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The potential exists for interaction between naturally high 
soil bulk density and low soil water content to create root-
growth limiting soil strengths. This problem is commonly 
remedied by soil structural attributes, old root channels and 
other perturbations, and periods of wetness during which 
soil strength is favorable for root elongation. Because the 
application and season of repeated fire affect understory 
plant structure in southern pine forests (Haywood 2009), 
they may also affect the quantity and distribution of 
understory roots. On sites where understory roots play 
a significant role in alleviating extreme soil strength by 
perturbing the soil and generating old root channels, 
awareness of how fire-induced changes in vegetation 
affect understory rooting and soil strength is warranted. 
Our objective was to evaluate the relationship between 
vegetation changes induced by fire and soil strength on a site 
where the potential exists for pine rooting to be limited by 
both soil bulk density and soil strength. 

In a 14-year-old stand of longleaf pine (Pinus palustris 
Mill.) on the Kisatchie National Forest in Louisiana, an 
investigation is under way to quantify distributions of pine 
and understory roots and soil strengths in response to no 
burning and biennial prescribed burning in March, May, 
and July. The soil is a complex of Beauregard silt loam and 
Malbis fine sandy loam. These soil series are characterized 
by subsoil bulk densities that may exceed 1.4 g/cm3 
(Patterson and others 2004, Scott and others 2007) which is 
considered root-growth limiting (da Silva and others 1994, 
Pritchett 1979). As soil water is depleted, bulk densities 
below this threshold could also contribute to root growth 
limitations if soil strength exceeds 2 megapascals (MPa) 
(Bennie 1996, Taylor and other 1991). After four biennial 
prescribed fires, understory roots were sampled in three 
replications of four subplots per treatment. Understory root 
biomass at the 0 to 7.5 cm depth was significantly affected 
by the application and season of prescribed fire (Figure 
1), while that between 7.5 and 20 cm was not significantly 
affected by burn treatments. Overall, understory root 
biomass near the surface of the soil was greater on the July- 
and March-burn plots compared to the May-burn and non-
burned plots. Grass and forb cover was greater on the July- 
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and March-burn plots compared to the May-burn plots, and 
all burned plot had greater grass and forb cover compared to 
the non-burned plots (Haywood 2009).

Soil strength at 16 percent volumetric soil water content 
(SS16) which represents field capacity for this soil complex, 
was estimated in three replications of four subplots per 
treatment by the method of Sword Sayer (in press). The 
collection of soil strength and volumetric water content 
data was delayed by prolonged drought in 2010-2011. 
Preliminary estimates of SS16 using existing data indicate 
that at this location, root growth limiting soil strengths 
are possible at the 5 to 20 cm depth (Table 1). Thus, an 
understanding of how SS16 responds to fire-induced 
changes in understory rooting is justified. Once estimates 
of SS16 are completed, the potential of understory rooting 
to ameliorate high soil strengths and benefit pine rooting in 
the 5 to 20 cm depth will be assessed for the March-, May-, 
July- and non-burned plots. 
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Table 1—Mean and standard deviation of SS16 at five depths between 2.5 and 20 cm estimated with data 
available through December 2010. Values in parentheses represent the percentage of data yet needed before 
estimates can be finalized. Estimates of SS16 at the 0-2.5 cm depth were not possible by the methods used (Na)

1MPa: megapascals.

Figure 1—Vertical distribution of understory root 
biomass in the 0 to 20 cm depth in response to four 
burn treatments. Means within each depth associated 
with a different letter are significantly different by the 
Tukey test at α = 0.05. Error bars are one standard 
deviation of the mean. Burn treatment did not 
significantly affect understory root biomass at the 7.5 to 
20 cm depths.

Non-burned March burn May burn July burn 
Depth (cm) 

--------------------------Soil Strength (MPa1) -------------------------- 

0-2.5 NA NA NA NA 

2.5-5.0 1.59 ± 0.37 (17) 1.31 ± 0.26 (33) 1.51 ± 0.35 (25) 1.34 ± 0.19 (50) 

5.0-7.5 2.16 ± 0.49 (8) 1.70 ±  0.32 (42) 1.91 ± 0.50 (17) 1.49 ± 0.12 (75) 

7.5-10.0 2.26 ± 0.45 (8) 1.80 ± 0.34 (50) 2.08 ± 0.51 (8) 1.47 ± 0.04 (83) 

10-15 2.25 ± 0.43 (17) 1.69 ± 0.27 (42) 2.41 ± 0.56 (25) 2.40 ± 0.59 (25) 

15-20 1.92 ± 0.33 (25) 1.38 ± 0.21 (42)  1.98 ± 0.46 (42) 2.37  ± 0.54 (42) 

 

 

     


