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NC farmers worry surging
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Abstract: Coastal forested wetlands provide important ecosystem servi
region of the United States, but are threatened by anthropogenic and natural disturbances. Here,
we examined the species composition, mortality, aboveground biomass, and carbon content of
vegetation and soils in natural pine forests of the lower coastal plain in eastern North Carolina, USA.
We compared a forest clearly in decline (termed “ghost forest”) adjacent to a roadside canal that

along the southeastern

had been installed as drainage for a road next to an adjacent forest subject to “natural” hydrology,
unaltered by human modification (termed “healthy forest”). We also assessed how soil organic carbon
(SOC) accumulation changed over time using "*C radiocarbon dating of wood sampled at different
depths within the peat profile. Our results showed that the ghost forest had a higher tree density at
687 trees ha™!, and was dominated by swamp bays (Persea palustric), compared to the healthy forest,
which had 265 trees ha ! dominated by pond pine (Pinus serotina Michx). Overstory tree mortality
of the ghost forest was nearly ten times greater than the healthy forest (p < 0.05), which actually
contributed to higher total aboveground biomass (55.9 £ 12.6 Mg C ha™' vs. 27.9 £ 87 Mgha" in
healthy forest), as the dead standing tree biomass (snags) added to that of an encroaching woody
shrub layer during ccosystem transition. Therefore, the total aboveground C content of the ghost
forest, 33.98 & 14.8 Mg C ha~, was higher than the healthy forest, 24.7 + 5.2 Mg C ha™~ (p < 0.05).
The total SOC stock down to a 2.3 m depth in the ghost forest was 824.1 £ 46.2 Mg Cha 1, while that
of the healthy forest was 749.0 £ 170.5 Mg C ha™" (p > 0.05). Carbon dating of organic sediments
indicated that, as the sample age approaches modern times (surface layer year 2015), the organic soil
accumulation rate (1.11 to 1.13 mm year ') is unable to keep pace with the estimated rate of recent
sea level rise (2.1 to 2.4 mm year 1), suggesting a causative relationship with the ecosystem transition
occurring at the site. Increasing hydrologic stress over recent decades appears to have been a major
driver of ccosystem transition, that is, ghost forest formation and woody shrub encroachment, as
indicated by the far higher overstory tree mortality adjacent to the drainage ditch, which allows
the inland propagation of hydrologic/salinity forcing due to SI.R and extreme storms. Our study
documents C accumulation in a coastal wetland over the past two millennia, which is now threatened
due to the recent increase in the rate of SLR exceeding the natural peat accumulation rate, causing
an ecosystem transition with unknown consequences for the stored C; however, much of it will
eventually be returned to the atmosphere. More studies are needed to determine the causes and

consequences of coastal ecosystem transition to inform the modeling of future coastal wetland

responses to environmental change and the estimation of regional terrestrial C stocks and flux.

Keywords: ghost forest; forested wetland; aboveground biomass; soil carbon; carbon dating
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he sharply Increasing demand for energy ralses concems

aver our continued refiance on fossil fuels because
of the uncertamty of future supply and the environmen-
tal externalities associated with fossil energy production
(Campbell and Laherrerre 1998, Heinberg 2005, Solomon
etal. 2007). Of the available alternatives, nonfood plant bio-
mass {cell-wall based, or fignocelfulesic biomass) is seen as a
key bridging technology to a low-carbon economy because
of its compatibility with existing agronomic practices,
materials handling, and energy-production systems. There
is also the oft-cited potential to stimulate local economic
development (Mathews 2007}, energy security {Ragauskas
et al. 2006}, and the capacily 10 restore soil properties or
other ecological aspects of degraded landscapes (Tilman
et al. 2006, Sernere and Slater 2007, Bhardwaj et al. 2010).
In a recent process-based modeling analysis, Beringer and
colleagues {2011) estimated the future global bicenergy
production potential using all available sources of biomass
to be 130-270 exajoules per year, equal to 15%-25% of the
projected global demand, with dedicated energy crops sup-
plying 20% 0% of this, depending on land availability and
irrigation. Importantly, priority was given to food produc-
tion and biadiversity protection in determining land avail-
ability for bicenergy production, and preductivity potentials
accounted for changes in growing conditions due to pro-
jected climate change. Although industrial-scale bioenergy
production has been questioned on economic, ecological,
and energetic grounds (Giampietro et al. 1997, Evans and

drought,

Cohen 2009, Gerbens-Leenes et al. 2009}, it appears that
dedicated energy farming with lignocelllosic crops has the
capacity to supply a significant fraction of future energy
demand with the associated potential for changes in land
use (Njakon Djome and Ceulemans 2012). Where and how
such energy production systems are managed must be care-
fully considered with respect to growing conditions, socio-
cconomic considerations, and market forces,
Industrial-scale production of energy from lignocellulosic
sources will require large amounts of water, largely from
evapotranspiration from biomass production, and the pro-
spect of even greater human appropriation of available sur-
face freshwater raises concerns of sustainability and ecological
impacts {Berndes 2002, Pimentel etal. 2004, Varis 2007, Evans
and Colen 2009, Gerbens-Leenes et al. 2009, Bhardwaj et al.
2010, Robertson etal. 2011}, Estimates of current evapolrans-
piration for agricultural crop production range from 2500 to
7500 cubic kilometers per year ¢ Postel et al. 1996, Postel 1998,
Rockstrém et al. 1999, Rost et al. 2008}, and recent madel-
ing analyses (Berndes 2002, Beringer et al. 2011) suggest that
bivenergy-crop production of the scale needed to meet future
projections (Nakidenovié et al. 1998, Beringer et al. 2011)
could double this amount. Such an increase in evaporative
water loss, if it Is not offset by increased water use efficiency,
might decrease the rates of groundwater recharge, which
would exacerbale the rapid drop in water tables occurring in
many regions of the world. Clearly, as we come to rely more
heavily on the ecosystem service of energy supply, it will be
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2. Opportunities for integrating bioenergy into forestry and
agriculture

* Bioenergy intercropping as an example
* Economic diversification
* Rural economic development (harvesting, handling, processing bioenergy)
* Integrate bioenergy cropping with agriculture
* More research is needed |
* Development of markets L
» Added product streams for farmers N8

* Restoration of soil properties and biodiversity
* SOC, nutrients, soil structure, decreased nematodes, etc.
* Increase biodiversity of agricultural landscapes
* Improve climate profile of agricultural landscapes

* Regional and national C balance, impacts on water
* Fossil fuel offsets
* Energy security

=y
g

* Csequestration in soils

* Must understand effects on regional water cycling | Poto redit: R. Ceulemans. POPFULL. U ter
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3. American sycamore: Unrecognized potential

Native species with wide range of environmental tolerances

HIGH tolerance of biotic and abiotic stress
* Tolerates both drought and flooding, not many pests

Moderate to very good productivity with LOW INPUT culture
Seedling production capacity at scale available

Reliable, low cost establishment with existing technology
Excellent coppicing and ability to outcompete weeds

Great potential for tree improvement programs — productivity, drought tolerance, salt
tolerance(?), resistance to diseases

Excellent wood properties and uniformity for bioenergy feedstock at scale
* Good energy content (19-20 MJ kgt), dries well, thin bark/low ash content

Capacity to improve agricultural soil health and biodiversity
* Chemical, physical and biological properties

Improves farm-scale and regional carbon and water cycling



Seed source and establishment

NC Forest Service Claridge Nursery
Goldsboro, NC




Cropping Systems Study — Butner, NC
Winter 2009/2010
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= Table 1
i Biomass regression equation used to estimate productivity of American

sycamore.

Contents lists available at ScicnceDirect
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Estimated variable Biomass regression equation R?

0.9594
0.9751
0.6649
0.7466

Total tree

Total stem weight
Total live Branches
Total dead Branches

0.0013(BA)*"%2
0.0015(BA)* "4
0.00002(BA) %8
0.00002(BA)L 0426

Productivity of low-input short-rotation coppice American sycamore
(Platanus occidentalis L.) grown at different planting densities as a bioenergy
feedstock over two rotation cycles

* . o e
=7, Maricar Aguilos®, Suna Morkoe ° Kevan Minick 2,

John 8. King "

Omaoyemeh 1. Tle
Jean-Christophe Domec®,

* Dxperhociat of Feeestry i Tnioamestie Resaumis, NC Stene Cniversity, Baleigh, NC 27625, 1154
L izt of Aariciliore ond baresiry, Generol itrectoncte af’ Competing Lesersifictivn and Frasion, Ankane, GIFe Nirkey
e thevace Sciomces AGRO, UMRIZO) ISPA INRA. T Cours du Géewral dy Gaulle 33775 Gradignan Crdex, Franwe

Adapted from Boone, 2017 [57].
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Shom mtation weady eraps

Shert rotation coppre culture of waedy crop species (SIWCS) Tias Tang been cansidered o sustsinable method of
producing biomass for biocnargy that docs not compere with curvent food production practices In this study, we
grews Ameri (Pletoans wzidemnlis 1.} for nine years cormespunding 1o 1wo rolatinn eyides (first
rotation (FR] zmo 2014, seeond rotation (SI) = 2015 2019). Lhis nnsdnncat varving toe planting densitios
11250, 2500, 5000, and 10,000 trees per heetare (tph)) on a degraded agy pe ander low-input (o
% o ferliliy.err i T Tebsicidesisppliastion) rulliure; in the: Pledmont. phsgpliic: egion uf setent North
Carolina. Tree productivity was proportional to planting density, with dic highest cumulative aboveground wood
liinmass in the 1,000 (ph treatment, a1 23.2 + 0.0 Mg ha™ and 191 + 2.4 Mg ha™ in the first and secand
rolistinny, resprctively. Tese results demonstrale incressing productivity under s Tus-inpul SHWC usmsgement
vegime over the fivst two rotations, Biomass partitioning was strongly affected by planting deasity dwing FR.
alleeating less Bicmass i stems melative 1o other plant paris an low planting densily 144508 fem 1250 10
10,0003 tph, ey ). Lhis effect duting NI, howeser, with biomass partitoning to stems
ranging from 74 to 704 across planting demsitics Taken together, our results suggest that Amevican sycamore
s the pertential i be effestively mansged as i linenergy fedstock with lov inpot il un minginal agr
culture lands.

‘Second Rotation
2012 ‘ 2016 2017
3rd 4th st 2nd || 3nd 4th

First Rotation
2011
2nd

1. Introdnction There are long-rerm dara on the biomass praductivity of corn and

parennial grasses bacause of extensive research on cthese spacies
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Reovwable eovegy suclias solur energy, wind energy and biovnergy
desved ftow biomass we allesative sowees that could reduce GHG
emissions, thereby supporting goals of the Parls Agreement [1]. This
agresment aims ra mitigate climare change in the Zlsc centny by
clecreasing CO. from the here and limiting increase

compared (o wooly bicenergy specivs [5.61 owever, when com and
perennial grasses ate grown solely for ethanal preduction, this can e
crease production costs greatly, add carbon to the atmosphere duing
nelrill'mrion 'md rillage, and can atress water resonrces [5,7,8]. A more

Jstock would be plants that can be growm with

in this ccnmry to 2 °C [2,2]. The focus of the curcent study is on cellu-
losic 1 v, i Ll energy souree Huced from a vaniely of
plul fals inelucug Lerl il crops, crop residues wid
woody hiosnergy apacies. Blamss-based energy can offser the affacts of
GHG emiasions on the envircnment, ss well as enhsnce ic eco-

minimal
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over provide bicchemically complex carbon inpues to the soil, in
contrast to the shallow root systems of many annual crops [£.9,10].
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wlative American sycamore total (means, +SE) woody biomass (Mg ha~?) for each year by planting density. Trees were coppiced winter of 2013,/2014 to
- rotation (FR). The second rotation ended with a harvest in winter 2018/2019. Differing letters on bars indicate statistical significance (P < 0.05) at the

end of the FR and SR.




Table 2

Average (standard error) Aboveground Net Primary Productivity (ANPP) (Mg ha™' y~ 1) for each planting density (trees per hectare, tph). Year 2013 ends the first
rotation (FR = 2010-2013) and year 2014 begins the second rotation (SR = 2014-2018). 2010 represents the year of establishment, hence, there are no available data

for that year.

Planting density (iph)

ANPP

First Rotation (2010-2013)

2011

2012

2013

Second Rotation (2014-2018)

2014

2015

2016

207

2018

10,000
5000
2500
1250

298 (0.45)
2.34 (0.37)
1.18 (0.340)
0.88(0.21)

12.69 (0.74)
10,83 (1.21)
6.45 (1.60)
4.76 (0.99)

7.49% (0.82)
6.46™ (1.24)
4.69" (1.16)
2.80° (0.92)

7.00 (0.70)
7.00 (0.50)
4.48 (0.80)
2.82 (0.50)

9.27 (0.70)
7.20(0.51)
5.99 (1.00)
5.85 (0.91)

10.84 (0.75)
11.11 {0.47)
9.70 (0.66)
5.14 (1.09)

2.98 (1.40)
4.96 (1.11)
0.46 (0.21)
0.06 (0.01)

9.03" (1.70)
6.25" (0.50)
1.42% (1.00)
0.61" (0.40)

Different superseript letters indicate significant differences between planting density treatments (P < 0.05) at the end of each rotation.

< First rotation (2010 -2013)
“®-  Second rotation (2014 —2018)

ANPP (Mg ha ' yr™)
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Fig. 7. Annual biomass productivity (third growing season of the second
rotation, year 2016) of American sycamore trees planted on marginal land with
low input (this study), compared to other woody species. Asterisks (*) depicts
studies that incorporated fertilizers, herbicides and/or irrigation.

Fig. 4. Average ANPP (Mg ha™' yr 1) across the four planting densities for
each growing season of the first and second rotations. In both rotations, there
was a decline in productivity after the third growing season. Vertical bars
represent the standard error of the mean.
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ABSTRACT

Most research on bioenergy short rotation woody crops (SRWC) has been dedicated to the genera Populus
and Salix. These species generally require relatively high-input culture, including intensive weed
competition control, which increases costs and environmental externalities. Widespread nalive carly
successional species, characterized by high productivily and good coppicing ability, may be belter
adapted to local environmental stresses and therefore could offer alternative low-input bioenergy pro-
duction systems. To test this concept. we established a three-year experiment comparing a widely-used

2017

American sycamore
Bioenergy

Pest control

Poplar clone NM6
Tuliptree

Weed control

hybrid poplar (Populus nigra x P. maximowiczii, clone ‘NM6’) to two native species, American sycamore
(Platanus occidentalis L.) and tuliptree (Liriodendron tulipifera L) grown under contrasting weed and pest
control at a coastal plain site in eastern North Carolina, USA, Mean cumulative aboveground wood
production was significantly grealer in sycamore, with yields of 46.6 Mg ha~' under high- mputs and
327 Mg ha ! under low-inpul cullurc. which rivaled the high-input NM6 yleld of 32.9 Mg ha 1 NM6
under low-inp: nonc i yield of 6.2 Mg ha'. Sycamore also shawed
superiority in survwal bmmass increment, weed resistance, treatment convergence, and within-stand
uniformity. All are important characteristics for a bioenergy feedstock crop species, leading to reliable
establishment and efficient biomass production. Poor performance in all traits was found for tuliptree,
with a maximum yield of 12 Mg ha~', suggesting this native species is a poor choice for SRWC. We
conclude that careful species selection beyond the conventionally used genera may enhance reliability
and decrease negalive environmental impacts of the bioenergy biomass production seclor.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

low marginal-value commodity, energy farming with trees will
only be widely adopted by the forest products industry and farmers

An ecologically and economically sustainable wood-energy in-
dustry di ds on devels of regionally-appropriate silvi-
cultural methods that maximize operational efficiency, contains
costs, and has high tolerance to prevailing biotic and abiotic envi-
ronmental stresses, Short-rotation woody crops (SRWC) culture
using a variety of hardwood species has long been considered the
mainstay of wood-energy cropping [1]. Because wood-energy is a
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North Carolina State University, 1019 Biltmore Hall, 2820 Faucette Dr., Raleigh, NC
27695, USA.
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if plantation establishment and SRWC culture are optimized for
operational efficiency, offering reliable economic returns on in-
vestment. The efficiency and reliability of wood-energy plantations
will be intricately linked to their environmental performance [2]. In
this sense, a key aspect of environmental performance is the ability
to reliably and rep dly establish d gy plantations with
the same efficiency and probability of success as farmers achieve
with other major crops such as corn, soybean and wheat. Another
important aspect of bioenergy SRWC environmental performance
will be maintaining high productivity in the face of varying envi-
ronmental conditions with a minimum of expensive and unsus-
tainable silvicultural inputs (labor, fertilization, irrigation,
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Fig. 5. Mean + SE (3 replicates) total aboveground woody biomass standing stock cumulated during the 3 years (a) and mortality (b) at the time before harvest in 2014. Bars

associated with the same letters are not significantly different (P > 0.05) from each other.
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Fig. 4. Mean + SE (3 replicates) annual aboveground woody biomass productivity. Bars associated with the same letters are not significantly different (P > 0.05) from each other
across all years.
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Fig. 3. Mean + SE (6 replicates) weed biomass productivity. Bars associated with the same letters are not significantly different (P > 0.05) from each other across all periods. Spring
refers to mid-May, and autumn to end of November.




4. Future directions
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Figure 2. Variation in coarse root biomass (CRB), fine root biomass (FRB), and total root biomass (TRB) across the three
different planting densities (2500 trees per hectare (tph), 5000 tph, and 10,000 tph). In the boxplots, the thick line shows the
median; the box extends to the upper and lower quartiles; and dashed lines indicate the nominal range. Significant p values
at #* < 0,001, ** < 0.05, and * < 0.1).

Table 1. Mean values of soil physical properties in the three planting densities.

Drainable Permanent
Density Porosity Wilting Point
{tph) (m3 m—3) (m3 m—3)
10,000 02140012 0.16 £0.032 0.03 £ 0.002 18 0.384+0.01° 1.59 £ 0.024

5000 0.28 +£0.01b 0.09 +001b 0.05 +0.00b 23 037 +£0.012 1.60 & 0.022
2500 0.30 +0.02b 0104 0.03P 0.05 £ 0.00b 25 040+ 0.012 1.58 +0.032

Same lowercase letters within a column indicate no significant difference between treatments. Values are means and SEs of field capacity

(FC), drainable porosity (DP), permanent wilting point (PWP), plant available water (PAW), total porosity, and bulk density for three
planting density treatments in the study atp < 0.05.

Santing Field Capacity

Plant Available  Total Porosity Bulk Density
(m® m=3)

Water (%) (m® m—3) (Mg m~3)

NO; (ng NO5-N/10 cm?)

10,000 TPH 5,000 TPH 2,500 TPH

Figure 4. Growing season soil NO3- concentration
under different density plantings of bioenergy SRC
sycamore at Butner, NC. Minick, unpublished data.




e Carbon and water cycling with Bowen ratio and eddy covariance
studies

Planted at Butner in Winter 2021, experienced significant drought spring/summer, and intense weed
competition, captured site by fall



Outreach and extension

* North Carolina Bioenergy Research Initiative/NCDACS

* New project to work with farmers in eastern NC to operationally integrate
sycamore (Winter 2022/2023) and get the word out

* Quarterly and Annual Field Days
 Fall 2023-Williamsdale Bioenergy Research Station (Duplin County)

* Surveys to identify barriers to adoption

* NC Forest Service, seedling production/tree improvement

* NC Cooperative Extension, technology transfer

* Wood products industry, especially along lower coastal plain

* Pellet manufacturers and other constituencies/economic sectors
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