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Growth predictions for tree
species planted on marginal
soybean lands in the Lower
Mississippi Valley

J.W. Groninger, W.M, Aust, M, Miwa, and J.A. Stanturf

ABSTRACT: The establishment of borramland hardwood forest stands and riparian buffers on
frequentlyflooded soybean (Glycine max.) lands in the Lower Mississippi Valley represents u
tremendous opportunity vo provide hach cconomic and environmental benefits ro the region,
Selecting appropriate sites for veesrablishing twee cover, accurately predicting the productivity of
Plansed srees and optimally marching species 1o site ave critical for the economic justificavion and
implementation of tree plansing in conseruarion prograni,

This study tests a low-cost methodalogy thar incorporates the expers syseem developed by Baker
and Broadfoot (1979) so predics tree growrh ruses calibrated with soils duta from recently
published Naturdl Resowrces Conseravion Service (NRCS) soil surveys specific for combinavions
of sree species and soil series. This infarmarion és used 10 make sive index projections Jfor economi-
cally-marginal soybean lands. Sive index estimases vanged from 28.0 m (92 fi) for corronwood
(base age 30) on Mhovn soils o 18.0 m (61 f3) for sycamore (base age 50) on Forestdale soils
Use of this method resules in tree grawth predicrions thar are both more mechanisrically-based
and often more conservarive than the sive index projecrions published in soil surveys, parsicularly
for species intolerunt of flovding during she growing season.

Key words: Botiomland hardwoods. CRE Glycine max., Lower Mississippi Valley, marginal
soybean lands, site index, soil survey. tree growsh, tree plansing, tree species-sie relasions.

Thc Lower Mississippi Valley containg
bottomland hardwood-dominaced
torests that arc among the most produc-
tive in the United States. Widespread
conversion of forest land o agriculrural
uses occurred throughout the region over
the past 200 years. Presendly. forests cover
less than onc-quarter of ihe area of forest-
land prior to Luropean setlemenr. Most
recently, widcescale loss of forest cover ne-
curred during the early 19705 in response
ro increases in soybean prices (Sternirzke
1976). In many cascs, these last foresrs ro
be cleared occupicd sices which were roo
frequently flooded o support raw-crop
agriculrure on a sustainable basis due w
poor inrernal drainage, backwarer flood-
ing, or both. Changes in both soybean
and forest products markets have ren-
dered some of these lands economically
marginal for soybcan production. Chang-
ing economics, in combination wich an
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increasing recognition of the environ-
mental benefits of forested wedlands, have
kindled widespread inreresr in converring
marginal soybean land back ro horrom-
land hardwood forests (Amacher er al.
1998). Accardingly, many of these lands
are "u:ing enrolled in the Conservarion
Reserve Program (CRP), Werlunds
Reserve Program and other cosr-share
programs invulving forest esrablishmenr.
CRP landowners wha elecr o plant
trees do so for a number of reasons, in-
cluding enhancement of recrearion, aes-
thetics, and wildlife values, as well as the
eventual sule of foresr produers (Qlmstead
and McCurdy 1989). These benefirs are
realized soonesr, and to rhe grearesr ex-
tent, when the conversion from open
cropland ro closed forese canopy oceurs
rapidly (Hubbard and Towrance 1997;
Twedr and Porrwood 1997). On-and off-
site environmental benefits, such as
nitrate and pesticide removal, streambank
stahilizarion, and water temperature
maderarion also are aceelerated chrough
rapid reforestation. Maximizing tree and
srand growth rares withour increasing
management costs generares strongcr
financia) incenrives to plant trees and
may motivate landowners to keep crop-
land or riparian buffers in forest cover
beyond the expiration dace of currenr cost
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share proprams. Realivation of these
objectives requires an understanding of
the physical, chemical, and hydrological
characieristics of the soil and site (Hodges
1997). and knowing the tree species most
appropriace for chose condition.

Soil series-specific iree plamting recom-
mendations and growih rate predictions
are given in county and parish soil sur-
veys produced by the U.S. Department of
Agriculiure’s Natural Resources Conser-
vation Service (NRCS). This information
iy generally based on research conducted
on gulover rm'em |:mds :\nd docs nort
reflect soil and site ch;mgu broughr abour
by 20 or more years of soybean culture,
including increased soil bulk dcnsir)’.
lower organic matter coment, reduced
rooting volume, and altered nurrient
availability (Francis 1984). Unfortunarely,
species-to-plant recommendations and
preddictions of porential tree growth rate
based on data from former soybean lands
are not yel available, Tt will be some time
before 1he irees which were only recenty
planted on ihese lands are old enough o
provide empirical growth and productivi-
l'y C.\'lilnul:h ‘hﬂf OVerCOme Some 0[' (hc
confounding factors associated with stand
estublishmenr. A mechanistically-sound
basis for making rree species-ro-plant
recommenditions and growth estimares
would aid rree planting effores in the
interim.

Baker and Broadfoor (1978, 1979)
developed a species-specific method for
prcdicting tree heighr atrained ac a given
base age (site index) for several hottomland
hardwood species by evaluaring soil and
site attributes impormany ro Tree growth,
Previous research wich cherrybark oak
(Quercis pageda Raf) demonstrated the
accurucy of this method (Ausr and Hodges
1988: Belli e al. 1998). Tn the past, use of
this system required intensive sampling of
the pruposcd planr.ing site. However, re-
cenrly published soil surveys now include
the necessary information on the physical
and chemical praperries of soil series. Wich
these duts, along with assumprions regard-
ing soil and site characreristics of former
soybean lands, heighr growth can be pre-
dicred for several rree species planted on
any soil series wirthin the southern hard-
waood region (Broadfoor 1976).

The objecrive of this study is 10 evalu-
are the use of Baker and Broadfoort’s
(1979) feld-hased method for marginal
saybean lands using published soils dara
and generic assumprions regarding soil
and site conditions. Comparisons are
then made with species-to-plant and sice
index estimates published in soil surveys.
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Table 1. Baker and Broadfoot (1979) site index evaluation for cottonwood usillg assumptlons of long-term soybean cultivation and
Information from a published soll survey. Described here is an Amagon soll with data from the USDA/NRCS Soil Survey Division Offi-

clal Soll Serles Descrlptions (www.statlab.lastate.edu/soils/osd/). The sum of underlined point velues equals predicted site index in
feet at a base age of 30 years,

Soilgite Soil-site condition and relative quallty Seaurce of Information
property Best Medium Poor
Factor 1. Physical condition
Soil depth and Deep s0il (> 4 fi; Medium depth Shallow soil Soll Survey, plowpan
presence of without pan) (24 1), 0ra (<2M),0ra assumed to be disrupted
artificial or soil with & soil with an by deep plowing
inherent pan plowpan inherent pan
(16¥ (11) 1)
Texture Medium-textured; Coarse-textured; Fine-textured; Soll Survay
(in rooting zone) silty or loamy sandy clayey
{1 (6) (-4)

Compaction No compaction; Moderately Strongly Soil Survey

(in surface foot) loose, perous, compacted; compacted;
friable, butk firm moderately tight, bulk
density < 1.4 tight, butk density >1.7 g/cc
g/ce density

1.4-1.7 g/co
19 (6) (-3)

Structure Granular; Prismatlc Massiva (If clayey); Soil Survay

(in rooting zone) structureless, blocky platy
single-grained
it sandy, massive
if loamy or silty

(8) {3 3

Pas! use and Undisturbed; Moderate cultl Intensive cultl- Assume intensive

presant cover near-virgin vation; cultivated vation; cultivated cultivation for
forest cover <20 yr, or >20 yr, or open >20 yr

open with grass and bare
cover
{5) 2) (=2)
Factor 2. Moisture availabliity during growing seeson

Watsr table 2-6 1-2% 7-10° 1' (unsuitable); Soil Survey

depth (10) {7) 10' (0)

Artificial or No pans Plowpan Iinharent pan Soll Survey, plowpan

inherent pans agsumed to be disrupted

by deep plowing
9) {6) (-6)
Topographic Floodplain or Stream terraces Upland Soil Survey
position stream bottom or lower slopes
[0} ©®) (5)

Microsite Concave; Level; liat Convex; ridgs, Assumed to be flat due lo
depression, mound leveling associated with
pocket, trough cultivation

@) 5) (2)

Structure Granular: Prismatic; Structureless, Soil Survey

(in rooting zons) structureless, blocky single-grained
massive (if (if sandy); platy
silty, loamy, or
clayey). stratified

(8) {3) -9)
Texture Siity or loamy Clayey Sandy Soil Survey
(in rooting zone) (or stratified)

4 (2 (-2)

Flooding Winter through Winter only None (-1); Soll Survey
Spring continuous

2 (1) (unsuitable)

Past use and Undisturbed; Moderate Intensive Assume intensive

present cover near-virgin cultivation cultivation cuftivation > 10 years
forest cover cultivated <10 yr cultivated >

or open with 10 years or open
grass cover and bare
\¢3] m £
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Table 1 cont,
Soll-slte Soll-slte condltion and relative quality Source of Information
property Best Medlum Poor
Factor 3. Nutrlent availabllity
Geologic Mississlppi Mixed Coastal Coastal Plain Soil Survey
source River, Loess. Plain and other
Blackland
@ (8) (-5)
Past use and Undisturbed; Moderate cultivation Intensive Assume annual
present cover near-virgin cultivated 5-10 cuitivation fentilization agsociated
forest cover, yr, or open cultivated > with soybean production
cultivated with grass 10 yr or open
<5yr and bare (4 if
fertilized annually)
(5) @) (-
Organ§c matter >2% 1+2% <1% Assume < 1% due 1o
(A-horizon) (4) (3) («3) long-term cultivation
Depth of topsoll > 6" or no profile 3-6 <3 Soil Survey
(A-horizon) development
. &) (2) (-2)
Soil age Young, no profile Medium, moderate Old, well-developed, Soil Survey
development profile profile
(Entisols) development leached (Alfisols,
(Inceptisols) Ultisols)
(3) @) {2)
pH (in rooting 55.75 45-550r <450r>»85 Soil Survay
zone) 76-8.5
(3) (2) (-2)
Factor 4. Aeration
Soil structure Granular, porous; Prismatic; Massiva (If clayey); Soil Survey
(in rooting zone) structureless, blocky laty
single-grained
if sandy, massive
it loamy or silty
@) _ (-2)
Swamplness Wet in winter Wet January-July Waterlogged all year Soil Survey
only
3) (2) (Unsultable)
Mottling None 10 18" depth None to 8" depth Mottled to surtace Soil Survay
surface or gray
mineral soil
(3) G ¢2
Soil color Black, brewn, red Yallow, Gray Soil Survey
(in rooting zone) brownish-gray .
@) -2)

Methods

Selection of soils and species. The
criteria for sclection of the 10 Lower
Mississippi Valley soil scrics were:

1. Soybean farming is commonly
peacticed on the series,

2. Ar least sume phases of the serics
arc classified as pootly or somewhar
poorly drained.

3. Flooding frequency ranges from
oceasional o frequent,

4. The soil series is classified as hy-
dric (Soil Conscrvation Secrvice
1987).

All scrics uscd in this study mer cach of
thesc criteria except Dundec, which is not
hydric, bur commonly occurs in associa-
rion with several of the other selecred soil
series. Tree specics were selected for evalu-
ation on their adapration o bouomland

sites and potentin]l merchanrabilicy. and
included 1he following: Eastern cotron-
wood (Populus deleoides Barsr. cx Maish.),
green ash (Fraxinus pennsylvanica
Marsh.), Nutrall oak (Quercus nuttalli
Palmer), swamp chestnur oak (Q.
michayxii Nure,), warcr oak (Q. nigra 1..),
sweergum (Liguidambar seyraciflua 1..),
and sycamorc (Plazanus occidentalis 1..).
Site index estimates. Soil series and
species-specific site index estimates were
made using the method developed by
Baker and Broadfoor (1979). For cach
species, 23 soil and site characterisvics
were assigned one of three point values
representing conditions thoughr to
be good, fair, or poor for tree growth
(Table 1). Species specific estimares arc
made by weighting point values to reflec
the reletive importance of cach criterion
to the growth of a parricular specics, as

well as that specics maximum arcainable
site index, The sum of these weighted
poinc values provides an estimare of sire
index (tree heighe at a given base age) for
a tree specics under the specified soil
series and site conditions. Sitc index
values usc a base age of 50 ycars for all
species prescented here, excepr cotton-
wood where the conventional base age is
30 ycars.

In this study, site index cstimates for
seven southern bottomland hardwood
tree species on eich of 10 Lower Missis-
sippi Valley soil serics were made by
calibrating the modcls of Baker and
Broadfoot (1979) with soil chemical,
physical, and hydrological data drawn
from the general soil scrics descriptions
at the NRCS web sitc (18 variables)
(lable 1). Values for the remaining five
variables were assigned on the basis of
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Table 2. Site index predictions (m) based on Baker and Broadfoot (1979) for sevan hardwood tree spscles for soil serlos likely to sup-

port marginal soyhean agrleuiture in the Lower Mississippl Valiey. Note that point values ditfer by epecies due to Inherently differing
resource needs, tolerances, and growth rates.

Swamp
Green Nunali chestnut Water
Sall serjes Cottonwood' ash oak oak Sweetgum oak Sycamore
Alligator 28.2 226 244 20.1 23.8 21.9 22.9
Amagon 271 23.2 253 223 25.0 235 25.0
Bowdre 223 226 235 19.8 23.8 216 21.6
Dundee 27.7 24.1 25.3 21.9 26.8 244 25.0
Forestdale 241 21.6 23.2 195 216 19.8 18.0
Mhoon 28.0 2338 25.0 20.7 23.2 21.0 218
Newsllton 24.4 235 24.7 20.1 247 21.9 23.2
Sharkey 229 218 23.8 20.1 229 21.3 21.3
Tensas 22.6 223 241 20.1 23.2 21.9 21.3
Tunica 22,9 21,6 23.5 18.6 22.3 19.5 18.6
Standard deviation 2.11 0.85 0.74 1.03 1.41 1.41 2.21

" Base age for cottonwood is 30 years, 50 years for all other specles.

Table 3. Percent difference between Baker and Broadfoot (1979) site index estimates for
marginal soybean lands In the Lower Missiselppi Vallay and those included In NRCS Soil
Survey speclog-to-plant recommendations for five bottomland hardwood tree species. P-
values were obtained using a paired t-test comparing site Index values from the two

aforementioned predictors.

ing zonc following disturbance is likely an
important consideration in the predicred
success of cottonwood on the silt Joam
soils.

Grean Nuttall Water Differcnces between soil survey valucs
Soil serles Cottonwood ash oak Sweetgum oak and our cstimates based on Baker and
Alligator -16 +6 - -3 20  Broadfoor (1979) likely reflect differences
Amagon 11 5 17 -18 23 in assumptions made regarding soil and
Bowdre -84 - — -18 25  site conditons. Estimarcs included in soil
Oundeo 9 _ —_ -12 16  surveys were derived fram naturally-
Forestdale 21 -9 -20 -25 -28  regencrated, well-stocked (orest stands
Mhgoon 16 -13 —_ 24 —  with no evidence of recent cutting or
Neweliton 20 +3 5 18 20 burning (Francis 1984). Predictions using
Sharkey - - ~ a7 22 the Baker and Broadfoor (1979) guide
Tensas — - - -24 -24  incorporated likely changes in soil and
Tunica — — —_ -19 —  site conditions associated with long-term
p value 0.001 0.01 0.04 0.0001 0.0001  fow crop cultivation. For instance, agri-

assumptions made for economically-
marginal soybean lands of the region
(lable 1). Species-to-plant recommenda-
tions and projecred site indices were
collected from published USDA Soil
Conservation Service/NRCS county
and parish soil surveys within 4 62-coun-
Ty/parish arca of Arkansas, Louisiana, and
Mississippi in the lower Mississippi Allu-
vial Plain (Groninger ctal., In Press),

Results and discussion

Site index estimares ranged from 28.0 m
(92 k) for corconwood (base age 30) on
Mhaon soils to 18.0 m (61 fr) for
sycamore (base age 50) on Forcstdale soils
(Tabie 2). Silt loam soils (Amagon und
Dundee scries) typically showed higher
site indices than the arher scries, which
were predominantly of clay cexture.
Among the tree species used in this study,
green ash and Nuruall oak sire index
estimates varied least between soil types.
The relatively rapid growth across all soils
is consistent with the recognition among
foresters that these species are well adapt-

ed 10 2 wide range of frequently-fluoded
soil types. Sycamore and cotionwood
varied most among soil series consistent
with their sensitivity to soil and site
conditions. Thercfore. idenrification of
suitable soil and sitc condirions is espe-
cially important when considering these
specics for reforestation.

Sitc index values calculated using Baker
and Broadfoot (1979) were significantdly
lower than values given for species recom-
mended for planting in soil surveys
(Table 3) with diffcrences typically in the
10 o 20% range. Green ash was an
cxception on Alligator and Newellron
soils where estimares of site index were
lower than published s0il survey values,
reflecting the recognized tolerance of
green ash to poor sovil condirtions and
highly-disturbed sites throughoue the
region. Corronwood site index estimares
varied less for soils of silt loam than for
clay texrures. suggesting that row crop
agriculture may have a lesser impact on
these soils. Maintenance of better inrernal
drainage and consequently, 2 deeper roor-
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cultural soils arc characrerized by higher
bulk density, lower sail organic matter
content, altered fertlivy, and sometimes
smaller available rooting volume causcd
by restrictive plowpans (Francis 1985;
Stanturf et al. 1998). However, che
shrink-swell clay mineralogy and previous
agriculrural amendments may reduce
the impact of these impcdiments, Sitc
preparation and post-cstablishment
management practices, including weed
control trearments, ferilizer applications.
fallowing, and deep plowing, have been
recommended (0 ameliorate the adverse
effects of long-term agronomic practices
(Allen 1990; Baker and Blackmon 1978;
Blackmon and Whire 1972; Francis
1985).

Perhaps the greatest value of this adap-
tation of Baker and Broadfoor (1979) for
land managers is the incorporation of
morc specific trec growth cstimares into
the species selection process. Failure to
correctly march species and site has con-
scquences ranging [rom sub-optimal
stand productivity to complere planting
failure. Whilc site index cstimates ob-
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wined through the use of the Baker and
Broadfoort (1979) method appear 1o be an
improvement over those published in soil
survcys, they cannot be used in isolation
to make recommendations for the appro-
priatcness of 3 certain tree species on a
particular site, Baker and Broadfont
(1979) provide guidance on profirability
for timber management thar goes beyond
site adaptation. Their recommendations
reflect silviculeural pracrices and hard-
wood warkets 20 ycars ago, and probably
are no longer valid, For example, cheir
productivity critcria suggest thai coton-
wood muy be managed on Amagon,
Dundec, Mhoon, and Newellton soils
formerly in soybean production, but not
on any of the other series included in this
swdy. However, recent improvements in
cottonwood pulpwood markets and
advances in comperition control permit
the successful management of this specics
on a 10-ycar roration on formerly row-
cropped Sharkey soils (Stanturf er al.
1998).

The dynamic nawure of hardwood mar-
kets and continual advances in bottom-
land hardwood silviculrure indicarc a
nced for flexible management decision
systems. New techniques are emcerging,
such as using cowonwond as a nursc crop
for intcrplanted Nuresll oak (Schweitzer
ct al. 1997). Monitoring the growth and
marturarion of these and other recent
plantings on former agricultural lands can
scrve as the basis for ernpirically-derived
models of stand growth rate and produc-
tivity that will provide beteer specics
planting recommendations. Further work
should focus an determining sitc index
using younger base ages to reflecr che
increasing utilization of smaller trecs.

Conclusions and
recommendations

Until empirically-based guides are
available, the method of Baker and
Broadfoor (1979) represencs the best
available tool for trec species seleciion
and growth prediction. Ideally, applica-
tion of this mechod to a pardicular site
should include an on-sitc cvaluation by a
soil scientist or silviculrurist. as well as an
understanding of sie flooding regimes. If
this is not possible, we suggest application
of the approach described here using soil
survey soil data in appropriare regions of
the southern Uniced Srarcs,

Alchough the Baker and Broadfoor
method was originally devcloped as & sive-
specific silviouleural tool, it may be uscful
to regional land use and cconomic plan-
ners wherever southern botcomland hard-

woods are planted. Qverlaying these site
index estimates and soil serics data in a
geographic informarion system can
provide estimaies of the contribution of
reforcstation o environmenral remedia-
tion and Jong-term forcst-based cconomic
development. Furcher, reforestation
ctforts may be focused on marginal agri-
cultural lands wherc forest producrivity
and associated economic and cnviron-
mental benefits arc oprimized (Lovejoy
al. 1985). Modificaton of the Baker and
Broadfoor (1979) mecthod to conditions
in orther regions could facilirate the
broader usc of this tool in land use policy
and program dccisions.
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