CHAPTER 8:
Agricultural Use

Kristin M. Trippe*, Georgine G. Yorgey*, David A. Laird, Brennan Pecha, and David Drinkard

SCOPE

Biochar has potential to reduce the environmental
footprint in nearly every aspect of agricultural
production. The use of biochar has been proposed
to manage agricultural biomass (Stavi 2013), to
process animal manure and poultry litter (Shakya
& Agarwal 2017), to improve the nutritive value of
feed (Man et al. 2021), and to mitigate the offsite

movement of pesticides (Kahlid et al. 2020; Liu et al.

2018; Khorram et al. 2016) and soil nutrients (Gao
et al. 2019; Figure 8.1). The coproducts of biochar
production hold similar potential. For example,

on-farm production of biochar can provide bioenergy
to heat greenhouses and barns and to power farm
equipment (Phillips et al. 2018). Pyroligneous acid,
a coproduct of pyrolysis, has the ability to control
fungal pathogens and deter pathogenic insects
(Grewal et al. 2020). Although these environmental
benefits are potentially substantial, their on-farm
use has not been widely studied. Furthermore, the
on-farm installation of biochar production facilities
presents challenges that reduce the feasibility of
co-production scenarios (Phillips et al. 2018).

Figure 8.1. Agricultural biomass associated with orchard management (left) can be achieved by generating biochar that can be used onsite. In the right
photo, biochar from orchard waste is applied to a commercial orchard in central Washington during tree planting to improve soil health. (Photos: Jeff Theil

[left] and David Drinkard [right]).
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Table 8.1. Biochar attributes supporting a prescriptive approach for biochar use in cropping systems.

Biochar attributes

Liming/pH adjustment

Type of biochar needed
High ash (>600 °C, high-ash feedstock).

Application rate/frequency

As needed; calculated by pH of soil
and neutralizing strength of char.

Rebuilding eroded soils

Large particle size (high coarseness) to improve infiltration.

Can be calculated from properties of soil + char and
desired goal (e.g., porosity or water holding-capacity).

Reduced nutrient leaching

Large particle size (high coarseness) to improve
infiltration and reduce runoff.

Annual.

Reducing disease pressure

Pre-conditioning of biochar may be needed for some
applications (e.g., to reduce soilborne diseases in
horticultural media) to allow time for biochar to impact

After germination.
Variable. Frenkel et al. (2017) seems to say that lower
application rates (<3% by volume) are needed for

microbial communities.

benefits relating to soilborne diseases (foliar diseases
are somewhat less sensitive to higher application rates).

Residue management
returned to the soil.

On farm gasification or pyrolysis of residues,

Annual trimming/harvest season.

Water retention

High temperature, oxidized for highest porosity.

As needed to achieve soil water holding capacity
around roots.

Growth Stimulant Insufficient data.

High application rate (<25% by volume)
orinjection with seed.

Recent recommendations regarding optimum biochar
application rates for wood-origin biochars (2-5% by
mass) and manure-origin biochars (1-3% by mass) (Guo
2020) translate to quite high application rates of 11
tons ac? (1%) to 57 tons ac! (5%), assuming an average
bulk density. If implemented, such application rates
will create an enormous demand for forest and agricul-
tural biomass. As such, land application uses of biochar
is likely to be an important driver for the scaling and
development of biochar production systems.

Because land use application of biochar is widely
studied, and because it has the potential to create a
tremendous demand for biomass and biochar-based
products, this section primarily addresses the applica-
tion of biochar to agricultural soils.

NEED STATEMENT

Across all agricultural systems, a primary goal is to
intensify production to supply food, fuel, and fiber to
a growing global population. However, accomplishing
this goal is increasingly difficult as soils become less
productive, land area shrinks, and natural resources
become more limited. At the same time, there is a
growing public and regulatory demand for farmers

to ameliorate the adverse environmental impacts

of farming and to provide ecosystem services. The
simultaneous and sometimes conflicting needs to
improve crop yields while reducing chemical inputs,
limiting greenhouse gas emissions, protecting water
resources, and sequestering carbon can be achieved by
improving soil health (Wheeler & Von Braun 2013).
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Biochar is one important tool that has the potential
to alleviate soil health deficiencies (Figure 8.2) and
enhance ecosystem services by increasing soil pH
(Phillips et al. 2018; Machado et al. 2018), improving
tilth (Deluca & Gao 2019), increasing water holding
capacity (Omondi et al. 2016; Razzaghi et al. 2020;
Edeh et al. 2020) , decreasing the off-site movement
of nutrients and pesticides (Kahlil et al. 2020; Liu

et al. 2018; Khorram et al. 2016), and sequestering
carbon (Liu et al. 2016; Bai et al. 2019; Matustik

et al. 2020). Biochars have a tremendous range in
physical and chemical properties. The physiochem-
ical properties of biochar are shaped by the nature
of the feedstock, the parameters of production,

and post-production treatments and processes.
Therefore, biochars can be engineered to have
specific attributes. Because biochars can be tuned

to meet agronomic goals, prescriptive approaches
that use engineered biochars to address specific soil
deficiencies are possible. For example, farmers in
some parts of the inland Northwest have a growing
need to raise the pH of soils. Biochar that is high in
ash and has a large calcium carbonate equivalence
could potentially meet this need (Phillips et al. 2018).
Likewise, farmers who use deficit irrigation could
apply biochars to extend water holding capacity and
alleviate intermittent water shortages. In order for
tarmers to adopt biochar-based practices, a deeper
understanding of how production parameters deter-
mine biochar properties is necessary, as illustrated in
Tables 8.1 and 8.2. (See end of chapter for Table 8.2).
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Figure 8.2. Outside of Spokane, Washington, wheat growth is dramatically
increased in soil amended with biochar (8 tons per acre, right inset), com-
pared to that grown in unamended soil (left inset). (Photo: Kristin Trippe)

The impacts of biochars on soils and plants cannot be
predicted from the properties of biochars alone, but
also depend on how the biochar reacts with the soil,
the crop, and the climate. This complexity has led to
an enormous proliferation of biochar-based research
publications. Despite the proliferation of the scientific
literature that addresses biochar-soil, biochar-plant,
and biochar-climate interactions, we are only begin-
ning to disentangle the complexities of biochar-based
amendments. As a result, few generalizable principles
have emerged and biochar-based practices have not
been widely adopted. In order for adoption to occur, it
is paramount that farmers have the ability to predict,
with reasonable accuracy, the agronomic responses

to biochar applications. This ability can be achieved
through the development of robust biochar-crop-
ping systems models that are capable of predicting
agronomic outcomes of biochar applications.

Robust biochar-cropping systems models are also
needed to predict the environmental response to
biochar application. Emerging policy initiatives that
incentivize the removal of carbon from the atmo-
sphere are currently under development. However,
allocating carbon credits for soil biochar applications
will require a means of estimating the long-term
impact of biochar applications on net greenhouse
gas emissions based on full lifecycle analysis. Direct
measurement of changes in soil carbon stocks and
greenhouse gas emissions at the field and farm scales
is not practical, as the cost of such measurements
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would exceed the value of the carbon credits. Hence,
computer models can be an important tool for assign-
ing carbon credits to individual farmers based on
estimates of the long-term impact of specific practices
on net greenhouse gas emissions. Policy development
and implementation would be strengthened by robust
biochar-cropping systems models that are capable of
predicting environmental outcomes of biochar appli-
cations, including estimates of carbon sequestration.

Resolving knowledge gaps and using that knowledge to
build cropping systems models will substantially remove
the barriers to farm-scale adoption of biochar-based
practices. To accomplish this, we have developed five
recommendations for implementation on the national
and regional scales: 1) Establish a coordinated national
scale network of long-term biochar field trials; 2) Develop a
well-integrated biophysical modeling effort for application
of biochar to agricultural soils; 3) Develop macroeconomic
models to provide information relevant to national and
sub-national policymaking; 4) Cultivate a prescriptive
approach for utilization of biochar in regionally focused,
cropping system specific niches; and, 5) Collaborate on
regional techno-economic analyses that point towards most
likely regional pathways for biochar production and use.

RECOMMENDATIONS

Recommendation 1: Establish a
coordinated national scale network
of long-term biochar field trials.

We propose that the deployment of a coordinated,
nationwide effort aimed at filling knowledge gaps

will sufficiently lower adoption barriers by delivering
decision support tools and providing prescriptive
recommendations that allow farmers to improve soils
and achieve agronomic goals. The coordinated effort
will entail an iterative approach that uses data from
long term field trials to develop, calibrate and validate
agroeconomic models that can predict agronomic and
environmental outcomes on local and regional scales.
The outcome of the models will, in turn, inform the
direction of long-term studies and prompt short-term
studies to address emerging questions. The effort will be
coordinated, implemented, and assessed by a network
of scientists that are charged not only with conducting
the research but also with consolidating and curating
data in such a way that it is applicable and available to
complementary investigations. Figure 8.3 outlines the
structure of the proposed network. We anticipate that,
through this network, a deeper and more comprehen-
sive understanding of biochar will emerge. As such,
generalizable principles that can be translated into
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Figure 8.3. Structure of proposed network. (Credit: Kristin Trippe)

decision support tools, best management practices, and
extension guidelines will be developed.

Research Objectives

The lack of extension recommendations regarding
agronomic outcomes of biochar application at the
field-scale are due to sizable knowledge gaps. Specific
research questions regarding the effects of biochar

on crop outcomes include: 1) the response of plant
growth and crop yield to different biochar types
across different climates, soil types and management
systems; 2) the influence of physiochemical properties
of biochar on crop nutrient use efficiency and
nutrient leaching for different climates, soil types and
management systems; 3) the mechanisms by which
biochar improves soil health deficiencies; and, 4) the
effects of biochar on system resilience in response to
extreme climate events. Closing these gaps, as well

as determining agronomic techniques for applying
biochar (rate, timing, method) will allow researchers
to develop and disseminate best management
practices and extension recommendations.

While the lack of biochar adoption is due to
uncertainty regarding the influence of biochar on crop
outcomes, it is also due to prohibitive costs and uncer-
tainty about return on investment. Because biochar
can provision ecosystem services, policy incentives
should be developed to support the implementation
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of the practice. The most obvious and clear case for
policy incentives is based on the ability of biochar to
capture and store carbon. Although several studies
have examined the potential for biochar to store soil
carbon, salient questions need to be addressed prior to
the development of policy incentives. These questions
include: 1) quantifying biochar-microbial interactions
that lead to changes in carbon mineralization rates,
and the effect of these changes on soil organic carbon
stocks across different climates, biochar types, soil
types and management systems; and 2) quantifying
the effects of different biochar types on changes in soil
organic carbon stocks and greenhouse gas emissions
across different climates, soil types and management
systems. In addition to capturing carbon, biochar

also has the potential to provide other agroecosystem
services, including improving water quality by reducing
off-site migration of nutrients and pesticides and
decreasing erosion and runoff. However, policy incen-
tives regarding nutrient management and water quality
are more difficult to measure and quantify. As such,
questions that inform policy should initially be focused
on quantification of carbon capture and storage.

Results obtained from strategically designed long-term
field trials have the potential to provide answers
regarding the agronomic and environmental outcomes
of biochar application by closing the identified
knowledge gaps. To accomplish this, we propose that

a national network of long-term biochar field trials
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should be established in at least ten locations across
the U.S. At these sites, which should be chosen to
represent diverse soil types, cropping systems, and
climates, researchers will conduct coordinated studies
using a common set of biochar types, management
practices, and research protocols. Each field site would
yield a common minimum data set including soil
physical and chemical properties, soil respiration,
crop and biomass yields, and changes in soil organic
carbon stocks. The field trials would be maintained for
a minimum of ten years to provide long-term biochar
response data. A national database of results from
these field trials will be developed that can be used to
robustly calibrate and validate the biochar agronomic
and environmental models. In addition to these

ten long term biochar research (LTBR) plots, diverse
regional efforts addressing cropping system-specific
questions using local management practices and
teedstocks applied to economically-important crops
efforts would support LTBR efforts by collecting and
contributing the minimum dataset using established
protocols (Figure 8.4). In return, these efforts would
receive support letters, assistance with data interpreta-
tion, and the ability to store data using LTBR resources.
In addition to closing knowledge gaps regarding
biochar effects, the establishment of LTBR field trails
coupled with regionally-specific trails will ensure that
experimental results of LTBR efforts are translatable
and that recommendations that emerge from the LTBR
network are applicable to local cropping systems.

Figure 8.4. Ongoing regional experiments could help ensure that experimen-
tal results from a national network are translatable to local cropping systems.
The potato plants shown here are part of a Washington State University and
Department of Ecology research field trial that evaluated potato production
following amendment with a regionally produced biochar, co-composted
biochar and compost. The darker colored, four leftmost rows illustrate the
effects of fertilizer on potato biomass. (Photo: Steven Seefeldt)

To coordinate the LTBR and the regionally-specific
research efforts, a structured network of scientists
must be organized to integrate efforts that generate
hypotheses, establish protocols, manage data,

and direct research deliverables in the form of
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publications and recommendations. Additionally,
the network will create and coordinate efforts to
archive biochar samples, create and manage data that
describe biochar properties, and provide guidance

to individual LTBR and related researchers on the
handling and storage of soil and plant samples.
Collectively, these efforts will generate iterative work
that will describe mechanisms through which biochar
has impact. There are several examples of existing
research networks that function similarly. The frame-
work established by the Greenhouse gas Reduction
through Agricultural Carbon Enhancement network
(GRACEnet) is an excellent model on which to
establish a biochar-based research network. Within
GRACEnet, research and geospatial data are collected
with established protocols that ensure that results

are comparable across GRACEnet locations. Points of
contact upload data into accessible data repositories
for incorporation into models and greenhouse gas
inventories to produce actionable recommendations.
The formation and cultivation of a similar network
composed of biochar-based researchers would simi-
larly contribute data to help develop and train models
(see Recommendation 2) to better predict agronomic
responses and environmental impacts.

Recommendation 2: Develop a well-
integrated biophysical modeling
effort for application of biochar to
agricultural soils.

We propose that the development of models that can
reasonably predict agronomic and environmental
outcomes of biochar application will lower barriers to

the adoption of biochar-based practices by providing
reliable information to researchers, extension agents, crop
consultants, and farmers. However, to accomplish this,
models must be able to address the diversity of biochars,
soils, climates, crops, and management systems. Likewise,
the models must be scalable and function at the pedon,
field, regional, national, and ultimately global scales. Fur-
thermore, these models must have the ability to predict,
with reasonable accuracy, crop and biomass yields,
leaching of nutrients, emissions of greenhouse gases

and changes in soil physical, chemical and biological
propertties for diverse biochar types, soil types, climates,
crops, and management systems. In order to design and
implement biochar-based models that accommodate
diverse systems on a broad spectrum of scales that have
accurate output regarding multiple parameters, several
knowledge gaps must be addressed. Specific knowledge gaps
that limit the development of robust biochar-cropping systems
models include: 1) biochar quality parameters; 2) priming
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effects of biochar; 3) biochar-soil-crop-climate interactions;

4) biochar impacts on autotoxicity and plant disease; 5) plant
hormonal and toxin effects of biochars; 6) effects of different
types of biochar; and 7) biochar management systems.

Biochar quality parameters

Biochar models need input parameters to characterize
biochar properties. The parameters need to be readily
measurable properties of biochars that characterize

the diversity of biochars and maximize the ability of

the models to predict agronomic and environmental
outcomes. For example, most biochar models assume
recalcitrant and labile biochar carbon pools. To predict
the fate of biochar carbon in soils, model inputs need
estimates of both the size and half-lives of the labile and
recalcitrant pools. These properties, however, cannot be
measured directly except through long-term and expen-
sive incubation studies. Readily measurable parameters,
such as hydrogen to carbon (H/C) ratios, volatile matter,
potassium permanganate (KMnO,)-oxidizable carbon,
and hot-water extractable carbon, need to be developed
and calibrated to serve as proxies for estimating the size
and half-lives of the labile and recalcitrant biochar carbon
pools. Other biochar quality parameters are needed to
predict the impact of biochar amendments on soil cation
exchange capacity, bulk density, porosity, drainage, plant
available water, nutrient cycling, and microbial activity.

Priming effect of biochar

Biochar may impact the rate of mineralization of native
soil organic matter when it is added to soils through what
is often referred to as a ‘priming’ impact. In the literature,
biochar has been reported to cause positive, negative, and
neutral priming of biogenic soil organic matter mineral-
ization. Understanding both short-term and long-term
priming effects of biochar in different soils under different
climates and cropping systems is critical to predicting the
long-term impact of biochar amendments on both soil
carbon stocks and nutrient cycling. Existing biochar-crop-
ping system models already have priming coefficients;
but we need to know whether those coefficients should
be positive, negative or neutral and whether they should
be constant or change over time, biochar types, climates,
soils, and management systems.

Biochar-soil-crop-climate interactions

Cropping system models are increasingly sophisti-
cated in predicting crop responses to climate and
management. Most such models include a limited
set of soil parameters focusing primarily on the soil
water and nitrogen cycling. Often soil pH, cation
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exchange capacity (CEC), bulk density, field capacity,
and permanent wilting point are treated as constants
and must be input to initiate the model. In reality,
these parameters are dynamic and are influenced

by climate, crop growth, and management (e.g.,
acidifying fertilizers, compaction caused by wheel
traffic). Furthermore, biochar amendments alter these
soil properties. Cropping systems models need to be
revised to treat these parameters as variable and to
account for biochar-soil-crop-climate interactions.

Biochar impacts on autotoxicity
and plant disease

A growing body of mostly anecdotal evidence indicates
that biochar amendments can reduce autotoxicity
associated with decomposition of crop residues and can
suppress some soil born fungal pathogens. These effects,
when they occur, can have a substantial effect on crop
yields, but are not currently included in cropping system
models. Understanding these effects and being able to
incorporate these into cropping systems models would
greatly improve the accuracy of model predictions.

Hormonal and toxin effects of biochars

Biochars are known to release various organic compounds
that influence plant growth and development. Which
types of biochar release these compounds and whether
these effects are short-term or persistent is unknown.

Effects of different types of biochar

Biochar quality varies substantially depending primarily
on feedstock, peak pyrolysis temperature, and pyrolysis
technology. To date most field research has been con-
ducted using biochars produced from woody feedstocks
by slow pyrolysis. The results from these studies may
not be relevant for predicting crop response to biochars
produced by fast pyrolysis from crop residues and
herbaceous feedstocks. Field trials with diverse biochar
types are needed to build robust models.

Biochar management systems

Field and laboratory research is needed to optimize
biochar management options. For example, biochar
can be uniformly applied in a single large surface
application and incorporated by tillage; alternatively,
biochar can be strategically applied on eroded hill tops
or other problem soils. Biochar can be injected into
problematic subsoils such as hard setting E horizons
that restrict root growth or clay rich argillic horizons
that restrict drainage. Various biochar-fertilizer
formulations are under development that may or may
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not be effective for improving nutrient use efficiency
in crop production. Acidified biochars can be banded
with fertilizers proximal to seed placement to improve
early season seedling growth and development.

Recommendation 3: Develop
macroeconomic models to provide
information relevant to national and
sub-national policymaking.

A robust carbon negative pyrolysis-biochar-bioenergy
industry will not develop without policy intervention.
Without policy intervention, liquid transportation
tuels produced by pyrolysis of biomass are not

now, and are unlikely to be, cost competitive in the
foreseeable future with liquid transportation fuels
produced from petroleum. Under current policies,

the environmental costs of petroleum and the
environmental benefits of biochar and biofuels are
both discounted. Future policies designed to address
climate change will, in one way or another, put a

tax on fossil fuels that penalizes the emissions of
greenhouse gases and establish a carbon credit system
that promotes the removal of carbon dioxide from the
atmosphere. The design and development of effective
policies will require macroeconomic models that can
predict the impact of various policy options on the
level of adoption of covered practices, energy prices,
commodity prices, indirect land use effects, local and
regional economies, and ultimately net greenhouse
emissions. Detailed analysis concerning the types of
macroeconomic models needed to facilitate policy
development are beyond the scope of our discussions.
However, cropping system models that predict the
impact of biochar amendments on agronomic and
environmental outcomes are critical tools that provide
foundation for such macroeconomic models.

Recommendation 4: Cultivate a
prescriptive approach for utilization
of biochar in regionally focused,
cropping system specific niches.

At the regional level, a prescriptive approach for utiliza-
tion of biochar in regionally focused, cropping system
specific niches is needed. By prescriptive, we mean an
approach that is aimed at utilizing locally produced
biochars as a strategy to address specific issues within
regional crops and cropping systems. The approach
should be informed by regional-level techno-economic
analyses that point towards the most likely regional
pathways for biochar production and use.
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The prescriptive approach is essential because it
focuses attention on those situations in which
producers would be most likely to consider adoption if
economics are favorable and concrete guidance can be
developed. As an illustration of how this framework
can be applied, Table 8.1 identifies different major
impacts of biochar and describes the types of biochar
and application rates that should be considered. Table
8.2 applies a prescriptive framework that marries
knowledge about the potential impacts of biochars

on soils with place-specific knowledge of specific
agricultural niches in the Pacific Northwest where
biochar may help overcome existing constraints to
yield or quality in ways that may economically benefit
growers. This approach focuses attention on the even-
tual biochar purchaser. It also emphasizes the need

for ongoing biochar process/product development
with the aim of producing biochars that can most
effectively provide the desired attributes—though at
present, it can be difficult to find biochar that is opti-
mized for a particular use in quantities large enough
to support field trials, due at least in part to the fact
that current markets are not large enough to clearly
support the commercial viability of such production.

Recent investigations of whether biochar could
benefit blueberry production in the Pacific Northwest
illustrate this approach (Sales et al. 2019). Blueberries
(Vaccinium sp.) prefer well-drained acidic soils with
high levels of organic matter. Organic amendments
such as bark or sawdust are often incorporated into
mineral soils before planting to increase organic
matter and improve soil structure. These materials
are expensive, and thus growers are interested in
alternatives. Phytophthora root rot (associated with P.
cinnamomi) can also be an issue for growers. Based on
these needs, a greenhouse study explored the applica-
tion of biochar alone (at 10% or 20% by volume), and
biochar with bokashi (4:1 mix of biochar and bokashi
produced from rice bran), to blueberry seedlings

in two 12-week experiments. Bokashi was chosen
because the fermentation process converts food waste
to a nutrient-rich product that is low in pH and thus
is likely to fit well within a blueberry system (whereas
most biochars are high in pH, as is compost, another
potential amendment). Plant growth was greater in
soil with biochar than in unamended soil and there
were also much greater levels of root colonization by
mycorrhizal fungi. Biochar also appeared to improve
soil aggregation but had relatively little effect on soil
pH and plant nutrition and no effect on root infection
by P. cinnamomi at the application rates used in this
study. Addition of bokashi to the biochar improved
plant growth and nutrition, particularly under
nutrient-limited conditions. Based on these results,
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researchers plan to test biochar in a new field planting
of highbush blueberry and to explore the best method
and rate to apply it (Figure 8.5). Clarifying these
factors will help the team to explore both effectiveness
and cost, key to potential future adoption by growers.

Figure 8.5. Graduate student Bryan Sales applies biochar to newly planted
stands of blueberries in Aurora, Oregon. (Photo: Scott Orr)

Generally speaking, the prescriptive approach is
also informed by an awareness of the non-biochar
management alternatives that producers are likely
to consider, and the potential value-proposition of
biochar in comparison to those other alternatives.
It also responds when possible to potential regional
biochar sources, in line with the concept of biochar
“system-fit” (Sohi et al. 2015). As the ability to model
the impacts of biochar application to cropping
systems develops, this may also be used to identify
additional opportunities that should receive further
attention at the regional level.

Especially given the current lack of carbon policy
incentives, regionally-focused approaches can be
turther informed by a preliminary assessment to
determine particular cropping systems for which
biochar can provide desired benefits at a cost that is
reasonable. Several economic analyses have indicated
that biochar’s current economic benefits (in the
absence of subsidies) exceed the cost of application
only when applied to high value regional crops such
as potatoes or diversified vegetables (Sessions et al.
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2019; Garcia-Perez et al. 2019), whereas application
to a wider range of crops (including dryland crops),
becomes economically feasible only when financial
policy incentives are available.

Work at the regional level will most likely take

place along the discovery—application continuum
(Figure 8.6). For biochar attributes that are less well
understood (e.g., disease suppression), exploration
of mechanisms will help develop understanding of
where impacts are likely to occur. As promising pre-
scriptive applications reach higher levels of technical
readiness, field trials should emphasize demonstration
and communication at scales that are relatable to
tarmers. Including analysis of the impacts on farm
economics and profitability—across multiple years of
a crop rotation and including impacts on economic
risk reduction—will also help producers weigh the
potential costs and benefits of biochar application.
Communication of field-level results, development
of use guidance, and decision support tools will all
support eventual adoption.

Figure 8.6. Stephanie Chiu and Sarah Light remove soil cores to test the
response of soil water to biochar additions at a field trial site in Pendleton,
Oregon. (Photo: Claire Phillips)

We also propose that coordinating regional-level biochar
field trials with the national research framework will
maximize the knowledge gained from these regional
trials in a number of important ways. First, by utilizing
established data-collection protocols, it will ensure

that data are comparable across sites. Second, it will
focus attention on the collection of data most needed
to advance the biochar biophysical modeling effort.
Third, by connecting biochar researchers with each
other and with the national network, it will raise the
level of interaction and collective knowledge relating to
biochar’s impacts in agricultural systems, and thus the
level of sophistication of individual regional efforts.
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Recommendation 5: Collaborate

on regional techno-economic
analyses that point towards most
likely regional pathways for biochar
production and use.

Techno-economic analysis is critical for building a
biochar-bioenergy industry. Whether focused on
large centralized biorefineries or distributed on-farm
pyrolysis units, building a biochar-bioenergy industry
ultimately requires that pyrolysis plants be built at
specific locations. For a specific pyrolysis plant to

be economically viable, a local supply of feedstock,
infrastructure to harvest, store, and transport the
feedstock, and markets for the biochar and bioenergy
co-product must exist and be accessible. Furthermore,
life cycle analyses are needed to quantify energy and
mass balances and net greenhouse gas emissions at
the plant scale. Communication between agricultural
researchers and those working on other aspects of
techno-economic analysis is important to ensure that
assumptions about the agricultural market size are
reasonable. Cropping system models that predict the
impact of biochar amendments on agronomic and
environmental outcomes are also critical tools that
inform techno-economic models about the potential
market size for biochar co-products. Building regional
biochar markets requires local on-farm research to
develop solutions to local agronomic problems using
locally available biochar resources.

Table 8.2. Examples of yield-focused, prescriptive uses for agricultural char.

CONCLUSION

The potential for biochar to benefit agricultural
production and sustainability is substantial, but this
benefit is not currently being fully realized. Further
work is needed to disentangle the complexity of the
interactions between the many types of biochar,

soils, crops, and climate, and to develop generalizable
principles. It is our feeling that a coordinated national
scale network of long-term biochar field could
elucidate the mechanisms of biochar’s impacts in
soils more efficiently than the current decentralized
approach. Meanwhile, robust biochar-cropping
systems models are also needed to predict the environ-
mental response to biochar application. These models
would also support developing policy initiatives to
incentivize the removal of carbon through biochar,
by providing a means to predict the carbon benefit of
biochar application to soils.

At the regional level, a prescriptive approach for
utilization of biochar should guide research efforts,
in which biochar is explored as a potential solution
to an identified problem for which growers are
actively seeking solutions. By paying attention to

the value proposition of biochar compared to other
management options that are available to growers, as
well as economic analysis to weigh costs and benefits,
scientists have improved the likelihood of developing
biochar application strategies that ultimately are
meaningful to regional growers.

Issue addressed by biochar/ Value proposition Technical Key Example References
Example applicationinthe  of biochar over other Potential regional sources Readiness High priority (Regional field results,
PNW management alternatives of appropriate biochar Level research questions when possible)
Liming from biochar can raise pH = Natural product. Can provide If cost could be justified, biochar High What is the long term neutral- Physical feasibility of biochar
of acidic soils due to long-term additional benefits over lime produced from poultry litter, izing capacity of char? Can the production and utilization at
use of ammonium-based such as reduced aluminum which is high in ash and has a long-term economic benefits afarm-scale: A case-study in
fertilizers. phytotoxicity, improved soil large calcium carbonate equiv- justify the costs, and if yes, under  non-irrigated seed production.
Wheat-based dryland cropping moisture and permeability, and alence, could potentially meet what conditions? Approaches (Phillips et al. 2018)
- increased CEC. On the other this need, though transportation for reducing cost and labor for . .
systems (inland PNW). hand, earlier analysis Biochar may = would add cost. biochar production, spreading Alkallne glograhamer;)dmentd
not be cost-competitive with lime Alt tively. to minimi + and incorporating biochar |ncrea§eldsollwp h’cc‘;" ?cnlla;018
if only pH impacts are considered, ernatively, to minimize cost, remain a challenge. Biochar crop yield. (Machado et al. )
but producers in many areas have onsite residues FOUId be useq n from onsite residues will need Grass seed residue trials. Ag
not typically applied lime despite areas where residue production to generate benefits that are Energy, unpublished data.
acidic conditions, so biochar may is adequate. competitive with alternative
meet an unmet need. Combinations of biochar with residue uses (e.g., baling and
other alkaline waste products offsite sale of wheat straw).
(e.g., fly ash) have also been
discussed and research is
ongoing.
Biochar can rebuild highly On-site residue use may provide  Use of onsite residues could aid Low- Can increases in yields cover Influence of contrasting biochar
eroded “knobs” have much an economically viable option in economic viability, if costs can ~ Medium production/application costs types on five soils at increasing

lower yield than surrounding
areas.

Eroded wheat-based dryland
cropping systems (Palouse).

in a cropping system with few
cost-effective strategies existing
(transporting other organics is
cost-prohibitive).

be kept low enough and biochar
can perform well enough.

in concentrated areas? What
strategies prevent erosion from
occurring again over time?

rates of application (Streubel et
al. 2011).
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Issue addressed by biochar/

Value proposition

Technical

Key Example References

Example applicationinthe  of biochar over other Potential regional sources Readiness High priority (Regional field results,
PNW management alternatives of appropriate biochar Level research questions when possible)
Biochar can reduce nutrient CEC adsorbs nutrients and Use of onsite residues could aid Medium What is the optimal application Biochar impact on nutrient
losses from topsoil as nutrients porosity of char absorbs water - in economic viability, if costs can rate and schedule? leaching from a Midwestern
run off fields, increasing produc-  both effectively reduce nutrient be kept low enough and biochar What is the cost benefit agricultural soil (Laird et al.
tion costs and environmental leaching. can perform well enough. . - 2010).
impacts. i i : calculathn? Meghanlsms'need
Biochar is unlikely to be cost to be defined to inform biochar
Grass seed grown on poorly competitive with the alternative production parameters. more
drained soils/Willamette Valley. of no action. However, if work is needed for specific soils
Acreage receiving repeated charTges are reqyired to reduce and crops S0 that accurate results
manure applications nutrient losses, it may become can be achieved.
. cost competitive in some cases
(e.g., requirement for reducing
nutrient applications).
Biochar can reduce disease Natural, includes other benefits Applications to these high value | Low Adding unconditioned biochar Biochar as a management tool
pressure from some high value of biochar, may reduce pH of crops may be able to support followed by infections with for soilborne diseases affecting
crops in the PNW, with examples  soil. higher biochar costs (and thus pathogens such as Rhizoctonia early-stage nursery seedling
including nursery crops, Existing chemical strategies ma awider range of biochar feed- and Pythium can cause early production (Jaiswal et al. 2019).
potatoes, and small fruits. be ex gensive and causegharm tg’ stocks and production systems) stage diseases occasionally Activating biochar b
Soil-borne diseases in nurser: workeprs Pathogens may develo than other cropping systems—if results in neutral or negative mani ula%in the ba)éterial and
Y . i 9 Y AEVEIOD | henefits can be shown. effects. Pre-conditioning stage purating &
crops and potatoes. resistance to repeated fungicide R fungal microbiome through
applications. In addition to ?hOU|d be |ncorporaFed asan pre-conditioning (Jaiswal et al
Foliar diseases including Botrytis, i} crop q.uality is also often important stage during biochar 2018) '
Phytophthora and Powdery iconlomically important, gener- ap‘pllcatlon in nurseries gnd .
mildew in strawberries. ating another avenue through AsotlllessAlmedla, and possibly
Powdery mildew and late-stage which benefits can be realized. into soil.
diseases such as Fusarium Economic benefits could
in tomatoes (direct market also be realized by enabling
production). maintenance or increasing the
i ) frequency of the highest value
Late-stage diseases in asparagus. crop in the rotation.
Wood waste can be managed Air quality impacts of biochar Onsite Med-High What are the air quality impacts Apple orchards have been shown
for disease control with biochar should be lower than open of charring trimmings compared  to benefit from char (Ventura et
production, with reduced air burning for use with tree to burning? al. 2013).
quality impacts compared to trimmings to be attractive.
open burning.
Perennial tree fruit (central
Washington and N central
Oregon).
Ag. residues can be turned Could result in higher per- Onsite Med-High How would a biochar strategy Charring is established as a man-
into char rather than by using sistence of residue, which may compare to other current agement tool for management
mechanical means in irrigated be beneficial in at least some strategies for managing residues of residue in agro-ecosystems
high residue annual cropping irrigated high residue annual in high residue annual cropping (Stavi 2013).
systems that break down quickly  cropping systems. systems?
in the environment.
Residue management for
irrigated high residue annual
cropping systems in the Basin.
Biochar can retain water Provides amendment benefitsin  High coarse-textured char to Low Can biochar provide sufficient Can biochar conserve water
for growers who are deficit sandy/silty soils. increase retention in soil. benefits in improved water in Oregon agricultural soils?
irrigating (e.g., coarse-medium I . holding capacity to be economi- Phillips et al. 2020
texgt;ure sg(:»i(ls)g.J ’ Reducgs irrigation requirements callyjugtifisd? ¢ ( P :
which is beneficial in situations
Deficit irrigated crops (e.g., where water access is limited for
wheat, N central OR) or high physical or regulatory reasons.
value crops grown without
irrigation (e.g., diversified
vegetables for direct markets in
western WA and OR).
Biochar can be applied to soilsfor = Wood chips/sawdust are often Application to blueberries Medium What application rates are Amending sandy soil with
plants that require well-drained used to amend mineral soils prior | requires a low calcium carbonate Low appropriate? biochar promotes plant growth

soils with high organic matter.
Blueberries

High-value irrigated crops

to planting, but are expensive
as they need to be replaced and
don’t generally result in higher
yields. Biochar is more durable
than wood chips and has shown
benefits in greenhouse studies.
Can be applied with compost
utilizing the same distribution
and application systems.

equivalence, coarse-textured
char.

Applications to these high value
crops may be able to support
higher biochar costs (and thus
awider range of biochar feed-
stocks and production systems)
than other cropping systems—if
benefits can be shown.

Can long-term benefits be
demonstrated?

Under what conditions) if any)
can co-composted biochar or
biochar + compost out-perform
compost applications?

and root colonization by
mycorrhizal fungi in highbush
blueberry (Sales et al. 2020).

Integrating compost and biochar
for improved air quality, crop
yield, and soil health (Gang et

al. 2019).
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Issue addressed by biochar/ Value proposition

Example applicationinthe  of biochar over other Potential regional sources
PNW management alternatives of appropriate biochar
Biochar can replace vermiculite More renewable than vermiculite ~ Applications to these high value
or perlite in potted/ greenhouse or perlite. crops may be able to support

crops as a soil bulking agent and
sometimes growth stimulant.

higher biochar costs (and thus
awider range of biochar feed-
stocks and production systems)
than other cropping systems—if
benefits can be shown.

Marijuana wastes in at least some
states are subject to additional
Nursery crops (including regulations and cost regarding
cannabis). disposal, making onsite process-
ing more attractive.
Production from greenhouse
wastes may also be attractive
in some cases due to existing
disposal costs.

Technical Key Example References
Readiness High priority (Regional field results,
Level research questions when possible)
High Cost benefit needs to be Substitution of peat moss with
determined. softwood biochar for soil-free
marigold growth (Margenot et
al. 2018).

Effects of conifer wood biochar
as a substrate component on
ornamental performance,
photosynthetic activity, and
mineral composition of potted
Rosa rugosa (Fascellaet et al.
2018).

Influence of biochar, mycorrhizal
inoculation, and fertilizer rate
on growth and flowering of
Pelargonium (Pelargonium
zonale L.) plants (Conversa et

al. 2015).
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