community 
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stability may reduce plant nutrient availability. These 
observations are in agreement with several other studies 
on how soil structure affects habitable pore space for 
microorganisms and the turnover of soil organic matter 
and nutrients, such as N (Elliott et a1. 1980; Battigelli et  
a1. 2004; Li  et  a1. 2004; Coleman 2008). 

In suppOli of our hypothesis, soils subjected to 
mechanical harvesting equipment after wildfire , and 
measured 1 year after  harvesting, exhibited increased 
soil resistance compared to soils receiving no me­
chanical disturbance (Fig. 2). H owever, there were no 
observed differences in bulk density at 10 cm between 
the compacted and non-mechanically disturbed treat­
ments 1 and 3 years after harvesting. Page-Durnroese 
et a1. (2006) reported that in coarse-textured soils, 
bulk density measurements change relatively quickly 
with time and at the 10 cm depth may indicate 
recovery not reflected in soil strength measurements 
after 1 and 5 years. Frey et a1. (2009) found no 
difference in bulk density at 10 cm between their 
lightly compacted and undisturbed treatments or 
between their moderately compacted and undisturbed 
treatments in two of three study sites, even though 
moderate compaction was characterized as topsoil 
displaced in lateral or side berms. Furthermore, Frey 
et a1. (2009) reported that the physical effects of 
different levels of compaction from heavy logging 
machinery significantly changed the bacterial com­
munity structure in their severely c ompacted soil 
(approximately 32% increase in bulk density relative 
to undisturbed soil) and resulted in only minimal 
changes in bacterial OTU abundance in moderately 
(18% increase in bulk density) and lightly (3% 
increase in bulk density) compacted soils. In contrast, 
we did not observe variation in bacterial community 
composition among treatments. 

In contrast to our hypothesis that subsoiling may 
alleviate nutrient loss due to compaction, we observed 
that plant-available P (Bray) was up to 26% lower in 
the subsoile d treatment compared to the non­
mechanically disturbed and compacted treatments. 
This decrease would be expected  to lead to decreased 
plant growth; however, subs oiling improved tree 
seedling growth compared to the c ompacted and 
non-mechanical ly disturbed treatments (JE Smith, 
lmpublished data). Subsoiling also tended to decrease 
total P by 11 %, on average , compared to the non­
mechanically disturbed treatment. The decrease in 
plant-available and total P in the subsoiled treatment 
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in this study may be linked to fractions of the organi c 
matter that were not measured.  Some P stored in plant 
residues becomes associated with the active and 
passive fractions of soil organic matter, where it can 
be stored for future release and very slowly converted 
to soluble inorganic forms that plants can use (Brady 
and Weil 2002) . 

The decrease in plant-available P (Bray) could be 
related to the 30% reduction in phosphatase activity 
that we detected in the subsoiling treatment, which 
mineralizes this P from organic forms. Dick et  a1. 
(1988) found that compaction in skid trails lowered 
phosphatase by 41% (and all enzyme ac tivities 
assayed by 41-75%) in the 10-20 cm depth .  
However, there was a consistent trend that enzyme 
activities in the top 10 cm were lower in the 
compacted treatment compared to the control, but 
differences were small and not significant. Dick et a! . 
(1988) did not detect differences in phosphatase 
between subsoiled treatments and the control. Boerner 
e t  al. (2008) found that fire and the combination of 
fire and mechanical treatment from harvesting low­
ered phosphatase activity compared to the mechanical 
treatment alone in a dry mixed conifer forest in 
O regon. They further noted that phosphatase activity 
was reduced by treatments that included fire in the 
maj ority of fire and fire sUlTogate sites in the western 
United States. In c ontrast, phosphatase activity in our 
study did not differ between the one stand that 
escaped fire and the others that burned. 

Contrary to our hypothesis, salvage logging soil 
disturbance did not appear to have an effect on  
microbial diversity; however, compaction tended to 
increase the mean number of bacterial OTU s by 9% 
and 1 4% when compared to the non-mechanically 
d isturbed and subsoiled treatments, respectively. Var­
iation in fungal ri chness was not detected between 
mech anical ly disturbed treatments and the non­
mechanically disturbed treatment. However, the ordi­
nation approach we used revealed distinct separation 
in both the bacterial and fungal community compo­
sition between the first and second postharvest year 
that cOlTesponded with significant increases in total 
and available N and available P. Tree mortality from 
fire and the removal of trees in our study may have 
led to a shift from root and rhizosphere associated 
bacteria and fungi to saprotrophic dominated com­
mumtIes. Studies suggest that overstory harvesting 
and the presence of living trees  more greatly 
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influences soil microbial communities than an intact 
fores t  floor (Busse et a1. 2006; Kennedy and Egger 
2010) . Disruption of root C transport after tree 
girdling or root severing leads to changes in both 
fungal and bacterial communities (Ho gberg and 
Ho gberg 2002; Brant et al. 2006; YalWood et a1. 
2009) and induces the rapid growth of opportunistic 
s aprophytic fungi that utilize dying mycorrhizal 
mycelia (Lindahl et a1. 2010). 

A trend over s ix sampling seasons suggested that 
the compacted s oil contained a s lightly greater 
cumulative mean number of bacterial OTUs (Fig. 4) . 
A decrease in pore size may have led to less predation 
on the bacterial community, as suggested for com­
pacted conditions in s imilar fores t  types (Shestak and 
Busse 2005; Busse et a1. 2006). S oil compaction 
alters pore size dis tribution and may benefit the 
bacterial commmuty by increasing the volume of 
habitable pores and decreasing the pore s pace 
available to larger microbivores such as nematodes 
and protozoa (van der Linden et a1. 1989; Hass ink et 
al. 1993; Breland and Hansen 1996). Moldenke et a1. 
(2000) found that compaction caused by skid trails in 
the Deschutes National Fores t  in central Oregon 
contributed to a shift in the food web to one that 
utilized primarily bacteria. 

S oil res piration is a direct measure of both 
microbial and root activity. In our s tudy, compaction 
tended to reduce respiration rates and this effect was 
not alleviated by subsoiling. Lindo and Visser (2003) 
found that c1earcutting s ignificantly reduced s oil 
respiration in the fores t  floor. In contras t, Concilio et 
a1. (2005) reported increased soil respiration with 
selective harvesting. Ma et a1. (2004) found that 
thimung resulted in nominal impact on soil respira­
tion, but that burning s ignificantly reduced s oil 
respiration. These varied responses may be attributed 
to the influence of understory vegetation on soil 
moisture and temperature. For examp le, Ma et al. 
(2004) reported that soil respiration was reduced 
s ignificantly in burned ceanothus patches, but in­
creased in unburned but thinned ceanothus patches. 
Law et a1. (2001) showed that s oil surface CO2 
effluxes were lowest for bare soil, and highes t near 
shrubs , some of which were N2 fixers with higher 
photosynthetic rates. The increased activities shown 
by res piration and by phosphatas e in the non­
mechanically disturbed treatment, for example, may 
indicate the effects of increased ceanothus and other 
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unders tory plant recovery and colonization. Thus, 
there may be greater microbial activity with more 
plants, such as ceanothus, but not necessarily greater 
bacterial div ers ity than is being shown in the 
compacted treatment. The more compacted s oil may 
have shown greater bacterial genetic diversity, yet less 
activity for respiration and phosphatase. 

Varied responses of microbial communities and soil 
physicochemical properties to compaction and other 
s oil disturbances may be explained by the complexity 
of soil dis turbances that occur during mechanized 
harvesting and to levels of soil disturbance (Shestak 
and Busse 2005; Busse et a1. 2006; Boerner et a1. 
2009; Frey et a1. 2009). Busse et a1. (2006) s uggested 
that soil microbial response to compaction is typically 
more pronounced in s tudies with additional impacts 
of soil displacement and mixing such as that which 
occurs with the creation of skid trails. Recent s tudies 
in 100-year-old mixed-conifer forests (Shestak and 
Busse 2005) and in younger pine and mixed-conifer 
p lantations (Li et a1. 2003, 2004; Busse et al. 2006) 
reported little or no effect of compaction on microbial 
community s ize, activity, or function. Nevertheless, 
negative res pons es by microbial communities to 
compaction in fores t  ecosystems abound (Dick et a1. 
1988 ;  van der Linden et a1. 1989; Torbert and Wood 
1992; Li et a1. 2003; Tan et a1. 2005, 2008 ) and can be 
long-lasting (Hartmann et al. 2009), emphasizing the 
need for s crutiny and thoughtful interpretation when 
investigating soil microorganism response to dis tur­
bance and its relation to soil processes .  

Conclusions 

Postfire logging in a dry, mixed conifer forest with 
sandy loam volcanic s oils appeared to have minimal 
effects on s oil microbial richness. However, this short­
term s tudy revealed decreased plant-available N and P 
in the soil after postfire logging disturbances that could 
have long-lasting effects in a system that already is 
nutrient limited. A s hift in bacterial communities 
corresponding with an increase in plant available N 
and P suggests that s oil microbes in these postfire 
landscapes are resilient to mechanical disturbance. 
Clearly, effects of pos tfire timber harvesting on soil 
microbes , nutrients, and processes warrant longer term 
investigation. Management decisions about whether or 
not to harvest fire-killed trees should be balanced with 
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the recovery potential of a site, and the potential for high 
densities of fire-killed trees to increase the area of 
severely burned soil in the event of future fire. 
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