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Abstract-Windrowing site preparation, the raking and piling of long rows of logging
debris, has been reported to displace surface soil, redistribute nutrients, and reduce volume
growth of southern pine forests. Many of these studies have reported short-term results,
and there are few long-term studies of the effects of windrowing on soil properties and
pine growth. A 16.2 hectare tract on Sacul  fine sandy loam (clayey, mixed, thermic Aquic
Hapludult) in Jackson Parish in northern Louisiana was windrowed in 1975. The objective of
this study is to compare soil physical and chemical properties from scraped areas between
windrows  with that from windrow pile soils, 25 years after windrowing. Surface,
subsurface, and subsoil horizons were sampled from 13 soil profiles within inter-row
(scraped) and windrow (piled) positions. Thickness of the 0, A, and E horizons, as well as
depth to the Bt horizon, were measured in these profiles. Comparisons were made on the
following properties for each horizon on each of the two site positions: organic matter, pH,
available phosphorus, and exchangeable calcium, magnesium, potassium, and sodium. Bulk
density was measured for windrow and inter-row position surface and subsurface soils.
Pore space and air-filled volume were calculated using bulk density and water content,
Mean bulk density of windrow surface soils was 1 .18  g cm-3,  as compared with 1.53 g cm-3
for inter-row surface soils. Inter-row subsurface bulk density was also significantly
greater than that for windrow  positions. Inter-row soils at both depths had significantly less
pore space and air-filled volume than that of the windrow positions. In contrast to physical
properties on the site, there were no significant differences in surface or subsurface soil
chemical properties. Site index (base 50 years) of loblolly pine growing between the
windrows  was the same (97 feet) as that growing on a non-windrowed part of the tract.
Although surface and subsurface soils between windrows  were significantly compacted,
this compaction does not appear to have limited loblolly pine growth. After 25 years, there
was little evidence of nutrient redistribution. The effectiveness of windrowing in reducing
woody competition during early stand development may be a more important factor
influencing growth.

INTRODUCTION
Piling logging slash into elongated windrows  is a common
s i te  p repara t ion  method  in  the  sou theas te rn  US.  The
moving of slash by rakes or blades usually involvas
d isp lacement  o f  some sur face  so i l .  Th is  d i sp lacement  o f
sur face  so i l  has  been assoc ia ted  w i th  red is t r ibu t ion  o f
n i t rogen and phosphorus  (Pye and V i tousek 1985,  Tew and
others  1986,  Mor r i s  and  o thers  1983)  and  po tass ium,
ca lc ium,  and  magnes ium (Tew and  o thers  1986 ,  Mor r i s
and others 1983) away from the bladed or raked area, into
the pile. Loss of some of the organic matter enriched
surface can result in higher bulk densities, lower porosity
and lower hydraulic conductivity (Tuttle and others 1985).
Lob lo l l y  p ine  roo t  g rowth  was  decreased w i th  smal l  and
large increases in bulk density on sand, loam, and clay
(Fo i l  and  Ra ls ton  1967) .  Windrowing  has  been assoc ia ted
wi th  lower  vo lumes in  sou thern  p ine  p lan ta t ions .  N ine teen
years after site preparation, a rootraked and windrowed
area contained 187 m3/a  of loblolly pine, but a broadcast
burned area had a volume of 346 mVha  (Haines and

others 1975). Across a wide variety of soils in the deep
south, Haywood  and Burton (1989) found shearing and
windrowing to have the lowest loblolly pine site index and
volume after 12 years, as compared with five other me-
chanical site preparation treatments. The soil physical and
chemical research on windrows  and site preparation is
largely focused on the few years after the treatment, with
the exception of few studies. Glass (1976) found that the
2.54 cm of displaced surface soil on a 25-year  old raked
and piled loblolly pine plantation in the North Carolina
Piedmont resulted in a 2.5 meter lower site index (50
years )  versus  ad jacen t  p ines  in  unwindrowed p lan ta t ions .

The purpose of this paper is to evaluate effects of windrow
site position on soil properties of a loblolly pine (Pinus  faeda
L.) plantation in the upper Coastal Plain in northern Louisi-
ana 25 years after windrowing. The study objectives are to
evaluate differences in horizon depths, soil physical proper-
ties, and soil chemical properties between windrow  pile
pos i t ions  and in te r - row (c leared)  pos i t ions .
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Table I-Soil  horizon characteristics of windrow  (piled) and inter-
row position soils

Var iable Windrow Inter-Row Pr>t
Mean SE Mean SE

0 horizon thickness, cm 2.96 0.42 3.18 0.39 “0.7867
A horizon thickness, cm 23.50 4.13 13.65 1.77 0.0251

E horizon thickness, cm 23.50 5.04 14.22 2.65 0.1236
Depth to Bt, cm 46.99 1.94 29.15 2.07 0.0010

Table P-Soil physical properties of windrow  (piled) and inter-row position
so i l s

Var iable Windrow Inter-Row Pr>t
Mean SE Mean S E

Surface Bulk Density, cm-3g 1 .18 0.04 1.53 0.02 0.0001
Sur face  Pore  Space,  pet 54.56 I .39 41.19 0.67 0.0000
Surface Air Volume, pet 26.67 1.81 12.57 0.75 0.0001

Subsurface Bulk Density, cm-3g 1.51 0.04 1.67 0.03 0.0061
Subsur face  Pore  Space,  pet 42.01 1.55 35.96 1.21 0.0072
Subsur face  A i r  Vo lume,  pet 11.47 1.14 7.92 0.92 0.0277

METHODS
The study area, a 16.2 hectare tract, is located in Jackson
Parish, LA, within the upper coastal plain. The entire tract is
mapped as a moderately well drained Sacul  fine sandy
loam (clayey, mixed, thermic Aquic Hapludult). The tract was
sheared and w indrowed a f te r  harves t ing  in  1975.  The
windrows  were burned but not planted to pine, and regen-
erated to hardwoods. Windrow  piles are 3 meters wide,
30.5 meters apart, and comprise IO percent of the tract.

Vegetation and soils were characterized on plots on windrow
piles (windrows) and between windrows  (inter-rows).
Vegeta t ion  was measured in  0 .0405 hec tare  rec tangu lar
plots on windrows  and in two rectangular plots of the same
s ize  be tween w indrows.  He igh ts  and  d iameters  o f  p ines
and d iameters  o f  hardwoods were  measured.  Dominant
and co-dominant trees were classified. Site index for
loblolly  pine was calculated by inputting the dominant and
codominan t  he igh ts  in to  USDA Natu ra l  Resource  Conser -
vation Service software version (SCS-690) of the site index
curves  o f  Schumacher  and  Co i le  (1960) .

The impact core method was used to sample bulk density.
Cores in aluminum cylinders were taken at the surface (O-10
centimeter) and subsurface (1 O-20 centimeter) depths.
Three replicates were sampled at each depth to represent
bulk density of a plot. Bulk density was measured for 9
windrow  (piled) plots and 9 inter-row plots. All cores were
sampled  the  same day  in  February ,  2000 .  Cores  were
weighed in the field-moist state and after oven drying. Pore
space and air-filled volume were calculated using these
we igh ts .

Soil profiles were described for three windrow  locations
and ten inter-row locations. Profile locations were located
randomly within the tract. Depths, thickness and Munsell
colors for the A, E, EB, and BE horizons were measured.
Depth to the Bt and thickness of the 0 horizon was also
measured. Texture for each horizon, including the upper Bt,
was  es t imated  us ing  the  hydromete r  method .  Each  hor i zon
sampled was analyzed by the Louisiana State University
So i l  Tes t ing  Labora tory  (Brupbacher  and o thers  1970)  fo r
pH (1: I), organic matter (Walkley-Black potassium dichro-
mate  ox ida t ion) ,  ava i lab le  phosphorus  (Bray  2  ammonium
f luor ide  ex t rac t ion) ,  and  exchangeab le  (ammonium aceta te ,
pH 7) calcium, magnesium, potassium, and sodium.
Phosphorus  leve ls  were  de te rmined  us ing  a  spec t rometer ,
and exchangeab le  ca t ion  concent ra t ions  were  measured
using inductively coupled argon plasma emission spectro-
pho tomet ry  ( ICP) .

Means of windrow  position and inter-row soils’ horizon
thicknesses, physical and chemical properties were com-
pared using the t test procedure in SAS. Equality of vari-
ances was tested (F’ test), and where the variances were
unequal, Satterthwaite’s approximate t test was used to test
significance (SAS Institute Inc. 1985). Overall significance
was determined at the CI  = 0.05 level.

RESULTS AND DISCUSSION

Soil Profiles
Windrow  soils had significantly thicker A horizons and
deeper depths to the argillic (Bt) horizon (table 1). Transi-
tional horizons such as EB increased depth to the Bt also.
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Table 3-Soil chemical properties of A horizons of the windrow  (piled) and inter-row position soils

Var iable ______ Windrow  _____ ______ Inter-Row  ______ Przt

PH
l!xlkao S E Mean S E
5.50 0.21 5.29 0.08 0.2908

Organic Matter, pet 2 .23 0.28 2.37 0.30 0.8231
Phosphorus, mg/kg 7.33 0.88 7.30 0.52 0.9756
Calcium, mg/kg 519.00 179.31 338.10 36.36 0.4218
Magnesium, mg/kg 64.00 12.12 64.20 5.39 0.9867
Potassium, mglkg 31.33 4.67 41 .oo 3.98 0.2425
Sodium, mg/kg 19.33 0.88 19.80 0.65 0.7245

Table 4-Soil chemical properties of E horizons of the windrow  (piled) and inter-row position soils

Variable -______  Windrow  _______ _______ Inter-Row  _______ Pr>t

PH
Organic Matter, pet
Phosphorus, mglkg
Calcium, mg/kg
Magnesium, mg/kg
Potassium, mg/kg
Sodium, mg/kg
Sum of Bases, cmol(+)/kg

!!!!em S E

5.30 0.20
0.45 0.09
4.00 0.58

230.67 62.36
76.33 8.74
25.33 3.18
18.67 1.20

1.93 0.38

S E

5.26 0.10 0.8358
0.64 0.05 0.1085
3.89 0.20 0.8164

211.00 24.14 0.7226
57.67 7.26 0.2045
23.89 1.05 0.5748
17.44 0.24 0.4186

1.69 0.16 0.5038

Table 5-Soil chemical properties of upper Bt horizons of the windrow  (piled) and inter-row position soils

Var iable

PH
Organic Matter, pet
Phosphorus, mg/kg
Calcium, mg/kg
Magnesium, mg/kg
Potassium, mg/kg
Sodium, mg/kg
Sum of Bases, cmol(+)/ka

_______ Windrow  _______ _______ Inter-Row _______

j&g@ SE M e a n SE

4.83 0.03 4.77 0.03
0.48 0.06 0.64 0.04
5.00 0.58 4.80 0.25

344.33 144.35 260.10 43.77
473.67 44.18 389.40 50.81
129.33 12.00 92.90 5.44

26.00 2.00 27.40 2.02
6.03 0.79 4.84 0.51

The 0 horizon was primarily leaf litter, and did not differ
between windrow  and inter-row positions. The A, E, and
trans i t iona l  hor izons  had a  sandy  loam tex tu re ,  whereas
the Bt horizon was clay or clay loam for all plots.

Physical Properties
Inter-row site soils were significantly denser, had less pore
space, and less volume of air than the windrow  position
soils, both in the surface (O-10 cm) and in the subsurface
(lo-20  cm) (table 2). Subsurface inter-row soils had a
mean bulk density of 1.67 g cm-3.  Surface soil removal
(7 .62  cm)  in  A labama P iedmont  and H i l l y  Coas ta l  P la in
sites increased bulk density from 1.47 to 1.64 g cm”, but
bulk density decreased to 1.35 g cm’3  after three years
(Tuttle and others 1985).

Pfvt

0.2456
0.0700
0.7217
0.4529
0.4084
0.0103
0.7279
0.2742

Soil Chemistry
There were no significant differences in any of the measured
soil chemical properties between windrow  and inter-row
position A horizon soils (table 3). Calcium content was very
variable, particularly on the windrow  sites, where one plot
had a concentration of 846 mg/kg.  There is no evidence of
nut r ien t  red is t r ibu t ion .  KG b laded sur face  so i l s  ( inc lud ing
Sacul)  in southeast Texas had less K, Ca, and Mg than
control, chopped, or burned soils (Stransky and others
1985). In that same study, 7 years after harvest and blading,
the surface soils had the same amount of organic matter
as the chopping treatment. Bladed soils had significantly
less Ca, but not significantly less P, K, Mg than chopped or
burned soils. Tuttle and others (1985) found that a 7.62 cm
sur face  remova l  t rea tment  decreased o rgan ic  mat te r  by
over 50 percent with respect to a control, 3 years after
removal. In that study, N, P, Ca, Mg, and K were all reduced
from control levels three years after surface removal.
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Figure l-Comparison of loblolly pine site index (base age 50 years)
on the Sacul series in Jackson Parish, Louisiana, from Stephens
(1999) and measured between windrows  and on a non-windrowed area
on the study area.

The windrow  position E horizons had less (not significant)
organic matter than the inter-row sites (table 4). There were
no significant differences between site positions for any
measured  so i l  chemica l  p roper ty .

The windrow  position soils had significantly higher exchange-
able potassium levels in the upper Bt, as compared with the
inter-row Et’s  (table 5). This trend may reflect increased
potassium leaching from the slash and through the surface
(eluviation), due to increased porosity and infiltration rates
in the windrow  pile. Potassium could be illuviating in the
argillic horizon. Surprisingly, the windrow  position Bt
hor izons  con ta ined  less  o rgan ic  mat te r  than  the  in te r - row
positions had. This trend was also apparent in the overly-
ing E horizons. Prolonged, intense fire in the windrow  may
have consumed some of the organic matter. Tuttle and
others (1983) noted C, Mg, and K appeared to be moving
through the upper soil profile 3 years after a surface soil
remova l .

Overall, there is no evidence in this study for nutrient
redistribution from the cleared areas to the piles, or nutrient
limitations in the inter-row areas.

Growth of Loblolly Pine
Loblolly pine growing between the windrows  had a measured
site index of 97.2 feet (figure l),  considerably higher than
the published (Soil Survey) figure (using same methods and
curve) for the Sacul series in Jackson Parish, LA (Stephens
1999). Loblolly pine on a non-windrowed portion of the tract
had a site index of 97.0 feet. The displacement of surface
soil and subsequent compaction of the surface and subsur-
face soil have apparently not severely limited growth of
loblolly pine on this site. In contrast to this study, in the
Lower Coastal Plain of South Carolina, Fox and others
(1989) found that 31 year old loblolly pine between windrows

had 10.5 feet lower site index (base age 25 years) as
compared with that on non-windrowed sites.

Bulk density in the sandy loam subsurface (lo-20  cm) of
the inter-row position was 1.67 g cm-3  (table 2). Growth
limiting bulk density for sandy loam texture is >1.65  g/cm3
(Daddow  and Warrington 1983. Coile and Schumacher
(1953) found that 5 cm reduction in surface soil thickness
could reduce loblolly pine site index (50 years) by 0.3 to 1.5
m. In the few years following shearing and raking debris
into windrows, loblolly pine growth may increase over that
o f  non-windrowed areas .  Windrowing,  by  remov ing  par t  o f
the woody competition seed bank and roots, can have a
beneficial effect on early pine productivity (Allen and others
1991,  Powers  and o thers  1998) .

CONCLUSIONS
Twenty-five years after windrowing site preparation, surface
and subsurface soils between windrows  were significantly
compacted, as compared to windrow  pile soils. This
compaction does not appear to have reduced loblolly pine
growth, as compared with growth on an adjacent non-
windrowed area . After 25 years, there was little evidence of
nutrient redistribution into the windrows. The effectiveness
of windrowing in reducing woody competition during early
stand development may be a more important factor influenc-
ing growth.
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