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Abslracl.- A mixture of chenybark oak (Qllercus pagoda Raf.), white oak (Q. alba L.), persimmon (Diospyros "'irgilliollo L.), 
and swectgum (Uqllic/alllbar sl)'racijluo L.) seedlings was grown in shadehouses to simulate light conditions beneath a canopy. After 
the first growing season, two release treatments were implemented (released and not released), and treatments were conducted during 
two seasons (winter and spring). All seedlings were clipped aI 2.5 em from the groundline in height when treatments were imposed. 
Survival of persimmon and sweetgum was 1{)()OIo following clipping. There appeared to be a weak seasonal effect on oak survival. 
especially for while oak; survival was I {)()01o for winter clipping and 93% for spring clipping. The Ol.lks were considerably smaller in 
height, diameter. and above-ground biomass than their competitors, and the competitors also produced more stems per rootstock than 
the oaks. Chenybark oak was more productive than white oak especially in the reteased treatment. The oaks tended to have a higher 
percentage of thei r total biomass in foliage when compared with their competitors. Stem wood density of the oaks was considerably 
greatcr than that of their competitors. Leaf characteri stics of all species wcre very rcsponsive to Ihe treatments; specific leaf area was 
consistently greater for the no-release treatment for all species. Results of this study suggest that for oak sprouts to grow faster than 
their competitors they must begin with an initial size advantage. 

Key It'ords:- Cherrybark oak, white oak, persimmon, sweetgum. shadehouses, cl ipping, light. 

Introduction 

Oaks are one of Arkansas's most important forest resources 
for timber, wildlife m:magcmcnt. and a multitude of ecosystem 
services, and they make up about one-thi rd of the growing 
stock volume for the state's forests (Rosson 2002). Yet. the 
sustainability of this resource is uncertain because the oaks are 
notoriously difficult to regenerate (Smith 1992; Spctich 2004). 
Oak seedlings do not grow well under a closed forest canopy 
because they arc shade intolerant to intennediately intolerant 
(Johnson et al. 2(02). In addition, advanced oak reproduction 
needs adequate light after establishment to grow faster than 
competing vegetation (Bey 1964; Sander 1972; Johnson 1979). 
Light conditions under a canopy can be very complex and are 
difficult to study undcr field conditions. For example. direct and 
partial sunlight may reach S'-ocdlings during certain timesofa day. 
but seedlings may be fully shaded at other times. Shadehouses 
have been effectively used to create diflerent light regimes so 
that growth rclationships of oak seedlings can be studil..'(i under 
controlled conditions (Gardiner and Hodges 1998; Guo et al. 
200 I). In this research we used shadehouses both to simulate light 
conditions occurring beneath a forest canopy and to investigate 
how the timing or release and the amount of sunl ight affects 
grmvth, characteristics, and competitive status or oak sprouts. 
Two important oaks, chenybark oak (Qllerclls [XIgoda Raf.) and 
whiteoak (Q. alba L.). and two common competitors. persimmon 
(Oiospyros virgillilma L.) and sweetgum (Liqllidambar 
sryracifltlll L.), were selected for the study. These species are 
widely distributed in Arkansas and throughout the southeastern 
United States (Bums and Honkala 1990). Cherrybark oak, 

white oak, and sweetgum are commercially important within the 
region, while persimmon is an important wi ldlife food species 
with specialty markets for its wood. Persimmon and sweetgum 
:Ire potentially major competitors with the oaks because or their 
widespread occurrence. 

Materials and Methods 

The study site was located in Drew County. Arkansas. in the 
West Gulf Coastal Plain. The soi l is anAmy si lt loam (Fine-silty, 
siliceous. thenn ic Typic Ochraquull). Si te index for sweetgum 
and cherry bark oak is about 26 m :It the base age of 50 years. 
Bcrore study establishmcnt the area was an open field. but nativc 
vegetation is classified as mixcd pines and hardwoods (Larance 
et al. 1976). Annual precipitation averages 134 cm. with most 
occurring in winter and early spring. 

This study compares the effccts of two light regimcs(shaded 
and ful l sunlight) simulating released and non·released seedlings. 
Additionally, sprouting was measured one growing season after 
clipping I-year-old, shade-grown seedlings during two seasons 
(winter and spring) to compare the effects of simulated top-kill. 
Treatments were imposed on I-year-old seed lings that were 
clipped at 2.5 cm above groundline in height when treatments 
were implemented. Seedlings wcre grown their first year under 
sixteen 2.4 by 2.4 m shadehouses that were 1.6 m tall. nle shade 
cloth provided 27% of full sunlight. Shade cloth was present on 
top and on all but the north side. Shadehouses were extcndcd 
to 2.7 m in height for the no-release treatment when seedlings 
were clipped. The winter season treatment was implemented 
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on January 23, 2002, and the spring treatment was initiated on 
April 19,2002. The seedlings had fully leafed out. and height 
and diameter growth had initiated when the spring treatment was 
implemented. 

Seeds from 12 open-pollinated trees for each species were 
collected in Drew County, Arkansas, in October and November 
2000, float tested, and stored in a refrigerator at 4 0c. Seeds 
were stratified in moist sand at 4 uC for 10 weeks for cherrybark 
oak and persimmon and 3 weeks for sweetgum; white oak acorns 
wcre not stratified. On February 7 and 8, 200 I, seeds were 
removcd from stratification and sown in a commercial potting 
soi l mixture under greenhouse conditions. Seedlings were field 
planted from April 22 to 24, 2001. 

Six seedlings of each species were planted in each bed with 
a 0.3 by 0.3 m spacing in four rows by six colwnns for a total 
of 384 seedlings in the study. One seedling of each species was 
randomly located within each column. During the first month after 
the planting. dead seedlings were replanted with live seedlings 
of the same species. Weed-free mat covered by a mulch ofleaf
liner was used to prevent herbaceous vegetation from growing 
within the beds. Herbaceous vegetation outside of the beds was 
periodically controlled with a fo liar-applied herbicide. During 
their first growing season, beds were occasionally watered after 
periods of low rainfall. but no watering was done during the 
second growing season. Seedling height and diameter at 5 em 
in height were measured on September 24-28, 2001. On April 
19, 2002. seedling height was measured on four of the spring
treatment beds just before that treatment was implemented. 

Stems were measured for height and diameter (at 5 Col in 
height) during September 9-13. 2002. Stems were defined as 
sprouts developing from the residual stump and being within 
45° from vertical. Biomass was sampled by foliage. branch. and 
stem components during September 17-30, 2002. A minimum 
of 40 fully developed leaves were randomly collected for 
surface-area detennination from each species and bed. Stems 
were cut at 2.5 cm above ground. Branches and foliage were 
collected and dried together. Approximately one-half of the 
samples were considcrcd small enough such that the entire 
foliagelbranch sample was separatcd into components and 
then weighed. Subsampling was conducted on the rcmaining 
samples before separation. After weighing the bulk fo liagc/ 
branch material, a subsample averaging 42% of the total was 
withdrawn and separated into foliage and branches to detennine 
their proportional contribution. All material was oven-dried to a 
stable weight at 70°C. 

After weighing Siems, 30 representative stem sections 
with an average length of 12 cm wcre withdrawn from the 
stem biomass sample for each species and bed. Diameter at 
the midpoint and length were measured for each stern section 
so that volume could be calculated as a cylinder; sections were 
also weighed. Stem density was then calculated from Ihe lotal 
volume and weight ofal! stem sections subsampled for each bed 
and species. 

To detemline species effects, wc initially analyzed the data 

as split-plot design with release and season as main effects 
and species as subeffects and with four randomized complete 
blocks. Species effects were always highly significant, and 
many of the species-treatment interactions were also significant. 
Therefore, data for each species were analyzed separately as a 
2 by 2 factorial design with four blocks using SAS procedure 
GLM (SAS 1990). Replicates were the values delemlined for 
each species from each treatment bed. Treatment effects were 
deemed significant at P ~ 0.05. 

Results 

Pre-I reutmellf COl1dit;ol1s,-At planting during spring 
2001. height averaged 15.6 cm for cherrybark oak. 15.9 cm for 
white oak, 11.6 Cm for persimmon, and 6.6 cm for sweetgum. 
At the end of the growing season, however. persimmon was 
the tallest species and had the largest diameter, while white oak 
was the smallest species in both height and diameter (Fig. I). 
Cherrybark oak and sweetgum were about equal in height, but 
sweetgum was 58% larger in diameter than cherrybark oak. The 
small differences between the fall 2001 and spring 2002 values 
reflected growth occurring in the early spring before the spring 
treatment was implemented. The early height growth of the oaks 
exceeded that of persimmon and sweetgum. Also interesting was 
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Fig.l. Mean height and diameter of cherrybark oak (CBO). 
white oak (WHO), persimmon (PER). and sweetgum (SWG) 
seedlings before treatments at the end of the first growing 
season (September 200 1) and when the spring treatment was 
implemented (April 2002). (Mean plus one standard error). 
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Fig. 2. Number of stems developing from rootstocks of 
chcrrybark oak (CBO). white oak (WHO). persimmon (PER), 
and sweelgum (SWG) one growing season after implementing 
release and clipping treatments. (Mean plus one standard 
error). 

the high rate of early diameter growth displayed by sweetgum. 
Sun·iwJI.-One growing season after treatments were 

initiated, survival of persimmon and sweetgum was 100% for all 
treatments. Survival for cherrybark oak was 100010, except for 
the no-release/spring treatment which averaged 92%. White oak 
had the poorest survival of any species. and there appeared to be 
a weak seasonal effect (p ;o 0.06); the spring cl ipping averaged 
88% for the no-release treatment and 92% for the released 
treatment. However, both release treatments averaged 100% 
when white oak was clipped in winter. 

Sprout Number.-A stern was considered any sprout 
arising from the clipped stump and within 450 from vert ical. 
There were multiple stems on most rootstocks (Fig. 2). The 
number of stems per rootstock was less for the oaks than for 
their competitors. averaging 2.0 for cherrybark oak. 1.7 for 
white oak. 3.2 for persimmon. and 3.3 for sweetgum. Season 
of clipping significantly affected the number of stems for while 
oak (winter> spring), while the released treatment produced a 
significantly higher number of sprouts for cherrybark oak and 
sweetgum (Table I). 

Stem Dimemioll$.-The oaks were considerably shorter 
than their competitors. The ranking for the overall mean height 
of all sterns was: persim mon (1.3 m) > swcetgum (1.2 m) > 
cherrybark oak (0.9 m) > white oak (0.5 01). Season of cl ipping 
significantly affected height forchcrrybark oak (Table I); winter
clipped sprouts were taller than spring-clipped sprouts (Fig. 
3). For white oak, season, release. and their interaction were 
all significant. which reAected the considerably taller sprouts 
in the no release/winter treatment. The release treatment had 
significant effects on persimmon and swcctgum. where sprouts 
of the no-release treatment were taller than the released sprouts. 

Fig. 3. Mean height and diameter of all stems of sprout clusters 
of cherrybark oak (CBO), white oak (WHO), persimmon (PER). 
and sweetgum (SWG) one growing season aner implementing 
release and clipping treatments. (Mean plus one standard 
error). 

Mean diameter of all stems was ranked as follows: 
persimmon ( 12.9 mm) > sweetgum ( 12.3 mm) > cherrybark 
oak (7.8 mm) > white oak (5.7 mm). Both release and season 
treatments were significant for cherrybark oak, with the higher 
values occurring for the released/winter treatment (Table I; Fig. 
3). For white oak. season and the season-release interaction were 
significant. This interaction probably reAcets the considerably 
higher diameter when the no-release treatment was clipped in 
winter when compared to spring. By contrast, mean diameter of 
all stems for persimmon and sweetgum did not vary significantly 
with the release and season treatments. The higher number 
of multiple stems occurring on persimmon and sweet gum 
rootstocks probably reduced mean d iameter of all stems because 
the multiple stems were usually smaller in d iameter. 

A ho)'e-GrOIlIlJ Biomass.- Total biomass was ranked across 
species as follows: sweetgum (257 glrootstock) > persimmon 
(231 glrootstock) > eherrybark oak (95 glrootstock) > white 
oak (28 glrootstock). The effects of season of clipping were 
significant for cherrybark oak. white oak, and sweetgum (Table 
I). In each case, the winter-clipped sprouts had more total 
biomass than those from rootstocks clipped in the spring (Fig. 
4). The release treatment on ly significantly affected cherrybark 
oak biomass. where the released sprouts had more biomass 
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Table I. Analysis of variance for selected properties of cherry bark oak, whi te oak, persimmon. and sweetgum sprouts grown under two 
levels of simulated release (released and not released) one growing season after clipping I-year-old, shade-grown seedlings during two 
seasons (winter and spring). 

Release Season Release· Season 

Variable MS' P>F MS P>F MS P>F 

------------------Cherrybark oak ----------------

Number of sprouts 7.30E-1 0.009 4.34E-4 0.938 1.09E-2 0.697 

Mean height all stems 4.87E-2 0.069 4.00E-1 0.000 8.66E·3 0.406 

Mean diameter all sIems 5.49EO 0.023 2.15EI 0.000 3.9 IE-3 0.9-14 

Total biomass 5.78 E3 0.().l6 1.54E4 O.OO~ 1.08E2 0.758 

Stem density 1.23E-2 0.008 3.73E-4 0.568 7.36E-4 0.427 

Specific leaf area 9.41 E3 0.000 7.60E2 0.042 3.88EO 0.869 

------------------White oak ----------------
Number of sprouts 3.70E·\ 0.219 1.71 EO 0.019 7.95E-1 0.085 

Mean height all stems 9.58E·2 0.001 2.27E·\ 0.000 1.17E-1 0.000 

Mean diameter all stems 6. 16E-I 0.089 8.69EO 0.000 4.50EO 0.001 

Total biomass 1.1 8E2 0.440 3.34E3 0.002 1.63EO 0.926 

Stem density 1.16E-2 0.008 6.28E-4 0.453 3.39E·3 0.101 

Specific leaf area 5.25 E3 0.000 5.77E2 0.025 2.01 E2 0.148 

------------------Persim mon----------------

Number of sprouts 1.27EO 0.118 3.91 E-I 0.362 2.93E-I 0.427 

Mean height all stems 3.26E-1 0.014 1.55E-I 0.066 1.30E-3 0.852 

Mean diameter all stems 2.1 1E-2 0.947 \.I2EI 0.148 1.40E-2 0.957 

Total biomass 1.52 EO 0.989 1.07E4 0.266 \.I4E4 0.252 

Stem density 3.74E-2 0.001 1.84E-5 0.920 3.92E-6 0.963 

Spccific leaf area 1.29E4 0.000 9.37EO 0.824 3.07E2 0.221 

------------------S weet gum----------------

Nwnber of sprouts 7.I IEO 0.001 5.62E-I 0.184 1.1 IE-I 0.539 

Mean height all stems 2.56E- 1 0.014 1.35E-l 0.055 4.13E-2 0.253 

Mean diamcter all stems 1.29EO 0.546 1.l7EI 0.091 6.28EO 0.200 

Total biomass 1.20E2 0.896 3.64E4 0.043 1.74E4 0.139 

Stem density 2.97E·3 0.017 1.40E-8 0.995 1.73E-6 0.9~5 

Specific leafarca 2.IOE4 0.000 6.22E2 0.123 5.01 EI 0.641 

• Mean square. Degrees of freedom are: release ( I ), season ( I), release x season interaction (I). Block effects are not shown. 
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Fig. 4. Total biomass and the percentage distribution among components of cherry bark oak (C BO), white oak (WHO), persi mmon 
(PER). and sweetgum (SWG) sprouts one growing season after implementing release and clipping treatments. (Mean pl us one standard 
error). 

than those not released. In contrast, neither release or season 
treatments significan tly affectcd the biomass ofpcrsimmon. 

TIle distribution of biomass among foliage, branches. and 
stem is also shown in Fig. 4; the small standard errors showed 
that there was relati vely littl e variation in the distribution of 
biomass among components. Comparing the species. the oaks 
tended to be higher in foliage than their competitors but lower 
in branches and stems. The mean distribution of total biomass 
for the oaks was fol iage (50%), branches (6%) and stems (44%), 
while the distri bution for thcir compctitors was foliagc (36%), 
branchcs (14%) and stcms (50010). However, it is not clear 
whether these differences are due directly to species or to the 
height and diameter differences between species. 

Stem Wood Dells;I)'.-Stem density was ranked across 
species as follows: whitc oak (0.99 glcml) > cherry bark oak 
(0.92 g/cmJ) > persimmon (0.74 g/cmJ) > sweetgum (0.67 gJ 
cm l ). For all species, released sprouts had a significantly higher 

stem density than sprouts that were not rcleascd (Tablc I); this 
was one of the few relationships that was consistent across all 
species (Fig. 5). This re lat ionship seemed logical. since lower 
stem densities would be needed to support the seedling's mass 
in the more protected environment provided by the shadehouses 
in the no-release treatment. It probably refl ects a response of the 
sprouts to agitation by wind and rain and subsequent compression 
wood fonnation. 

Fol;ar CI,urucleri!il;cs.-The specific leaf area ranged 
from a minimum of 99 cml/g for persimmon in the released! 
spring treatment to a ma .... imum of 205 cmllg for sweetgum in 
the no-release/spring treatment (Fig. 6). This range in values 
is typical of that observed for a wide variety of tree species 
(McClendon and McMillen 1982). The large differences in leaf 
areas for sweetgum in the no-release treatment are consistent 
with physiological plasticity that pemlits adaptation to shaded 
conditions. which has also been observed by others (Guo et 
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Fig. 5. Stem d~nsity of cherrybark oak (CBO), white oak 
(WHO). persimmon (PER). and sweelgum (SWG) sprouts 
one growing season after implementing release and clipping 
treatments. (Mean plus one standard error). 

at. 2002). For all species. specific leaf area was signi ficantly 
higher in the no-release treatment (Table I). Season of clipping 
significantly affectcd only thc specific Icaf area ofthc oaks with 
higher values occurring in the spring clipping. 

Discussion 

111is study offers an interesting look at the growth rates of 
species which are nonnally thought of as being competitors. Of 
all the factors tested in this study, species was the most important 
factor affecting growth. For example. the biomass of persimmon 
at the conclusion of the experiment was about 10 times that of 
white oak. Thcse differences rencct both the reproductive and 
growth strategies that occur among species and shape their 
development. When the seedlings in this study were planted, the 
differences among species correlated well with the size of each 
species' seeds (Sehopmeyer 1974). White oak had the biggest 
seeds and produced the biggest seedlings at planting time, while 
sweetgum had the smallest seeds and had the smallest seedlings. 
However. this initial growth advantage of the oaks was offset 
by the rapid first-season growth exhibited by the competi tors. 
and the oaks were considerably smaller than their competitors 
at the end of thc first growing scason. The siz~ diffcrenccs that 
existed among species aBer the first growing wcrc essentially 
maintained after the study'S clipping and release treatments were 
imposed and sprouts developed from the clipped rootstocks 
during their second year. 

The oaks were more responsive to the released treatments 
imposed in this study than their competitors, especially when 
they were clipped in winter. This treatment response may reflect 
the greater intolerance of oaks to shade when compared to their 
competitors. The response of the oaks to light conditions appears 
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Fig. 6. Specific Icaf arca of cherrybark oak (eBO). white oak 
(WHO), persimmon (PER). and sweetgurn (SWG) sprouts 
one growing season after implementing release and clipping 
treatments. (Mean plus one standard error). 

to be dependent on seedling age. For example. Guo et at. (2001) 
observed that cherrybark seedlings responded favorably to the 
more intensive light regimes during their second growing season 
but not during their first growing season. Gardiner and Hodges 
(1998) found that height of 2-year old cherry bark oak seedlings 
was greatest with moderate levels of sunlight (27% and 53% of 
full sunlight); diameter showed a similar pattern. except that it 
was maximized at 53%. In addition. Guo and Shelton (2004) 
found that 2 to 3 hours of direct sunlight resulted in about the 
same biomass production in 2-year old cherry bark oaks as in 
more intensive light regimes. For cherrybark oak seedlings the 
more intensive light regimes have also been observed to result in 
greater levels of root production in relation to stem production 
(Gardiner and Hodges 1998). Sung et .11. (1998) showed that 
the increased biomass allocation to an oak seedling's roolS was 
mainly associated with the lateral roots rather than the tap root. 
This shift to greater below-ground productivity undoubtedly 
rcflects the higher soil moislure stresses Ihal devclop when 
seedlings are exposed to long periods of direct sunlight (Guo et 
.11. 2002). 

Oak seedl ings appear to produce maximum early growth 
at moderate levels of shade when grO\vn in pure populations. 
However, less is known about the light requirements orthe oaks 
when grown in mixture with competing species. Because oaks 
are often shorter than their competitors, oak seedlings are shaded 
by competing understory vegetation in addition to the overslory 
and midstOl), trees occupying the sile. Thi s subordinate position 
may make more intensive light regimes I:worable in such 
situations. For example. Guo et .11. (2002) showed that high 
levels of sunlight were necessary for water oak (Quercus nigra 
L.) seedlings to remain competitive with sweetgum when grown 
in mixtures. In our study. both cherry bark oak and \'vhite oak 
produced the greatest above-ground biom:lSS when under the 
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full sun light provided by the released treatment. However. these 
o.1k sprouts were undoubtedly partially shaded by their taller 
persimmon and sweetgum competitors. 

Season of clipping was a significant determinant of the 
growth of sprouts for the oaks. but seasonality effects were 
marginal for swectgulll and non-significant for persimmon. For 
the oaks. sprouts developing from wi nter clipped rootstocks 
exhibited greater growth than those clipped in the spring. Cain 
and Shelton (2000) also observed that the sprouts dcvcloping 
fTOm oak scedlings top-killed by controlled fire in wintcr grew 
more that those top-killed during the summer. One obvious 
reason for the seasonal effects is that recovery from the winter 
clipped treatment had a head start on the spring clipped treatment. 
According to our ficld notes. above ground rccovery was initiated 
on all species of thc winter clipped seedlings. except persimmon. 
in late March. Thus, the winter clipped treatment had at least a 
several-week growth advantage on the spri ng clipped treatment. 
In addition, Huddle and Pallardy (1999) reported that the 
starch reserves in the root system at the time of top-killing are 
important for the subsequent growth of sprouts. The winter 
clipping treatment of this study was imposed when the starch 
reserves of the roots were at a maximum while the seedl ings 
were dornKlI1t and leafless. In contrast. thc spring clipping 
treatment was applied when starch reserves were reduced due 
10 the recent initiation of spring growth and foliat ion. Starch 
reserves were also probably a factor in the slightly better survival 
of oak rootstocks when they were clipped in the winter. 

Sprouts of cherry bark oak and white oak did not grow as fast 
as theircompetilors under the environmental conditions tested in 
this study. These results suggest that for the oaks to successfull y 
compete with their competitors, the oaks have to Sian out with an 
initial size advantage. The ranking of species for seedling size 
at the end of the first growing season was essentially the same as 
the sprouts one growing season after clipping, and this trend was 
true regardless of the level of shade or the season of clipping. 
However. the oaks seemed to be more competitive when clipped 
in the winter than in the spring. Thus, silvicultural treatments 
resulting in top-killing advanced regeneration. such as prescribed 
fire or harvesting, would be morc favorable to oak regeneration 
if conducted during the dormant season. One of the reasons 
that the oaks are at a size disadvantage with their competitors 
is associated with thcir much denser stems. Although the oaks 
were clearly smaller on average than their competitors. therc 
were exceptions for individual stems. and some oaks achieved 
dominant positions. Thus. the relative density of the oaks and 
their competi tors and the stocking goals in the regenerated stand 
are important considerations in evaluating the adequacy of 
advanced oak regeneration. 

Conclusions 

Successful regeneration of oak species in Arkansas is 
important from both ecological and financial perspectives. 
Several Sludies have documented the ability of oaks to sprout 

aftcr being top-killed by harvesting activities, browse. or fire. 
The resi lience of oaks to the loss of aboveground tissues also is 
directly correlated with storage of carbohydrates in root systems 
in amounts sufficicnt to providc the cncrgy nccessary for ncw 
sprouts to develop. Moreover, oaks are known to respond to 
increased light availabil ity following the creation of gaps in the 
forest canopy. and many of the current oak-hickory dominated 
forests in Arkansas resulted from the ability of oaks to become 
the dominant overstory species even afler extended periods in the 
understory. The results of this study improve our understanding 
of the interaction between two oak species and two other 
hardwood species which often compete for light, moisture. and 
nutrient resources. 

Our findings suggcst that the season in which top-kill 
occurs may affect the survival of oak regeneration. since spring 
clipping of seedli ngs resulted in a slightly higher mortality rate 
than did clipping during thc dormant season. These findings are 
in agreement with our understanding ofphotosynthate allocation 
by oaks and the energetics of sprouting. Oak sprouts were found 
to have higher density stems and greater foliar biomass as a 
percentage of total biomass than their competitors (sweetgum 
and persimmon). Reciprocally. the competitors allocated more 
photosynthate to height and diameter growth and woody biomass. 
Despite the ability of oaks to sprout fo llowing top-kill, thc results 
of this study suggest that when regenerated stands include rapid 
growing competitive species, it is crit ical lor oak reproduction 
to have a size advantage relative to their compelitors in order for 
the oaks to dominate the future forest canopy. 
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