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Introduction

It is the interest of this study to determine what we can do 
to enhance the ability to sequester carbon from the atmosphere 
and into the soil starting with determining if there is a positive 
relationship between trees and carbon sequestered into the soil. 
Outside of what is known of fossil fuels contained within the earth 
– coal, hydrocarbon gas liquids, natural gas, and petroleum - the 
ocean, soils and forests contain the greatest amount of stored car-
bon (carbon stocks) on the earth. While oceans are estimated to 
have 30,000 Giga tons (Gt, 1 Gt = 1 billion tons) of stored carbon 
(C), globally soils and forests store approximately 2,500 and 400 
Gt, respectively. The ocean, plants, and soil are the primary natu-
ral carbon sinks in the world. It has been estimated that soils and 
forests remove 25% and 30%, respectively, of all CO2 emissions 
from the atmosphere globally [1]. However, these values will vary 
widely annually as the result of land development, soil disturbanc 

 
es, poor agricultural and forest management practices, wildfire, 
deforestation, and forest mortality. Still, soils and forests are the 
least expensive and most natural means by absorbing carbon from 
the atmosphere. Accordingly, the use of soil and forests to reduce 
atmospheric carbon is a strategy that can be deployed very quick-
ly. In fact, halting the loss and degradation of forest ecosystems 
and promoting their restoration have the potential to contribute 
over one-third of the total climate change mitigation that scien-
tists say is required by 2030 to meet the objectives of the Paris 
Climate Agreement.

According to the latest U.S. national greenhouse gas inventory 
total gross U.S. greenhouse gas emissions in 2019 were 6.6 billion 
metric tons of carbon dioxide equivalent, a slight decrease of 1.5% 
from the previous year. However, from 1990 to 2019, total emis-
sions of CO2 increased by 157.9MMT (3.1%). To offset these green-
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house gas (GHG) emissions and reduce atmospheric CO2, carbon 
can be trapped in forests through a variety of sink activities such 
as forest management that increases tree growth and forestland 
and reduces wildfires, forest degradation, and forest losses, and in 
soils through improved cropland, wetland, and grassland manage-
ment. Carbon capturing practices can be conducted on agricultur-
al lands that include conservation cover crops, no-till or reduced 
tillage, anaerobic digestion, and improved nutrient management. 
It is estimated that U.S. forests and forest products remove 0.60 
billion metric tons from the atmosphere annually. Adding other 
land-based components and aquatic ecosystems brings the total 
CO2 removed from the atmosphere approximately 1.3 billion tons 
annually.

In 2019 it was estimated that Ohio’s forests contained 231.5 
million metric tons of carbon stocks, which is an increase of 10% 
since 1990. These forests plus the harvested wood and urban trees 
removed on average 3% of all CO2 emissions in Ohio (compared 
to a 14% average for the U.S.). The stored carbon is equivalent to 
11 years of all CO2 emissions produced in the state [2]. While for-
ests and soils are considered to be the best natural mechanism to 
absorb CO2 out of the atmosphere, it is of interest to know how 
much trees influence the storage of carbon in soils. It is the ob-
jective of this study to determine if trees enhance the soil’s ability 
to store carbon. We predict that oaks will sequester more carbon 
than maple trees and that the natural site, Waterman Woods, will 
sequester more carbon and that there will be more carbon stored 
under the tree’s dripline than outside it due to the higher root con-
centration in that area. 

Methods

Waterman woods (WW), a 28-acre woodlot owned by The 
Ohio State University (40.0174 N, 83.0456 W) and the Ohio State 
main campus (OSU) located in Columbus, Ohio (40.0067° N, 
83.0305° W) were utilized as study sites. These sites were chosen 
for convenience as well to illustrate how the difference in land use 
history, in addition to tree species could impact C sequestered into 
the soil. Waterman woods represents a natural, untouched forest 
with no history of construction, farming, or any other use of the 
soil, with a high tree density. The OSU campus has had extensive 
land use history involving construction and shuffling of the soil 
which would hypothetically push some of the carbon deeper into 
the soil. Waterman woods is a mixed hardwood forest comprised 
of oak (Quercus rubra, Q. alba), maple (Acer rubrum, A. saccha-
rum), black cherry (Prunus serotina), elms (Ulmus americana, U. 

rubra) and remnants of ash (Fraxinus americana, F. pennsylvanica) 
following the emerald ash borer invasion. Ohio State campus pri-
marily houses oak and maple tree varieties. Oak and maple trees 
were selected for this study based on the overall prevalence in 
both study sites, as well as for their commonality in the US. The 
soil type of each site was the same- Crosby silt loam. Fourteen 
trees were randomly selected from each sample site with seven 
representing oak species and seven representing maple species 
for a total of 28 trees. For this study species were only separated 
by genus (Quercus and Acer). Each tree served as a plot center with 
the dripline of the tree crown defining the plot boundaries. Once 
the boundary of one tree was determined and sampled, care was 
taken not to sample any tree that had overlapping visible canopy 
or branches in that area to avoid cross-contamination of results, 
therefore outside of the dripline was an area of open space theo-
retically not under the influence of any tree species. The goal was 
to see how much a single tree affected soil sequestration abilities.

The diameter-at-breast-height (DBH) and crown diameter 
was measured for each tree. The quadratic mean of the crown di-
ameter was used and determined by taking the square root of the 
product of the major axis (widest crown diameter) and the minor 
axis (diameter 90° to the major axis) (Figure 1).

The plot around each tree was divided into quadrants (Figure 
1), and a soil core 5 cm in diameter and 30 cm deep was extracted 
with a hand soil auger probe to determine total C content. These 
four samples were combined to represent the soil sample for a 
particular tree, placed into soil collection containers, and brought 
back to the lab for further analysis. This process was repeated out-
side the plot boundary (dripline). Soil samples were taken inside 
of the tree dripline essentially as a representative of the tree ef-
fects on C sequestered because this is where the roots are most 
concentrated. Therefore, the area outside of the dripline where 
the root’s of the tree of sampled are less clustered represents an 
area further from or outside of the influence of the sampled tree’s 
ability to sequester C. This resulted in a total of 56 soil samples 
with 28 samples from each sampling site - 14 samples within the 
tree dripline and 14 samples outside the dripline. Sampling was 
done first at Waterman Woods starting September 13th, 2021 and 
ending October 12th, 2021. OSU sampling was started on the 13th of 
October, 2021 and finished November 8th, 2021. Samples were not 
all taken at the same time of day due to variations in class schedule 
for the student researcher taking the samples. Variations in time 
of year, time of day, and weather patterns could all play a part in 
the C findings of the soil samples.
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Figure 1: A diagram displaying how data was collected for each tree in this study.

The soil samples were air-dried in the lab at 25°C - 35°C for 48 
hours. A grab sample of approximately 50.0 g was collected from 
the air-dried samples and ground to pass a 2 mm sieve and put 
into glass cap vials. These vials were placed on a roller to ensure 
maximum mixing and dryness for 2-3 days. Samples of 10-12.0 mg 
were processed in an Elementar Americas, Inc., Vario Max Carbon 
Nitrogen Combustion Analyzer to determine the percent total car-
bon by weight.

Analysis of variance (ANOVA) and Duncan’s multiple range 
test (MRT) were performed to determine if differences in total soil 
C content between/among sites, tree species and inside/outside 
of the tree dripline were present. Regression analysis and Pear-
son’s correlation coefficient were performed to confirm if DBH or 
tree species affected the amount of total C within the soil.

Results

With this project we utilized two different study sites as exam-
ples of urban and undisturbed (natural) soils to aid in our search 
to find if trees positively impact a soil’s ability to sequester car-
bon. With all species and location combined, the total soil C was 
significantly higher in samples taken from the OSU campus (urban 
site) compared to Waterman Woods (natural site) (Figure 2A). In 
addition, with all species and sites combined there was no signifi-
cant difference found in soil C between inside and outside the tree 
dripline (Figure 2B) even though the amount of soil carbon was 
slightly higher inside the dripline than outside. Comparing the 

total soil C inside and outside the dripline between sample sites 
did not yield any significant differences (Figure 2C and 2D). Even 
though the differences were not significant, the OSU campus sam-
ples displayed slightly higher carbon content under the dripline 
than samples taken from Waterman Woods. Oak and maple spe-
cies were compared to determine if any differences in carbon se-
questration were visible. We also compared C data on soil taken 
from under the tree’s dripline to soil outside of the tree’s dripline. 
In the OSU campus, the total soil C content (inside + outside the 
tree dripline) collected under maple trees was significantly higher 
than that collected under oak trees (Figure 3A). 

However, the reverse was true with total soil C samples col-
lected from Waterman Woods, as the soil under oak trees was sig-
nificantly higher than what was collected under maple trees (Fig-
ure 3B). Soil samples collected within the dripline from the OSU 
campus revealed that the total soil C under maple trees was sig-
nificantly higher than that collected under oak trees (Figure 3C). 
This also was true for samples collected just outside the dripline 
(Figure 3D). Soil samples collected within the dripline for both 
species groups on the OSU campus displayed slightly higher total 
C compared to what was collected just outside the dripline. Soil 
samples from Waterman Woods revealed different results as soil C 
under oak trees were higher than what was recorded under maple 
trees (Figure 3E and 3F). Total soil C was higher inside and out-
side the tree dripline of oak species compared to maple species, al-
though not significant. Also, the soil C content was slightly higher 
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outside the dripline of oak trees compared to inside the dripline. 
These were slightly unexpected results. Based on our prediction, 
we had anticipated a more drastic difference between inside and 

outside the dripline than what was shown, but a higher C content 
is still in-line with predications.

Figure 2: Box plots of total soil carbon (%) sampled under and around oak (Quercus) and maple (Acer) species combined by sample site (graph 
A), by dripline location for species and sample sites combined (graph B), inside the tree dripline for species combine by sample site (graph C), 
and outside the dripline for species combined by sample site (graph D). Mean values are displayed in each box plot and means followed by the 
same letter are not significantly different, Duncan’s MRT (p=.005).

Figure 3: Box plots of total soil carbon (%) for oak (Quercus) and maple (Acer) species combined by sample location (inside/outside dripline) 
for the OSU sample site (graph A), for the WW sample site (graph B), inside the tree dripline for the OSU sample site (graph C), outside the 
dripline for the OSU sample site (graph D), inside the tree dripline for the WW sample site (graph E), and outside the dripline for the WW sample 
site (graph F). Mean values are displayed in each box plot and means followed by the same letter are not significantly different, Duncan’s MRT 
(p=.005).
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Diameter at breast height measurements were taken for each 
tree sampled to determine if any correlations could be found be-
tween tree size and C sequestered. In the WW site, most of the 
oaks had much larger diameter-at-breast height (DBH) than the 
maples. All oaks had a DBH >30 cm, while only two maples had 
a DBH >30. The trees sampled on the OSU site were larger over-
all compared to the WW site, especially the maples (Table 1). At 
the WW site, only two of the maples had a DBH <30 cm. This is 
probably a reflection of the higher tree density at the WW site. The 
increased tree density prevented the sampling of larger maples to 
best avoid any overlapping of tree driplines.

Table 1: The mean DBH of oak (Quercus) and maple (Acer) species 
examined in this study.

Site Species N DBH (cm)

OSU Oak 14 65.07

Maple 14 48.24

WW Oak 14 56.73

Maple 14 26.04

Table 2: The Pearson correlation coefficient relating total soil C with 
DBH (cm) of tree species in this study.

Pearson correlation coefficient,

Species N Total soil C 
with DBH

Prob > |r| un-
der H0: Rho=0

Oak 28 0.2611 0.1796

Maple 28 0.6593 0.0001

To test whether the age or size of the tree impacts C seques-
tered Pearson Correlation Coefficient and regression analysis 
were performed. The results of regression analysis show that DBH 
is not strongly correlated to the amount of C stored in the soil at 
either site for oak species (Figure 4). However, regression analy-
sis displays a stronger link with the amount of carbon in the soil 
with the tree DBH (Figure 4). For both species, there is a positive 
correlation of total soil C increase with increasing DBH. Moreover, 
if a Pearson Correlation Coefficient is performed, a significantly 
positive correlation is found with maple species but not with oak 
species (Table 2). This shows for the maples sampled, the size of 
the tree has more effect on how much C is sequestered.

Figure 4: Regression analysis displaying the relationship of total soil C with tree DBH by species for both sample sites (OSU and WW) and 
location (inside/outside tree dripline) combined.

Given these results, it is reasonable to conclude that maples 
have a larger effect on the amount of carbon sequestered into the 
soil than oaks in this environment, during the time of year sam-
pled. This conclusion stems from the significantly larger size of 
maples sampled in the OSU site compared to the maples sampled 
in the WW site, and the corresponding significant difference in 
carbon sequestered (Figure 3, graph A & Table 1). Additionally, in 
the WW site the DBH of the oak trees sampled were significant-

ly larger than the DBH of the maple trees sampled, yet there was 
overall less C stored in the WW site (Figure 2, graph A). Lastly, ma-
ples showed a significantly positive correlation between DBH and 
C stored (Figure 4), yet this is not seen with oak trees.

While maple and oak trees are both hardwood, deciduous 
trees they have some key differences that may explain their C se-
questration data. Although oak trees have a higher wood densi-
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ty, maple trees have a slightly higher growth rate [3]. Maples also 
have higher soil and litter C turnover than oaks; a faster litter turn-
over rate has been shown to be correlated with a greater amount 
of C in the topsoil [3]. Maple trees’ fast decomposition rates and 
high litter quality likely has to do with their lower levels of lignin; 
oak trees have a high amount of lignin which takes a long time to 
decay, resulting in an overall lower litter quality [4]. In addition to 
their greater maintenance respiration, maples have significantly 
greater stem, branch, and foliage biomass as well as leaf area than 
oaks of a similar diameter [5]. This would amount to the maple 
tree intaking more carbon from the atmosphere, more quickly 
than oaks of a similar age/size explaining the significant positive 
correlation between DBH and C sequestered that we saw with ma-
ple species.

The tree type was not the only difference between the two 
sites. The OSU site offered a more urban setting, and the WW site 
was a more natural, wooded area further from the city, this dif-
ference is essential to the C sequestration findings. Previous re-
search has shown that oak and maple trees in urban environments 
grow faster than those in forested environments [3]. This is pos-
sibly due to the urban heat island (UHI) effect causing elevated 
temperatures in urban areas or an excess of inorganic & organic 
nutrients in urban air. The faster growth of the urban maple trees 
sampled, may have allowed them to sequester more carbon in the 
same amount time compared to their forested counterparts. As 
temperatures rise, such as in climate change, deciduous trees have 
been shown to undergo respiration more than photosynthesis, al-
lowing them to grow more [3]. As we continue to input more CO2 
into the air and create more heat islands, trees and other vegeta-
tion will become invaluable tools to reduce to harsh impacts of 
these UHIs. UHIs create a feedback loop of uncomfortable living 
conditions for humans by raising the temperature. These rises in 
temperature are then accompanied by greater use of air condition-
er and other cooling methods, which need energy, the production 
of which leads to the output of more CO2 and a greater UHI effect 
[6]. A small path of vegetation has been shown to cool an area by 
1.5 degrees C and reduce energy use enough to compensate the 
energy expended on air-conditioning many times over [7].

The results of this project show the usefulness of trees as pos-
itive effectors of carbon sequestration. Owing to the continued in-
put of CO2 into the air by us, the use of trees and other methods 
will become more prevalent. The mitigation of climate change can-
not be done solely through trees and other vegetation, but we offer 
with this research that they could be of beneficial use in any plan 
to reduce emissions. Once the C has been put into the soil or the 
trees biomass, it will remain there nearly indefinitely (accounting 
for the amount lost through CO2 respiration). Akbari [8] found that 
each tree planted in an urban environment could save up $200, se-

quester roughly 18 kg of CO2 annually (in a large city e.g., Los An-
geles), reduce smog, reduce heating bills by 10% in the winter for 
urban areas, and ultimately garner yearly benefits of $270 million 
15-20 years post planting. Therefore, trees offer cheap, effective 
means to mitigate CO2 emissions and UHI effects. 

We looked at the difference under the crown and outside of 
the crown with the idea that the carbon captured would be con-
centrated under the tree’s dripline. The effect of the tree on soil 
C should, in theory, be correlated to its root concentration as they 
undergo root respiration, grow and decay [9]. The roots are most 
concentrated under the tree’s crown and as the distance from the 
crown increases, their number decreases exponentially. Further-
more, this exponential decrease in root biomass is accompanied 
by a proportional exponential decrease in soil respiration [10]. 
This would explain the slight increase in SOC found inside of the 
tree’s dripline compared to outside. Although our results didn’t 
show a significant difference in C captured under the dripline, pre-
vious studies have found a significantly greater C concentration 
under the tree canopy at a similar sampling depth of 0-25 cm with 
cork oak trees [11]. In one study, the sampling depth determined C 
sequestered more than any other factor, including tree species and 
distance from tree. They found a significant inverse relationship 
between sampling depth and C sequestered: as depth increases, 
C sequestered decreases. This study also yielded a slightly higher, 
yet not significant, SOC percentage closer to the tree similar to our 
findings [12].

Though sampling was done with the intention of taking four 
samples inside and four samples outside of the tree dripline, with 
no overlap from other tree or root systems, there are possible con-
founding variables. Due to the relative proximity of trees to each 
other, sometimes of different species, there may have been overlap 
in the root systems from the surrounding forest ecosystem. There 
exists in tree ecosystems the mycorrhizal exchange of C between 
trees with overlapping roots, meaning that some of the higher re-
sults we observed, particularly in the WW site, could be because of 
more than one tree/ tree species [13]. The time of sampling could 
also play a part in the results of this study, as fine roots hold the 
most amount of C in the Spring months and the lowest in Octo-
ber [14]. Further, oaks were found to have higher respiration rates 
in August than other months [3]. However, sampling was done in 
October-November, outside of the peak times for oak tree respi-
ration.

This research shows that there is great potential in the appli-
cation of good forestry techniques to reduce our C footprint. Based 
on our findings, it’s likely that trees (particularly maple) positive-
ly affect soil C sequestration. From here, the best tactics to maxi-
mize sequestration are analyzed. While nitrogen (N) was not a key 
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component of this research, past research has shown that adding 
a N-fixing tree or another source of N can significantly aid in car-
bon sequestration through slowing the decay of organic carbon 
[15,16]. Additionally, it has been discovered [17] that converted 
monoculture Chinese fir tree (Cunninghamia lanceolata) stands to 
mixed stands, with Chinese sweet gum (Liquidambar formosana) 
along with crop tree release, increased the total tree biomass by 
roughly 15%. Furthermore, mixed stands of Cunninghamia/Alnus 
stands increased C in the trees as well as C sequestered into the 
soil by 11% after 15 years [18]. In our project, the more mixed 
stand, (WW site), displayed lower rates of C sequestered. How-
ever, these trees were closer together. The study by Zhang et al. 
[16] involved crop tree release, a method to reduce tree density 
and allow certain trees to thrive more. The trees at our OSU site 
naturally had vastly more space individually than any one tree 
sampled at the WW site. This could represent a similar environ-
ment to trees that have undergone crop tree release, eliminating 
all competition for each OSU tree sampled, allowing them to thrive 
and thus sequester more carbon. Zhu et al. [18] tested the efficacy 
of crop tree release on carbon sequestration. They found that light 
thinning significantly increased the frozen carbon content, that 
is the C content of a sample after freeze drying, of one species of 
tree, the Korean Pine (Pinus koraiensi), and improved sequestra-
tion of others. Importantly, this study found that larger trees didn’t 
benefit and in some cases were harmed by thinning. This would 
mean that for the larger oaks sampled, they were likely in a good 
environment to sequester carbon, eliminating that as a possibility 
variable from our results. Overall, these results show the utility of 
crop tree release on a case-by-case basis and further solidify our 
findings.

Our findings leave the door open for many experiments to fol-
low. Follow up projects could be done that looked at the C held 
under a tree dripline in different tree species, soil types, the ef-
fect that mixed stands have on these results, etc. For example, 
Devi [19] noted that mixed stands sequester more C than non-
mixed stands. In his study, Norway spruce and European beech 
trees were used in a synergistic manner- the spruce sequestered a 
greater amount of C into the forest floor, while the beech tree with 
its faster root turnover, was able to incorporate that C into the soil 
where it can be sequestered long term. Regarding tree type, some 
researchers have found that it is likely deciduous, or hardwood 
tree types will hold the most carbon under their crowns due to the 
overall wood density [21]. The ash (Fraxinus sp.) tree is of note for 
future research as Vesterdal et al. [21] found that it had the highest 
soil turnover rates & soil respiration rates of their sampled hard-
wood tree species. Others have found that coniferous trees may 
hold more SOC, showing that a more solid conclusion has yet to 
be made [22,23]. Different soil types may also offer valuable infor-

mation. The soil sampled in this project was high in silt which has 
been shown to be positively correlated with high levels of organic 
carbon [19]. Soils with high percentages of clay have been noted 
to have high C mineralization rates, while sandy soils are noted as 
poor sinks for C [21,23]. A larger sample size that included a vast 
array of trees of different sizes would be valuable too. With this 
information, we could more solidly conclude our correlation that 
maples have a stronger link to C sequestered than oaks and back 
up our Pearson Correlation Coefficient test. A more longitudinal 
study that viewed two stands over time could also assess the im-
pact that growth and age have on sequestration ability. 

Conclusion

The goal of this study was to determine the effect that trees 
have on a soil’s ability to sequester carbon. A slight increase in 
SOC stored in the soil was found inside of the tree’s dripline vs 
outside of the tree’s dripline. Additionally, the OSU site stored sig-
nificantly more C than the WW site. This, combined with the larger 
size of maples sampled hints that maples could affect C seques-
tered greater than oaks, possibly due to their greater maintenance 
respiration and litter quality. Future research is needed to solidify 
these findings by looking at different factors in different environ-
ments such as soil type, comparisons of different tree types, or 
sampling at another time of year. 
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