White-tailed deer forage production in
managed and unmanaged pine stands
and summer food plots in Mississippi
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Abstract Nutritional habitat quality in unmanaged southeastern forests often is limited because a
dense midstory and litter layer impede growth of high-quality, shade-intolerant forage
species. Management actions often are designed to improve the quantity of natural forages
and to supplement natural forages with agronomic plantings. We evaluated the use of a
selective herbicide, prescribed fire, and fertilizer to improve forage production for white-
tailed deer (Odocoileus virginianus) in naturally regenerated, mature loblolly pine (Pinus
taeda) stands in north-central Mississippi, treated during 1998-1999. We compared nutri-
tional quality and production of selected forages in treated plots (n=4) and untreated plots
(n=4) during years 2 and 3 post-treatment. We also measured quality and production of
cowpeas (Vigna unguiculata) produced in food plots (n=4). Treatment plots produced an
average of 435 kg/ha of leaf biomass and 34 kg/ha of digestible protein; untreated plots
averaged 119 kg/ha of leaf biomass and 7 kg/ha of digestible protein. Cowpea food plots
produced 545 kg/ha of leaf biomass and 110 kg/ha of digestible protein. Carrying-capaci-
ty estimates (deer-days/ha) increased from 7 in untreated plots to 268 in treated plots.
Extrapolated over a 10-year economic planning horizon, the cost of producing digestible
protein was $8/kg for treated plots and $15/kg for cowpea food plots. Vegetation treatments
as described can cost-effectively produce high-quality, natural deer forages.
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Nutritional carrying capacity for deer in unman-
aged, pine (Pinus spp.)-dominated southeastern
forests often is limited by a dense midstory of unde-
sirable woody species and understory litter layers
that impede growth of high-quality, shade-intolerant
forage species. Conversion of poorly managed
forests to stands with an open midstory and a
diverse understory is difficult using prescribed
burning (Baker 1992) and mechanical hardwood
control (e.g., bush hogging). A history of fire sup-
pression and past, often poor forest management
practices have made it nearly impossible to convert

stands to pre-settlement conditions (Tiedemann et
al. 2000) that historically provided high-quality
habitat for white-tailed deer (Odocoileus virgini-
anus, Dickson 2001). Management actions often
are needed to increase production of quality natu-
ral forages and to supplement the natural forage
base with food plots for optimal deer body growth
and antler development.

We applied a combination of vegetation manage-
ment techniques (i.e., selective herbicide, pre-
scribed fire, and fertilizer) to improve the natural
forage base for deer. We treated the sequential
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application af these 3 practices as o single muanage-
ment regime. We hypothesized thar this manage-
ment regime would alter vegetation structure and
production.  We predicted  thar eliminaung  the
undesirable, hardwood-dominated midstory would
allow muore sunlight to reach the forest floor, burn-
ing the lirmer layver would promote establishment of
proferred deer forages and fertilizing would pro-
mote forage growth,  We evaluared  vegetation
response 10 the cumulative effects of these 3 prac-
tices uscd in combination. We compared forage
gpuadity (e crude protein and in vitro digestibilioe.
forage quanniry {iLc., total bomuss, leal biomass, and
digestible protein. and nutritional carrving-capaci-
ry estimetes in treated and unireatcd plors. We then
compared the cost-cffeotiveness of this vegelation
management option w the establishmenr of cow-
pew ( Vigre nngadcidaia) food plors,

Study area and methods

Sdy arcas woere located in nuturally regenerat-
od, mature (15-50vear-oldy loblolly pine (fFinus
freeeda) stands on private land in Noxubee County.
Mississippi, Trearcd plots (1 ha, sr=4) received a
herbicide treatment of ARSENAL® Applicators
Concentrate (BASF Forestry, Rescarch Triangle Park,
N.CO applied ar 1.2 L/ha in October 1998 via skid-
der using a water solution at 187 L/ha, We burned
cach plot in March 1999 and applicd 222 kg/ha of
0-20-20 forrilizer o cach plot o August 1999,
Untreated plots ¢ ha, i=-4) were locared in adja-
cent stands of loblolly pinc similar i age. basal
area. and topography. We arranged paired plots in a
complete block design 1o eliminate any portenrial
plot vanability. We planted cowpea food plots (001
b, =4 in April 2000 and April 2001, We limed
and fertilized food plos based on soil 1ests, 1o lev-
cls recommended by Stewart ¢ 20000,

We collected leat samples from randomly select-
od plants throughout cach plot during August 2000
and August 20010 from 12 specics with a moderate
o high annual deer forage preference  rating
cWarren and Hurst 1981 We sampled beggar's lice
(Desmodicem cilivre),  ragwecd CUmifvosia
artemisfifolim), Amoerican beautvberry (Califoarpa
amerfcand), yvellow poplar (Liviodendron tulif-
dera). winged elm (CTms alara), flowering dog-
wood  (Coraus floviday,  tree sparkleberry
(Vercofin arvfrern), catbrier cysueffax o
mece), Japanese honeysackle (Lonicera fafmmnica),
muscadine (Viris rotundifodia), blackberry (Rufues

argrtus). and  Alabama supple-jack (Herchemia
scandens). Sweelgum (Lfquidambar styraciffig)
has a low preference raung (Warren and Hurst
1911, but was selected because of its prevalence in
unmanaged timber stands in the southeastern
United States

W dricd leaf samples in a forced-air oven at GONC
firr 72 hours, then ground samples in a Wiley mill 1o
a particle size that would pass through a 2mm
sorcen. We analyeed duplicare samples for nitrogen
conment e determine percent crude protein (CF)
using the Kjeldahl procedure (Helrich 19000 and in
vitro drv-matter disappearance (VDM w deter-
mine digestibility (Cherney ot al. 1997, We calon-
lated a relative cstimate of digestible protein pro-
duction by multiplving a species’ lcaf hinmass pro-
duction by its CF and IVDMD percentages.

We measured forage production in 4 2-m< wirce
fence exclosures placed randomly within cach of
the trewed and untreated plots during May 2000
and Mav 2001 and clipped o ground level during
August 2000 and August 2001, We sorted clippings
bv species for the 13 selected deer forages and by
forage class (e.g., browse, torb, grass) for other
specics, W separated clippings inco leat biomiss
{e, leaves; portions of the plant potentially con-
sumable bv deer) and nonconsumable  biomass
(e.g., stems: portions of the plant not potentially
consumable by deerd, placed them in paper bags,
dried them in a forced-air oven at 00°C for 72
hours, and weighed them o determine dry-matter
weight, We randomly placed 4 0.5-m? exclosures
within cach cowpes food plot and clipped and
processed them similarly o the namral vegetation.

We calvulated mean production (hgfha, dry-mart-
ter basisy of roral hiomass, leal biomass. and
digestible protein for each forage class, selected
species, and cowpeas, Wie compared means (F<
0.05) berween rrcated (r=4% and untreated (xn=4)
plots and between years (n=2) by species, annual
preference mling groups, and forage class using
repeated-measures ANCWVA in SAS Proc MIXED. We
modeled the covariance for ¢ach hypothesis Lest
and chose the most appropriate structure (€.5 .
Aulo-regressive, unstructured, el by minimizing
ALC_ (Littell et al. 1996). We separated means using
Fisher's least significant difference when a wrear-
ment-by-year interaction was detected,

Wo estimated deer-days of foraging capacity as an
index to the treatment cffocts on nuteitional carey-
ing capacitv using the explicit nutritonal con-
straints model (Hobbs and Switt 19883 We calou-




Lated the amount of forage biomass (kg/hay of the
12 preferred deer forges that could be mixed to
produce a mean diet quality of 12% CP based on

the observed percent CP for cach species. We
divided this amount by a dry-matter intake of 130
kg/dav to caleulare deer carrving capacity.  We
chose 12% because CP oreguircments for aduolt
maintenance range rom 4-12% (Holwer et al. 1979,
Asleson et all 199600, and a dry-mater intake of 1,36
hgdday has been reported for white-tailled  deer
iFrench er al. 1956, Fowler et al. 19607 )

We calculated the cost ol producing | kg of
digestible protein for the 12 preferted deer forages
within treated and untreated plias during vears 2
and 3 postrreatment and within cowpea food plots,
A single treatment wirth a prescribed burn at year 5
post-ireaunent will maintain the vegetative response
for a minimum af 10 vears 15, Demariis, Mississippi
State University, unpublished data)y, Therefore, the
cost of producing | kg ol digesuble protein woas pro-
jected over a 1ovear economic planning horizon,
We determined present values and the nterest rate
according o Bullard and Suraka ¢ 19495,

Results

Toral biomass (F) =12 23 P=0013) and leaf
Biomuss  (F) 4= 2576, #=0.002) production
increased in treated plins compared oo untrearced
plots Clable 1), but did not diller between vears (F
=0.05). Total browse biomass did not differ (f) =

Lahles 1. loral and leat ciomass production tkgdha by lorage
class in the understary af loblolly pane stands treated 10 = 41

dirring 1998 1999 or pntreated [0 = 40 in Mosubee County,
Misaresippi, JOC-2007,
Trealed Lintrezated
Forage <lass 5 sC K SE
Iestal buomass
Browse |24 231 EFHE 2
Forly &b 234 i1 7 7
Cirass © bl 194 2 11
Togal © 2,206 253 1,020 246
Leal bicmmass
Brivass © Bl 43 23 45
Forh 4 13 29 k] i
Crass - G116 1480 a8 11
Tedal 2 1,172 a7 2a 57

+ Treatment effect (P 0011,
U ear erfect 1P < 0.0 $18F), 20600 = 37 12491 001 = 182 74)
© Treatment effect (2 = (0,05,

186, P=0.221) between treated and untreated
plots, bur treared plots produced more browse leal
hiomass (F) (=12.88 F=0.012) Neither browse
Lotal [_Fl_ﬁ=0.i‘3.P=i.}.-iSﬂ} nor browse leal hiomass
o) B= 143, P=0277 differed between vears. Forl
total biomass differed by treatment (4 = 24,17, F=
0003 and year (F) =739 F=0.03%). Forb leal
hiomass was greater in treared plors of) ,=22.41 F
=0.003), Treated plots produced more total aned
leal grass Dbiomass (F) =804, P=0L030) than
untrcared plors.

Leaf biomass production of forage spocics
incredsed in treated plots (Table 2. The treatment
increascd leaf biomass production of high-use for-
dges in treated plors (F) (= 20.32, P=00002), specil-
ically Deggar's lice (F) g=7.32, P=0.034 ), American
beaurvberry (F) = 10,06, P=0.007) and blackberry
(F) o= 1048, P=0L018).

Crude protem ol most selected deer toruges did
natr inerease in weared plors, and there wias no detin-
itive. treatmentrelated increase i VDM however,
there wus an increase in the amount of available
digestible protein in treated plows (Table 3)

Table 2. Leal biomass production (kghat for seleoed dees 1or-
age= in the understary of loblolly pine stands treated in = di dur

g PE9E-199% or anbreated no= 4F i Mosulse County,
Mussissipp, 2000-2001,
Trezated Lintreated
Spocics Rating? i al i Sl
Fort
Bogpars Lhueb 4 LU [V 1 1
R agweer | 7 4 0 0
Brovese  Tree shrgks
Swerigum 1 45 {4 % 14
Armernean beaum berry | 4 e 20 5 3
Walle poplar 4 3 3 | |
Winged elm - 25 i 25 &)
Flenaerimg doganed 4 Al 4] 3 )
Iree aparklehberry 4 7 ] 0 ]
Browse - Vine
Calbrper H 1 1 2 1
Japrarese honeysackle 3 22 7 I [
ruscadine 1 120 37 43 13
Blackberyt 3 115 33 1o
Alabama supgle-jack 4 1 } 1m 4
Ital - moderate wse 3 23 7 28 i
Total - high wse 4 41 54 91 23

4 Annual preference rating of 1, seldom eaten; 3, moderate
use; 4, high use tWarren and Hurst 19810,
B Treatrment effect (F < 0,05,
[reatment affect [F < 001




Table 3, Crude protein (%), in vitro digestibilitg (%), and availatde dipestible protein (kp'hat from leaf biomass for selected deer
= H F

forages o the understoey of loblolly pine stands treated 10 = 41 during 19987999 or unbreated [

Mississipp, 2000 2001,

4im moxobee Counly,

Crude protein® Drigestibility™ Dngesuble prowein
Treated Linreated Treaned I ptreated Tresatesd Lnreanesd
S Rating! % SE B 5E i 5L i 5L i 5L i 5L
Forb
Bepgars hoet b 199 |.b 18.0 551 117 097 7 T o iR
Ragweed 229 40 TIHR 127 0T o
Browvse (Troe-shiruby
Sweetyumd 1 LS 4.0 03 GlE 65 [ 47 X 15 14 11
Aamerican beautvhern of 4 121 05 124 1L T AW E 4T T 04 ng
il oo poplar 4 14.%8 1.7 10 1.5 RO 103 AR g5 L ol 0l
Winged wlm 4 1.7 11 oo 03 a5 118 58.3 72 1.5 0.5 1.2 03
Hewwering: dogwenod 4 7.2 6.8 .4 ot B0 158 Gy Gl .2 11
Tree sparkleberry 4 U 714 Tk 1hd 714 121 a6 oD 0o
Browse - Wi
Cantbrier ] e 0g 1.5 0.5 hi4 105 GE.H G4 ol Wl [ o
lapanese honeysuckle 3 949 1.0 g4 07 TS (R 1.0 W Tab 0T 1.7 14
.\-‘Iklt;tat|i'1e4‘-l" 4 11.2 1.4 2 [k [ N 2% kR A 24 0k
Blackbermy - 4 1268 1.3 Bld o 19R g9 28 ol ol
Alabdma supgale-jack 4 a4 s 0 BaA 763 103 05 Q2 on o 02
Intal - moderate Lse 3 T LA 1.9 (4
Toral - high wsel 4 rod48 Al 1l

= Treatment wffect on digesnhle proten (8 < 0.05],

Annual preference rating of 1, seldom ealen: 3, moderale oser 4, hegh use (W arrery aned urss 1981,
Composite samples collecled across sludy arcas where spwecies oo uredd,

2 Treatment by year intaraction on digestibility 07 = 00025, § 1560, bealed 2000 = 43 6 (200 &, umrcated 20000 = 577 (150 B,

reatess 2000

OGO, untreared 2001 = 1.7 0L L means with commeon letters do not differ (F = 003,

2 ear elliect on digestibuling o8 < Q0T sk 2000 = 3000005, 2001 - 4591 .7

I
A, treated 2001
B Treatrment effect on progean (= (007

P ear effect on protenn (P e QU0 £ 15EL 2000 = 9.7 1003, 2007

Irearment by veas interaction on digestible protein o 00490 $050 treated 2000 = 140070 A untreated 2000 = 049005
1001 12 21 B, wntreatesd 2001 = 0.4 10040 A; means with common letters do not ditfer oF = 005,

TS LA

Year effect on digestibility o7 - 0,001 750, 2000 = 5200240 20071 = 74401 4

Treezatrment eilec ] un dhigesnble progean (F < 0.000

Muscadine CP was higher in treated plos (Flg=
G218, P21} and during 2001 (F, ,=22 27, P=
Q0031 Thers was a swoctgum treatment VAT
mteraction (F) =890, P=0.025%). resulting from a
trearment-relared deorease in digestibility: however.,
digestibility increased from 2000 to 2000, American
beaurvberry (F, H=3398 P0001) and muscadine
(F s=4975, F<00000) IVDMD increased in treated
plots during 2001, Beggars lice (4 =075 F=
0.041) and blackberry (F) ,=11.94, P=0.014) avail-
able digestible protein was greater in wreated com-
pared o untreated plots. There was a treatment =
vear interaction (F; ,=0.05, F=0.04%) for American
heautyherry digesrible protein. The treatment
increased digestible protein available from high-use
forages oF) ,=10.56. P=0.001})

Cowpea fond plot total binmass (F) = 1854, F=
O005), leal biomass (F) ,=2%02, P=0.002), and
available digestible protem (F), = 10,53, F=0.018)
wore greater during 2000 than during 2000 (Table
4y, Conversely, IVDMD was greater during 2001
than 2000 08, (= 11451, P=0.001)

Total biomass of forages averaging 1.2%
greater in treated plots compared to untreated
plots (Table 33, As a result, white-tailed deer carry-
ing capacity was greater in treated plots (F) =
53.76, P=0.001).

Treatment costs included application of ARSE-
NAL wia skidder ($173/ha), prescribed  fire
(525/hay, and fertilizing ($362/hay. for o treatment
cost of $200/ha. The average annual cost ol estab-
lishing and maintaining cowpea food plots was

P was




Table 4. Total biomass (kg/hal, leaf biomass tkg'ha), crude pro-
tein (%), in vitro digestibility (%), and available digesitide peo-
tein (kghal of cowpeas prown in food plots (0 = 40 during e
2000 and 200N growing scasons in Nosubee County,
MississIpp,

2000 200
iy Sl k) Si
fotal hiomass® 2,886 191 1,533 249
| ear biomass? 732 7i) 358 17
Crude protein 202 0.8 259 4.6
Digestibilityd 693 2.1 935 0.4
Digestible proteint 132 11 87 i

4 Vygar effect (P < U0,
B vear efrect (F = 0 001,
L Year offecr (B o 0050

5203/ha and included seed, fertilizer. lme, and
equipment {¢.g., wactor, fucl, herbicides, imple-
ments o disk plot, spread secd, and cover seed)
based on Nagel et al. (20000 Labor costs were not
included, becavse most landowners provide their
own labor in establishing and mainmaining fiaod
lists.

The cost of producing 1 kg ol digestible protein
averaged across vedrs 2 and 3 postireatment was
58 for treated plots and $5 for cowpea food plots.
When extrapolated over a 10-vear economic plan-
ning horizon, assuming sguivalent productivity ley-
els and a L0% imterest rare, the present value of pro-
ducing 1 kg of digestible protein was %8 for treated
plots and $15 for cowpea loud plors.

Discussion

The experimental treaument promoted growth of
preferred deer lorage species, ARSENAL removed
the hardwood midstory component (W Burger and
1 Jones, Mississippi State Universiny, unpublished

Table 3. Tolal iomass kg'hat of selected deer Turages com-
bimed to average 12% crude protein and associated carreing
capacity estimates |deer daysdia, assuming 136 kgdday con
sumphion; o0 the understory of loblally pne stands teeated (o
A1 durivg 1THH=T 599 or unteeated 1 = 00 in Mosobes County,
Mississippi. 2000-2007.

Total hiomass Carmving capsacity

L Irtrezated

Ireated Trcated | Intreated
Yoar 5 SE i WE i 5L ¥ SE
2000 07101 & K 15 74 [ 4
2001 431 g2 12 i 5 Gl o A
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report), which allowed sunlight o reach the forest
floor, A prescribed fire during the spring following
herbicide treaunent removed residua]  hardwond
standing debris and livter layver, releasing desirable
herbaceous vegetation.  Desirable plant growth
probably was addiionally promoted by 4 summer
fertilizer application.  Increases in heggar's lice,
American beautyberry, and blackberry were ovi-
dent in total biomass, leaf hiomass, and digestible
protein in the treated plots. These species dare not
labeled as target vegetation species and therefore
were not controlled by the herbicide.

The herhicide treatment eliminated undesirable
specics (e.g., sweetgum) from the treated midstory,
However, sweelgum scedlings  germinated  post-
rreatment as part of the understory community,
Future development of undesirable woody species
can he limited by prescribed-burning at least every
5 wears (5 Doemarais, Mississippi State University,
unpublished data).

When comparing the cost of producing 1 kg, of
digestible protein during vears 2 and 3 post-treat-
ment, cowpea food plots appeared o vield the
greatest invesiment return. However, lor long-term
production of high-quality, natural deer forages,
treared plots yielded rhe greatest investment return
because the treaunent was a one-lime cost with
resulls kusting =10 vears if maintained with period
ic prescribed burning, versus the annual cost of
establishing and maintaining a cowpea food plot
Unireated plots obviously had the leasr investment
30,000, but also produced the least amount of gqual-
ity deer forages

We assumed that the nutritional constraints
maodel (Ilabbs and Swift 19857 accurately indexed
currving capacity in our treatment plots. While our
choice of values for CP diet level and drv-matter-
intake rate are debarable, the relative comparison of
carrving-capacity  levels between  treated  and
untreated plots is unequivocal. Thar is, deer carry-
ing-capacity  estimares in treated  plots greatly
exceeded those from untreated plots.

Cowped food plots produced large amounts of
digestible prowein, but lHmitations were associated
with these food plots. The primary limitng factor
was the high annual cost of establishment and
maintenance It also is important o note that we
measured cowpen food plot production within
exclosures, with no deer wilization. Deer typically
forage heavilv in cowpea food plots: thus, annual
producrion may be significantly  less than we
reported. Also, drought conditions or overutiliza




Cualty Vegetation sManagement efectvely removed the hard
wantd midstory 10 malure pioe foresi: and releasst bigh gquali-
oy, shade-intolerant deer fieages  Inereased producion of high
by prigerned forapes greatly increased the habitars deer nutn-
Lional carryimg Capacity.

tion in high-Jeer<ensity areas may prevent cowpea
tond  plots from ever becoming  established.
Additionally, there were season-of-avalabalite differ
ences between cowpeas (3-4 months) and native
vegetation (5-0 months), which Bmited deer orni-
lization.

Removal of undesirable midstory hardwoods can
have positive cffects on pine growth rate. During 2
years following an ARSENAL and prescribed-fire
treatment, Harrv {1990) reported a 6% radial
growth rate increase in treated  35-42-year-old
loblolly pines. Based on this end. it is plavsible
that rhe pine growth rate continued [0 increase il
subsequent vears. I so, and assuming the final
product was sawtimber crop rrees. the volume
merease and associated economic return at harvest
may allow the landowner e recover a portion of
the treatment cost,

Conclusions and management
implications
This combination of vegeation management
technigques was offective for removing the hand-
wood mudstory and lirter layers in mature pine
forests 10 release high-gualivy, shade-intolerant, nat-
ural deer forages.  Increased production of highly
preferred forages in reared plots greatly increased
the habitat’s deer nutritional carrving capacity.

Cowpea food ploss produced  large amounts ol

digestible profein, but wore more expensive 10
establish and maintain over time

RBecontly. agencics have incorporated this comin-
narion of vegetation management lechnigues, col-

2004, 32033789-743 T
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ke -Lailed deer nutritiong carrving capacity inoproeadumi

nated southiastern fwests i otten lirmited by a dense midston
of uncesirable harbanod species and understory litter layers,

lectively referred to as quality vegerarion muanage-
ment (VML into their cost-share progrims for non-
industrial private forest landowners. The Natural
Resources Conservation Scrvice i Mississippi pro-
vicles cost-share for (VM in thinned pine stands and
fur restaration of early successional vegeration tor
wildlife habitan in abandoned ficlds The Mississippi
Farestry Commission also provides cost-share assis-
tance 1o private ndowners for wildlife habivar
improvement in pine forests under the Forest Land
Enhancement Program.  Furthermore, the Farm
services Agency o Mississippi and olher southeast-
ern states have identilied sclective herhicide and
fire as cost-shaned, mid-contract management pric-
tices approved Lor use in mid-rotation Conservation
Rescrve Program pine stands.

Active forest management can oensure significant
financial returns 1o non-industrial forest landown-
ers and simuliancously fulfill their wildlile-bascd
management goals.  Applving QWM within pine
stands can provide wildlife managers a cost-efiec-
tive method o increase the natural forage base for
white-tailed decr.
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