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Abstract-This study documents the effects of cultural treatments on 17-year growth of
cherrybark oak (Quercus  pagoda Raf.) and lobiolly  pine (finus  faeda  L.) planted on a
previously farmed bottomland site in southwestern Tennessee. Yellow-poplar (Liriodendron
fulipifera  L.) was part of the original study, but was excluded due to very high mortality in
early years. The experiment was a randomized, complete-block design located on a former
soybean field prone to occasional flooding. Cultural treatments were third-year fertilization
(nitrogen and phosphorus) as well as disking and mowing for weed control. Natural
regeneration as a means of afforestation also was investigated. Survival after 17 years
averaged 64 percent for cherrybark oak and 63 percent for loblolly pine. Mean total height
was 34.0 feet for cherrybark oak and 55.0 feet for loblolly pine. The mean diameters at
breast height (DBH) of cherrybark oak and loblolly pine were 4.1 and 10.2 inches, respec-
tively. Survival, height, and DBH of both species were not significantly affected by
fertilization, mowing, or disking, nor were there any significant interactions among the
treatments. Natural regeneration resulted in dense stands (4,340 trees per acre) dominated
by small-diameter sweetgum  (Liquidambar  sfyraciflua  L.).

INTRODUCTION
A number of studies have investigated afforestation of
abandoned agr icu l tu ra l  wet lands  in  the  Miss iss ipp i  Va l ley ,
but few studies have provided long-term results of affores-
tation  practices on these sites. A plantation in southwest
Tennessee prov ided  the  oppor tun i ty  to  observe  seventeen-
year effects of cultural treatments on a highly desirable
bot tomland hardwood spec ies  and an adapt ive  p ine  l i ke ly
to perform well on such sites.

Cos t  sha re  p rog rams  such  as  the  Conserva t i on  Reserve
Program and the  Wet land Reserve  Program have encour -
aged afforestation of farmed wetlands. The cultural
practices used on these sites to improve early growth and
to insure dominance of tree seedlings have varied. Mowing
or disking for weed control is not as common today as in
the past, but it is still important to understand the residual
e f fec ts  o f  t hese  es tab l i shmen t  p rac t i ces  on  bo t tom land
plantations. The primary objective of this study was to
determine the suitability of cherrybark oak and loblolly pine
for planting on a previously farmed bottomland site, and to
evaluate the effects of cultural treatments on their estab-
lishment and growth. The planted plots in this study also
were compared to a naturally regenerated area on the
same s i te .

METHODS
The study took place on the Ames Plantation in Fayette
County, Tennessee, 50 miles east of Memphis (35” 07’ N
and 89” 19’ W). The site was a former soybean field on a
floodplain of the North Fork of the Wolf River. According to
the  USDA Natu ra l  Resources  Conserva t ion  Serv i ce  coun ty
soil map, soils are of the Waverly (Coarse-silty, mixed, acid,
thermic Typic Fluvaquents) and Falaya series (Coarse-silty,
mixed, active, acid, thermic Aeric  Fluvaquents) (Flowers
1964). The Falaya series consists of somewhat poorly
drained silty and sandy alluvium, and the Waverly series is
a poorly drained silty alluvial soil. The study site had been
in cultivation for more than 20 years prior to the establish-
ment of hardwoods in 1981. Mean annual precipitation is
53 inches  (F lowers  1964) .

In  spr ing  o f  1981,  1-O seed l ings  were  hand-p lanted among
the previous year’s soybean stubble at a lo-  x lo-foot
spacing. The study initially included 1,200 each of
cher rybark  oak ,  lob lo l l y  p ine ,  and ye l low-pop lar  seed l ings .
However, the yellow-poplar suffered very high mortality and
was excluded from the study after the first 2 years.

The  exper iment  was  a  randomized ,  comple te -b lock  des ign
with a strip-plot treatment arrangement and four replica-
tions. Main plot treatments were arranged in a 2 x 3
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factorial composed of fertilized and unfertilized plots of the
3 species. The fertilization treatment was 150 pounds per
acre nitrogen (ammonium nitrate) and 35 pounds per acre
phosphorus  ( t r ip le  super  phosphate)  app l ied  a t  the
beginning of the third growing season. Three treatments
were tested on the sub-plot level: disking, mowing, and no
weed control. One-way disking and mowing were repeated
as needed (three to five times annually) until the end of the
fifth growing season to control competing vegetation. The
plantings were never thinned. A 1.2-acre  section of the
same soybean field was left to regenerate naturally.

In January 1998, 17 years after planting, total height of each
surviving tree was measured with a Haga  altimeter.
D iame te r  a t  b reas t  he igh t  (DBH)  was  measu red  w i t h  a
caliper. In the naturally regenerated area, 10 circular, O.Ol-
acre plots were randomly placed. Height, DBH, and
spec ies  were  recorded  fo r  each  s tem on  these  p lo ts
greater than 4.5 feet in height. Equations developed by
Matney and o thers  (1985)  and Ba ldwin  and Feducc ia
(1987) were used to estimate total bole volumes of
individual trees outside bark. Stand volume estimates
(feet3  per acre) were calculated based on estimated tree
volumes, survival rates, and planting density. Survival and
growth data were analyzed by Analysis of Variance (ANOVA)
using Proc  Mixed in SAS (SAS Institute Inc 1997). Survival
data  were  t rans formed w i th  the  a rcs ine-square  roo t
transformation to meet the normality and homoscedasticity
requ i rements  o f  ANOVA. Post -ANOVA mean separa t ions
were made with single degree of freedom contrasts (alpha
= 0.05).

RESULTS AND DISCUSSION
Survival for cherrybark oak averaged 89 percent after 1 year,
77 percent after 2 years, and 64 percent after 17 years.
Loblolly pine survival averaged 80 percent, 74 percent, and
63 percent after 1, 2, and 17 years, respectively. Fertiliza-
tion and weed control treatments did not significantly affect
survival at any age for either species (table 1).

Seventeen-year  he igh t ,  DBH,  basa l  a rea ,  and  s tand  vo lume
for both species were not significantly affected by fertiliza-
tion or weed control treatment, nor were there any signifi-
cant treatment interactions. Although there were numerical
d i f f e rences  among  some o f  the  t rea tmen t  means ,  the
variability of cherrybark oak height and diameter among
b locks  ( rep l i ca t ions )  p reven ted  any  s ta t i s t i ca l l y  s ign i f i can t
differences. Loblolly pine had consistent height and
diamete r  among bo th  b locks  and  t rea tments ,  bu t  su rv i va l
ra tes  va r ied  w ide ly  among b locks .

Cherrybark oak had a mean height of 34.0 feet and a mean
DBH of 4.1 inches after 17 years (tables 2 and 3). Because
cherrybark oak it best suited to well drained soils (Krinard
1990),  the poor drainage on parts of the study site may
have hindered growth and root development. It is likely that
soils in this study were more variable than indicated by the
county soil map (Flowers 1964). A neighboring bottomland
study in which soils were evaluated showed wide varia-
tions in soil properties including drainage over distances of
less than 100 feet (Devine and others 2000). Even minor
variations in soils can have major impacts on the success
o f  p lan ted  hardwoods  (Korman ik  and  o thers  1999) .  Due to
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Table l-Survival after 1,2, and 17 years for planted
cherrybark oak and loblolly pine under six different
treatment combinations”

.-.
Species/
F e r t i l i z a t i o n /
Weed Control A g e  1 Age 2 Age 17

-
P e r c e n t

Cherrybark  oak

U n f e r t i l i z e d /
N o n e 8 8 7 3 6 2

U n f e r t i l i z e d /
N o n e 8 8 7 8 7 2

U n f e r t i l i z e d /
M o w e d 8 8 7 0 6 6

F e r t i l i z e d /
N o n e 9 1 8 1 6 6

F e r t i l i z e d /
Disked 9 4 8 0 6 0

F e r t i l i z e d /
M o w e d 8 9 7 9 5 7

L o b o l l y  P i n e

U n f e r t i l i z e d /
N o n e 7 3 6 8 4 5

U n f e r t i l i z e d /
N o n e 8 6 7 4 7 2

U n f e r t i l i z e d /
M o w e d 8 0 8 0 6 6

F e r t i l i z e d /
N o n e 7 9 7 3 5 4

F e r t i l i z e d /
Disked 8 1 7 7 6 6

Feriilizedl
M o w e d 8 3 7 6 7 6

a There were no significant differences among treatment
combinations for either species at alpha=0.05.

the slow growth rate of the cherrybark oak, the 17-year-old
plantation still had not formed a canopy sufficient to shade
out competition. Several areas were heavily infested with
Japanese  honeysuck le  (Lon icera japonica Thunberg)  and
o the r  he rbaceous  and  woody  weed  spec ies .  The re  was  a
visible reduction in woody competition on plots which had
been disked  or mowed, but this did not translate into a
significant increase in growth for the plantation trees.

Cherrybark oak averaged 32.8 feet2  per acre basal acre
after 17 years of growth (table 4). The potential merchant-
ability of this stand will depend on whether growth rates
increase in the near future. On some of the plots, enough
woody  compet i t i on  had  a l ready  become es tab l i shed  to
make the planted trees a relatively minor component of the
s tand.  C la t te rbuck  and Hodges  (1988)  no ted  tha t
cherrybark oak reached its maximum growth rate later than
sweetgum  and eventually exceeded it in height. It is
possible that this could occur in the present study because
sweetgum  is the predominant co-occurring species.



Table P-Height after 17 years for planted cherrybark
oak and loblolly pine under six treatment

Table 4-Stand  basal area after 17 years for planted

combinationsa
cherrybark oak and loblolly pine under six treatment
combinations”

Fer t i l i za t ion /
Weed con t ro l Cherrybark  Oak Loblo l ly  P ine

-----Feet  _____

Unfe r t i l i zed /None 3 0 . 4 5 3 . 7
Unfertilized/Disked 3 7 . 1 5 6 . 1
Unfe r t i l i zed /Mowed 3 3 . 3 5 6 . 5

Fer t i l i zed /None 3 2 . 8 5 2 . 3
Fertilized/Disked 3 4 . 6 5 6 . 0
Fer t i l i zed /Mowed 3 5 . 8 5 4 . 3

a There were no significant differences among treatment
combinations for either species at alpha=0.05.

By year 17, loblolly pine had reached a mean DBH of 10.2
inches and a mean total height of 55.0 feet. Diameter and
he igh t  g rowth  was  qu i te  cons is ten t  among  a l l  t rea tmen ts ,
and the plots had long since formed a closed canopy. At
age 17 there was virtually no weed competition present in
the pine plantings. Basal area averaged 160.9 ft* per acre
for all treatments. Variations in basal area and stand
volume of loblolly pine in tables 4 and 5 are a reflection of
variation in survival among treatments and not of variation
in growth. However, because survival rates varied widely
among rep l i ca t ions ,  there  were  no  s ta t i s t i ca l l y  s ign i f i can t
differences in basal area or stand volume due to treat-
ments. Hopper and others (1993) found that weed control,
but not fertilization, increased growth and survival at age 4
of loblolly pine, sweetgum, and green ash (fraxinus
pennsylvanica  Marsh.) planted on a West Tennessee
bottomland site. Hunt and Cleveland (1978) also found that
disking, but not fertilization at planting, increased height
growth of loblolly pine through age 5. If differences in
growth of loblolly pine due to weed control or fertilization
were present early in the current study, they have since
disappeared.

Table 3-DBH after 17 years for planted cherrybark oak
and loblolly pine under six treatment combinations”

Fer t i l i za t ion /
Weed con t ro l

Cher rybark Loblo l ly
oak Pine
- - - - - - Inches  _ _ _ _ _ _

Un fe r t i l i zed /None 3 . 5 1 0 . 0
Unfertilized/Disked 4 . 7 10.1
Unfe r t i l i zed /Mowed 4 . 3 1 0 . 3

Fer t i l i zed /None 3 . 7 1 0 . 3
Fertilized/Disked 4 . 4 1 0 . 3
Fer t i l i zed /Mowed 4 . 2 0 9 . 9
B There were no significant differences among treatment
combinations for either species at alpha=0.05.

Fertilization/
Weed con t ro l Cher rybark  Oak Loblo l ly  P ine

____ Feet’  per acre - - - -

Un fe r t i l i zed /None 2 5 . 0 1 1 0 . 2
Unfertilized/Disked 4 2 . 8 1 7 9 . 7
Unfe r t i l i zed /Mowed 4 1 . 7 1 7 1 . 2

Fer t i l i zed /None 2 3 . 1 1 4 2 . 3
FertilizedlDisked 3 2 . 5 1 7 0 . 7
Fer t i l i zed /Mowed 3 1 . 4 1 8 3 . 2

8  There were no significant differences among treatment
combinations for either species at alpha=0.05.

On disked  plots of both species, 6- to 12-inch deep
depress ions  were  p resen t  be tween  the  t ree  rows .  These
depress ions  were  accompan ied  by  smal l  r idges  in  l ine
with the rows. Both features were likely caused by compac-
tion and heaving of soil that resulted from disking. During
wet periods, water ponded  in the majority of these depres-
s ions ,  mos t  no tab ly  those  in  poor l y -d ra ined  a reas .  These
depressions were still present 12 years after the plots had
last been disked.

Natura l  regenera t ion  resu l ted  in  dense s tands (4 ,340
trees/acre) of sweetgum  (74 percent of stems), boxelder
(Acer negundo  L.) (12 percent), red maple (Acer rubrum  L.)
(11 percent), and other hardwoods. Over 99 percent of the
stems in this stand were less than 5 inches in DBH, and
46 percent of the stems were less than 1 inch in DBH.
Species composition of this stand was heavily influenced
by the adjacent, mature forest stands. The naturally-
regenerated stand clearly had low potential for merchant-
ability at age 17.

Table 5-Stand volume (total bole) after 17 years for
planted cherrybark oak and loblolly pine under six
treatment combinationsa

Fertilization/
Weed con t ro l Cherrybark  Oak Loblo l ly  P ine

- - - - -Feet3  per acre- - - - -

Un fe r t i l i zed /None 4 6 9 2,953
Unfertilized/Disked 8 9 5 4,965
Unfe r t i l i zed /Mowed 7 4 4 4.788

Fer t i l i zed /None 5 5 3 3,455
Fertilized/Disked 6 2 9 4,726
Fer t i l i zed /Mowed 6 3 0 5.008

a  There were no significant differences among treatment
combinations for either species at alpha=0.05.
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CONCLUSIONS
Loblolly  pine planted on a bottomland soybean field with no
s i te  p repara t ion  es tab l i shed  a  we l l -s tocked  s tand  by  age
17 .  Cher rybark  oak  p lo ts  showed incons is ten t  g rowth ,
perhaps due to variations in soils. A single application of N
and P fertilizers at year 3 did not increase growth of
cherrybark oak or loblolly pine, nor did mowing or disking
for weed control. Since disking resulted in depressions
between tree rows still present 12 years after the site was
last disked,  its usefulness as a method of weed control on
f lood-prone or  poor ly -dra ined s i tes  is  quest ionab le .  The
depress ions  inc rease  the  amount  o f  t ime tha t  wate r  ponds
on the soil which can be detrimental to the growth and
survival of planted tree species not adapted to periods of
ex tended f lood ing .  Compos i t ion  o f  na tura l  regenera t ion  on
the former  soybean f ie ld  depended on ne ighbor ing s tands
and did not produce merchantable trees after 17 years.
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