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Abstract 

Loblolly pine (Pin1r.s tae(/(i L.) seedlings were grown in co~npetition with native weeds using soil and seed bank 
collected from recently chopped and burned areas near Appornattox, Virginia. One-year-old seedlings were planted 
and weeds allowed to germinate from the native seed bank while being exposed to COz (ambient and elevated - 
approximately 700 ppm) and water (water stressed and well watered) treatments for approximately one growing 
season in a greenhouse. Elevated CO, did not influence total weed biomass: however, C, weed community 
development was favored over C, weed community development in elevated CO, regardless of water availability. This 
suggests that weed community composition may shift toward C, plar~ts in a future elevated CO, atmosphere. Pine 
growth was significantly greater in the well watered and elevated CO, treatments compared to the water stressed and 
ambient treatments, respectively, even though they were competing with native herbaceous weeds for resources. There 
was a significant water and CO, interaction for pine root:shoot ratio. Under elevated CO,, root:shoot ratio was 
significantly greater in the water stressed treatnlent than the well watered treatment. 111 contrast, there was no 
significallt difference in the root:shoot ratio ~lnder  the ambient CO, treatment for either water treatment. These results 
suggest that loblolly pine seedlings will respond favorably in an elevated COZ atmosphere, even under dry conditions 
and competing with herbaceous weeds. O 2000 Elsevier Science Ireland Ltd. All rights reserved. 

K(~j .~~~orl / . s :  Biomass; C02;  Competition; I-Icrbaceous weeds: Loblolly pine 
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1. Introduction 

The rising level of atmospheric carbon dioxide 
(CO,) is well documented and has become a ma- 
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fluctuated, but recent tropical deforestation and 
fossil fuel consumption have caused a rapid in- 
crease in atmospheric concentrations (Dippery et 
al., 1995). The level of atmospheric CO, has risen 
nearly 100 p p ~ n  since the industrial revolution, 
and is predicted to continue increasing approxi- 
mately 1-2 ppm each year (Eamus and Jnrvis, 
1989; Keeling et al., 1995; Keeling and Whorf, 
1999). This increase could result in attilospheric 
CO, reaching levels close to 700 ppm by the mid 
to late 21st century (Houghton et a]., 1995; Saxe 
et al., 1998). 

Along with increasing C 0 2  levels, various cli- 
mate modelers have also predicted changing pre- 
cipitatio~l patterns and global warming 
(Houghton et a]., 1990). Studies where species 
have been exposed to elevated CO, and varying 
water treatments indicate that vegetative species 
will respond differently to changing environmen- 
tal conditions (Groninger et al., 1996). Since this 
could eventually result in altered species composi- 
tion and stand structure, understanding how spe- 
cies will compete for resources in response to 
elevated CO, will give val~~able insight to land 
managers and aid in future carboll sequestration 
research (Ceulernans and Mousseau, 1994; 
Groninger et al., 1996). 

Much of our current understanding about the 
effect of elevated CO, on plant growth comes 
from studying individual plant responses. Find- 
ings by Groninger et al. (1995) underscore the 
importance of studying competitive interactions 
under elevated CO, levels. In this study, ~nonocul- 
ture and mixed stands of loblolly pine and sweet- 
gum (Liq~~ic(rrri~hrir st~xicifi~irr L.) seedlings where 
grown under elevated CO, levels in a greeenhouse. 
Data from the monoculture stands suggested that 
siveetgum would have a stronger growth response 
than loblolly pine. Data from mixed stands, how- 
ever, showed no differences in the competitive 
abilities of these two species. Studies involving 
competition between herbaceous species grown 
under elevated C 0 2  have generally concluded that 
C; species have higher gro\vth rates and out-com- 
pete C, species (Bazzaz and Carlson, 1984; Wray 
:tnd Strain, 1987; Bazzaz and Garbutt, 1988). 

While the res~tlts of these studies contribute 
sigtlificantly to our ~lnderstanding of coliipetitive 

changes betiveen weeds and seedlings there is 
much that reiliains ~tnanswered. For example, 
herbaceous ~veeds esert a strong influence on tree 
seedling survival and growth (Britt et al., 1990; 
Morris et al.. 1993). FIoc~~ever, there is little infor- 
mation on how these rel;~tionships may change in 
a n  elevated C0,  environment or how a native 
herbaceous conimunity will develop under in- 
creased CO,. To answer these qi~estio~is and gain 
a better understanding of the competitive re- 
sponses of seedlings and weed species grown to- 
gether under elevated CO,, this s t ~ ~ d y  proposed to 
specifically (a) evaluate the difference in native 
herbaceous commu~lity develop~ile~it as influenced 
by water regime (water stressed and well watered) 
and ambient and elevated atniospheric CO,, and 
(b) determine if a difference in 1 year old (1:O) 
loblolly pine seedling growth occurs when com- 
peting with a native herbaceous comlnunity devel- 
oping under two water regitlies (water stressed 
and well watered) and ambient and elevated car- 
bon dioxide levels. It was hypothesized that native 
weed groivth would respond more favorably to 
elevated C 0 ,  and thereby limit the growth re- 
sponse of loblolly pine seedlings to elevated CO,. 
Further, it was also hypothesized that C, weeds 
would tend to replace C, weeds under elevated 
CO, levels. 

2. Materials and methods 

2.1. Soil 

This experi~llent was conducted in a greenhouse 
on the Virginia Polytechnic Institute atid State 
University campus, with the goal of simulating 
regeneration oil a post drum chop and burn Pied- 
mont site. Soil (Tatuni series, Clayey, mixed, ther- 
~n i c  Typic Haplud~ilts) ivas randomly collected in , 

early March 1997 across three recently chopped 
and burned sites in the Piedmont region near 
Appomattox, Virginia. Approxilnately 0.2 m' of 
subsoil and 0.03 m3 of topsoil were collected from 
ten randonlly selected locations on each site (ap- 
proximately 2 ha). The topsoil layer consisted of 
the upper A and E horizons (approximately 3.0 
c n ~  in depth). All topsoil collected was thoroughly 



mixed in order to evenly distribute the seed bank 
and create a homogeneous mixture. Subsoil (be- 
low 3.0 cm) collected was also thoroughly mixed. 
Both soil types were refrigerated at 2°C until the 
start of the experiment to prevent premature na- 
tive weed seed germination. 

1:O loblolly pine seedlings (Pirurs tclerlrr L.), 
obtained from the Virginia Department of 
Forestry, were used in this study, and kept in 
cold storage (2°C) until the start of the experi- 
ment to sustain dormancy. To mimic a typical 
Piedmont growing season, this experiment began 
5 April, 1997. It ended on 28 August, 1997, 
when weeds were beginning to go through natu- 
ral senescence. At the start of the experiment 
approximately 0.008 m"18 cm) of subsoil and 
0.001 m"2.5 cm) of topsoil were stratified in 40 
plastic containers (24 cln in diameter, 23 cm 
deep, approximately 0.010 n13). Soil was satu- 
rated with water and one loblolly pine seedling 
was planted in the middle of each container. 
Containers were then moved into chambers for 
COz and water treatments. 

Container size was selected in order to elimi- 
nate root binding during the stuciy. Using large 
containers created a microcosm inside each 
chamber whereby seedlings and weeds grew and 
conlpeted as they would after a typical hand 
planting operation on a chopped and burned 
Virginia Piedmont site. No fertilizer was added 
to the containers. Nutrition was li~nited to the 
native fertility already present in the soil, as is 
the case in   no st planting operations involving 
loblolly pine seedlings. 

2.3. CO, tr.etrtrtrrtzt.s 

Two growth chambers, 0.91 x 1.07 x 1.52111 in 
dimension, were constructecl of 6 1111 polyvinyl 
plastic with a 75'% light transmittance. Ambient 
air from outside the greenhouse was pulled into 
each chamber through a PVC tube 2.5 m above 
the ground. A regenerative blower Lvas used to 
distribute the air at the same rate into each 
chamber. To provide elevated C 0 2  to a chamber, 

pure (99.99'Yo) liquid CO, was 111jected into 
blower air before entering the chamber. The de- 
sign for airflo~v, CO, flo\v and measuring systems 
are fully described by Sarlluelson and Seiler 
(1993). Air for each chamber was sa~npled on a 
time-shared system for 10-min periods three 
times each hour. CO, concentrations were mea- 
sured with an infrared gas analyzer (ADC Mk 
111, Hoddeson, England) and strip chart 
recorder. 

The ambient treatment had a daily mean ( f 
SD) of 357 ppm ( f 33) CO, and a nightly mean 
of 404 ppm ( f 27) CO,. The elevated treatment 
had a daily mean of 660 pprn ( 1.41) CO, and a 
nightly mean of 736 ppm ( f 46) CO,. Daily and 
nightly temperature and relative humidity (RH) 
were monitored with recording hygrothermo- 
graphs, which were calibrated weekly with mer- 
cury thermometers. The mean temperature and 
RH of the ambient treatment were 26.4"C ( 5  
4.8) and 56.0'Yo ( f 10.7), respectively, during the 
day, and 23.4"C ( f 4.2) and 61.2% ( f 11.5) at 
night. Mean temperature and RH of the elevated 
treatment in this experiment were 26.4"C ( + 4.5) 
and 57.8% ( 1: 8. I), respectively, during the day, 
and 23.8"C ( + 4.6) and 62.9% ( 1: 9.7) at night. 

2.4. Water- treatr~zerlrs 

Two water treatments (well watered and water 
stressed) were administered in order to simulate 
different moisture levels in a future Piedmont 
clear-cut. Treatment levels were defined as atmo- 
spheric inputs rather than plant stress levels. 
While no attempt was made to keep the different 
water treatments at constant plant stress levels, 
watering levels were co~lsistent within treatments. 

Water stressed (1.27 cm Il,O/week) and well 
watered (2.54 cm H,O1week) treatments were ad- 
ministered to designated containers in both 
chambers. Water \vas applied twice each week. 
During each watering, water stressed treatments 
received 300 ml per container, and well watered 
treatments received 600 ml per container. This 
amount of water combined with the large size of 
containers resulted in negligible leaching through 
the bottoms of the containers. 



To determine the influence of treatments on 
herbaceous coinnlunity development and tree 
growth, all species were destructively harvested at 
the end of the experi~nent. Weeds were separated 
by genus (i.e. Pa~icz(tn spp.) and CO, fixation 
biochelnistry (C, or C,). Dry biomass of weed 
roots and tops (stem and leaves) were determined 
and compared, as was pine height, diameter and 
dry biomass of roots, needles and shoots. Begin- 
ning pine height above the root-collar and diame- 
ter were also measured for use as a possible 
covariant in the analysis. Root:shoot ratio was 
calculated by dividing dry root biomass by dry 
shoot biomass for each seedling. 

Plant water potential was measured immedi- 
ately prior to the final watering (approximately 4 
h after photo-period began). Five seedlings were 
randomly selected from each treatment and fo- 
liage was measured using a pressure bomb (PMS 
Instruments Inc., Corvallis, OR). 

con~positio~l (i.e. C3 vs. C4 weeds). Regressioil 
allalysis was used to deterlnine ~veeti effects on 
plant growth by correlating total bionxiss of tree 
seedlings ~vith total biolnass of weecis. Statistical 
dift'erences were considered sigllificarlt at P I 
0.05. Values of P i  0.10 are noted nnci discussed 
~vhen appropriate. 

3. Results 

Plant water potential prior to final watering 
was slg~lificantly lower in the water stressed treat- 
ment ( -  2.17 MPa) than in the well watered 
treatment ( - 1.66 MPa). Measurements for the 
CO, treatments were significalltly lower in the 
elevated treatment ( - 2.06 MPa) than in the am- 
bient treatmelit ( -  1.77 MPa). There mas no sig- 
llificallt CO, and water i~lteraction. 

3.2. Lohloll~. pine biornclss 
2.6. Experimetztal design and analysis 

This experiment was conducted as a factorial 
experiment and analyzed as a completely random- 
ized design, with CO, cotlcentration (ambient and 
elevated) and water level (water stressed and well 
watered) being the treatments analyzed. There 
were 10 replications for each treatment coinbina- 
tion, for a total of 40 containers (20 in each 
chamber). Containers were rotated within cham- 
bers once a week in order to average out any 
variability and elilninate ally confoutlding caused 
by the chambers (i.e. shade effects). Colltainers 
and CO, treatmellts were also rotated between 
chambers once a week in order to average out any 
chamber differences (i.e. one chamber being 
cooler that1 the other). This rotating ensured that 
all containers spent approxi~llately equal amounts 
of tilne it1 all locations within both chambers 
(Sarnuelson zul~d Seiler, 1992, 1993). Statistical 
analysis was performed kvith SAS (SAS Islstit~ite 
11lc.. Cary, NC) statistical software. Allalysis of 
variance was ~lsed to coinpare biomass of weeds 
and trees between treatments, n ~ l c i  also to deter- 
1ui11e if there were any changes in weed species 

Both loblolly pine seedling height and diameter 
were significalltly greater Cp = 0.001 and 0.009, 
respectively) in the well watered treatment than in 
the water stressed treatment, with increases of 
21'% and 12'%), respectively (Table 1). There were 
no significant differences bet~veen CO, treatments 
for either height or diameter at P I  0.05; however, 
height was 9'Yo greater it1 the elevated treatnlent 
compared to the ambient treatment ( P  = 0.086). 
No significant CO, and water illteractions were 
detected. Root biornass was 33'X)  greater (P = 

0.014) ill the elevated treatment than the ambient 
treatment, but there were no significant differ- 
ences between water treatments and no CO, and 
water interaction (Table 1 ) .  

Needle, shoot and total biomass were all signifi- 
cantly greater in the well Lvatered treatn~ent than 
the water stressed treatment, with illcreases of 34, 
31 and 23'%,. respectivel),. Shoot and total biomass 
were significantly greater in the elevated CO, 
treatlnellt than the ambient CO, treatment, with 
i~lcreases of 23 and 22":), respectively. Needle 
biomass Lvas 16'!h greater in the elevated CO, 
treatment that1 the ambient CO, treatment 
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Table I 
Loblolly pine seedling diameter, height, neetlle, root. shoot and total biomass responses to CO, and water treatments' 

Treatment D~ameter  (mm) Ilelgllt ( ~ m )  Needle (gj Root (gj Shoot (g) Total (g) 

CO, 
Ambie~it 7.93 
Elevated 8.49 
l l i i tcr  
Wrtter stressed 7.74" 
Well \vatered 8.68 

" Values are the mean for 20 samples. 
Means significantly different at P s 0 . 0 5 .  
' Means signiticantly different at P<O.iO. 

( P  = 0.076). None of these variables had a signifi- 
cant CO, and water interaction. 

There was a significant CO, and water interac- 
tion for root:shoot ratio ( P  = 0.002). Under ele- 
vated COz, loblolly pine root:shoot ratio was 80% 
greater ( P  = 0.001) in the water stressed treatment 
than the well watered treatment. In contrast, the 
root:shoot ratio in the ambient treatment was 
nearly identical under both water treatments ( P  = 

0.939). 

Total weed b~oinass was significantly greater 
(433'M)) in the well watered treatment than in the 
water stressed treatment (Table 2). Surprisingly, 
there were no significant differences between the 
CO, treatments, and there were no significant 
COz and water interactions. Water treatment had 
a significant influence OII the total biomass of C ,  
and C, weeds, with respective increases of 832 and 
230% in the well watered treatment compared to 
the water stressed treatment (Table 2). There were 
no significant differences between CO, treatments 
and no C 0 2  and water interactionc for either 
variable. 

The percentage of biomass that the Ci  and C, 
weeds contributed toward total weed b~otnass was 
11lflue11ced by treatment level. However, differ- 
ences 111 total weed biomass were not significant at 
a P-value of 0.05 (Table 3). The C, weeds con- 
tl-ibuted 66'%1 of the total biornass 111 the water 
stressed treatlnent, but only 41% of the total weed 
biomass in the kvell watered treatment. Under the 

ambient treatment, C, weeds contributed 53% of 
the total weed biomass, but their contribution 
decreased to 3.5% under the elevated treatment, an 
overall reduction of 33Y0 (P = 0.098). There were 
no C 0 2  and water interactions. 

The three most predominant weeds, in terms of 
contributioil to total weed biomass were 
Ereclltites spp., Paniclcm spp. and Phytolacca spp. 
(Table 3). Panicuin spp. (a C, weed), Erechtites 
spp. and Pliytolrrccci spp. (C, weeds) respectively 
combined to make up 80 and 78% of the total 
weed bioinass in the ambient and elevated CO, 
treatments. Prrniclttn spp. contributed 46% to total 
weed biomass in the ambient CO, treatment, but 
only 28% of the total weed biomass in the ele- 
vated treatment. Under the water stressed treat- 
ment, Plinicuin spp. contributed 56% to the total 
weed biomass, but only 35% of the total weed 
bioinass in the well watered treatment. 

Table 2 
Effects of C 0 2  and water treatments on total, C, and C, weed 
biomass (g),' 

.- . .- - - . 

Treatment Total C, C4 

C 0 2  
Ambient 2.42 (0.148) 1 . I5  (0.335) 1.27 (0.098) 
Elevated 1.89 1.23 0.66 
W'cr ter 
Water stressed 0.68 (0.001) 0.23 (0.001) 0.45 (0.007) 
Well watered 3.63 2. I4 1.49 

.' V a l ~ ~ e s  are the mean for 20 samples. Numbers in parenthe- 
ses indicate within treatment P-values. 



Table 3 
Treatment responses of inciiviciui~l tvteds. expressed as percent contribution toward totill ~veed biomass' 

- .~ .. . -. . .. -- -. . -. .. .- .- 

COZ treatment Water treatment 
- . . . .. . .-. - - 

Weed species Ambient Elevated Water stressed Well watered 

Po0 5p/> 
Total" 

L -7 

Antenoritr spp. 
Ceirnorltti.~ spp. 
Eqiiiseturiz spp. 
Ereeltit ires spp. 
Lecl~eu spp. 
Liriodenriron syp. 
Lysililuclliu spp. 
I- 'h~~toIrcca spp. 
Pintis spp. 
Potentellu spp. 
R~rhus spp. 
So/cmurn S['jI. 

Soli~lugo spy. 
Stellnrirr spp. 
Trifoliurn spp. 
V(iccinilw? spp. 
C'iolrr spp. 
Total" 

" Val~les are the mean for 20 samples. 
"Totals do not always equal the sum of the individual weed species due to rounding. 

Water treatment had a significant influence on 
C,, C, and total weed shoot biomass, with respec- 
tive increases of 1195, 210 and 440% in the well 
watered treatment con~pared to the water stressed 
treatment (Table 4). There was no significant dif- 
ference between CO, treatlnents at a P-value of 
0.05; however, total weed root:shoot ratio was 
35% smaller in the elevated treatment (Y = 0.097). 
There were no CO, and water interactions for any 
of these variables. 

Total weed, C, and C, root biomass was signifi- 
cantly greater in the well watered treatrnerlt than 
the water stressed treatment, with increases of 
424, 601 and 267'%, respectively (Table 4). Total 

weed and C ,  root biomass was not influenced by 
CO,; however, C, root biomass was significantly 
less (54"/0) in the elevated COz treatment corn- 
pared to the ambient treatment. Water and CO, f 
treatments did not have a significant effect on 
total, C, and C, root:shoot ratios (Table 4). There 1 
were no COz and water interactions for any of 
these variables. 

Total weed biomass affected total loblolly pine 
biomass but only explained a small amount of the 
variability in loblolly pine seedling growth (r' = 

0.10). The level of CO, and water treatments did 
not influence this relationship, as r2-values were 
similar ~vithin each treatment. 



4. Discussion 

Even in the presence of competing herbaceous 
weeds, loblolly pine seedlings exhibited growth 
responses similar to those found i11 previous stud- 
ies involving CO, and \-cater treatments. Height 
and dtameter were both higher (9 and 7'%, respec- 
tively) i i ~  the elevated CO, treatment than the 
ainbient CO, treatment, but only height differ- 
ences were significant at p < 0.10. Groninger et al. 
( 1  996) also reported a significant increase (14"/;,) in 
loblolly pine seedling height when growing in 
compet~tion with red maple (Ace1 r~ /brz l~~l )  
seedlings for two growing seasons. This is consis- 
tent with previous findings by Bacon and Zedaker 
(1987), Miller et al. (1991) and Weiner and 
Thomas (1992) where competition affected tree 
height growth more than diameter growth. 

There was a strong response to water availabil- 
ity, as height and diameter were both significantly 
greater in the well watered treatment than the 
water stressed treatment. The Groninger et al. 
(1996) study reported siinilar findings, but the 
magnitude of the responses was larger. This dif- 
ference call be explained by the longer duration of 
their study. The d~fferences in magnitude were not 
as pronounced in the CO, treatments, suggesting 
that water was a more limiting factor than CO, in 
this study. 

The kvater and C 0 2  treatments resulted in sig- 
nificant illcreases in loblolly pine needle, shoot 
and total biolnass i l l  both the elevated CO, treat- 
ment and the well watered treatment. These find- 
ings were also reported by Sionit et al. (19S5), 
Tschaplinski et al. (1993), Tissue et al. (1996) and 
Groninger et al. (1996). The decreases in shoot 
and total biomass (31 and 23'%, respectively) un- 
der water stressed conditions were similar in mag- 
nitude to those reported by Groninger et al. 
(1995). Root bioinass was significantly greater in 
the elevated CO, treatment than the ambient 
treatment; however, water availability did not re- 
sult in a sigilificant difference. Water potential 
readings did indicate a degree of stress in the 
water stressed treatment, but this did not have an 
effect on root biomass. Tschaplinski et al. (1993) 
reported a 45% decrease in root biomass due to 
water stress, but other studies have found that 
shoot biomass is affected more than root biomass 
(Seiler and Johnson, 1985; Boilgarten and Teskey, 
1987). While no significant CO, and water inter- 
action was detected for root biomass, a potential 
interaction (P = 0.063) was detected. Root 
biomass in the water stressed loblolly pine 
seedlings was 63% larger in the elevated CO, 
treatment than the ambient CO, treatment. This 
could result in an increased ability for loblolly 
pine to exploit resources when growing in dry 
conditions under elevated CO,. 

Table 4 
Total weed, C3  arid C ,  weed shoot (g), root (g) and  root:sIioot r ~ ~ t i o  responses to CO, and water treatments' 

COL treatment Water treatment 
- . ~- - 

Ambient Elevated LVater stressed Well Watered 

7i)terl ~tectl 
Shoot 1.30 (0.663) 1.50 
Root I .42 (0.158) 0.74 
Root:slioot 0.98 (0.097) 0.64 
C 3 

Slloot 0 53 (0  386) 0 72 
Root 0 62 ( 0  6 13) 0 51 
Root sllooi 1 25 (0 214) 0 79 

C 4 

Shoot 0.78 (0.157) 0.43 0.29 (0.015) 0.91 
Root 0.50 (0.044) 0.24 0.16 (0.002) 0.58 
Root:slioot 4.17 (0.878) 4.83 4.22 (0.896) 4.78 

~ - ~ 

parentlicses indicate within treatrncnt P-valiies. 



Root:shoot ratio showed a sig~lificailt CO, and 
water i~~teractioll for loblolly pine seedlings. This 
interaction is ~ I I  contrast to findings by Tolley and 
Strain (1 985), Tschaplinski et nl. ( 1  993) and 
Groili~iger et al. (1993), Groni~lger et al. (1995) 
and GI-oninger et al. (1996)), but can be explained 
by the response of root biomass. The large in- 
crease in root biomass exhibited by water stressed 
seedlings grown under elevated CO, resulted in a 
significa~itly larger root:shoot ratio for these 
seedlings. 

Water availability had a niuch greater impact 
on total weed biomass than did COz level. Both 
C, and C, species had sig~iificantly larger total 
biomass in the well watered treatment than the 
water stressed treatment. Water stress, however, 
favored the C, weeds while well watered condi- 
tions favored the C, weeds. These findings were 
also reported by Campbell et al. (1995). 

The CO, treatments did not result in any sig- 
nificant differences in total weed biomass. Total 
weed biotnass was, surprisingly, 22'% smaller in 
the elevated treatinent than the ambient treatment 
due largely to a 78% decrease in C, biomass under 
elevated COz. Total bio~nass of the C, weeds was 
84's greater than C, weeds in the elevated treat- 
ment; however, when water was limiting under 
elevated CO,, biomass was nearly equal in both 
weed types. Although there was no significant 
CO, and water interaction, the cornbilled effect of 
water stress and elevated CO, resulted in a 143'Y" 
increase in total C, biomass and a 38'%1 decrease 
in total C, biomass compared to the water 
stressed weeds under ambient CO, levels. Under 
well watered conditions, elevated CO, did not 
influence biomass of C, weeds, but resulted in a 
52'%, decrease ill C, weed biomass. Bazzaz and 
Carlson (1984) and Campbell et al. (1995) re- 
ported similar findings indicating that elevated 
CO, Inay benefit C, species inore than C, species. 

There were no significa~lt CO, treatrneilt differ- 
ences between the root:shoot ratios of either the 
C, or the C, weed species. Sionit et al. (1982) and 
Bazzaz et al. (1989) reported similar findings, but 
there has been 1nuc11 variation in the response of 
weed root:shoot ratios ~ I I  other studies. Most 
studies involved hand planting the weed species 
(as either seed or freshly germinated seedlings) at 

predetermined spacing5, making comparisons 
with the present study difficult. Both C,  and C, 
weed root and shoot bio~nass in this stucly were 
effected by water availability, with significant in- 
creases in the well watered treatment compared to  
the water stressed treatment. 

Previous studies have found that weed biomass 
effects young loblolly pine growth (Bacon and 
Zedaker, 1957; h4orris et a]., 1989; Perry et a]., 
1993). In this study, C 0 2  and water l e ~ e l  did not 
influence the relationship between weed bioinass 
and tree growth. The amount of variatioi~ ex- 
plained by weed biomass was very low (I.' = 0.10), 
suggesting that the loblolly pine seedlings 
benefited more from available resources than the 
weed species. During visual inspection at final 
harvest there was no evidence that any tree or 
weed species became pot bound, eliminating pot 
size as a source of variability. 

5. Conclusions 

Loblolly pine seedling growth was siinilar to 
previous studies involving loblolly pine and simi- 
lar treatments. The major difference in this study; 
however, was that the seedlings were competing 
for resources with a native herbaceous commu- 
nity. While the niagrlitude of response Lvas smaller 
than in other studies where seedlings were grown 
in monoculture, elevated COz still resulted in a 
significantly greater growth response for loblolly 
pine seedlings compared to ambient CO,. 

Total loblolly pine seedling biomass was signifi- 
cantly greater under the elevated CO? and well 
watered treatment levels. The well watered treat- 
ment resulted in sig~lificiint increases in height and 
diameter. Height and diameter were both greater 
in the elevated COz treatment, but only differ- 
ences in height were significant at P < 0.10. Un- 
like previous studies, there was a significant 
interaction between CO1 and water for loblolly 
pine root:shoot ratio. There was a significant in- 
crease in the root:shoot ratio of water stressed 
seedlings grown u~ider elevated CO,, due to a 
larger root biomass under elevated CO, and water 
stressed conditions. This increase in root biomass 
inay contribute to an improved ability of loblolly 



pine to compete against weeds on dry sites under 
elevated CO, levels. 

Herbaceous weed community development was 
similar to other studies involving elevated C 0 2  
and different levels of water availability. Elevated 
CO, appears to favor C, weed community devel- 
opment, regardless of water availability. This sug- 
gests that weed community composition may shift 
towards C, plants in a future elevated CO, 
atmosphere. 

Total biomass of the well watered weeds was 
significantly larger than the water stressed weeds. 
Elevated C 0 2  did not result in more total weed 
growth. Instead, it resulted in a smaller, although 
not significant (P= 0.15), total weed biomass. 
Even though the weed community did have a 
negative effect on ioblolly pine biomass, it was so 
small that it appears the pine seedlings benefited 
the most from available resources. This was par- 
ticularly evident under elevated CO,. 

The significant increases in loblolly pine growth 
lead us to reject our hypothesis that competition 
with a native herbaceous community in an ele- 
vated CO, atmosphere would li~nit the growth 
response of loblolly pine seedlings. Elevated CO, 
did stimulate pine seedling growth cornpared to 
ambient levels, while overall weed biomass was 
lower (although not significantly). Our second 
hypothesis that C, weeds would tend to replace C, 
weeds under elevated C0 ,  was accepted based on 
the species cornposition changes for these two 
weed types. Even though C, weed biomass was 
not significantly larger under elevated COz, C, 
weed biomass decreased by nearly half. 
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