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

J.w. Groninger, WM, Aust, M, Miwa, and J.A. Stanturf

ABSTRACT: The establishment of boreamland hardwood forest stands and riparian buffers on
frequently-flooded suybean (Glycine max.) lands in the Lower Mississippi Valley represents a
tremendous opporiunity vo provide boch cconomic and environmental benefits to the region.
Seleceing appropriate sites for reestablishing tree cover, accurately predicting the productivity of
plansed srees and optimally marching species to site are crivical for the economic justificasion and
implementation of tree plansing in conseruvarion programs.

This study tests at low-coss metbodalagy rthax incorporates the expers syseem developed by Baker
and Broadfoor (1979) su predict tree growrh races calibrased with soils data from recensly
published Nuturul Resowrces Consernavion Service (NRCS) soil surveys specific for combinarions
af vree species und soil series. This infarmarion is used ro make sixe index projections for economi-
cally-marginal soybean lands. Sive index estimases ranged from 28.0 m (92 fi) for corronwood
(base age 30) on Mhoww soils to 18.0 m (61 fi) for sycamore (base age 50) on Poresrdale sosls.
Use of this method results in tree growth predicrions thar are both more mechanistically-based
and ofsen more conservative than the site index projecrions published in soil surueys, parsicularly

Jor species intolerune of flouding during the growing season.

Key words: Bottomlune hardwoods. CRE Glycine miax., Lower Mississippé Valley, marginal
soybean lands, site index, soil srvey. tree growsh, tree plansing, tree speciessire relasions,
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bottomland hardwood-dominared
forests that arc among the most produc-
tive in rhc United States. Widespread
conversion o forest land 1o agriculrural
uses accurred throughout the region over
the past 200 ycars. Presently. foreses cover
less than onc-quarter of the area of forest-
land prior to Luropean seilemenr, Most
recently, widcscalc loss of forest caver ne-
curred during the early 1970y in response
ro increases in soybcan prices (Scernirzke
1976). Tn many cascs, these last forears ro
he eleared occupicd sites which were roo
frequently flooded ro support row-crop
agriculrure on a sustainable busis due
poor inrernql drainage, backwater Aood-
ing, or hoth. Changes in hoth soybean
and forese products markers have ren-
dered some of rhese lands economically
marginal for soybcan production. Chang-
ing economics, iN combination with an
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increasing recognition of the environ-
mental benefits of forested werlands, have
kindled widespread interest i converring
marginal soybean land hack ro horrom-
land hardwood forests (Amnchrr er .
1998). Accordingly, mnny of these fands
are ‘wing enrolled in the Conservarion
Reserve Program (CRT’), Werlunds
Reserve Pragram and other cosr-share
programs involving faresr establishmenr.
CRY landowners who elecr o plant
trees do 80 for 3 number of reasons, in-
duding enhancement of recreation, ses-
thedes, and wildlife values, as well 45 the
eventual sale of foresr producrs (Olmstead
and MCCllrtly 198Y). These benehrs are
realized soonesr, and 1o rhe grearesr ex-
tent, when the conversion from open
cropland to closed forest canopy occurs
rapidly (Hubbard end Towrance T!')E)Z;
Twedr and Porrwood 1997). On-and off-
site environmenral benefits, such as
nirrate ang pesticide removal, srreambank
srahilizarion, and warter temperature
maderation also are accelerated chrough
rapid reforestation. Maximizing tree and
srand growth rares wirhour increasing
MANAZEMENT COSTS ZENCTaTes STIORECT
financia inccnrives to plant trees and
may meotivate landowners t keep crop-
land or riporian buffers in forest cover
beyond rhc expiration dare of current cost
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share programs. Realivation of these
objectives requires an understanding of
the physical, chemical, and hydrological
characieristics of the soil and site (Hodges
1997), and knowing the (ree species most
appropriace for chase conditions.

Soil series-specific tree planting recom-
mendations and growih rate predictions
are given in county and parigh soil sur-
veys produced by rhe U].§. Deparrment of
Agricult ure's Nat ural Resources Conser-
vation Service (NRCS). This informarion
is generally based on research conducted
on culaver forest lands and does nor
reflect soil and site changes brought gbour
by 20 or more years of soybean cuhure,
including increased voil bulk densicy,
ower organic maller comenr, reduced
rooving volume, and altered nutrient
:avai'ul)ili(y (Francis 1984), Unfortunarely,
species-ta-plan t recommendarions and
redict ions of porential tree growth rare
‘buml on data from former soybean lands
are not yel available, Te will be some tme
before the irees which were only recently
planted on these linds are old enough 1o
provide empirical growth and produceivi-
Ty estimules that gvercome some of the
confounding factors associated with stand
extublishment. A mechanistically-sound
basis for making tree specics-to-plant
recommendations and growth estimares
would aid tree plunting efforcs in the
interim.

Buker and Broadfoor (2 Y78, 1979)
developed g speciespecific method for
predicting tree heighr atrained at a given
base age (sireindex) for several hawomland
hardwood sp:cics by cvzlllmring soil and
site attributes important M vree growth.
Previous research with cherrybark oak
(Quercns pagoda Raf.) demonstrared rhe
accuracy of chis merthod (Ausr and Hodges
1988: Belf cg al. 1998). In rhe past, use of
this system required inrcnsive sampling of
the proposed planting site. However, re-
cently published soil surveys now include
the necessary informarion on the physical
and chernical praperries of soil series. Wirh
these data, along with assumptions regard-
ing soil and site characreristics of former
saybean lands, heighe growth can be pre-
dicred for several tree species planrcd on
any soil series wirhin the sourhern hard-
wood region (Broadfoor 1976).

The objecrive of this study is 1o evalu-
are the use of Reker and Broadfoor's
@979) Ffeld-hased merhod for marginal
soybean Jands wsing published soils dava
and generic assumprions regarding soil
and site conditions. Comparisons are
then made wirh species-to-plant and sice
iN&X estimires pub[ishc,d in soil surveys.
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Teble 1. Baker and Broadfoot (1979) site jndex evaluation for cottonwood uging assumptions of long-term aoybaan cultivation and
Information from a published soll survey. Described here is en Amagon sell with data from the USDA/NRCS Soil Survey Divigion Offi-

clal Soll Serleg Descriptions (www.statlab.lastate.edu/soils/osd/), The sum of underlined poimt velues equals predicted site index in
feat at a baae age of 30 years,

Soil-site
property

Soil-bile condition and relative queiity

Best

Medium

Poor

Seurce of Information

Factor 1. Phyoioai conditien

Soill depth and Deep soil ( >4 f; Medium depth Shallow soil Soil Survey, plowpan
presence of without pan) (2-4 1), or a (c2my,ora assumed to be digruptad
artificial or soil with a soil with en by deep plowing
inherent  pan plowpan inherent pan
i (11 (-11)

Texture Medium-textured; Coarse-textured:; Fine-textured; Soll survey
(in rooting zone) silty or loamy sandy claysy

(11 (8) (-4)

Compaction No compaction; Moderately Strongly Soil  Survey

(|n surface fOO'[) looss, porous, Compacted; Compac[ed;
friable, bulk firm - moderately tight, bulk
density « 1.4 tight, bulk density »1.7 gcc
glec density

14-1 .7 g/eo
[E)] (6) {-3)

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

(in rooting zone) structureless, blocky platy
gingle-grained
if sandy, magsive
if Yoamy or silty

(8) (3)

Past use and Undisturbed; Modsrate culth Intensive eultl- Assume intensive

present covet near-virgin vation; cultivated vation; cultivated cultivation for
forest cover ¢ 20 yr, or >20 yr, or open >20 yr

open wlth grass and bare
cover
(5) @ 2
Factor 2. Moisture avaiiebiiity durlng growing season

Water table 2-6 [-27 7-10 1" (unsuitahle); Soil Survey

depth (10) 7N 10' (0)' .

Artificial or No pans Plowpan Inherent pan Soil Survey, plowpan

inherent pans assumed to be disrupted

by deep plowing
8 (€) (+6)
Topographic Floodplain or Stream terraces Upland Soil Survey
position stream bottom or lower slopes
(5) (-5)

Microsite Concave; Level: flat Convexridge, Assumed to be flat due 10
depresslon, mound leveling associated with
pocket, trough cultivation

@ &) (-2

Structure Granular: Prismatic; Structuraiess, Soil - Survey

(In rooting zone) structureless, blocky single-grained
massive (If (if sandy); platy
silty, loamy, or
clayey); stratified

(5) {3) (9)
Texture Slity or loamy Clayey Sandy Soil' Survey
(in rooting zone) (or stretified)

@ @ (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 cultivation » 10 years
forest cover cultivated =10 yr cultivatad >

or open with 10 years or open
grass cover and bare
@ (1) £
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Table 1 cont.
Soll-slte Soll-slte condltion and relative quality Source of Information
property Best Medium Poor
Factor 3. Nutrlent availabllity
Geologic Missigsippi Mixed Coastal Coastal Plain Soil Survey
source River, Loess. Plain and other
Blackiand
@ (6) (+5)
Past use and Undisturbed; Moderate ~cultivation intensive Assume annual
present cover near-virgin cultivated 5-10 cultivation fertilizalion associated
torest cover, yr, or open ouitivated > with Soybean production
cultivated with grass f 0 yr or open
<5yr and bare (4 if
fertilized annually)
) @ (-8y
Organic matter > 2% 12% < 1% Assume « 1% due to
(A-horizon) { 4) (3) (-3) long-term  cultivation
Depth of topsoll = @' of 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 proflle profile
(Entisols) development leached (Alfisols,
(Inceptisols) Ultisols
3) (2) 2
pH (in rooting 55¢75 45+550r «4501»85 Soil  Survey
Z0ne) 7.6-55
(8) 2) {-2)
Factor 4. Aeration
Soil structure Granular, porous: Prismatic; Massive (If clayey); Soil Survey
(in rooting zone) structureless, blocky platy
single-grained
if sandy, massive
if loamy or silty
(3) @) (-2)
Swamplness W(let in winter Wet January-July Waterlogged all year Soil Survey
only,
3) 3] (Unsultable)
Mottling None to 18" depth None to " depth Monled to surface Soil Survey
surface or _Pray
mineral soi
3) (2) (-2)
Soil color Black, brown, red Yellow, Gray Soil Survey
(in rooting zone) brownish-gray
@) (2)

Methods

Selection of soils and species. The
criteria for seleetion of rhc 10 Lower
Miuissippi Valley soil serics were

1. Soybean firming is commonly
practiced on the series.

2. At least sorme phases of the srics
are classified as poorly or somewhar
poorly drained.

3. Flooding frequency ranges from
occasional t0 frequent,

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

All scricsused in I’hiSstudy mer cach of
thesc criteria excepr Dundee, which isnot
hydiic, but commonly occurs in associa-
tion with several of the grher selecred Soil
series. Tree species were selecred for evalu-
ation ON their adapration to bouomland

sites and poten tia] merchantabiliry. and
included 1 he f&wing: Eastern cotton-
wood (Populus deleoides Barer. cx Marsh.),
green ash (Fraxinus pennsylvanica
Marsh.), Nuttall oak (Quercns nuiialli
Palmer), swamp chesmut oak (Q.
michauxii Nure,), warer 0ak (Q. nigra 1..),
sweetgum (Liguidambar seyraciflua 1..),
and sycamorc (Plaranis occidentalis 1 .).
Site index estimares. Soil series and
species-specific site index estimales were
made using rhc method developed hy
Baker and Broadfooc (1979). Fur each
spccics, 23 soil and site characteristics
were assigned one of three point values
representing conditions thoughr to
be good, fair, or poor for tree growth
(Table 1). Species specific estimates arc
madc by weighting point values to reflect
the rclative imporuince of each criterion
to rhc growth of a parricular Specics, as

well 3 that specics maximum artainablc
site index. The sum of these weighred
point values provides an estimare of site
index (tree heighe at a given base age) for
a tree specics under the specified soil
series and site conditions. Site index
values USC a base age of 50 ycars for all

species prescnred here, excepe cotion-
wood where the conventional base age is
30 ycars.

In this study, site index cstimares for
seven southern bottomland hardwood
trec species on each of 10 Lower Missis-
sippi Valley soil scrics were made by
caibrating the modcls of Baker and
Broadfoor (1979) with soil chemical,
physical, and hydrological dara drawn
from the general soil scrics descriptions
at the NRCS web site (18 variables)
(1able 1). Values for che remaining five
variables were assigned on rhc basis of
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Table 2. Site index predictions (m) based an Baker and Broadfoet (1979) for seven hardwood tree specie6 for soil serles likely to sup-

poft marginal soybean agriculture in the Lower Migsigsippl Valley. Note that point vgluss ditfer by rpeoies due te inherently ditfering
resource heeds, toierancee, and growth rates.

Swamp
Green Nuttall chestnut Water
Soil  series Cottonwood ash oak oak Sweetgum oak Sycamore
Alligator 23.2 22.0 24.4 20.1 23.8 21.9 22.9
Amagon 27.1 23.2 25.3 22.3 25.0 23.5 25.0
Bowdre 22.3 22.6 23.5 19.6 23.6 21.6 21.6
Dundee 21.7 24.1 25.3 21.9 26.6 24.4 25.0
Forestdale 24.1 21.6 23.2 19.5 21.6 19.8 16.0
Mhoon 28.0 23.8 25.0 20.7 23.2 21.0 21.6
Neweiiton 24.4 23.5 24.7 20.1 247 21.9 23.2
Sharkey 229 218 23.8 20.1 22.9 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 ail other specles.

Table 3. Percent difference between Baker and Broadfoot (1979) slte index estimate6 for
marginal soybean lands in the Lower Migslgslppi Valley and those included in NRCS Soil

Survey specles-to-plant reccmmendaticna for five bottomland hardwood tree species. P-
values were obtained ueing a paired t-test comparing site Index values from the two

ing, zone following disturbance islikely a
important consideration in the predicred
sucecess Of cottonwood on the silt loam

aforementioned predictors.

soils.

Green Nuttall Water Diffcrences between Soil survey values
Soilseries Cottonwood ash oak Sweetgum 0ak and our estimates based on Raker and
Aiilgator 16 +6 _ ) 20 _Broadfoot (1379) likely ICﬂe(':l differences
Amagon 11 5 17 -16 23 in assumptions made regarding soil and
Bowdre 234 _ _ -18 25 site conditions.  Estimares included in soil
Oundee -9 - _ 12 16 surveys were derived from naturally-
Forestdale 21 -9 20 95 .28 regencrated, well-stocked forest stands
Mhoon -16 -13 — -24 wirh no evidence of recent cutting or
Naweiiton 20 +3 -5 -15 -0 burning (Francis 1984). Predictions USing
Sharkey 17 .22 rhc Baker and Broadfoor (1979) guide
Tensas 24 24 incorporated likely changesin soil and
Tunica - — -19 - sre conditions associated with long-term
p_value 0.001 0.01 0.04 0.0001 0.0001 'OW Crop cultivation. For instance, agri-

assumptions made for economically
marginal soybean lands of the region
(Lable 1). Species-to-plant ceccommenda-
tions and projected site indices were
collected from published USDA soil
Conservarion Servicc/NRCS county
and parish soil surveys within a 62-coun-
ty/parish arca of Arkansas, Louisiana, and
Mississippi in che lower Mississippi Allu-
vial Plain (Groninger ct al., in Press).

Results and discussion

Site index estimares ranged from 28.0 m
(92 k) for coeconwood (hase age 30) on
Mhoon soils to 18.0 m (61 fr) for
sycamore (base age 50) on Forestdale soils
(Table 2). Silt loam soils (Amagan and
Dundee scries) typically showed higher
sire indices than rhc arher series, which
were predominantly of clay cexture.
Among the tree species used N this study,
green ash and Nurwl} oak sire jndex
estimates varied least between SOil types.
The relatively rapid growth across 4l soils
is consistent with rhe recognition among
foresters that these species arc well adape-

94

ed to awide range of frequently-flooded
soil types. Sycamore and couionwood
varied most among soil series consistent
with their sensitivity to soil and site
condirions. Therefore. idenrification of
suicablc soil and site condirions isespe-
cially important when considering these
specics for reforesration.

Sitc index vaues caleulated using Baker
and Broadfoot (1979) were significantly
lower than values given Fnr specics recom-
mended {or planting in soil surveys
(--able 3) with diffcrences typicaly in the
1O to 20% range. Green ash was an
cxceprion on Alligator and Newellron
soils where cstimares of siteindex were
lower than published soil sutvcy values,
reflecting rhc recognized rolcrance of
green ash to poor soil condirions and
highly-disturbed sites throughout the
region. Corronwnod sire index estimares
varied less for soils of silt loam than for
clay rextures. suggesting that row crop
agriculrurc may have alesser impact on
these soils. Maintenance of berter inrcmd
drainage and consequently, a deeper root-
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cultural soils arc characterized by higher
bulk density, lower sail organic mateer
content, altered fertility, and sometimes
smaller available rooting volume cagsed
by rescrictive plowpans (Francis 1985;
Stancurf et 4. 12?98). However, the
srink-swell clay mineralogy and previous
agricultural amendments may tcducc
rhe impact of these impediments. Sitc
preparation and post-cstablishment
management practices, including weed
control trcatments, fertilizer applications.
fallowing, and deep plowing, have been
recommended 10 andiorate the adverse
elfeces of long-term agronomic practices
(Allen 1990; Baker and Blackmon 1978;
Blackmon and Whire 1972; Francis
1985).

Perhaps the greatcst value of this adap-
ration of Baker and Broadfoor (1979) for
land managers is the incorporation of
mote Specific tree growth estimates into
the speciesselection process. Failure to
correctly march species and site has con-
scquences ranging from sub-optimal
stand productivity Lo complcre planting
failure. While site index cstimates ob-
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ined through the use of the Baker and
Broadfoor (I 979) method appeat to bc an
improvement over those published in soil
surveys, they cannot be ysed in isolation
to make recommendations for the appro-
priatcness of a certain rrce species on a
particular site. Baker and Broadfoou
(1979) provide guidancc on profitability
for timber management that goes beyond
site adapration, Their reccommendations
reflect silviculrural practices and hard-
wood markets 20 years ago, and probably
arc no longer valid. For example, their
productivity crircria suggest thai ¢otron-
wood may bc managed on Amagon,
Dundee, Mhoon, and Newelltyn soils
formerly in soybean production, byc nor
on 4ny of the other seriesincluded in this
Study. However, recent impmvcmcnrs in
cottonwood pulpwood mMarkets and
advances in competition control permit
the successful management of thisspecics
on a 10-year rotation on formedly row-
cropped Shackey soils (Stantutf et al.
1998).

The dynamic nawre of hardwood mar-
kets and continual advances in bottom-
land hardwood silviculrure indicarc a
nced for flexible management decision
systems. NeW rechniques arc cmerging,
such as using cottonwoud s a nursc Crop
for inrcrplanred Nueeall unk (Schwciczer
ct al. 1997). Monitoring the growth and
marurarion Of theye and other recent
plantings on (ormer agriculural lands can
scrve as the basis for erpirically-derived
models Of siand growth rate and produc-
riviry that will provide berrer specics
planting recommendarions. Further work
should focus on dercrmining sirc index
using younger hase ages 10 reflect the
increasing utilization Of smaller trecs.

Conclusions and
recommendations

Uncil empirically-based guides are
available, the mecrhod of Baker and
Broadfoor (1979) rcpresenrs the best
available cool Fur trec Speciesseleciion
and growth prediccion. Ideally, applica-
tion Of this merhod to a particular site
should include an on-sicc cvaluation by a
soil scientist or silviculrurist. as wel) as an
understanding of site flooding regimes. If
this is not possible, we suggest application
of the approach described here using soil
survey soil data in appropriate regions of
the southern United Stares.

Although the Baker and Broadfoor
method was originally developed as 3 sixe-
specific silviculeural o), it may he useful
to regional land use an¢) economic plan-
ners wherever southern botromland hagd-

woods are planted. Overlaying these site
index cstimates and soil serics data in |
geographic informartion system ¢an
provide estimates of the conrriburiun of
reforcstation o environmental remedia-
don and Jong-term forest-bascd economic
devclopmenc. Further, reforestation
ctfores may be focuscd on marginal agri-
cultural lands where forest producrivity
and associared economic and environ-
meneal bendfits ac oprimized (Luvgjoy et
a. 1985). Modificarion of rhc Baker and
Broadfoot (1979) mcthod to conditions
in orhcr regions could hcilirarc thr
broader usc of this wol inland use policy
and program dccisions.
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