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Summary Root responses to differences in availability of 
nitrogen and soil water were studied in loblolly pine (Pinus 
faedu L.) seedlings grown in monoculture and in competition 
with sweetguln (Liquidambar styracz$ia L.) or crab grass 
(Digitaria spp.). Rhizotron cells were maintained at high soil 
water availability (approximately -0.1 MPa) or subjected to 
three dry-down cycles to low soil water availability (approxi- 
mately - 1.0 MPa), over two growing seasons. Localized in- 
creases in nitrogen availability were created by adding nitrogen 
in solution to root ingress cores placed in each rhizotron cell. 
Presence of competitors reduced loblolly pine root growth 
regardless of tlie nitrogen or soil water treatment. On average, 
both total root length density and root surface area were re- 
duced 60% when loblolly pine seedlings were grown with crab 
grass and 3 1% when grown with sweetgum. Low water avail- 
ability reduced loblolly pine root length density and root sur- 
face area by 25 and 28%, respectively, compared with 
well-watered seedlings. Sweetgurn root surface area was re- 
duced 18(%1 by the low water availability treatment, whereas 
crab grass root surface area was unaffected by this treatment. 
At all soil depths, loblolly pine root surface area and root length 
density were increased in localized areas of increased nitrogen 
availability. Sweetgum and crab grass root surface areas were 
also greater in areas of increased nitrogen availability. In the 
high soil water availability treatment, loblolly pine root surface 
area increased 128% in localized areas of increased nitrogen in 
all competition treatments. In the low soil water availability 
treatment, loblolly pine roots responded to increased nitrogen 
only in the absence of competitors. In general, loblolly pine 
ancl sweetgum roots responded to increases in resource avail- 
ability s~milarly, whereas crab grass roots were relatively less 
affected. 

K~~~~,vo,-cls: Lli~ii~zria xpp., Lryuidanzbar .stj~racijluu, nitrogen 
nvailuhilii\; Pirz~ts  iaedu, roots, water availabilit)! 

Introduction 

Several researchers (Lyr and Hoffman 1967, Rogers and Head 
1969, Co~ftts 1983) have suggested that roots locate soil re- 

sources entirely by chance. However, evidence from split-root 
experiments (Coutts 1983) indicates that roots supplied with 
water or nutrients grow faster than roots deprived of these 
resources, suggesting that the distribution of nutrients and 
water within the soil probably impacts the distribution of roots. 
Most fine roots of loblolly pine (Pinus taeda L.) occur in the 
upper 0.15 m of a forest soil (Pritchett 1979, Vogt et a!. 1983, 
Van Rees and Comerford 1986), where soil properties includ- 
ing water and nutrient availability, aeration, soil strength and 
temperature are most favorable for root growth. Proliferation 
of roots in the surface horizon is expected because this soil 
layer is rich in organic compounds and serves a primary role 
in water entry from precipitation and water storage (Damman 
1971, Kimmins and Hawkes 1978, Davis et al. 1983, St. John 
1983, Eissenstat 1991, Stone and Kalisz 1991). The gradual 
decline in root density with soil depth likely retlects the ab- 
sence of abrupt soil horizon boundaries and the gradual de- 
crease with depth in concentrations of organic matter and 
available nutrients. 

Nitrogen is one of the nutrients most limiting to plant growth 
in forest soils. Competition for nitrogen may be intense 
(Caldwell and Richards 1986, Wilson and New~nan 1987) and 
can lead to an overall decrease in root development when 
neighboring plants take up nitrogen and reduce its availability 
(Hodgkins and Nichols 1977). Reduced foliar nitrogen con- 
centrations occur in tree seedlings grown in mixed plant com- 
munities. Morris et al. (1993) found that nitrogen deficiencies 
occurred in loblolly pine seedlings grown in intense grass 
competition and that, in general, foliar nitrogen concentrations 
were affected more by competition than were other macronu- 
trients. Reduced nitrogen concentrations were associated with 
decreased water availability and reduced root length. 

Competitive success depends on the ability both to deplete 
soil resources accessible to existing roots, and to make acces- 
sible additional resources through positive root growth re- 
sponses (Goldberg 1990). Root competition among species 
involves general and localized responses to water and nutrient 
availabilitics. Root proliferation (as measured by surface area 
or length density) in areas of high nutrient availability can lead 
to a competitive advantage. Successful competitors will likely 
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tolerate zones of limited resources and have relatively large 
responses to zones of increased soil resources. 

In this study, we evaluated the responses of loblolly pine 
seedlings and two commonly occurring competing plant spe- 
cies, sweetguln (Liquidambar styracifluu L.) and crab grass 
(Ili,gitarin spp.) to differences in soil water and nitrogen avail- 
ability. Inclusion of sweetgum, a colnpetitor species with less 
root proliferation than crab grass, provided an intermediate 
level of competition and resource removal. The inclusion of 
two watering regimes within the competition treatments, en- 
abled a quantitative assessment of the impact of soil water 
availability o n  loblolly pine root growth rate. The specific 
objectives of this study were: (i) to determine whether differ- 
ences in root response to localized increases in soil nitrogen 
availability exist among these three competing species; and (ii) 
to evaluate tlie extent to which depth distribution of competing 
loblolly pine, crab grass and sweetgltm roots can be altered by 
water and nitrogen availability. 

Materials and methods 

The inlluences of water and nitrogen availability on loblolly 
pine seedlings grown with herbaceous and woody competitors 
were evaluated under controlled rhizotron conditions during 
the summers of 1993 and 1994. The work was conducted in the 
University of Georgia, Whitehall Experimental Forest rhi- 
zotron described by Torreano (1 992). The experimental design 
was a 3 x 2 factorial combination of three competition treat- 
nlelits (loblolly pine alone, loblolly pine grown with crab grass 
and loblolly pine grown with sweetgum) and two soil water 
availability treatments (high or low) replicated in three incom- 
plete blocks. To evaluate effects of localized nitrogen on root 
distribution, each main plot treatment cell was split into three 
soil depths (0-0.3, 0.3-0.6 and 0.9-1.2 m) with two nitrogen 
treatments (with and without additional lS~- labe led  nitrogen 
applied to root ingress cores) within each depth increment. 

The rhizotron consisted of 16 individual 1 x I x 2 m (length 
x width x depth) cells with a tempered glass plate installed at 
a 7" angle as the inner wall. Rhizotron cells were filled with a 
511 (vlv) rnixture of washed sand (No. 10 fine masonry sand 
and fiitted clay (Terra Green Soil Conditioner, Southern Turf 
Co., Norcross, GA). (The use of all trade or firm names in this 
publication is for reader information only and does not imply 
endorsement by the USDA of any product or service.) The 
mixture had a sandy-loam texture and provided minimal struc- 
tural impedance (maximu~n cone resistance of < 0.5 MPa), 
excellent aeration and uniform nutrient and water distribution 
throughout tlie cell depth. Nutrient l~olding capacity was rela- 
tively low allowing nianipulation of labile nutrient concentra- 
tions. Soil ntitricnt analyses were performed by A&L 
Analytical Laboratory, Inc. (Memphis, TN) using a double- 
acid extraction (0.05 M HCI plus 0.025 M H2SO4). Initial 
conccntratioi~s of NH4-N, P, K, Ca and Mg were 5, 13, 1 16,220 
and 65 11lg kg-', respectively, with a measured acidity of pH 
5.1 ( I l l  soillwatcr mixture). These conditions were within the 
range of acidic, nutrient-poor conditions found in many south- 

ern forest soils (Pritchett and Fisher 1987). Methyl bromide 
was used to sterilize the soil medium before transplanting. 

Root ingress cores were made from stainless steel screen 
with a 300-micron aperture (80 mesh) (Tylinter Industrial Wire 
Cloth Co., Mentor, OH). Each core measured 0.08 m in diame- 
ter and 0.45 m in length and was open at the top and bottom. 
Three cores were placed at each of the three depths (0-0.3, 
0.3-0.6 and 0.9- 1.2 m) as the rhizotron cells were filled, and 
positioned so that the middle 0.3 m of each core encompassed 
the appropriate depth. The cores were randomly located along 
an arc of radius 0.15 m, centered at one of the seedlings placed 
0.53 m from the window. 

Union Camp Corporation provided the loblolly pine seeds 
(Family 0225- 10-0005-AA). The seeds were germinated and 
then planted in Ray ~ e a c h @  tubes filled with the rhizotron soil. 
Eight-week-old loblolly pine seedlings were transplanted to 
the rhizotron and grown for two growing seasons in monocul- 
ture or in mixed cultures with crab grass or sweetgum. Four 
seedlings were planted in each cell so that the root systems of 
two seedlings could be monitored at each rhizotron window. 
Seedlings were planted 0.38 m apart at distances of 0.15 and 
0.53 m from the rhizotron window. Vegetative inoculum of the 
ectomycorrhizal fungus Pisolithus tinctorius Coker and Couch 
(Pt) was provided by Mycorr Tech,@ Inc. (Pittsburgh, PA). A 
100-ml aliquot of co~nmercially prepared vegetative inoculum 
was added to a core of rhizotron soil as each seedling was 
transplanted. 

Sweetgum seed was provided by the Georgia Forestry Com- 
mission (Family 678). One week after the loblolly pine seed- 
lings were transplanted to the rhizotron, stratified sweetgum 
seeds were sown directly into the sweetgum competition cells. 
Twenty-five seeds were sown at each of 16 predetermined 
locations where each loblolly pine seedling would be proximal 
to eight sweetgum seedlings. Sweetgum seedlings were 
thinned to one per location over a period of six weeks. Crab 
grass seed was purchased from Azline Weed Seed Co. (Leland, 
MS). One week after the loblolly pine seedlings were trans- 
planted to the rhizotron, the crab grass seeds were sown at a 
rate of 4.2 g m-', or approximately 7,300 large crab grass seeds 
per grass cornpetition treatment cell. 

Water uvailability trcatnzent 

Rhizotron cells were watered daily for seven weeks until 
loblolly pine, sweetgum and crab grass plants were well estab- 
lished. For the duration of the 1993 experiment, natural rainfall 
was excluded by placing rainfall shields over the rhizotron 
cells before precipitation events began. Seedlings were main- 
tained at high soil water availability (approximately -0.1 MPa) 
or subjected to two dry-down cycles during 1993 (Weeks 8 and 
9 and Weeks 18-21 of the experiment) by withholding water. 
All rhizotron cells were wetted to field capacity when soil 
water potentials approached -1.5 MPa at 0 .3-~n depth in the 
driest rhizotron cell or measured predawn xylem pressure 
potential was less than -0.3 MPa. All rhizotron cells were kept 
at field capacity during the fall and subjected to ambient 
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rainfall after leaf senescence and through the spnng. In sum- 
mer 1994, ambient rainfall was again excluded, and all seed- 
lings were watered to field capacity daily, except during the 
drying cycle (Weeks 60 and 61 of the experiment). Rhizotron 
cells were watered with a complete nutrient mix (N,P,K 
20,20,20) seven tirnes during 1993 and three times in 1994. 
Total additions of elemental N, P and K to each treatment cell 
were 113.5, 48.4 and 93.5 g, rcspectively. 

Soil water content was monitored by time domain reflec- 
tometry (TDR) (Topp et al. 1982), by means of pairs of stain- 
less steel probes that were placed horizontally at depths of 
0.05, 0. 15, 0.3, 0.6, 0.9 and 1.5 m as the rhizotron cells were 
filled. Coaxial cable was connected to each pair of rods and 
permanently affixed through cell bottom drain ports to allow 
easy access with no future disturbance. A ~ektronix@ cable 
tester (Tektronix model 1502B TDR Cable Tester, Beaverton, 
OR) was used to lneasure the reflected signal. Readings were 
registered in ~nillivolts and related to steel probe length, with 
a resulting k value used to calculate soil water content (MC) 
based on the equation of Topp et al. (1982). Soil water content 
was evaluated twice weekly throughout both growing seasons. 
Soil water retention curves developed from intact cores using 
Tempe cells were used to convert water content to water 
potential. 

Niti-ogerz sl~lit-sl~lit plot tr-entnzent 

In addition to base fertilization, additional nitrogen was added 
twice during the 1993 growing season and three times during 
1994 to appropriate ingress cores in the form of ammonium 
sult'ate solutio1-1 Lagged with "N. One core at each depth re- 
ceived additional nitrogen, and the other two cores received no 
additional nitrogen. ~ ~ g o n ' ~  tubing was used to connect cores 
placed at depths of 0.3-0.6 and 0.9-1.2 m to the soil surface 
to facilitate addition of 1 5 ~ ~ ~ 4 ~ 0 4  solution. At each addition, 
0.5 g of N containing 0.05 g of "N was applied, for a total 
nitrogc1-1 treatment addition of 2.5 g of N to each supplemented 
core. 

Seedling heights and diameters were measured weekly. Total 
aboveground biomass was collected from each cell at the end 
of the experi~nent and dried at 70 "C to constant weight. 

Root ingress cores were excavated from each cell, wrapped 
in Soil and paper bags and stored at 4 "C until processing was 
complete. A 0.075-m length of soil was discarded from both 
cntls of every corc, leaving the middle 0.3 m of soil and root 
volume as the working sample. This remaining volurne of soil 
was sieved. roots were extracted, and the soil was air-dried. 

Extracted roots were separated by species, washed and 
stored in d;tmp paper towels at 4 O C .  Root surfhce areas were 
measured for each species with a portable leaf area meter 
(Model 3000, Ei-Cor, Inc., Lincoln, NE). Root samples were 
photocopied to enable root length measurements from the 
irnages with a Lasico linear probe (Model 7 1A-M, Lasico, Los 
Angeles, CA). Samples were dried at 70 "C for 24 h and 
weighed. Root densities were calculated frorn root length and 
corc soil volumc measurements. 

The experiment was analyzed as a factorral combination of 
competitor and watering treatments, with rhizotron depth in- 
crement as a split within these main plots and root ingress 
cores as split-split plots (with and without additional I'N la- 
beled nitrogen). Data on belowground parameters were statis- 
tically analyzed using appropriate ANOVA for a split-split plot 
analysis (SAS Institute 1985, Cary, NC) and reported at the 
0.05 level of significance. Duncan's ~nultiple range test was 
used to separate means at the 0.05 level of significance. 

Results 

Comnl~etition effect 

Compared to the stem volume of seedlings grown in monocul- 
ture, loblolly pine stem volume was reduced 19% when seed- 
lings were grown in competition wit11 sweetgurn, and 65% 
wlien grown in competition with crab grass (Table I). Compe- 
tition-induced decreases in soil water content were evident two 
weeks after crab grass emergence and subsequent decreases 
were significant for all measurements to a depth of 0.9 m 
during the dry-down cycles (data not shown). 

Compared with seedlings grown in monoculture, loblolly 
pine root surface area and root length density decreased more 
than 30% when seedling were grown in competition with 
sweetgum, and more than 60% when seedlings were grown in 
competition with crab grass (Table 1). Loblolly pine root dry 
weight decreased 9% when grown with sweetgum, and 60% 
wlien grown with crab grass, compared with loblolly pine 
rnonoculture (Table 1). 

For all species, root surface area, root length density and root 
weight decreased with increasing depth in the rhizotron, aver- 
aged across watering regime, nitrogen supplement and compe- 
tition treatment. Loblolly pine and sweetgum root surface 

Table 1. Characteristics of loblolly pine and competitor species in 
different cornpetition treatments, at the conclusion of the experiment, 
averaged across watering regimes, nitrogen supplements and rhizotron 
dcptlis. 

Clia~.ncteristic Loblolly pine Sweetgum Crab grass P > F 
monoculture 

Stem volur,le (171;') 

Loblolly pine 0.121 
Sweelgu~n - 

Root .7~1rf?~,e are0 (t?12 1 , 1 - ~ )  

Loblolly pine 0.150 a' 
Competitor - 

Root length rlen.riry (171 ,,I-.') 

Loblolly pine 178.67 a 
Competitor - 

Root dry ~ ~ ~ i g h t  ( 8  I I I - - ' )  

Loblolly pine 23.33 a 
Co~npetitor - 

I Means in a row with dissi~nilar letters are significantly different at 
the 0.05 level according to Duncan's multiple range test. 



936 LUDOVICI AND MORRIS 

areas were similar at 0-0.3-m depth, but crab grass root surface 
area was nearly six times greater at that depth (Figure I). 

Loblolly pine root surface area, root length density and root 
weight, averaged across competition and nitrogen addition 
treatments, were 40, 33 and 26% greater, respectively, in the 
high water availability treatment than in the low water avail- 
ability treatment (Table 2). Loblolly pine and sweetgum root 

Root area (m2m*) 

Figure 1 .  Distribution of within-core root surface areas by depth for 
loblolly pine and competitor species averaged across watering re- 
gimes, nitrogen supplements, and competition treatments. 

Table 2. Root responses of loblolly pine and competing species to 
watering rcgimc and additions of supplemental nitrogen to root ingress 
cores i~veraged across three depths in the rhizotron. 

Root High water- Low water "N No "N 
charnctcristic availability availability suppletnent supplement 

Ls~,lfilcc, <lrcJo (1?12 111-.j) 

Loblolly pine 0.1 118' 
Sweetgum 0.09 1 
Crab grass 0.339 

Lc,ngth clc.n.siry (111 171C3)  

Loblolly pine 134.00a 
Sweetgu~n 223.33 

ill? k~.c.iglzr ( g  I l l  --<) 

Lohlolly pine 10.33a 
Sweetgum 15.30 
CI-ah gr-ass 27.67 

I Means w~tliill a nlilin tre;ltnient, parameter and spccies, with dis- 
s~ni i lnr  letters, arc s~gnificantly different at the 0.05 level according 
to Duncan's Mnltiplc Range tcst. 

surface areas were similar in both water availability treatments 
and both had one-third of the root surface area of crab grass. 
Sweetgum root length density was greater than that of loblolly 
pine in both water availability treatments (Table 2). The water- 
ing regimes did not significantly impact crab grass root surface 
area or root weight. 

There were more roots of all species in the surface horizon 
than at other soil depths (Table 3). However, sweetgum and 
crab grass root surface areas and root weights were not predict- 
ably affected by water availability at any depth. The effect of 
increased water availability on loblolly pine root surface area 
was not linearly related to soil depth. The high water availabil- 
ity treatment increased loblolly pine root surface area by 20% 
at 0.3-0.6-111 depth and by 250% at 0.9- 1.2-m depth compared 
with values in the low water availability treatment (Table 3). 
The corresponding increases in loblolly pine root length den- 
sity were 3% at 0.3-0.6-m depth and 261 % at 0.9- 1 .2-~n depth 
(Table 3). 

Nitrogen effect 

Root surface area, length and dry weight were higher in cores 
with supplemental nitrogen than without supplementary nitro- 
gen (Table 2). On average, loblolly pine root surface areas 
increased 93% in cores with supplemental nitrogen, and root 
length densities of loblolly pine and sweetgum increased by 64 
and 1 1 I%, respectively. In response to localized areas of in- 
creased nitrogen availability, root weights of loblolly pine, 
sweetgum and crab grass increased 63, 1 19 and 3 1 %, respec- 
tively, averaged across depth in the rhizotron cell. 

Increased nitrogen availability increased loblolly pine root 
surface area and root length density at all depths in the rhi- 
zotron. In the cores receiving supplemental N, loblolly pine 
root surface area increased 107% at the surface, 48% at 0.3- 
0.6-m depth and 123% at 0.9- 1.2-m depth, averaged across 
watering regimes and competition treatments (Table 4); the 
corresponding values for root length density were 78, 70 and 
42% (Table 4). 

Sweetgum root surface area and root length density in- 
creased in cores receiving supplemental N at all depths, and the 
magnitude of the increase was depth dependent. In localized 
areas of increased N availability, sweetgum root surface area 
and length density incrcased 19 and 33%, respectively, in the 
surface 0-0.3-m cores (Table 4), 296 and 325%, respectively, 
at 0.3-0.6-m depth and 288 and 239%, respectively, at 0.9- 
1.2-m depth (Table 4). Crab grass root surface area increased 
56% in the surface 0-0.3 m, 88% at 0.3-0.6-m depth and 
144% at 0.9-1.2-m depth in the cores receiving supplemen- 
tal N (Table 4). 

The effect of supplcmcntrtl N on loblolly pine root length 
density differed among tbe competition treatments when aver- 
aged across watering regimes. The magnitude of tile response 
was grcatcst in loblolly pines grown in lnonoculture (Figure 2). 

In general, loblolly pine root surlhce areas increased at all 
depths and with all competitors when nitrogen availability was 
incrcased; however, tlie magnitude of the response decreased 
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with increasing competition intensity (Table 5) .  Sweetgum and localized areas of increascd nitrogen for all depths (e.g., an 
crab grass root surface areas also increased in cores with 853% increase at 0.9-1.2-m depth ) and both water availability 
supplemental nitrogen, but, unlike loblolly pine, the magni- regimes, except in surface cores at low water availability where 
tudc of the response was not necessarily grcatcr under high it was decreased by 26% (Table 5) .  Crab grass root surface area 
water availability. Sweetgurn root surface area was greater in was always greater in localized areas of increased nitrogen 

Table 3. Koot characteristics of loblolly pine and competitor species within cores by depth and watering regime, averaged across nitrogen 
suppleinents and competition treatments. 

Root ch;tr;icteristic Water availability Depth increment (m) P > F  

.J'III ~ N L C  CIiPN (111~ 1)1-') 

Loblolly plne High 
Low 
High 
Low 
Higli 
Low 

Swcetgum 

Crab grass 

Lr i lgrh (k.nc.~lv (177 in- ' )  

Loblolly p~iie High 
Low 
High 
Low 

Dry ~ s c ~ g l ~ r  (,q ,I?-') 

Loblolly plne High 
Low 
High 
Low 
Higli 
Low 

Swcetgum 

Crab grass 

Table 4. Koot c/iaracteristics of loblolly plnc and co~npetitor species within cores by depth and supplemental nitrogen treatment, averaged across 
watcring regimes and competition treatments. 

Root cliaracteristic 15N st~pplement Depth increment (in) P > F  

Sui/tr t( ,  cririr (r,12 ,?I-') 

Lohlolly plne 

Sweetgurn 

Crah grass 

Lt,ilgr/7 i l t~i i<,ry (177  I I I - ~ )  

Lohlolly pine 

Swcetgum 

111 1 \tPl,q/ii ( q  ti7 ') 

Lohlolly pine 

Crah grass 
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availability in both watering reglmes. The magnitude of the ability, in all competition treatments. Localized increases in 
response ranged from a 36% increase in the 0-0.3-m deep nitrogen availability were associated with upward shifts in root 
cores to 3443% increase in the 0.9-1.2-m deep cores (Table 5) .  distribution for loblolly pine grown in monoculture or with 

The distribution of loblolly pine roots tended to shift down- sweetgum, but not for loblolly pine seedlings grown with crab 
ward at high water availability and upward at low water avail- grass. 

Root area  (rn2/rn3) 

0.: 1 0.~2 0.,3 0.( 

Figure 2. Distribution of root surl'i~cc areas within cores hy depth for 
lohlolly pine seedlings grown with swectgutn or crab grass competi- 
tion in tile presence and abscricc of a nitrogen supplement, averaged 
across w~rtering regimes. 

Discussion 

The competitive ability of plants is closely linked to the ability 
of their roots to reach and utilize soil water and nutrients. Our 
findings confirm previous work showing general positive cor- 
relations between root growth response and soil water avail- 
ability (Sands and Nambiar 1987, Wilson and Newman 1987, 
Torreano 1992, Morris et al. 1993, Ludovici 1996), and nitro- 
gen availability (St. John 1983, Stone and Kalisz 1991). The 
spatial distribution of these resources and the distribution of 
absorbing root surface dictate how much of these resources is 
available for uptake by the plant. The key question remaining, 
and the one relevant to the manipulation of site resources, 
concerns the plasticity of root distribution with soil depth. 

In general, the competitors, sweetgum and crab grass, re- 
sponded more to localized increases in nitrogen when water 
availability was low, whereas loblolly pine roots responded 
more to increased nitrogen availability when water availability 
was high. The importance of high water availability for root 
growth of loblolly pine was indicated by the increases in  
loblolly pine root area, root length and root dry weight in the 
high water availability treatment. Although sweetgum root 
area and root dry weight also increased at high water availabil- 
ity, both crab grass root growth and sweetgum root length were 
greater at low water availability than at high water availability, 
possibly indicating the ability of both of these species to shift 

Tahlc 5. Root surface areas (m2 ~n-') of lohlolly pine and cornpetitor species by watering regime, supplemental nitrogen treatment and depth for 
each cornpetition ti-eatment. 

C o ~ n p c t ~ t ~ o n  ttcatment Depth (m) Hlgh water ava~lab~ltty Low water availability 

+ I5N - 1 SN 

~ O b ! O / ~ \ .  [l;llO + C'r~h  ~ l ~ < l . S . S  

Lohlolly plne 
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carbon allocation to roots, thus achieving a competitive advan- 
tage over young loblolly pine. Based o n  these findings and our 
observation of a general lack of response of crab grass roots to 
increased water availability, w e  conclude that crab grass is a 
stronger competitor at  low water availability and utilizes more 
of the available resource more quickly than loblolly pine. 

The  density of absorbing roots strongly affects initial rates 
of water and nutrient uptake and competition among plants 
with roots in the same soil volume (Sands and Nambiar 1984). 
In o~1r study, sweetgum roots showed the greatest response of 
the three species to increases in nitrogen availability, with 

increases in root length density of 600% and increases in root 
surface areas 01'300%. The  ability of sweetgum to  respond to 
localized increases in nitrogen and water availability contrib- 
utes to this species' competitive advantage over loblolly pine 

o n  many field sites. 
Ludovici (1 996) showed that the temporal patterns of lob- 

lolly pine root growth and the distribution of loblolly pine roots 
with dcpth were similar for seedlings of similar aboveground 
size when grown in competition with crab grass under two 

watering regimes. Results from this study indicate that, al- 
though the distribution of loblolly pine roots was not changed 
by reductions in available water, it was altered by the presence 
of localized zones of increased nitrogen availability. 
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