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Project Summary
Using root and soil traits to forecast woody encroachment dynamics in mesic grassland

Jesse Nippert, Kansas State University (Principal Investigator)
Lydia Zeglin, Kansas State University (Co-Investigator)

Kate McCulloh, University of Wisconsin-Madison (Co-Investigator)
Kevin Wilcox, Independent Consultant (Co-Investigator)

Grasslands are a widespread and globally important biome providing key ecosystem services
including C storage and modulation of the water cycle. These ecosystems face multiple threats,
including increased frequency and intensity of drought and the spread of native woody plants, a
process known as woody encroachment. The combination of reduced soil moisture and shifts in
plant dominance from herbaceous to woody are likely to alter C inputs and outputs differentially
throughout the soil profile, with interactive and currently unpredictable effects. In order to capture
the dynamic nature of vegetation structure in grassland ecosystems and the associated impacts on
C cycling requires a soil depth-resolved understanding of the interactions between precipitation,
vegetation structure, and microbial function. The Land Surface Model (LSM) component of Earth
System Models has the ability to capture these dynamic changes in ecosystem function, but lack the
data to accurately parameterize these processes at multiple depths within the soil profile. To
support and perform this parameterization, we will undertake detailed investigations of root and
soil traits at varying depths, to capture the belowground impacts of changing dominant plant
growth forms (grasses to shrubs) and the impacts of frequent drought.

Here, we propose a linked set of objectives that combine observational, experimental and modeling
approaches with the goal of improving our ability to project ecosystem consequences of shrub
encroachment in the US Great Plains region. We propose 3 main objectives: (1) Quantify differences
in aboveground (stem and leaf biomass) and belowground C pools (root C, microbial C, bulk soil C)
using detailed excavations of entire mixed shrub-grass assemblages. We will subsample portions of
the rhizosphere for detailed root physiological and microbial activity measurements; (2) Using
rainout shelters built over mature shrub-grass communities, we will experimentally reduce the
amount of precipitation. Comparing responses among shrubs and grasses, we will measure
differences in source-water use, above and belowground productivity, canopy water stress, soil and
microbial C and microbial C-cycling activity, and changes in plant cover and community dynamics;
(3) Using a global demographic LSM (CLM FATES), forecast the impacts of available water on shrub-
grass cover in the central Great Plains region, and the resulting effects of these dynamics on
ecosystem services (aboveground production, above- and belowground C budgets).

Results from this project will identify the depth-resolved feedbacks of drought and dominant
vegetation on belowground root architecture, soil microbial C cycling, and ecosystem C balance.
The experiment-modeling framework described here will improve our understanding of interactions
and feedbacks between aboveground and belowground processes, by specifically measuring plant-
soil-microbial traits at various depths in the soil profile. The details of these coupled interactions
(plant-soil-microbial) will improve the representation of subsurface processes in LSMs and will
improve forecasts of dynamic changes in ecosystem structure in grassland ecosystems.
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PROJECT NARRATIVE
1. Background/Introduction

i. Overview: Grass-dominated ecosystems are the most spatially extensive terrestrial biomes on
Earth, accounting for ~40% of the land surface (Dixon et al. 2014). Humans have a long co-
evolutionary history in grasslands (Magill et al. 2013) and our dependence on grasslands continues
today: current estimates suggest that ~800M people worldwide are directly dependent on
grasslands for their livelihood (White et al. 2000). The fertile soils of mesic temperate grasslands
have provided the platform for modern commercial agriculture. Beyond agriculture, grasslands
provide many key ecosystem services, including C storage and important roles in biogeochemical
and hydrological cycles (Gibson 2009, Blair et al. 2014). Grassland ecosystems are floristically
diverse, but often include Ca grass species in disproportionately higher abundance for a given
latitude (Smith and Knapp 2003). These C4 grass species have a whole-plant architecture that
allocates the majority of its biomass belowground (Weaver 1958, Nippert et al. 2012), in direct
contrast to most coexisting Cs forbs and shrub species which maintain most biomass aboveground.

The inter-continental climate within the Great Plains region in the U.S. is characterized by
seasonally and inter-annually variable temperature and precipitation (Knapp et al. 2017). Grassland
ecosystems within this region are highly sensitive to the availability of soil moisture (Sala et al.
1988), which tends to decline during the growing season and can vary widely between wet and dry
years (Nippert et al. 2011). Variation in precipitation amount and patterns within the season and
across years impact the frequency of dry surface soils and the infiltration depth of rainfall to deeper
soils. These belowground changes produce dynamic soil, plant, and microbial processes at different
depths, and differences in water available for uptake among plant species with contrasting root
dynamics. Variability in rainfall ultimately impacts the ecosystem C balance through the balance of
plant production and soil C inputs and losses. During peak summer conditions, high temperatures
increase the evaporative demand of the atmosphere, increasing the rate of evapotranspiration (ET)
from plants and shallow soil surfaces (Jung et al. 2010). Grasslands are functionally dependent on
shallow soil moisture (Nippert & Knapp 2007), and thus lower surface water availability leads to
reduced productivity of grasses (Nippert et al. 2011), reduced C efflux from soils (Harper et al.
2005), and reduced soil microbial respiration and decomposition potential (Zeglin et al. 2013). To
date, coupled responses between high ET, soil drying, reduced productivity and ecosystem C
balance have proven difficult to represent under drought in models (Reichstein et al. 2002, Schwalm
et al. 2010). These difficulties stem from challenges in representing processes that occur at finer
temporal scales during drought and rainfall periods (Baldocchi et al. 2006, Vargas et al. 2013). This
is likely due to the difficulty of model-representation of observed biological phenomena caused by
drought, such as C efflux pulses following rewetting (Sponseller 2007), asynchrony between plants
and microbiota driving ecosystem function during drought (Hector et al. 2010, Collins et al. 2008)
and plasticity of rooting depth under dry soil conditions (van Wijk 2011).

Coupled to changes in abiotic drivers of grassland ecosystem function are shifts in the plant
communities themselves (Gonzalez et al. 2010). Future projections estimate that up to 20% of the
terrestrial area in the US may experience biome-shifts by 2100 (Gonzalez et al. 2010). A global
example of biome shifts is the expansion of woody species into grass-dominated ecosystems (i.e.,
woody encroachment). In mesic North American grasslands, the mechanisms of woody
encroachment are linked to shrub uptake of deep soil moisture which facilitates growth and
expansion (Ratajczak et al. 2011, Brunsell et al. 2014, Logan & Brunsell 2015). Reliance on a water
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source separate from neighboring grasses enables shrub growth, reduces grass growth via shading,
reduces subsequent fire intensities, and changes competition dynamics and ecosystem stability
(Ratajczak et al. 2014). Also, deeper root C inputs from woody encroachment might stimulate either
net soil C accumulation, or greater soil C turnover and loss if priming of soil organic matter
decomposition occurs (Fontaine et al. 2007, Barger et al. 2011).

Woody encroachment has received extensive study, but the majority of work has focused
aboveground or on the impact in the shallowest surface soils (Heisler et al. 2003, Lett et al. 2004,
Eldridge et al. 2011). This is especially problematic for capturing the impact and feedbacks of
vegetation change since woody species typically have deeper roots than grasses (Schenk & Jackson
2002), so a major impact on changes in C cycling would be expected in the deeper soil layers—far
from the depths previously studied. Furthermore, the chemical composition of these roots among
growth forms differs, which has important feedbacks on the ability of microbial communities to
decompose root tissue (Hobbie 1992, 2015).

Problem Statement: Climate variability (drought) and woody encroachment are likely to have
interactive and currently unpredictable effects on grassland dynamics. Key knowledge gaps
exist for core grassland processes that limit our ability to predict structural and functional
processes, reducing the effectiveness of current Earth System Models. Specifically, we require
detailed investigations of root and soil structure at varying depths, belowground impacts of
changing dominant growth forms (from grasses to shrubs) and the impacts of frequent drought.

ii. Current challenges limiting grassland representation in Earth System Models

Regional predictions of productivity and land cover change require adequately parameterized Earth
System Models (ESMs). This is accounted for within the land surface model (LSM) component of
ESMs. LSMs that incorporate vegetation dynamics are excellent tools for projecting shifts in
vegetation types under variable climate (Scheiter et al. 2013) and linking these shifts with impacts
on ecosystem services, such as C cycling and forage production (Huntingford et al. 2011, Chang et
al. 2013, Bachelet et al. 2017). Despite the importance of herbaceous systems for global C cycles
(Scurlock and Hall 1998, Poulter et al. 2014), uncertainty of LSM projections of primary production
and C cycling dynamics in herbaceous ecosystems is large (Kucharik et al. 2000, Schulze et al. 2009),
and drought impacts are particularly problematic (Powell et al. 2013). Representing shrub
encroachment is also challenging due to general coexistence and niche partitioning of grasses and
shrubs in many systems worldwide (Ward et al. 2013), and representation of shrub plant functional
types (PFTs) in many dynamic global vegetation models (DGVMs) is coarse (Oleson et al. 2013).
Recognition of the need for better representation of belowground traits within shrub PFTs is
growing (Wullschleger et al. 2014). This has spurred recent work to better represent individual
shrub vegetation types, such as big sagebrush in arid and semi-arid regions of the western U.S.
(Renwick et al. 2018).

Model development in the following areas will improve our ability to project occurrence and
consequences of shrub encroachment at a regional scale in the US Great Plains region: (1)
characterizing belowground dynamics of shrubs versus grasses by soil depths, (2) improving
simulation of competition and coexistence of shrubs and grasses, and different cohorts within
landscapes under typical rainfall and drought conditions, and (3) incorporating linkages among soil
microclimate, plant functional groups, microbial communities, and C turnover processes.
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iii. Subsurface C fluxes respond to the vertical distribution of soil moisture

The inputs and losses of C from terrestrial ecosystems are driven by biological processes that are
sensitive to water availability (Birch 1958, Davidson et al. 1998, Huxman et al. 2004, Manzoni et al.
2012). Soil CO; efflux includes plant and microbial respiration, represents a major component of the
global C cycle, and is positively correlated with temperature and soil moisture (Wu et al. 2011).
Decreases in soil moisture content and less frequent rain events are also associated with lower soil
organic C decomposition potential (via lower microbial enzyme production) and greater potential
for microbial C sequestration (Harper et al. 2005, Herron et al. 2009, Zeglin et al. 2013). Deeper in
the soil profile, C stocks and microbial biomass are typically lower, and soil C tends to be more
recalcitrant (Taylor et al. 2002, Rumpel & Kogel-Knabner 2011). To date, less work has investigated
soil depth-resolved C fluxes in response to changes in the distribution of soil moisture. Among the
studies conducted, no consistent trends have been identified (Vicca et al. 2014). These results
highlight the need to quantify subsurface C dynamics systematically in well characterized and
contrasting water and plant C input conditions to capture the interactive effects of hydrological
characteristics and biological responses.

Complicating the response of soil CO; flux to periodic drought is the dynamic response of plant
roots that may alter the distribution of C in the soil at different depths. Many studies have
documented increased allocation to root growth in response to drier soil conditions (Fernandez &
Reynolds 2000), which increases the surface area for water acquisition and improves the foraging
ability of plants for limited resources (Pérez-Ramos et al. 2013). Alterations to the vertical pattern
of soil water availability may shift the competitive advantage of deep versus shallow-rooted plant
species (Holdo 2013, Kulmatiski & Beard 2013). Under drought conditions when competition for
water is high, deep water uptake and depletion by woody plants may reduce microbial activity and
associated soil C losses at depth. When water is not limiting, new C inputs at depth from woody
encroachment may stimulate microbial activity. The extent to which this combination of responses
will offset each other to affect integrated C flux from the full soil profile is not clear, driving the
need to measure root structure and microbial responses at multiple soil depths under contrasting
soil water conditions.

iv. Interactions between above- and belowground processes and traits

In general, shrubs are considered to have deeper roots than grasses (Schenk & Jackson 2002), but
differences in rooting depth and biomass allocation are poorly quantified. Similarly, it is unknown if
root hydraulic conductivity changes as a function of soil depth in shrubs, as has been shown for
deep roots in grasses (Nippert et al. 2012). van Wijk (2011) used root traits from a range of
herbaceous species in semi-arid ecosystems to assess which traits best predict resource uptake and
transpiration. His results showed shifts in rooting depth and increased root biomass in response to
changes in annual rainfall. These changes optimized allocation of roots belowground to maximize
water uptake within communities (van Wijk 2011).

Woody plants are expected to deliver more C deeper in the soil profile than grasses. If microbial
activity and decomposition potential is stimulated by these inputs across a larger range of depths,
net soil C loss will occur ( Kuzyakov et al. 2000, Fontaine et al. 2007, Kuzyakov 2010). On the other
hand, if new C input is in excess of microbial biomass C (Blagodatskaya & Kuzyakov 2008) or if
microbiota in deeper soil layers are less well adapted to decomposing organic matter of novel
quality or source (Judd et al. 2006, Strickland et al. 2009, Salome et al. 2010), inputs of woody-plant
root tissue may drive soil C accumulation.



Differences in tissue composition are likely to lead to differences in the quality of litter and
feedback on microbial processes (Freshet et al. 2013). For example, shrubs have greater N
concentration in the leaves compared to grasses (Yuan & Chen 2009) and the woody stems of
shrubs have a greater concentration of lignin than grass leaves/stems. Further, plant-microbial C
cycling feedback in the deeper soil layers is less well-defined, in part because we do not know
whether differences in root traits between PFTs cause changes in C cycling (Hobbie et al. 2015).

Major uncertainties remain surrounding LSM representation of C cycling, indicated by the difficulty
of matching C observations to C projections (Luo et al. 2015) and high variability of decadal trends
of global C dynamics (Friedlingstein et al. 2006). This is likely due in part to poor understanding of C
cycling processes along soil depth gradients (Koarashi et al. 2012). Currently, CLM 4.5 includes a
scalar that limits C turnover exponentially with increasing depth. This scalar may oversimplify
complex biological phenomena, such as soil C priming, physical protection of C, and microbial
growth dynamics (Koven et al. 2013, Oleson et al. 2013). Also, this scalar is not mechanistic, limiting
the ability to predict changes in C cycling under altered environmental conditions. It is likely that
drought, changes in PFTs, and altered microbial dynamics will impact C turnover rates at different
soil depths (Kramer & Gleixner 2008, de Graff et al. 2014). To predict C cycling under drought and
with shrub encroachment, we need better representation in LSMs of how these variables interact to
control C processes through the entire soil column.

v. Assimilating belowground dynamics into ecosystem models

Two of the biggest challenges facing grassland ecosystems are the changing distribution of soil
moisture and woody encroachment, both of which are likely to alter the C inputs and outputs
differentially throughout the soil profile. In order to capture the dynamic nature of vegetation
structure in grassland ecosystems and the associated impacts on C cycling throughout the soil, a
depth-resolved understanding of the interactions between climate, vegetation structure, and soils is
desperately needed. Vegetation models within LSMs have the ability to capture these dynamics and
their impacts on ecosystem function. However, we require data describing vegetation, microbial,
and edaphic characteristics and processes along soil depth gradients to accurately parameterize
these processes.

The lack of data quantifying belowground root dynamics and potential feedbacks has made it
difficult to represent these processes in LSMs (Warren et al. 2015), although root structure and
dynamics can be substantial to total C stores (Jobbagy & Jackson 2000). There are two components
of dynamic rooting patterns that are directly related to climate and vegetation changes that must to
be better quantified for model incorporation: dynamic changes in root allocation/distribution, and
changes in root traits and soil C pools and turnover rates associated with different PFTs.

Current LSMs represent rooting depth as an exponential decline in root density with soil depth
following broad biome-level root distributions found by Jackson et al. (1996). These are represented
using one or two parameters, which are static within vegetation functional groups (e.g., Cagrass,
temperature broadleaf deciduous tree: Oleson et al. 2013). For example, the community land
model (CLM4.5) represents rooting depth in grasslands as having an exponential decline in the
proportion of roots existing in soil layers deeper than approximately 30 cm, while shrubs have a
higher proportion of roots in deeper layers (Fig. 1). However, these distributions are often not static
and vary substantially with alterations in soil moisture in different depths of the soil (Weaver 1958,
Sivandran and Bras 2013).
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of extreme droughts.

Recent developments in global demographic models allow for competition for critical resources
such as water, nutrients, and light between plant species associated with different traits and
parameters. These demographic models are better suited to representing coexistence and
interactions of different PFTs, compared with traditional dynamic global vegetation models
(DGVMs) (Smith et al. 2001). CLM FATES (Functionally Assembled Terrestrial Ecosystem Simulator)
is an especially promising demographic-land surface model that allows linkages between complex
vegetation dynamics and ecosystem-level processes. FATES does not use climate envelopes to
assess suitability of landscapes for establishment of vegetation types. Instead, it uses direct
parameterization from plant measurements to simulate competition among PFTs and the
distribution of PFTs is the outcome of this competition (Fisher et al. 2015, 2018). This model
structure is ideal for tackling our problem statement — namely, forecasting shrub encroachment in
mesic grasslands and the C cycling and hydrological consequences of this encroachment regionally.
To accomplish this, we need to incorporate detailed information about the traits/parameters
associated with shrub grass mixtures into the demographic model, as well as how C and water
cycling occur at depth in these species mixtures. These new detailed data will be used to improve
LSMs ability to represent the depth-resolved responses of C inputs/outputs for these ecosystems.

vi. Project Objectives

Altered precipitation regimes (e.g., frequent drought) impact soil C through a number of direct
physiological mechanisms related to wetter or drier soils (curved arrow on left side of Fig. 2). For
example, drought limits both the C inputs and losses through reductions in plant growth and
heterotrophic respiration, respectively. However, shifts in precipitation regimes are likely to alter
plant and soil microbial communities, which may also have impacts on soil C cycling through altered
root inputs, root and microbe stoichiometry, and baseline microbial metabolic rates (Harper et al.
2005, Knapp et al. 2008, Zeglin et al. 2013). Shifts in shrub-grass assemblages are likely to have
particularly strong impacts on C cycling processes along the soil profile, as these PFTs have different



biomass allocation strategies (Fig. 2 right side). Robust representation of these impacts at various
soil depths by process-based models requires understanding of how these assemblages might shift
along with changes in resources, and data describing C cycling processes in different assemblages of
shrub-grass communities under a range of environmental conditions (Fig. 2 middle).

Our objective is to combine observational, experimental, and modeling approaches to identify how
changes in water availability impacts root distributions, soil processes, plant water stress, and
growth dynamics in a mesic grassland incurring woody plant encroachment. We propose 3 main
objectives with accompanying hypotheses:

1) Observational — Quantify differences in aboveground (stem and leaf biomass) and
belowground C pools (root C, microbial C, bulk soil C) using detailed excavations of entire
mixed shrub-grass assemblages. We will subsample portions of the rhizosphere for detailed
root physiological and microbial activity measurements.

H1 — C4 grasses will have the majority of belowground root biomass and root length in
the top 30cm of the soil profile. Shrubs will have fewer roots overall, but
proportionally more at deeper depths (>50 cm).

H2 — Grass roots will remain functional at lower soil moisture levels than shrub roots.
Shrub roots will become more vulnerability to loss of function with declining soil
moisture at greater depths. Maximum hydraulic conductance of roots will be higher
in grasses than in shrubs, due to multiple parallel pathways for water flow.

H3 -- Higher shrub abundance will increase soil microbial biomass, C-cycling activity,
and total soil C in deeper soil layers (below 30 cm) compared to locations with
grasses only.
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Fig. 2. Conceptual figure outlining effects of altered precipitation regimes on C cycling processes. Here, we show the direct effects
of precipitation regimes through altered soil resources, and the indirect effects, through altered plant and soil microbial
communities. We also outline proposed measurements to be taken at multiple soil depths under various experimentally imposed
precipitation regimes. The figure on the right shows conceptualized representation of shrub (purple) and grass (green)
aboveground and belowground distributions. Proposed data listed in the middle section will be measured at regular intervals.




2) Experimental — Using rainout shelters built over mature shrub-grass communities, we will
experimentally reduce the amount of precipitation. Comparing responses between shrubs
and grasses, we will measure differences in source-water use, above and belowground
productivity, canopy water stress, soil and microbial C and microbial C-cycling activity, and
changes in plant cover and community dynamics.

H4 — Decreased precipitation will initially decrease soil moisture in surface soil layers.
These changes will result in longer periods of water stress for grasses. Chronic effects
will also reduce soil moisture in deep soil layers increasing shrub stress.

H5 — Reduced surface soil moisture will result in either increased grass biomass at deeper
depth or experience greater periods of drought stress -- either response will decrease
aboveground production in grasses.

H6 — Shrubs experiencing drought stress will increase total root biomass and increase
competition with coexisting grasses for all available soil moisture.

H7 — The drought treatments will reduce soil microbial biomass and C-cycling activity at
deeper depths compared to control plots.

3) Modeling— Assess the impacts of water availability on shrub-grass cover in the central Great
Plains region, and the resulting effects of these water and plant functional type dynamics on
ecosystem services (aboveground production, above- and belowground C budgets).

H8 — Reduced precipitation will initially result in greater shrub encroachment across the
central Great Plains in North America due to increased frequency of dry surface soils,
resulting in decreased ANPP and available forage for livestock.

H9 — Woody encroachment will increase baseline C turnover rates in deeper layers of the
soil (priming), thus promoting net C loss.

2. Proposed Research and Methods
i. Study site

The focal research site is the Konza Prairie Biological Station - a Long-Term Ecological Research site
in northeast KS, USA. Konza is built upon a long-term database on ecological patterns and processes
derived from a fully replicated watershed-level experimental design, in place since 1977. This design
includes replicate watersheds subject to different fire and grazing treatments. In addition to these
watershed-level manipulations, the Konza LTER program includes a number of long-term plot-level
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Fig. 3. With infrequent fire, grass cover declines (A) and shrub cover increases (B) over time. Changes are abrupt and non-
linear during transition to new ecological state. Abrupt increases in shrub cover become possible when grass cover declines
below 50-70% (Ratajczak et al. 2014).




experiments. The effects of climate are addressed by long-term studies encompassing the natural
climatic variability and possible directional changes, characteristic of this region, as well as
manipulations of water availability and stream hydrology in field experiments.

Konza has mosaics of vegetative communities following 40 years of experimental burn frequencies
(Nippert et al. 2013). Overall, Konza has many features representative of the pre-settlement
tallgrass prairie, with fire and large native herbivores incorporated as a shifting mosaic. As a result,
Konza Prairie serves as a benchmark for detecting and exploring the causes and consequences of
environmental change taking place throughout the grasslands of the eastern Central Plains, with
results relevant to mesic grasslands worldwide.

Previous research at Konza Prairie has elucidated the drivers and consequences of shrub
encroachment in tallgrass prairie (Fig. 3). This long-term data of shrub encroachment is available for
model tuning. Reduced fire frequency permits rapid shrub expansion, especially in deep-soils (Briggs
et al. 2005). Reduced fire effectiveness and low competition with grasses for shallow soil moisture
promotes positive feedbacks. These positive feedbacks result in hysteresis, where climate extremes
and returning frequent fire does not reverse shrub expansion (Ratajczak et al. 2014).

ii. Data for Model Parameterization (Obj 1):

We lack a detailed understanding of the belowground structure and traits in mixed shrub-grass
communities. How does a shift from grassland to shrubland alter root depth distributions, root
types, and root architecture?

Typically, detailed

Fig. 4: Top: Excavated shrub Cornus drummondii with lateral roots (blue shading)

descriptions of belowground that link aboveground ramets. Water is accessed by only a few deep roots beyond
traits and rooting dynamics 1m deep (red shading), then supplied to all ramets via lateral roots. Bottom-right:
With the soil removed, the top 30cm is a dense network of grass roots and rhizomes.

are unavailable, difficult to
obtain, or limited to
inferences from small
diameter soil cores. Here we
provide details for a suite of
complimentary field
measurements designed to
test Hyp. 1-3 as well as
provide the necessary data
for model parameterization
in Hyp. 8-9. At each of the
five field locations within
Konza, we will install
microclimate monitoring
including air, leaf, and soil
temperature, relative
humidity, windspeed, and
soil moisture measured at
10, 30, 50, and 100 cm depth
using existing sensors and
dataloggers.




Belowground root excavations: To describe the root architecture of shrub:grass assemblages in
detail, we will excavate entire shrub islands to 2 m depth using an AirSpade, a compressed air tool
that allows for soil excavation leaving roots in place. The method is time-intensive but provides
unparalleled belowground data on entire rooting systems. This technique provides tremendous
belowground detail into communities, since aboveground tissues remain connected to
belowground tissues - facilitating species identification and the establishment of trait linkages
below and above-ground. In year 1, we will excavate 5 replicates of shrub-grass islands at KPBS of ~
16-20 m? size. Within each 15 cm soil layer, we will subsample 30cm by 30cm sections to measure
total biomass by species, root length, and estimate distributions of root size classes (using the
software program WinRhizo).

In the summer 2017, we tested this excavation technique at KPBS on shrub islands ~16 m?.
Coexisting grasses and shrubs had a similar maximum rooting depth (~ 2m) (Fig. 4). However, the
shrub species (Cornus drummondii), had lower total biomass (~ 100 g/m?3) with many lateral roots
but few absorptive roots in the top 50 cm. This is in direct contrast to the grass community, which
had 99% of the root biomass (~1500 g/m?3) in the top 30 cm of soil. Thus, the root distribution by
depth varied among these PFT's and deviates from the current iteration used in CLM4.5 (Fig. 1).

Plant traits, fine roots, and soil carbon pools and fluxes: For adequate parameterization of C
processes in the LSM (Obj 3), we require detailed observational data for a range of plant and soil
traits. In undisturbed plots (n=5) of shrub:grass communities adjacent to the root excavation plots,
we will collect soil cores (5 cm dia.) to 2 m depth. These cores will be split into 15 cm sections and
collected three times during the growing season in year 1. These soil cores will provide estimates of
fine root biomass (fine roots are lost during coarse root excavations [previous section]), microbial C
cycling (detailed in next section) and soil C pools. From each section, root biomass will be sieved
out, analyzed for root length distributions in WinRhizo, dried at 60 °C for 48 hours to obtain dry
mass, and analyzed for C and N content (LECO total C/N analyzer, Kansas State Soil Testing Lab).
Root-free bulk soil from these sections will also be analyzed for total and microbial biomass C
content, and incubated for one year to estimate residence time of "fast" and "slow" soil C pools and
residence times (Paul et al. 1999, Riggs & Hobbie 2015). Root biomass measurements will be paired
with belowground net primary productivity measurements (Wilcox et al. 2015, 2016) to determine
root turnover (Gill and Jackson 2000), which will be used to represent C inputs into various soil
layers. For model assessment, weekly CO; efflux will be measured at the soil surface. Soil PVC
collars (10 cm diameter x 8 cm deep) will be installed 6 cm in the soil, all aboveground vegetation
excluded, and efflux measured at mid-day using a LICOR 8100 (LiCOR inc, Lincoln, NE, USA).

Given their common inclusion in demographic models, we will collect a suite of leaf traits (specific
leaf area, leaf dry matter content, %N, %C), leaf ecophysiology data (A/c; curves, turgor loss point
(TLP): Bartlett et al. 2012]), and leaf phenology/turnover/senescence (using phenocams). These
data will be collected at all replicate locations, on all common grass and shrub species present.

Detailed plant hydraulics and drought susceptibility: In order to assess the water transport
capabilities of roots of different species, we will measure maximum hydraulic conductance (flow
rate per pressure difference) of entire root systems as in Kerr et al. (2015). Briefly, at the same
locations as root excavations, we will remove the shoots of randomly selected grass and shrub
species and immediately fit a piece of Tygon tubing (~2-3cm long) over the protruding root. We will
then use a high pressure flow meter (HPFM; Tsuda and Tyree 2000) to supply water at a known
pressure to the root system via the tubing and flow rates will be recorded every minute and allowed
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to continue until stabilized (~20-30 min, Kerr et al 2015). Water temperature will be recorded to
correct conductance measurements for changes in water viscosity. The pressurized water refills any
air-filled conduits within the root system, providing an estimate of the maximum hydraulic
conductance of the entire root network.

In addition to the maximum conductance, we will measure the vulnerability of roots at different
depths to disruption of flow caused by water stress (e.g., Choat et al. 2012). These vulnerability
curves indicate the decline in hydraulic conductivity from the maximum caused by increasingly
negative pressures. We will collect roots from grasses and shrubs in successive 15 cm soil layers.
Within these subsamples, we will collect vouchers for both plant functional types for root micro-
anatomical measurements (ratios of stele:cortex, and vessel diameter). Samples will be bagged in
the field and transported to the lab in a cooler. In the lab, air bubbles in the xylem will be removed
by submerging the samples in a mild KCl solution in a chamber to which we will apply a partial
vacuum. Once bubbles stop emerging from the root (usually ~4-6 hours), we will measure the
maximum hydraulic conductivity of the roots using a gravitational pressure head and recording the
flow rate as the water moves through the root and onto an electronic balance connected to a
computer. To develop the vulnerability curves on grass and small diameter shrub roots we will use a
method developed by Watkins et al (2010) and inject air axially into the roots using a pressure
chamber (PMS Instruments, Albany OR) at a specific pressure, remove the root from the chamber
and cut the axial ends back (to remove vessels that embolized because of their direct contact with
the air from the chamber) to measure hydraulic conductivity, and repeat at incrementally increasing
pressures until flow drops to <10% of the maximum. For larger shrub roots, which are woody, we
will develop vulnerability curves by spinning roots in a centrifuge to impose increasing levels of
water stress and measure declines in hydraulic conductivity (McElrone et al. 2004).

Root trait database: Currently, we lack root trait data for a range of species (woody and
herbaceous) and we lack root trait data across regional grassland gradients. A robust root trait
dataset for a range of species and sites would provide critical information on trait variability and
could be used to inform model predictions (specifically, the CLM FATES demography model). To
create this dataset, we will utilize many existing grassland sites in the central Great Plains
participating in DroughtNet - a global network that uses standardized procedures to measure
drought sensitivity. DroughtNet uses rainout shelters to simulate drought (similar to details in Obj.
2). We will coordinate with individual DroughtNet sites to identify dominant species (grass and
woody) for data collections to occur during the summer of year 2 and 3.

For this regional sampling effort, we will measure variables most likely to change among
ecosystems. We will quantify root anatomical traits (vessel size, density, and max. hydraulic
conductance - Fig. 5) as well as traits
describing the rooting system
(maximum rooting depth, root biomass
by depth, specific root length, root
tissue density, and root Cand N
content. We will collect soil cores to
the maximum depth possible from
DroughtNet control and drought plots, )

and harvest roots by species, and Fig. 5. The unique anatomical differences among shrubs (left) and

assess C content of soil in 15cm layers. grasses (right) can be measured and will be included in the root trait
database and for species parameterization of the CLM FATES model.

11



Microbial C cycling: At all depth intervals, soil microbial biomass C and N pools, soil dissolved
organic C pools, microbial respiration rates, and microbial decomposition enzyme activity potential
will be measured (Zeglin et al. 2007, 2013). This will provide information on microbial C cycling
activity (biomass, respiration) and potential to decompose slow-pools of C in the longer term
(enzyme activities). Measuring a suite of extracellular enzyme activities provides an index of soil
organic matter decomposition potential as well as an index of microbial activity limitation by labile
C, N or P (Sinsabaugh & Moorhead 1994, Sinsabaugh & Follstad-Shah 2012). Hydrolytic enzyme
potential activities will be measured using fluorometric substrates, and oxidative enzyme potential
activities will be measured using a colorimetric substrate in 96-well (6 — 8 technical replicates) plate
assays (Saiya-Cork et al. 2002, Zeglin et al. 2007, 2013). Hydrolytic enzyme assays will include
phosphatase (Phos), leucyl aminopeptidase (LAP), cellobiohydrolase (CBH), B-glucosidase ($G), and
B-N-acetylglucosaminidase (NAG); oxidative enzyme assays will include peroxidase (Perox) and
phenol oxidase (Phenox). All soil assays will be run at room temperature in 50 mM sodium acetate
buffer (pH 5) for 2 (BG and Phos), 4 (NAG and CBH), or 18 h (LAP, Perox and Phenox), with
appropriate blank and quench controls, and final activities standardized to nmol substrate degraded
g dry soil or g'* organic matter h.

Microbial biomass C (MBC) will be estimated as the exchangeable dissolved organic C (DOC)
liberated after a 24-h chloroform fumigation (Brookes et al. 1985) of the field-moist soil. DOC will
be extracted from fumigated and unfumigated soils by shaking in a 0.05 M K,SO4 solution, and
quantified via combustion/chromatography analysis with a Shimadzu TOC analyzer (Shimadzu
Scientific Instruments, Inc., Columbia, MD, USA). Extractable DOC of the unfumigated soils is also a
stand-alone variable. Final MBC values will be calculated using the extraction efficiency coefficients
kec = 0.45 (Zeglin et al. 2013). Microbial respiration rate (ug CO2-C g dry soil ht) and §*3C will be
measured on a ~25 g subsample of sieved, field-moist soil, within 2 d of collection and storage at
4°C, as the accumulation of CO»-C in the headspace of a room temperature incubation chamber
over 1-3 h, using a Picarro G2101-i 13CO2 Analyzer (Picarro Inc., Santa Clara, CA, US; Zeglin and
Myrold 2013). The integrated amount and 8'3C of carbon (C) mineralized over ~300 days (ug CO2-C
g dry soil) will be measured on a ~25 g subsample of sieved soil adjusted to approximately 70%
water-filled pore space and incubated at room temperature in the dark, with respiration rates
collected regularly, and mean residence time of "fast" and "slow" soil C pools estimated from these
data using model selection (Riggs & Hobbie 2015).

iii. Field Experiments - ShRaMPs: Shrub rainfall manipulation plots (Obj 2)

In the summer 2017, we initiated the ShRaMPs project in two watersheds with different fire
treatments (1-yr and 4-yr) using separate funds. Passive rainout shelters (6.3*6.3 m) that include
treatment (50% reduction) and control plots (n=7) were built over established Cornus drummondii
clonal islands. Rainout treatments will begin in Spring 2018 and continue through this project. This
experiment will provide new insight into the physiological, morphological, and demographic
responses of woody plants and co-occurring herbaceous plants to drought and interactions with fire
frequency. A desired outcome of this experiment is to provide the information necessary to address
hyp 4-7 in Obj. 2 and to inform potential management of shrub encroachment using fire during
periods of drought, and identify whether multiple external pressures are needed to reverse
grassland-to-shrubland transitions.

Each sheltered plot (Fig. 6) will have the full suite of microclimate data (air temp, relative humidity,
leaf temperature) as well as soil moisture probes to 1 m depth. We will measure above- and
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belowground responses of both shrubs and
grasses. Aboveground, we will measure
changes in specific leaf area and turgor loss
point, as well as leaf area index, stem
density, and shrub height (used for
allometry) three times per growing season,
and changes in grass aboveground net ;
primary productivity (NPP). Thermal Fig. 6. ShRaMPs shelters include a control (roof present, no rainfall
imagery data will assess water stress for removed) and treatment (~50% rain reduction) over existing shrub
both PFTs. Shifts in plant source-water use assemblages.

will be measured using stable isotopes

(methods described below). The drought treatments imposed are likely to impact root biomass by
depth (Hyp 5-6). To capture these changes, we will measure belowground NPP at 15 cm intervals
down to 1 m using root ingrowth bags (Wilcox et al. 2015).

Microbial C cycling activity: Concurrent with end-of-season plant physiological and NPP
measurements, soil cores to 1 m depth will be collected from each experimental plot. For each 15
cm interval, roots and bulk soils will be carefully separated, and the full suite of microbial C cycling
parameters (described previously) will be measured on bulk soils. On roots, extracellular enzyme
activities will be measured. This will provide information on the short-term experimental effects of
drying on bulk soil C cycling potential, and on the directly root-associated microbial potential for
altered C cycling (Hyp 7).

Root distribution and physiology: Soil cores will be taken to assess depth distribution changes in
shrub and grass roots in both plots (Hyp 5-6). To test for changes in the sensitivity of roots to loss of
function due to water stress, vulnerability curves will be measured as described under Obj. 1.

Depth-resolved measurements of source water use by plants: We will measure the stable isotopic
signature of xylem water (680 and 82H) in shrubs and grasses to characterize species-specific
differences in source water use to seasonal and experimental changes in soil water availability. For
the isotope analysis, we will collect non-photosynthetic stem tissue, extract plant water from the
xylem cryogenically, and analyze the water for the stable isotopic sighature §'80 and 6%H using a
Picarro water isotope analyzer (Nippert & Knapp 2007). Note: comparisons between our optical
analyzer and IRMS do not suggest organic contamination in our lab’s water isotopic analyses —
contamination is a by-product of the extraction process. Stable isotopic analysis of plant and soil
samples will be performed in years 1 and 2, as the shelter infrastructure was built-out in 2017.
Samples will be collected by 5 soil depths in all plots (including the ‘standard’ block), 3 plant types
(mature shrub, shrub seedling, and C4 grass) * 2 rainfall treatments (control and reduced) * 3
periods (early-, mid-, and late-summer periods). Soil depths will be selected to reflect changes in
root biomass distribution between grasses and shrubs. Additionally, we will collect irrigation water
applied to plots as isotopic differences in this water source to provide the baseline for interpreting
changes in the soil water signature.

To estimate varying contributions of multiple water sources to the isotopic water mixture in plant
stems, we will use the isotopic mixing model SIAR (Parnell et al. 2010). SIAR uses a Bayesian
approach to estimate probability distributions of multiple sources to the isotopic mixture of xylem
samples, by incorporating analytical uncertainty. Using differences in probability distributions to
estimate proportional uptake, we will analyze differences in source-water use by species,
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treatment, and sampling period (and their interactions) using a mixed-effects model with plots
within site as a random effect using the ‘nlme’ package in R.

iv. Modeling

To accomplish Obj. 3, we will (1) parameterize various shrub species and grass communities within
CLM FATES (Fisher et al. 2018) using physiological, and morphological measurements described
previously in Obj 1, (2) perform data assimilation techniques to estimate model parameters for
every 15 cm depth increment down to 1 m, (3) conduct various long term drought scenarios to the
Great Plains region with CLM FATES to assess potential shrub encroachment states, and the impacts
of these states on C cycling and storage.

First, physiological characteristics (e.g., Vcmax, max stomatal conductance, turgor loss point)
measured for shrubs and grasses will allow FATES to represent physiological strategies to deal with
drought stress (e.g., turgor loss point being associated with higher drought tolerance- Bartlett et al.
2012). Root biomass and water uptake distributions along a soil depth gradient will allow for the
model to represent orthogonal drought strategies (e.g., access to deeper water sources during
drought stress).

Second, rates of C turnover and transfer within and among various C pools within LSMs are not
easily measured directly. Fortunately, recent advances in computational capabilities and numeric
solutions for C process models (Luo et al. 2017) allow for estimation of these parameters by
comparing observations of C pools and fluxes through time with model simulations at those same
time points via Bayesian methods (e.g., data assimilation; Xu et al. 2006, Shi et al. 2015).
Additionally, having high frequency (at least daily) C flux measurements allows for the estimation of
larger numbers of C cycling parameters than has been possible previously (Wilcox & Luo in review).
Konza provides inherent value for modeling C cycling parameters of the entire soil column because
high-frequency eddy flux towers operate on-site in areas with and without woody encroachment
(AmeriFlux codes #US-KON, US-KFB). Data collected under various shrubs and grass communities
will allow for estimating key parameters for each vegetation type that will allow for robust
predictions of effects of shrub encroachment on C cycling and sequestration.

Lastly, we will conduct modeling simulations with the updated vegetation components in CLM
FATES to estimate the effects of various potential precipitation regimes on shrub encroachment,
and the resulting impacts on C cycling and forage production (i.e., grass aboveground net primary
productivity). We will use long-term observations of shrub-grass cover and net primary productivity
from watersheds at Konza Prairie that have experienced shrub encroachment for the last >30 years
(Fig. 3) to assess and fine tune the model. Additionally, eddy covariance observations are available
at Konza from 2005-present for watersheds that are grass dominated (<0.5% shrub cover) and for
watersheds that are shrub dominated (>70% shrub cover), which will also be used to assess model
performance. These model simulations will allow us to extend findings from the observational and
experimental components of the proposed project to much greater spatial and temporal scales.

3. Timetable of Activities

i. Project Management Plan: We will employ a team-based model of management to facilitate
effective communication and collaboration among Pl's, postdocs, graduate students, and
undergraduates. Each of the 4 senior personnel have a history of collaboration and familiarity with
Konza Prairie. This project will support the participation of 2 post-doctoral fellows (2 years/each), 1
graduate student, 2 undergraduates, and a lab technician. Nippert has experience with plant and
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soil water relations and extensive experience with ecophysiological instruments. He will serve as
the team leader and oversee the establishment and management of the project as well as the plant
growth measurements, stable isotopes, and root ecology. Nippert will serve as the advisor to the
KSU graduate student and 1 undergraduate. Zeglin's expertise is in microbial ecology and
biogeochemistry, including microbial mechanisms of soil C cycling. She will supervise the
measurement of microbial community function by a KSU technician, and will co-advise the graduate
student on data interpretation towards understanding C fluxes from the soil profile. McCulloh
specializes in measurements of plant responses to water stress and associated ecophysiology. She
will supervise, mentor, and assist the postdoc responsible for physiological and anatomical
measurements. Wilcox has extensive modeling expertise (statistical, mechanistic, and process-
based) as well as training in grassland community dynamics. He will supervise, mentor and assist
the post-doc recruited for modeling activities (Obj 3).

ii. Detailed timeline

Hyp. |Point of Year 1 Year 2 Year 3
Activities #  |contact Fall | Spr |Sum| Fall | Spr [Sum|Fall | Spr [Sum
., |Recruit grad student and undergraduates IN, LZ
:‘qé Recruit postdoc (physiology) KM
§ Recruit postdoc (modeling) KW
z TES/SBR Pl Meeting IN
'_:g ESA Annual Meeting All
g All-hands meeting at Konza Prairie All
8 Instrument ShRaMPs with sensors JN, LZ
Field excavations of grass/shrub communities 1 JN
Detailed leaf & root physiology measurements 2 | JN,KM
Plant hydraulics and drought susceptibility 3 KM
 |Data collection for root trait database 1 All
-8 Microbial C cycling measurements 3 Lz
ShRaMPs rainfall treatments including microclimate meas. IN
Detailed above- and below-ground plant meas. 4-6 | JN, LZ
Root vulnerability to water stress 6 KM
™ Changes in source water use using stable isotopes 5,6 JN
S Microbial C cycling 7 Lz
FATES parameterization based on anatomy & phys of PFT's 8 KW
Develop drought impacts model (hydrology / C cycling) 9 KW
il Model tuning using long-term shrub data from KPBS 8 KW
8 Forecasts of regional shrub encroachment and C cycling impacts | 9 KW

iii. Mentoring students and Junior Researchers: Each of the Pl's have experience mentoring
students and junior researchers in scientific development. Junior researchers hired here will receive
career counseling by helping her/him to write grant proposals, providing frequent feedback on
professional development, and encouragement to set and meet professional goals through the
develop and discussion of Individual Development Plans. Junior researchers will be encouraged to
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present research results regularly during lab meetings and seminars, and at international meetings,
including ESA. The Pls will engage in discussions with junior researchers to generate a list of
opportunities consistent with her/his career goals. All junior researchers will be mentored to
identify gaps in scientific understanding, and to broaden and deepen expertise in research
techniques, experimental design and protocols, ethics, and laboratory safety. Finally, we will place
an emphasis on improving skills in writing, speaking, teaching, negotiating, conflict resolution, and
communicating with the media, policy makers, and local citizen groups.

4. Project Objectives

Data collection Model development

Species information

Root distributions*
Root turnover / . . \
Water uptake between shrubs and grasses Parameterize “species” Projections
Root traits (vesselsize, density, SRL, C:N)* s : . . .
Leaftraits (SLA, LDMC, TLP, A/c;curves, within demographic model * Regional projections
C:N, §,, turnover, stomatal conductance) (FATES) of shrub
Microbial traits and processes (soil
microbial Cand N, soil dissolved C, encroachment under
biomass, enzymeactivity) various p reci pitati on
scenarios
Experiment . * Impacts of shrub
Droughtinduced shiftsin shrub grass Develop drought-induced
mixtures (LAl stem density, height, ANPP) changes in soil processes encroachmenton C
Root distributions (1 m ingrowth cores)* Cinputs H
Soil moisture and temperature at 10 cm Hydrology CyCIIng and forage
intervalsto1 m Cturnover production across
Microbial C cyclingat 15 cm depthintervals \ Great Plains /

Observations Fine-tune model using long-

Long term shrub grass dynamics under
differentfire regimes at Konza Prairie
Different topographic positions —dry to wet

term observations of Konza
shrub encroachment

Fig. 7: Linkages among project components described in this proposal (Objs. 1-3). Asterisks in blue shapes represent
measurements that will be taken at multiple DroughtNet sites.

Our proposed research directly addresses several specific goals of the DOE-BER program and the
Environmental System Science FOA. We seek to improve the representation of terrestrial
ecosystems in LSMs and their ability to forecast mesic grassland ecosystem processes by improving
our understanding of the belowground mechanisms and traits among mixed plant functional types
(grasses and woody shrubs). Furthermore, this research will focus on quantifying changes in C
inputs and the associated feedbacks on soil C outputs in response to drought, thereby increasing
the vertical-resolution of belowground data available to represent subsurface processes in LSMs.

To forecast future grassland processes with Earth System Models requires accurate representation
of belowground processes for mixed plant functional types under a range of climate scenarios
(Jackson et al. 2000). The inclusion of data on individual species, experiments, and observation
dynamics provides a novel platform model development (Smith et al. 2014). The integration of data
collection and model development outlined in this proposal (Fig. 7) is a large step forward for data-
model fusion and will facilitate regional forecasts of C cycling and productivity across the central
Great Plains, a major economic, ecological, and agricultural ecoregion in North America.
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shrublands, and woodlands as alternative attractors in the Central Great Plains of North
America. Journal of Ecology 102: 1374-1385
8. Ratajczak, Z, JB Nippert, TW Ocheltree (2014) Abrupt transition of mesic grassland to
shrubland: evidence for thresholds, alternative attractors, and regime shifts. Ecology 95:
2633-2645
9. *Ratajczak Z, JB Nippert, JC Hartman, TW Ocheltree (2011) Positive feedbacks amplify rates
of woody encroachment in mesic tallgrass prairie. Ecosphere 2(11):121. doi:10.1890/ES11-
00212.1
10. Ratajczak, Z, P D'Odorico, SL Collins, B Bestelmeyer, F Isbell, JB Nippert (2017) The
interactive effects of press/pulse intensity and duration on regime shifts at multiple
scales. Ecological Monographs 87: 198-218 doi: 10.1002/ecm.1249
4. Synergistic Activities
1.Director of the Stable Isotope Mass Spectrometry Laboratory (S/IMSL) at Kansas State University.
We process ~4,000 samples a year for C, N, H, and O stable isotopes
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P

Collaborator / Core Participant: | am the Lead PI for Konza Prairie Long-Term Ecological
Research (LTER) Program; K-State GK-12 Program; K-State GAANN (Dept. Education); K-
State Institute for Grassland Studies; K-State McNair Program; K-State Biology REU
Program

Training Workshop: | collaborated in the development of a graduate student summer
training workshop ("Phys-Fest") with co-Pl Kate McCulloh and 3 others. The first
ecophysiology training workshop was held at the Konza Prairie in June, 2016 and had 40
graduate student participants of broad skill level, geographic, gender, and demographic
breadth. Phys-Fest 2 will be held in July, 2018 at the Holden Arboretum near Cleveland
and will have a focus on science communication and outreach in addition to forest canopy
measurements and instrumentation training.

Undergraduate student research mentor: As a faculty member in Biology, | have advised 16
undergraduate students from KSU in independent research projects and mentored
summer NSF-REU students from Michigan Tech, Vassar College, St. Olaf’s College, St.
Joseph’s College, Grinnell College, K-State, U Wisconsin, Macalester College, Cal St Poly-
Pomona

Editorial Boards, Ecosphere (2012-2016), Journal of Vegetation Science (2013-2016)

5. Potential Conflicts of Interest or Bias in Selection of Reviewers

Collaborators and Co-editors

John Blair, Kansas State University; John Briggs, Kansas State University; Nathaniel Brunsell,
University of Kansas; Scott Collins, U New Mexico; Joseph Craine, Jonah Ventures; Laci
Gerhart, U Hawaii; Brent Helliker, U Penn; Ricardo Holdo, U Georgia; Mevin Hooten,
Colorado State University; Kate McCulloh, U Wisconsin-Madison; Kendra McLauchlan,
Kansas State U; Troy Ocheltree, Colorado State University; Debra Peters, USDA-ARS; Vara
Prasad, Kansas State U; Darren Sandquist, Cal State — Fullerton; Timothy Seastedt,
University of Colorado; Melinda Smith, Colorado State University; Clint Springer, St. Joseph’s
University; Chris Still, Oregon State University; Anthony Swemmer, South Africa
Environmental Observatory Network; Richard Thomas, West Virginia University

Graduate and Postdoctoral Advisors and Advisees

M.Sc. Advisor: John Marshall, University of Idaho

Ph.D. Advisor: Alan Knapp, Colorado State University

Post-doctoral Advisor: Joy Ward, Univ. Kansas & Jim Butler, Jr., Kansas Geological Survey

Advisees and Post-doctoral students
M.S. (1): Jacob Carter 2010 (currently at Union Concerned Scientists)
(2): Sally Tucker 2010 (currently at Okla. State Univ.)
(3): Jeff Hartman 2011 (currently at Univ. Nebraska)
(4): Seton Barchle 2017 (began a PhD - KSU)
(5): Emily Wedel (current)
(6): Marissa Zaricor (current)
Ph.D. (7): Zakary Ratajczak 2014 (currently at U Wisconsin-Madison)
(8): Kimberly O’Keefe 2016 (currently at U Wisconsin-Madison)
(9): Rory O’Connor (current)
(10): Seton Bachle (current)
(
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Lydia H. Zeglin

Division of Biology
Kansas State University
1. Education and Training

B.S. 2002 University of Wisconsin Zoology

B.S. 2002 University of Wisconsin Biological Aspects of Conservation
Certificate 2002 University of Wisconsin Environmental Studies

Ph.D. 2008 University of New Mexico Biology

Post-doc 2008-2013 Oregon State University Soil Science & Microbiology
Post-doc 2013-2014 USGS Alaska Science Center Molecular Ecology
2. Research and Professional Experience

2014-present Assistant Professor, Division of Biology, Kansas State University
2013-2014 Research Ecologist (Mendenhall Postdoctoral Fellow), USGS
2008-2013 Faculty Research Associate (Postdoc), Oregon State University
2005-2008 NSF Graduate Research Fellow, University of New Mexico (UNM)
2002-2005 IGERT Trainee and Microbiology Teaching Assistant, UNM
1999-2002 Student Ranger and Naturalist, University of Wisconsin Arboretum
1999-2002 Conservation Biology Intern, Wisconsin DNR/Natural Heritage Inv.

3. Up to 10 Relevant Publications

1.

10.

L. H. Zeglin, B. Wang, F. Rainey, C. Waythomas & S. L. Talbot. 2016. Organic matter quantity
and source affects microbial community structure and function following volcanic eruption
on Kasatochi Island, Alaska. Environmental Microbiology, 18(1): 146-158.

M. F. Kirk, B. H. Wilson, K. A. Marquart, L. H. Zeglin, D. S. Vinson & T. M. Flynn. 2015. Solute
concentrations influence microbial methanogenesis in coal-bearing strata of the Cherokee
basin, USA. Frontiers in Microbiology, 6: 1287.

L. H. Zeglin. 2015. Stream microbial diversity responds to environmental changes: Review
and synthesis of existing research. Frontiers in Microbiology, 6: 454.

D. D. Myrold, L. H. Zeglin & J. K. Jansson. 2014. The potential of metagenomic approaches
for understanding soil microbial processes. Soil Science Society of America Journal, 78: 3-10.
L. H. Zeglin, P. J. Bottomley, A. Jumpponen, C. Rice, M. Arango, A. Lindsley, A. McGowan, P.
Mfombep & D. D. Myrold. 2013. Altered precipitation regime affects the function and
composition of soil microbial communities on multiple time scales. Ecology, 94: 2334-2345.
L. H. Zeglin & D. D. Myrold. 2013. The fate of decomposed fungal cell wall material in
mycorrhizal and non-mycorrhizal old-growth Douglas-fir forest organic layer soils. Soil
Science Society of America Journal, 77: 489-500.

L. H. Zeglin, L. A. Kluber & D. D. Myrold. 2013. The importance of amino sugar turnover to C
and N cycling in organic horizons of old-growth Douglas-fir forest soils colonized by
ectomycorrhizal mats. Biogeochemistry, 112(1): 679-693.

L. H. Zeglin, R. L. Sinsabaugh, J. E. Barrett, M. Gooseff & C. Takacs-Vesbach. 2009. Landscape
distribution of microbial activity in the McMurdo Dry Valleys: Linked biotic processes,
hydrology and geochemistry in a cold desert ecosystem. Ecosystems, 12: 562-573.

S. L. Collins, R. L. Sinsabaugh, C. L. Crenshaw, L. Green, A. Porras & L. H. Zeglin. 2008. Pulse
dynamics and microbial processes in aridland ecosystems. Journal of Ecology, 96: 413-420.
L. H. Zeglin, M. Stursova, R. L. Sinsabaugh & S. L. Collins. 2007. Microbial responses to
nitrogen addition in three contrasting grassland ecosystems. Oecologia, 154 (2): 349-359.

4. Synergistic Activities
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1.  Scientific Steering Committee: Konza Prairie Long-Term Ecological Research (LTER) Program
VIl (Biogeochemistry and Synthesis groups co-leader, 2014-present).

2.  Secretary: Ecological Society of America Soil Ecology Section (2017-2019).

3. Member/Active Participant: National Ecological Observatory Network (NEON) Network
Aguatic Observational Sampling Strategy Technical Working Group (2017-present),
Microbial Working Group (2011-17), NEON Stream Experiment Working Group (2008-15)

4. Reviewer: NSF Ad-Hoc, CREST-RISE (2012), Dimensions of Biodiversity (2015), Ecosystems
(2015) and CAREER (2013, 2014); Panelist, NSF PCE DDIG (2014), ES DDIG (2016),
MacroSystems Biology (2017); numerous scientific journals

5.  Mentor: One post-doctoral scholar and two graduate students at KSU, and undergraduate

(UG) student research mentor at UNM (as a graduate student, 3 UGs including one co-
author), OSU (as a postdoc, 3 UGs including one co-author), USGS (as a postdoc, 2 UGs) and
KSU (as tenure-track faculty, 8 UGs including 3 REUs). 12 of 16 UGs (including one co-
author) were from groups under-represented in STEM fields.
5. Potential Conflicts of Interest or Bias in Selection of Reviewers

e Collaborators and Co-editors: Ardon, Marcelo, ECU; Augusto, Fola, KU; Avolio, Meghan, Johns
Hopkins U; Bever, James, KU; Billings, Sharon, KU; Bixby, Becky, UNM; Blair, John, KSU;
Bowman-James, Kristin, KU; Brewer, Joseph, KU; Burgin, Amy, KU; Chauvet, Eric, U
Toulouse; Crenshaw, Chelsea, UNM; Crow, Melinda, Haskell Indian Nations U; David,
Maude, OSU; Dodds, Walter, KSU; Edmonds, Jennifer, Nevada State C; Febria, Catherine, U
of Canterbury, New Zealand; Finn, Debra, Missouri State U; Flynn, Theodore, ANL; Follstad
Shah, Jennifer, U of Utah; Gessner, Mark, Berlin Institute of Technology; Gonzalez-Pinon,
Ricardo, UNM; Goodman, Keli, NEON; Greer, Mitch, Fort Hays State U; Griffiths, Natalie,
ORNL; Kirsten Grond, U Conn; Herman, Michael, KSU; Hettiarachchi, Ganga, KSU; Hotaling,
Scott, Washington State U; Houseman, Greg, Wichita State U; Jansson, Janet, PNNL;
Johnson, Sherri, USDA Forest Service; Jumpponen, Ari, KSU; Kirk, Matthew, KSU; Koerner,
Sarah, UNC Greensboro; Kominoski, Jon, FIU; LaPierre, Kimberly, SERC; Lecerf, Antoine, U of
Toulouse; Leocke, Terry, KU; Liu, Sanzhen, KSU; Manning, David, The OSU; Nippert, Jesse,
KSU; O'Brien, Diane, U of Alaska Fairbanks; Parker, Stephanie, NEON; Platt, Thomas, KSU;
Ratajczak, Zak, U of Wisconsin; Resse-Buhl, Ute, Helmholtz Centre for Environmental
Research; Reuman, Dan, KU; Rice, Charles, KSU; Roberts, Jen, KU; Romani, Anna, U of
Girona; Rosemond, Amy, U of Georgia; Sandercock, Brett, Norwegian Institute for Nature
Research; Sassenrath, Gretchen, KSU; Schultz, Peggy, KU; Sheibley, Richard, USGS; Sikes,
Benjamin, KU; Sikes, Derek, U of Alaska Fairbanks; Sturm, Belinda, KU; Sullivan, Pamela, KU;
Swan, Christopher, U of Maryland - Baltimore County; Timoner, Xisca, U of Girona; Tronstad,
Lusha, U of Wyoming; Utz, Ryan, Chatham U; Van Horn, David, UNM; Vinson, David, UNC
Charlotte; Wang, Bronwen, USGS Alaska Science Center; Wang, Jingjing, UNM; Warne,
Robin, SIU; Waythomas, Christopher, USGS; Webster, Jackson, Virginia Tech; Weitere,
Marcus, Helmholtz Centre for Environmental Research; Wilcox, Kevin, USDA

e  Graduate and Postdoctoral Advisors and Advisees
Ph.D. Advisors: Cliff Dahm and Cristina Vesbach, University of New Mexico
Post-doctoral Advisors: David Myrold and Peter Bottomley, Oregon State University; Sandra
Talbot, USGS Alaska Science Center

e  Graduate Students and Postdoctoral Advisees

M.S. (1): Priscilla Moley (current), (2): Christine Carson 2017 (currently at SimBio)
Postdoc (3): Allison Veach (currently at ORNL)
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Katherine A. McCulloh, Ph.D.
Department of Botany
University of Wisconsin - Madison

1. Professional Preparation

University of Kansas Lawrence, KS Ecology and Systematics B.S.,1998
University of Utah Salt Lake City, UT Biology Ph.D., 2004
Oregon State University Corvallis, OR Wood Science & Engineering  2005-2011

2. Research and Professional Experience

2016-present  Adjunct Professor, Centre for Carbon Water and Food, University of Sydney, Sydney,
Australia

2013-present Assistant Professor, Department of Botany, University of Wisconsin-Madison, Madison
Wi

2011-2013 Assistant Professor, Sr Research, Dept of Forest Ecosystems and Society, Oregon State
University, Corvallis OR

3. Publications

i. McCulloh, KA, DM Johnson, FC Meinzer, and DR Woodruff. 2014. The dynamic pipeline: Hydraulic
capacitance and xylem hydraulic safety in four tall conifer species. Plant, Cell and Environment.
37:1171-1183

ii. Johnson, DM, J-C Domec, DR Woodruff, KA McCulloh, FC Meinzer. 2013. Contrasting hydraulic
strategies in two tropical lianas and their host trees. American Journal of Botany. 100(2):1-10.

iii. McCulloh, K, DM Johnson, FC Meinzer, SL Voelker, B Lachenbruch, and J-C Domec. 2012. Hydraulic
architecture of two species differing in wood density: opposing strategies in co-occurring
tropical pioneer species. Plant, Cell and Environment. 35:116-125. doi: 10.1111/j.1365-
3040.2011.02421.x

iv. McCulloh, K, F Meinzer, J Sperry, B Lachenbruch, SL Voelker, DR Woodruff, and J-C Domec. 2011.
Comparative hydraulic architecture of tropical tree species representing a range of successional
stages and wood density. Oecologia. 167: 27-37. DOI 10.1007/s00442-011-1973-5

v. McCulloh, K, J Sperry, B Lachenbruch, F Meinzer, P Reich, and S Voelker. 2010. Moving water well:
comparing hydraulic efficiency in twigs and trunks of coniferous, ring-porous, and diffuse-porous
saplings from temperate and tropical forests. New Phytologist. 186:439-450.

vi. McCulloh, K, J Sperry, and F Adler. 2003. Water transport in plants obeys Murray’s law. Nature. 421,
939-942.

vii. Domeg, J-C, B Lachenbruch, F Meinzer, D Woodruff, ] Warren, and K McCulloh. 2008. Conflicting
requirements for xylem safety and efficiency limit ultimate tree height in a conifer. PNAS.
105:12069-12074

viii. Meinzer, FC, DM Johnson, B Lachenbruch, KA McCulloh, and DR Woodruff. 2009. Xylem hydraulic
safety margins in woody plants: coordination of stomatal control of xylem tension with hydraulic
capacitance. Functional Ecology. 23: 922-930.

ix. Meinzer, FC, KA McCulloh, B Lachenbruch, D Woodruff, and DM Johnson. 2010. The blind men and
the elephant: The impact of context and scale in evaluating conflicts between plant hydraulic
safety and efficiency. Oecologia. 164: 287-296.

X. Lachenbruch, B, and KA McCulloh. 2014. Withstanding drought and wind by woody plants: Integration
of hydraulic and mechanical functions at multiple scales. New Phytologist. Tansley Review. 204:
747-764
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4. Synergistic Activities

i. Service to profession: Co-chair of the Physiological Ecology Section of the Ecological Society of America
(2014-2016).

ii. Graduate training workshops: Co-organizer/instructor (with J Nippert, B Helliker, T Ochletree, and C
Still) of PHYS-fest, which is an NSF-funded workshop that trains postdocs and grad students in
various eco-physiological techniques during a week-long field excursion (June 2016; PF2 will be
held July 2018). Co-organizer/instructor (with D Johnson, D Smith, C Berry, and M Venturas) of
Hydraulics Methods Course, which is an NSF-funded workshop designed to train graduate
students in various methods used in plant hydraulics (August 2017).

iii. Service to literature: Tree Physiology Reviewer Board member. Reviewed grant proposals for NSF,
Graduate Women in Science, US Department of Energy, and the Austrian Science Fund, and
manuscripts for 32 different journals.

iv. Teaching improvement exercises: Participated in an NSF-funded, 4-day workshop on “active learning”
teaching techniques. | completed a year-long term as a University Teaching Fellow through the
Madison Teaching and Learning Excellence program. Our group of fellows met weekly to work
towards becoming more effective teachers using research-based approaches. In 2017, inducted
as a Fellow in the UW-Madison Teaching Academy, which is committed to improving the quality
of teaching at the university.

v. Mentoring efforts: Major professor for two master’s degree students and two PhD students,
committee member 19 graduate students. Since arriving at UW-Madison, | have also mentored
13 undergraduates.

5. Potential Conflicts of Interest or Bias in Selection of Reviewers
o Collaborators and Co-editors

Mark Adams, Swinbourne U Tech; Thomas Adams, Penn State; Kathryn Baker, U Idaho; Lisa Bentley, U

Arizona; Z. Carter Berry, Chapman U; Christopher Blackman, Western Sydney U; Craig Brodersen, Yale U;

Thomas Buckley, UC Davis; Weile Chen, Penn State; Daniel Chmura, IDPAN Poland; Todd Dawson, UC

Berkeley; JC Domec, Duke U; Paul Drake, U Western Australia; David Eissenstat, Penn State; Brian

Enquist, U Arizona; Daniel Falster, Macquarie U; Katie Gaines, Penn State; Thomas Givnish, UW-

Madison; Sean Gleason, USDA; Marzenna Guzicka, UDPAN Poland; Brent Helliker, U Penn; Ava Howard,

Western Oregon U; Robert Jackson, Stanford U; Daniel Johnson, U Idaho; Lionel Jordon-Meille, Bordeaux

Sciences Agro; Kelly Kerr, U Utah; Peter Kitin, UW-Madison; Eric Kruger, UW-Madison; Henry Lin, Penn

State; Danielle Alicia Magedman, Oregon State U; Marias, LANL; Scott MacKay, SUNY Buffalo; Nate

McDowell, LANL; Brandon McNellis, U Idaho; Frederick Meinzer, USDA; Rebecca Montgomery, U

Minnesota; Jesse Nippert, Kansas State U; Troy Ocheltree, Colorado State U; Sari Palmroth, Duke U;

Joshua Petitmermet, Oregon State U; Peter Reich, U Minnesota; Karen Rice, U Minnesota; Adam Roddy,

Yale U; Richard Roy, U Minnesota; Anna Sala, U Montana; Amanda Schwantes, Duke U; Jennifer

Swenson, Duke U; Sanna Sevanto, LANL; Jane Wubbles, Penn State; Kevin Simonin, Sonoma State U;

Artur Stefanski, U Minnesota; Christopher Still, Oregon State U; Andreas Treu, Norwegian Forest and

Landscape Inst; Erik Veneklaas, Western Australia U; Steven Voelker, Utah State U; Erika von Allmen, U

Utah; Eric Ward, NC State; Jeffery Warren, ORNL; Mark Westoby, Macquarie U; David Woodruff, USDA;

Remi Wortmann, INRA; Katrin Zimmer, Norwegian U of Life Sci; Roma Zytkowiak, IDPAN Poland.

. Graduate and Postdoctoral Advisors and Advisees

Ph.D. Advisor: John Sperry, University of Utah

Post-doctoral Advisor: Barbara Lachenbruch, Oregon State University

Advisees and Post-doctoral students

MS: (1) Kelly Kerr, currently in PhD program at U Utah; (2) Alex Wenth, currently at WI DNR

PhD: (3) Maegan Gagne (current); (4)Amanda Salvi (current)

Postdoc advisees: (5) Kimberly O’Keefe (current); (6) Duncan Smith (current)

22



Kevin R. Wilcox
Research Associate
USDA-ARS Rangeland Resources Research Unitl. Education and Training

B.S. 2008 Central Washington University Ecology

Ph.D 2015 Colorado State University Ecology

Post-doc 2015-2017 University of Oklahoma Microbiology and Plant Bio
2. Appointments

2017-current Research Associate, USDA-ARS Rangeland Research, Fort Collins, CO
2015-2017 Post-doctoral fellow, University of Oklahoma, Norman, OK

2013-2015 Graduate Teaching Assistant, Colorado State University, Fort Collins, CO
2010-2013 Graduate Research Assistant, Colorado State University, Fort Collins, CO

3. Publications

1. Wilcox K., Z. Shi, L. Gherardi, N. Lemoine, S. Koerner, D. Hoover, et al. 2017. Asymmetric
responses of primary productivity to climate extremes: a synthesis of grassland precipitation
manipulation experiments. Global Change Biology. 23: 4376-4385.

2. JiC,, Y. Luo, J. Xia, K. Wilcox, L. Jiang, X. Zhou, S. Niu, J. Liang, Z. Shi, J., J. Cao, et al. 2017. Warming
effects on ecosystem carbon fluxes are modulated by plant functional groups. Ecosystems. 1-12.

3. Wilcox K., J. Blaire, A. Knapp. 2016. Stability of grassland soil C and N pools despite 25 years of an
extreme climatic and disturbance regime. JGR: Biogeosciences. 121:1934-1945.

4. Wilcox K., Blaire J, Smith M, Knapp A. 2016. Does ecosystem sensitivity to precipitation at the site-
level conform to regional-scale predictions? Ecology. 97:561-568.

5. Wilcox K., J. von Fischer, J. Muscha, M. Petersen, A. Knapp. 2015. Contrasting above- and
belowground sensitivity of three Great Plains grasslands to altered rainfall regimes. Global Change
Biology 21:335-344.

6. Wilcox, K.R., Tredennick, A.T., Koerner, S.E., Grman, E., Hallett, L.M., Avolio, M.L., La Pierre, K.J. et
al. 2017. Asynchrony among local communities stabilizes ecosystem function of
metacommunities. Ecology Letters.

7. Hoover, D.L., Wilcox, K.R., Young, K.E. 2018. Experimental droughts with rainout shelters: A
methodological review. Ecosphere. doi: 10.1002/ecs2.2088

8. Shi, Z., X. Xu, L. Souza, K. Wilcox, L. Jiang, J. Liang, J. Xia, P. Garcia-Palacios, Y. Luo. 2016. Dual
mechanisms regulate ecosystem stability under decade-long warming and biofuel harvest. Nature
Communications. 7:d0i:10.1038/ncomms11973.

9. ZhangJ., N. Zhao, C. Liu, H. Yang, M. Li, G. Yu, K. Wilcox, Q. Yu, N. He. 2017. C:N:P stoichiometry in
China’s forests: from organs to ecosystems. Functional Ecology. 32:50-60

10. Knapp, A., D. Hoover, K. Wilcox, M. Avolio, S. Koerner, K. La Pierre, M. Loik, Y. Luo, O. Sala, M.
Smith. 2015. Characterizing differences in precipitation regimes of extreme wet and dry years
beyond amount: Implications for climate change experiments. Global Change Biology. 21:2624-
2633.

4. Synergistic Activities

1. Working group co-leader, LTER NCO funded (2016-2018) — Assessing impacts of altered community
dynamics on ecosystem responses to altered environments, and incorporating these impacts into
earth system models.

2. Working group member, INTERFACE subgroup, (2015-present) — Shifting asymmetry in productivity
responses to precipitation change. Model intercomparison project aimed towards improving
predictions of ecosystem function in extreme wet and dry years

3. Member, PEcAn working group (2015) — Identifying bottlenecks and redundancies across
ecosystem modeling efforts.
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4. Working group member, CoORRE — community responses to resource experiments (2012-2014) -

Development of data set including 60+ extensive individual plant species composition and primary
productivity data sets.

5. Editorial board, Global Change Biology (2017 — present)

5. Potential Conflicts of Interest or Bias in Selection of Reviewers

Collaborators and Co-editors

Meghan Avolio, Johns Hopkins University, John Blair, Kansas State University, Edward Bork,
University of Alberta, Deron Burkepile, University of California, Santa Barbara, Cahill Jr. James,
University of Alberta, Catherine Burns, University of California, Santa Cruz, Kerry Byrne,
Humboldt State University, Ji Chen, Institute of Earth Environment, Chinese Academy of
Sciences, Scott Collins, University of New Mexico, Stephanie Eby, Colorado State University,
Isbell Forest, University of Minnesota, Pablo Garcia-Palacios, King Juan Carlos University,
Laureano Gherardi, Arizona State University, Emily Grman, Eastern Michigan University, Lauren
Hallett, University of Colorado, Boulder, David Hoover, USGS, moab, Gregory Houseman,
Witchita State University, Lifen Jiang, University of Oklahoma, Jiang Jiang, University of
Oklahoma, David Johnson, Virginia Institute of Marine Science, Kevin Kirkman, University of
Kwazulu Natal, Alan Knapp, Colorado State University, Sally Koerner, University of South Florida,
Tampa, Kimberly LaPierre, UC Berkely, Nathan Lemoine, Colorado State University, Junyi Liang,
University of Oklahoma, Michael Loik, University of California, Santa Cruz, Yiqi Luo, University of
Oklahoma, Jennifer Muscha, Fort Keogh ARS, Mark Peterson, Fort Keogh ARS, William Pockman,
University of New Mexico, Sally Power, Western Sydney University, Zheng Shi, University of
Oklahoma, Melinda Smith, Colorado State University, Lara Souza, University of Oklahoma,
David Thompson, South African bservation Ecological Network, David Tissue, Western Sydney
University, Andrew Tredennick, Utah State University, Joseph Von Fischer, Colorado State
University, Peter Wragg, Yale University, Qiang Yu, Colorado State University, Sarah Evans,
Michigan State University, Anna Gilgen, ETH Zurich, Petr Holub, Czech Academy of Sciences,
Daniel LeCain, Fort Collins ARS, Pablo Garcia-Palacios, Universidad Rey Juan Carlos, Josep
Pefiuelas , CREAF, Cerdanyola del Valles, Shanghua Sun, Northwest A & F University, Shannon
White, Environment and Parks, Gov. of Alberta, Laura Yahdjian, Universidad de Buenos Aires, Kai
Zhu, University of Texas

Graduate and Postdoctoral Advisors and Advisees

Ph.D. Advisor: Alan Knapp, Colorado State University

Post-doctoral Advisors: Yigi Luo, University of Oklahoma, Dana Blumenthal, USDA ARS Fort
Collins
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Appendix 2: Current and Pending Support

Investigator: Jesse Nippert

Pending Support:

Title: Using root and soil traits to forecast woody encroachment dynamics in mesic grassland (THIS
PROPOSAL)

Source of Support: DOE-BER

Project Location: Kansas State University

Total Award Amount: $998,261

Award Period: 08/01/2018-07/31/2021

Person months per Year Committed to the Project: 1.0 Summer

Title: Collaborative Research: MSB-FRA: Representing functional diversity of grass species using a
lineage-based framework to advance grassland and savanna macroecology and Earth System
Modeling

Source of Support: NSF-Macrosystems

Project Location: Kansas State University

Total Award Amount: $349,453

Award Period: 07/01/2018-06/30/2023

Person months per Year Committed to the Project: 1.0 Summer

Current Support:

Title: MEETING: Phys-Fest 2, Holden Arboretum, July 15-19, 2018
Source of Support: NSF-10S

Project Location: Kansas State University

Total Award Amount: $49,000

Award Period: 02/15/2018- 02/14/2019

Person months per Year Committed to the Project: O

Title: LTER: Long-Term Research on Grassland Dynamics- Assessing Mechanisms of Sensitivity and
Resilience to Global Change

Source of Support: NSF-DEB

Project Location: Kansas State University

Total Award Amount: $6,762,000

Award Period: 11/01/2014-10/31/2020

Person months per Year Committed to the Project: 1.0 Summer

Title: NSF Dimensions/ NASA: Collaborative Research: The biogeography and evolution of drought
tolerance in grasses

Source of Support: NSF-DEB

Project Location: Kansas State University

Total Award Amount: 51,419,186

Award Period: 01/01/2014-12/31/2018

Person months per Year Committed to the Project: 1.0 Summer
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Investigator: Lydia Zeglin
Pending Support:

Title: Using root and soil traits to forecast woody encroachment dynamics in mesic grassland (THIS
PROPOSAL)

Source of Support: DOE-BER

Project Location: Kansas State University

Total Award Amount: $998,261

Award Period: 08/01/2018-07/31/2021

Person months per Year Committed to the Project: 1.0 Summer

Title: Collaborative Research: Biogeochemical Drivers of Interspecies Electron Transfer from Iron
Reducers to Methanogens

Source of Support: NSF-EAR-GG

Project Location: Kansas State University, Oregon State University

Total Award Amount: $196,330

Award Period: 08/01/2018-07/31/2021

Person months per Year Committed to the Project: 0.2 Summer (co-Pl)

Current Support:

Title: RAPID: Are biogeochemical responses linked to the microbial composition of a defined
nutrient and microbial input to a large river?

Source of Support: NSF-DEB-ES

Project Location: Kansas State University

Total Award Amount: $200,000

Award Period: 03/01/2018-02/28/2019

Person months per Year Committed to the Project: 1 summer (lead Pl)

Title: Microbiomes of Aquatic, Plant and Soil Systems (MAPS) mediating sustainability: An
observational and experimental network across Kansas

Source of Support: NSF-ESPCOR RIl Track-1

Project Location: Kansas State University

Total Award Amount: 52,858,616

Award Period: 06/01/2017-05/31/2022

Person months per Year Committed to the Project: 0 (KSU co-Pl)

Title: LTER: Long-Term Research on Grassland Dynamics- Assessing Mechanisms of Sensitivity and
Resilience to Global Change

Source of Support: NSF-DEB

Project Location: Kansas State University

Total Award Amount: $6,762,000

Award Period: 11/01/2014-10/31/2020
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Appendix 4: Facilities & Other Resources

Kansas State University

Laboratory:

Dr. Nippert’s labs are equipped with drying ovens (28 ft3), balances, refrigerators, -5°C freezers,
a fume hood, de-ionized water, a Meiji Techno boom stereoscope, and plenty of bench-top
space for sorting and processing plant material. Other supplies for maintaining and calibrating
equipment include a complete hand tool kit, power tools, and certified tank gases. Field
equipment includes field tools (sledge, shovels, mattocks, etc.), AMS soil samplers and a % ton
pick-up with 4WD and a crew cab for moving equipment to the field. Other lab equipment
includes a copy of the software 'WinRhizo' and the ability to measure harvested roots.

Dr. Zeglin’s laboratory in Ackert Hall is newly renovated, and includes 1,400 ft? of space
designed for microbial ecology data collection and analysis, accommodating both molecular
and culture-based approaches. The space includes a walk-in cold room with storage and work
areas, laminar flow hood, high-copy room with 2 Eppendorf thermalcyclers and UV gel
visualization equipment, incubation/shaker chambers, FastPrep cell disruption system,
SpeedVac, and -80°C freezer on generator backup power, as well as standard laboratory
equipment (refrigerators, -20°C freezers, balances and stir plates, pH meters, water baths and
thermal blocks, benchtop centrifuges (one with refrigeration), light microscope, glassware and
pipettors, vortexers, drying oven etc.) and a fume extraction hood. Also, the laboratory includes
a plate reader scintillation counter (Molecular Devices FilterMax F5). Shared equipment include
a Purelab Flex 3 reverse osmosis water purification system, sonicator, and Beckman-Coulter
Optima XE ultracentrifuge. Ackert Hall also houses multiple shared autoclaves, dishwashers and
ice makers. Finally, the Kansas State Integrated Genomics Facility (IGF) is a local and accessible
(building next door) fee-based facility that includes an lllumina MiSeq Sequencing System,
multiple Bio-Rad Real-Time PCR systems and an Agilent 2100 Bioanalyzer. A hammer-corer
with 1m extensions for subsoil sampling is also located in the Zeglin lab.

Animal: NA
Computers:

The Division of Biology has various computer facilities including computer labs with standard
analytical software (SAS, MatLab). In addition, the Konza Prairie LTER Information Management
System, which includes Konza Prairie LTER (KNZ) Information Management System (IMS)
includes people, hardware, and software to store and deliver scientific information in order to
facilitate interdisciplinary research and scientific discovery. The Konza IMS includes a local
network with ~70 terminals (~50 workstations and ~20 laptops) and five servers on the KSU
campus and a wireless network at the Konza Prairie Biological Station. We will have access to
the hardware and software systems associated with the IMS, as well as expertise in data
management and the creation of ecological metadata language to facilitate data discovery and
the use of our data by the broader scientific community.

The Zeglin laboratory includes a new MacMini and Mac Pro server for high volume data
analysis, a PC for word processing and spreadsheet data manipulation, and a color ink-jet
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printer. These computers also provide analysis software needed for this research, including
access to sequence demultiplexing, categorization and annotation software, phylogenetic
analysis software, and traditional and multivariate statistics programs. Also, the K-State
Department of Computing and Information Services offers high performance computing via its
user built and supported 170-node, 2000 CPU, 11TB RAM cluster, “Beocat”, which is freely
available for collaborative projects needing greater bioinformatics capacity.

Office:

A full secretarial and accounting staff in the Department provides logistical support. Office
space for both the Pls and graduate students are available through the Kansas State Division of
Biology.

Clinical and Other: NA

University of Wisconsin-Madison

Laboratory:

McCulloh joined the Botany Department at UW-Madison in 2013, and has a well-equipped
laboratory for ecophysiological studies, with a focus on the integration of plant hydraulics and
gas exchange. A detailed equipment list is provided in Appendix 5.

Animal: N/A
Computers:

The Department of Botany has two IT staff members, with split appointments in Botany and
Mathematics, who can assist with computing needs and with sophisticated data analyses using
high-throughput computation.

Office:
McCulloh and the postdoc each have office space directly next to the laboratory.
Clinical and Other:

The Department of Botany, located in Birge Hall at the University of Wisconsin-Madison, hosts
the Wisconsin State Herbarium (WIS) and its expert curators. WIS houses almost a million plant
specimens. Other Departmental resources include a Multi-Media Center for art and graphics
backed by modern computers, a wide range of graphics programs, and high-quality color
printers to assist the faculty and students with preparing teaching and research material. The
University of Wisconsin-Madison maintains an excellent library, including substantial collections
in ecology, evolutionary biology, biogeography, and microbial sciences, with remote electronic
access to an extraordinarily wide range of journals in these fields.

In addition to the compound microscope in the McCulloh lab, the Botany Department at UW-
Madison is also home to the Newcomb Imaging Center. This facility has several state-of-the-art
microscopes, equipment for sectioning and staining, and a knowledgeable staff who can help
with techniques and questions.
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Appendix 5: Equipment

Kansas State University:

Eco-physiological equipment includes three PMS1000 pressure chamber, a Walz modulated
chlorophyll fluorometer, two Li-6400 XTR IRGA with CO; injector, fluorometer, and red/blue
light sources, a Decagon steady-state porometer, two AccuPAR ceptometers, two Licor LAI-
meters and a Li-3100 leaf area meter.

Nippert oversees the Stable Isotope Mass Spectrometry Laboratory (SIMSL) in the Division of
Biology at Kansas State University. The laboratory is dedicated to the stable isotopic (%o) and
elemental (%) analysis of C (C), nitrogen (N), and oxygen (O) in organic and inorganic phases
(solids, liquids and gases). SIMSL is a hands-on teaching facility for the students (undergraduate
and graduate) at Kansas State University, and a regional research facility for stable isotope
users. SIMSL currently operates a Finnigan Delta-plus IRMS, and sample introduction
peripherals including a Costec elemental analyzer and Thermo gas bench. Additionally, SIMSL
operates a Picarro isotopic water analyzer and CO; analyzer. SIMSL is equipped to process
samples using Wiley mills, ball mills, small-sample amalgamators, soxhlet, and has a vacuum
extraction line to cryogenically extract water from plant and soil samples. Additionally, SIMSL is
equipped with amalgamators, Wiley mills, refrigerators, -5°C freezers, a fume hood, de-ionized
water, certified tank gases, and plenty of bench-top space for preparing and processing samples

University of Wisconsin-Madison:

McCulloh's lab has multiple complete hydraulic systems for measuring hydraulic conductivity
(including a pressure sleeve for making air-injection measurements and a centrifuge with
custom rotor, both of which can be used to construct vulnerability to embolism curves), and
three LI-Cor 6400XT photosynthesis systems, multiple pressure bombs, screen-cage
psychrometers with accompanying dataloggers, stem psychrometers, scales, drying ovens,
refrigerators, freezers, and a compound microscope. Some of this equipment (in particular the
hydraulic setups and LI-Cor 6400XTs) can be sent to Konza for this project.
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Appendix 6: Data Management Plan

The data management plan is designed to maximize: 1) ease of data extraction and use; 2) data
preservation; 3) data sharing; and 4) data assimilation into Earth system models. Data will be
housed at Kansas State University associated with the Konza Prairie LTER information
management system, and data will also be contributed to new databases created therein.
Below we outline the key elements of the management plan.

1) Types of data

From the outset, we will partition raw and derived data resulting from the project into distinct
categories for ease of management and access. Raw data will include: weather station data,
plant trait data (leaf and root), isotopic data, soil moisture, soil CO; flux, microbial biomass, and
plant physiological and morphological measurements. Derived data sources will include such
products as Vapor Pressure Deficit (VPD) from weather data, depth-resolved C inputs, and
source water-use (using stable isotopes. Physical samples collected in the field (soil and plant
samples for water extraction) will be stored frozen in secure labs at Kansas State University.
Other derived data products will include data layers and model predictions. These include ESM
outputs describing regional projections of land cover change, hydrology, and C budgets.

2) Standards for data and metadata format and content

In all cases, we will use uniform and strict protocols for data entry and storage following the
recommendations provided in Hampton et al. (2012) and Borer et al. (2009). All collected data
will be saved in non-proprietary formats. Full datasets will be made available in .csv format.
Metadata will be comprised of two formats - contextual information about the data in a text
based document (.txt) and a standardized xml file. These two formats for metadata were
chosen to provide the full explanation of the data (text format) and to ensure compatibility with
international standards (xml). The text file will be the human readable version of the xml file.
The XML format of the metadata will be standardized to meet the Ecological Metadata
Standard (EML) standard. Model output will be in NetCDF format. In addition to the raw and
derived data products, all computer code (in R, Python, WinBUGS, MATLAB, and C++) used for
data extraction and analysis will be fully annotated and stored along with data sets for ease of
access by a variety of platforms.

3) Data sharing

Data collected as part of this project will be shared with established databases when available.
For example, the TRY database houses plant trait data used by the modeling community; initial
rooting depth as well as dynamics changes in rooting depth and allocation will be added to this
database. Root data collected here will also be made available to FRED (fine root ecology
database) database at Oak Ridge National Labs. Upon completion of the project and associated
manuscripts, we will determine the data products appropriate for the CDIAC database and
contribute those selected variables.

4) Policies for access and sharing

Our data access policy will follow the Konza LTER IM established Data Access Policy to ensure
appropriate use and citation of data. We will create new "Type II" datasets [short-term,
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complementary data] within the Konza LTER online data repository. Our goal is to make new
data available online within one year after project completion, which is the standard
requirement for most federally-funded research (including the LTER data policy for short-term
projects). We will provide a data citation (a unique DOI) to assure proprietary rights of the data
providers. Interested users will have to formally request data from Nippert or the Konza LTER
IM (Yang Xia). Requests will simply require users to provide their name, institution or affiliation,
a description of how they intend to use the data, and an agreement to notify Pl's when data is
used in publications.

5) Plans for archiving data

All the data described above will be stored at Kansas State University. The Konza LTER IM
system performs backups every 30 minutes, on 3 separate servers in separate buildings (to
avoid the consequences of data loss from systemic power failure). We will also create a ‘short-
term dataset’ for archival within the Konza LTER Information Management System. Konza LTER
will allocate server disk space to be solely, and permanently devoted to this project. We will
jointly decide on file naming and storage hierarchy conventions so that all PI's and student
participants may access all datasets at any time. As mentioned previously, we will establish a
data and metadata management system to curate high-quality environmental and research
data and metadata. It will maintain archival records to support project researchers, provide a
collaborative workspace, and provide open access to data for future synthesis activities beyond
the project end date.

References
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RESEARCH & RELATED BUDGET - SECTION A & B, BUDGET PERIOD 1

* ORGANIZATIONAL DUNS: 929773554
* Budget Type: ® Project [J Subaward/Consortium

Enter name of Organization: Kansas State University

* Start Date: 08-01-2018

* End Date: 07-31-2019

Budget Period: 1

A. Senior/Key Person

Prefix * First Name Middle Name * Last Name Suffix * Project Role Base Salary Cal. Acad. Sum. *Requested *Fringe  * Funds Requested ($)
(%) Months Months Months Salary ($)  Benefits ($)
1. Jesse B Nippert PD/PI 113,436.00 1 9,453.00 3,025.00 12,478.00
2. Lydia H. Zeglin Co-PD/PI 95,664.00 1 7,972.00 2,551.00 10,523.00
Total Funds Requested for all Senior Key Persons in the attached file
Additional Senior Key Persons: File Name: Mime Type: Total Senior/Key Person 23,001.00
B. Other Personnel
* Number of * Project Role Cal. Acad. Sum. *Requested * Fringe * Funds Requested
Personnel Months Months Months  Salary ($) Benefits %)
Post Doctoral Associates
1 Graduate Students 6 28,665.00 1,720.00 30,385.00
2 Undergraduate Students 3 10,000.00 100.00 10,100.00
Secretarial/Clerical
1 Technician 3 8,750.00 2,800.00 11,550.00
Total Number Other Personnel Total Other Personnel 52,035.00
Total Salary, Wages and Fringe Benefits (A+B) 75,036.00

RESEARCH & RELATED Budget {A-B} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001




RESEARCH & RELATED BUDGET - SECTION C, D, & E, BUDGET PERIOD 1

* ORGANIZATIONAL DUNS: 929773554
* Budget Type: ® Project [ Subaward/Consortium
Enter name of Organization: Kansas State University

* Start Date: 08-01-2018 * End Date: 07-31-2019 Budget Period: 1

C. Equipment Description
List items and dollar amount for each item exceeding $5,000

Equipment Item

Total funds requested for all equipment listed in the attached file

Additional Equipment: File Name:

Total Equipment

Mime Type:

* Funds Requested ($)

D. Travel

1. Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions)
2. Foreign Travel Costs

Total Travel Cost

Funds Requested (%)
1,250.00

1,250.00

E. Participant/Trainee Support Costs

1. Tuition/Fees/Health Insurance
2. Stipends

3. Travel

4. Subsistence

5. Other:

Number of Participants/Trainees

Total Participant/Trainee Support Costs

Funds Requested ($)

RESEARCH & RELATED Budget {C-E} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - SECTIONS F-L, BUDGET PERIOD 1

* ORGANIZATIONAL DUNS: 929773554
* Budget Type: ® Project [ Subaward/Consortium
Enter name of Organization: Kansas State University

* Start Date: 08-01-2018 * End Date: 07-31-2019

Budget Period: 1

. Other Direct Costs

. Materials and Supplies

. Publication Costs

. Consultant Services

. ADP/Computer Services

. Subawards/Consortium/Contractual Costs
. Equipment or Facility Rental/User Fees

. Alterations and Renovations

. Tuition remission

. Konza Site Use

10. Water & Soil Analysis

©CoO~NOOO A WNE T

Funds Requested ($)
15,200.00

11,261.00
104,095.00
7,873.00

1,292.00
6,930.00

Total Other Direct Costs 146,651.00

G. Direct Costs

Funds Requested ($)

Total Direct Costs (A thru F) 222,937.00
H. Indirect Costs
Indirect Cost Type Indirect Cost Rate (%) Indirect Cost Base ($) * Funds Requested ($)
1. On campus Organized Research MTDC rate 52 135,969.00 70,704.00
Total Indirect Costs 70,704.00
Cognizant Federal Agency US Department of Health and Human Services, Arif Karim, 214-767-3261

(Agency Name, POC Name, and POC Phone Number)

I. Total Direct and Indirect Costs

Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 293,641.00

J. Fee

Funds Requested ($)

K. Total Costs and Fee

Funds Requested (%)
Total Costs and Fee (I +J) 293,641.00

L. * Budget Justification File Name:
DOEJustificationandIDCFinall1020191900.pdf
(Only attach one file.)

Mime Type: application/pdf

RESEARCH & RELATED Budget {F-L} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - SECTION A & B, BUDGET PERIOD 2

* ORGANIZATIONAL DUNS: 929773554
* Budget Type: ® Project [J Subaward/Consortium

Enter name of Organization: Kansas State University

* Start Date: 08-01-2019

* End Date: 07-31-2020

Budget Period: 2

A. Senior/Key Person

Prefix * First Name Middle Name * Last Name Suffix * Project Role Base Salary Cal. Acad. Sum. *Requested *Fringe  * Funds Requested ($)
(%) Months Months Months Salary ($)  Benefits ($)
1. Jesse B Nippert PD/PI 116,839.00 1 9,737.00 3,116.00 12,853.00
2. Lydia H. Zeglin Co-PD/PI 98,533.00 1 8,211.00 2,628.00 10,839.00
Total Funds Requested for all Senior Key Persons in the attached file
Additional Senior Key Persons: File Name: Mime Type: Total Senior/Key Person 23,692.00
B. Other Personnel
* Number of * Project Role Cal. Acad. Sum. *Requested * Fringe * Funds Requested
Personnel Months Months Months  Salary ($) Benefits %)
Post Doctoral Associates
1 Graduate Students 6 29,525.00 1,771.00 31,296.00
2 Undergraduate Students 3 10,000.00 100.00 10,100.00
Secretarial/Clerical
1 Technician 3 9,013.00 2,884.00 11,897.00
Total Number Other Personnel Total Other Personnel 53,293.00
Total Salary, Wages and Fringe Benefits (A+B) 76,985.00

RESEARCH & RELATED Budget {A-B} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001




RESEARCH & RELATED BUDGET - SECTION C, D, & E, BUDGET PERIOD 2

* ORGANIZATIONAL DUNS: 929773554
* Budget Type: ® Project [ Subaward/Consortium
Enter name of Organization: Kansas State University

* Start Date: 08-01-2019 * End Date: 07-31-2020 Budget Period: 2

C. Equipment Description
List items and dollar amount for each item exceeding $5,000

Equipment Item

Total funds requested for all equipment listed in the attached file

Additional Equipment: File Name:

Total Equipment

Mime Type:

* Funds Requested ($)

D. Travel

1. Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions)
2. Foreign Travel Costs

Total Travel Cost

Funds Requested (%)
3,450.00

3,450.00

E. Participant/Trainee Support Costs

1. Tuition/Fees/Health Insurance
2. Stipends

3. Travel

4. Subsistence

5. Other:

Number of Participants/Trainees

Total Participant/Trainee Support Costs

Funds Requested ($)

RESEARCH & RELATED Budget {C-E} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - SECTIONS F-L, BUDGET PERIOD 2

* ORGANIZATIONAL DUNS: 929773554
* Budget Type: ® Project [ Subaward/Consortium
Enter name of Organization: Kansas State University

* Start Date: 08-01-2019 * End Date: 07-31-2020

Budget Period: 2

. Other Direct Costs

. Materials and Supplies

. Publication Costs

. Consultant Services

. ADP/Computer Services

. Subawards/Consortium/Contractual Costs
. Equipment or Facility Rental/User Fees

. Alterations and Renovations

. Tuition remission

. Konza Site Use

10. Water & Soil Analysis
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Funds Requested ($)
4,000.00

94,597.00
106,477.00
8,246.00

614.00
6,930.00

Total Other Direct Costs 220,864.00

G. Direct Costs

Funds Requested ($)

Total Direct Costs (A thru F) 301,299.00
H. Indirect Costs
Indirect Cost Type Indirect Cost Rate (%) Indirect Cost Base ($) * Funds Requested ($)
1. On campus Organized Research MTDC rate 52 186,576.00 97,020.00
Total Indirect Costs 97,020.00
Cognizant Federal Agency US Department of Health and Human Services, Arif Karim, 214-767-3261

(Agency Name, POC Name, and POC Phone Number)

I. Total Direct and Indirect Costs

Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 398,319.00

J. Fee

Funds Requested ($)

K. Total Costs and Fee

Funds Requested (%)
Total Costs and Fee (I +J) 398,319.00

L. * Budget Justification File Name:
DOEJustificationandIDCFinall1020191900.pdf
(Only attach one file.)

Mime Type: application/pdf

RESEARCH & RELATED Budget {F-L} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - SECTION A & B, BUDGET PERIOD 3

* ORGANIZATIONAL DUNS: 929773554
* Budget Type: ® Project [J Subaward/Consortium

Enter name of Organization: Kansas State University

* Start Date: 08-01-2020

* End Date: 07-31-2021

Budget Period: 3

A. Senior/Key Person

Prefix * First Name Middle Name * Last Name Suffix * Project Role Base Salary Cal. Acad. Sum. *Requested *Fringe  * Funds Requested ($)
(%) Months Months Months Salary ($)  Benefits ($)
1. Jesse B Nippert PD/PI 120,344.00 1 10,029.00 3,209.00 13,238.00
2. Lydia H. Zeglin Co-PD/PI 101,489.00 1 8,457.00 2,706.00 11,163.00
Total Funds Requested for all Senior Key Persons in the attached file
Additional Senior Key Persons: File Name: Mime Type: Total Senior/Key Person 24,401.00
B. Other Personnel
* Number of * Project Role Cal. Acad. Sum. *Requested * Fringe * Funds Requested
Personnel Months Months Months  Salary ($) Benefits %)
Post Doctoral Associates
1 Graduate Students 6 30,411.00 1,825.00 32,236.00
2 Undergraduate Students 3 10,000.00 100.00 10,100.00
Secretarial/Clerical
1 Technician 3 9,283.00 2,971.00 12,254.00
Total Number Other Personnel Total Other Personnel 54,590.00
Total Salary, Wages and Fringe Benefits (A+B) 78,991.00

RESEARCH & RELATED Budget {A-B} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001




RESEARCH & RELATED BUDGET - SECTION C, D, & E, BUDGET PERIOD 3

* ORGANIZATIONAL DUNS: 929773554
* Budget Type: ® Project [ Subaward/Consortium
Enter name of Organization: Kansas State University

* Start Date: 08-01-2020 * End Date: 07-31-2021 Budget Period: 3

C. Equipment Description
List items and dollar amount for each item exceeding $5,000

Equipment Item

Total funds requested for all equipment listed in the attached file

Additional Equipment: File Name:

Total Equipment

Mime Type:

* Funds Requested ($)

D. Travel

1. Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions)
2. Foreign Travel Costs

Total Travel Cost

Funds Requested (%)
3,450.00

3,450.00

E. Participant/Trainee Support Costs

1. Tuition/Fees/Health Insurance
2. Stipends

3. Travel

4. Subsistence

5. Other:

Number of Participants/Trainees

Total Participant/Trainee Support Costs

Funds Requested ($)

RESEARCH & RELATED Budget {C-E} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - SECTIONS F-L, BUDGET PERIOD 3

* ORGANIZATIONAL DUNS: 929773554

* Budget Type: ® Project [ Subaward/Consortium

Enter name of Organization: Kansas State University

* Start Date: 08-01-2020

* End Date: 07-31-2021

Budget Period: 3

. Other Direct Costs

. Materials and Supplies

. Publication Costs

. Consultant Services

. ADP/Computer Services

. Subawards/Consortium/Contractual Costs
. Equipment or Facility Rental/User Fees

. Alterations and Renovations

. Tuition remission

. Konza Site Use

10.n
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Funds Requested ($)

3,600.00
2,000.00
97,323.00

14,233.00

8,658.00
1,090.00
0.00

Total Other Direct Costs 126,904.00

G. Direct Costs

Funds Requested ($)

Total Direct Costs (A thru F) 209,345.00

H. Indirect Costs

Indirect Cost Type
1. On campus Organized Research MTDC rate

Cognizant Federal Agency
(Agency Name, POC Name, and POC Phone Number)

Indirect Cost Rate (%)

Indirect Cost Base ($) * Funds Requested ($)
186,454.00 96,956.00
Total Indirect Costs 96,956.00

US Department of Health and Human Services, Arif Karim, 214-767-3261

I. Total Direct and Indirect Costs

Total Direct and Indirect Institutional Costs (G + H)

Funds Requested ($)
306,301.00

J. Fee

Funds Requested ($)

K. Total Costs and Fee

Funds Requested (%)

Total Costs and Fee (I +J) 306,301.00

L. * Budget Justification File Name:
DOEJustificationandIDCFinall1020191900.pdf

(Only attach one file.)

Mime Type: application/pdf

RESEARCH & RELATED Budget {F-L} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - Cumulative Budget

Section A, Senior/Key Person

Section B, Other Personnel

Total Number Other Personnel

Total Salary, Wages and Fringe Benefits (A+B)
Section C, Equipment

Section D, Travel

1. Domestic

2. Foreign

Section E, Participant/Trainee Support Costs
1. Tuition/Fees/Health Insurance

2. Stipends

3. Travel

4. Subsistence

5. Other

6. Number of Participants/Trainees

Section F, Other Direct Costs

. Materials and Supplies

. Publication Costs

. Consultant Services

. ADP/Computer Services

. Subawards/Consortium/Contractual Costs
. Equipment or Facility Rental/User Fees

. Alterations and Renovations

. Other 1

. Other 2

10. Other 3

Section G, Direct Costs (A thru F)

© 00 N o 0o b~ wWw N B

Section H, Indirect Costs
Section |, Total Direct and Indirect Costs (G + H)
Section J, Fee

Section K, Total Costs and Fee (I +J)

Tracking Number:

Totals ($)
71,094.00
159,918.00
12
231,012.00
8,150.00
8,150.00
494,419.00
22,800.00
2,000.00
203,181.00
0.00
224,805.00
24,777.00
2,996.00
13,860.00
733,581.00
264,680.00
998,261.00
998,261.00

OMB Number: 4040-0001



K-State Budget Justification

Section A: Senior/Key Personnel

We are requesting $53,859 to cover one month of salary for two co-PlIs during each
year of the project. Dr. Nippert and Dr. Zeglin with co-advise a PhD student
throughout this project with a focus on Konza plant and soil sampling (Obj 1 & 2).
Dr. Nippert is the project lead and will assist with the collection and analysis of plant
root data and isotopic analysis. Dr. Nippert will also advise and assist with data
analysis and manuscript preparation throughout the project.

Dr. Zeglin will co-lead the project and will assist with the collection of data to
calculate soil carbon turnover, as well as characterization of microbial communities.
Dr. Zeglin will also assist with data analysis and manuscript preparation.

We budgeted for a 3% increase in salary between years 1-2 and years 2-3.

Year Personnel Month rate Yearly Total
Year 1 Nippert $9,453
Zeglin $7,972 $17,425
Year 2 Nippert $9,737 $17,948
Zeglin $8,211
Year 3 Nippert $10,029
Zeglin $8,457 $18,486
Grand Total $53,859

Section B: Other Personnel

Graduate Research Assistantships - Although the primary goal of our proposed
project is to help provide a better understanding of belowground responses in mesic
grassland, we will also train the next generation of scientists. A Ph.D. student will
help carry out the research proposed in this project and will receive training in
critical thinking, field and laboratory research, project organization, data analysis
and writing skills, to better prepare for a future career in ecosystem science. The
annual salary rate requested here follows the fixed guidelines for graduate student
support from the Division of Biology at KSU.

Technician Support - We request support for 3 months/year for a research
technician in the Zeglin lab. This individual will provide expertise on soil carbon
cycling measurement, root and microbial C pool quantification, and microbial
activity and composition assays, and will support data collection both in the field
and the laboratory.

Undergrad Research Assistants - Much of the work involved in our project requires
advanced training and a thorough understanding of ecosystem processes, requiring
a graduate student, technician support, and faculty expertise. However, there are a
range of tasks that require less training and can be carried out by undergraduate
students. This work is vital to the success of the project and also provides an




opportunity to train students that are earlier in their careers in basic research and
laboratory skills. We have budgeted for support of two undergraduates: one each
for the Nippert and Zeglin Labs, respectively, each for 10 hr/week, 50 weeks/yr,
$10/hr.

Year Personnel Yearly rate Yearly Total
Year 1 Graduate Student $28,665
Technician $8,750 $47,415
Undergraduate(s) $10,000
Year 2 Graduate Student $29,525
Technician $9,013 $48,538
Undergraduate(s) $10,000
Year 3 Graduate Student $30,411
Technician $9,283 $49,694
Undergraduate(s) $10,000
Grand Total $145,647

Section C: Fringe Benefits
Fringe benefits rates at KSU are 32% for Senior Personnel and Other Unclassified
Staff. The graduate student rate is 6%, and the undergraduate student rate is 1%.

Year Yearly Total
Year 1 $10,196
Year 2 $10,499
Year 3 $10,811
Grand Total | $31,505

Section D: Equipment

None Requested

Section E: Travel

We request travel support for each year for the PI (Nippert) to attend the TES/SBR
Principal Investigators meeting in Washington, D.C. In addition, we request travel
support for the Ph.D. student to attend the Ecological Society of America Annual
Meeting in years 2 &3 to present her/his results. Attendance at this international
meeting will help provide networking opportunities for the graduate student as well
as experience communicating science to a broad diverse audience.

Month/Year | Personnel | Conference | Reg. | Travel | Lodging Cost

Year 1 Nippert TES/SBR X $500 $750 $1250
meeting
Year 2 Nippert TES/SBR X $500 $750 $1250

meeting




Ph.D. student Fall ESA $200 | $500 $1500 $2200

Year 3 Nippert TES/SBR X $500 $750 $1250
meeting

Year 2-3 Ph.D. student Fall AGU $200 | $500 $1500 $2200

TOTAL COST $8,150

Section F: Participant/Trainee Support Costs
None Requested

Section G: Other Direct Costs

G1. Materials and Supplies

General field supplies

We request $3,000 in year 1 for costs associated with root excavation fieldwork.
This includes 3-month rental of a commercial air compressor to power the AirSpade
($1,500), vehicle maintenance and fuel to reach excavation sites ($500) and
ancillary AirSpade supplies, including nozzle tips, protective gear, and replacement
parts ($1,000).

General soil lab analysis supplies

We request $1,000 in each project year to cover the cost of soil sampling and sample
archival supplies, laboratory soil incubation chambers, general laboratory chemicals
and consumables (e.g. pipet tips, plates and tubes).

Soil Efflux probes

In year 1, we will purchase Viasala CO2 efflux probes (model GMP 222) to record
continuous soil CO2 efflux in the ShRaMPs project (Obj 2). We will place 3 probes in
the control plots and 3 probes in the treatment plots (6 total). Costs for the probes
and in-soil adaptors is $1000/ea.

Soil C cycling and microbial analysis

For soil C pool measurement (root C, dissolved organic C, microbial biomass C, total
soil C), 5 replicate soil samples will be analyzed by rainfall treatment (2) and period
(early, mid- and late-summer) for soil depth (5) = 150 and plant type (woody/grass)
=60 (210 / year). To cover general supply costs, including maintenance of the
Shimadzu TOC Analyzer, $500 per year is requested. To cover total C analysis, soil
analysis fees are requested ("Other" costs, below). Residence time of metabolic,
active and slow soil C pools will be estimated using one-time incubations of soil
collected from the same treatment design, in Y2: $400 is requested to cover costs for
these assays.

Soil extracellular enzyme assays will assay differences in microbial C-cycling
potential. These assays require unique chemical substrates and lab supplies. We
request $500/yr to analyze 210 samples per year.



DNA extraction and preparation for sequencing. DNA extraction using Qiagen's
PowerSoil extraction kit costs $5 per sample. Primers with unique barcodes and
[llumina sequencing indices for up to 396 samples are already in stock at the Zeglin
lab. Preparation of amplicons in triplicate for next-generation sequencing, including
DNA polymerase and PCR clean-up supplies will cost approximately $2.50 per
sample. To prepare 210 samples per year, $1,600 per year is requested,

We have budgeted $2,000 in year 1 to support the purchase of two laptop personal
computers. One will be provided to the Ph.D. student for work on this project, and
the other will be used for field data collection (e.g., downloading sensor data).

Year Field | Soillab | Efflux |C cycling Enzyme| DNA PC Cost
supplies | supplies | probes | analysis | assays

Year 1 $3,600 $1,000 | $6,000 $500 $500 $1600 | $2000 $15,200

Year 2 $1,000 $900 $500 $1600 $4,000

Year 3 $1,000 $500 $500 $1600 $3,600

TOTAL COST $22,800

G2. Publication Costs
A total of $2,000 is requested in year 3 to cover page charges and other expenses
related to the publication of this research.

G3. Consultant Services

Funds are requested for our collaboration with Dr. Kevin Wilcox, modeling
consultant, $203,181 over the three-year project period. Dr. Wilcox is the modeling
expert responsible for Obj 3 in the proposal. His inclusion ensures that the
computational objectives are completed in a timely fashion as described in the
project narrative.

G5. Tuition
Tuition is requested for the Ph.D. student to be hired on this project. A 5% per year
increase is included to offset forecast tuition increases at the university.

G6. Sub-awards

A subaward will be issued to the University of Wisconsin- Madison, $224,805 over
the three year project period. The subaward will be under the direction of Dr.
Katherine McCulloh. Dr. McCulloh will collaborate in all observational and
experimental portions of the research (Obj 1 and 2). She will have primary
responsibility for all hydraulic and anatomical measurements. In addition, she will
serve as the mentor for a post-doctoral researcher to be hired at UW-Madison for 24
months (years 1-2). See th Subaward budget and justification for further details.




G7. Other

Site fee:

Konza Prairie Biological Station (KPBS) has a site use fee structure to insure access
to plots, logistical support from KPBS Staff, and ensures the maintenance of field
plots (appropriate burning protocol, invasive species management, and protection
from wildfires). In year 1, fees are assessed for site access and site selection. In year
2, fees are assessed for site maintenance and support, and in year 3 fees cover site
access and clean-up.

Water isotope analysis

We request funds for the stable isotopic analysis of plant, soil, and rainwater
samples in all years. 5 replicate samples will be collected by rainfall treatment (2)
and period (3: early, mid- and late-summer) for soil depth (5) = 150 and plant type
(woody/grass) = 60 (210 / year). Cryogenic extraction of water samples from plant
tissues or soil will be performed in the Nippert lab at KSU ($8/sample). Isotopic
analysis of all samples will be performed using a Picarro water laser analyzer at the
stable isotope facility at KSU. Isotopic analysis costs $12/sample. Total cost for
analyses is $4,200/yr.

Soil and Root C Analysis
Total C analysis (LECO) costs $6.50 per sample at the local KSU Soil Testing
Laboratory. To run 210 root and 210 soil samples = $2,730 per year.

Year Site-use fee | Water Soil Cost
analysis | analysis
Year 1 $1292 $4,200 $2,730 $8,222
Year 2 $614 $4,200 $2,730 $7,544
Year 3 $1090 $1,090
TOTAL COST $16,856

Section I: Indirect Costs

Indirect (facilities and administration) costs are calculated according to KSU policies
at 52% of applicable direct costs (i.e. all costs except student tuition, and including
only the first $25,000 of the subaward amount).



COLLEGES AND UNIVERSITIES RATE AGREEMENT

EIN: 1480771751A1

ORGANIZATION:
Kansas State University
102 Anderson Hall
KS 66506-0108

Manhattan,

DATE:01/25/2017

FILING REF.: The preceding
agreement was dated

09/10/2012

The rates approved in this agreement are for use on grants, contracts and other
agreements with the Federal Government, subject to the conditions in Section III.

SECTION I:

Facilities And Administrative Cost Rates

RATE TYPES:

IYPE
PRED.

PRED.
PRED.
PRED.
PRED.
PRED.
PROV.

*BASE

FIXED

FINAL

EFFECTIVE PERIOD

FROM
07/01/2016

07/01/2016
07/01/2016
07/01/2016
07/01/2016
07/01/2016
07/01/2020

Io
06/30/2020

06/30/2020
06/30/2020
06/30/2020
06/30/2020
06/30/2020

Until
Amended

PROV.

(PROVISIONAL)

RATE (%) LOCATION

52

46

37
44 .
35
26,

.00 On

.00 On
00 On
50 On
00 On

Campus

Campus
Campus
Campus

Campus

00 Off Campus

PRED.

(PREDETERMINED)

APPLICABLE TO

Organized
Research

Instruction
Branch Station
AGR

OSA

All Programs

Use same rates

and conditions

as those cited

for fiscal year
ending June 30,
2020.
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ORGANIZATION: Kansas State University
AGREEMENT DATE: 1/25/2017

Modified total direct costs, consisting of all direct salaries and wages,
applicable fringe benefits, materials and supplies, services, travel and up to
the first $25,000 of each subaward (regardless of the period of performance of
the subawards under the award). Modified total direct costs shall exclude
equipment, capital expenditures, charges for patient care, rental costs,
tuition remission, scholarships and fellowships, participant support costs and
the portion of each subaward in excess of $25,000. Other items may only be
excluded when necessary to avoid a serious inequity in the distribution of

indirect costs, and with the approval of the cognizant agency for indirect
costs.

Page 2 of 4



ORGANIZATION: Kansas State University
AGREEMENT DATE: 1/25/2017

SECTION II: SPECIAL REMARKS

EATME INGE BE L

The fringe benefits are specifically identified to each employee and are

charged individually as direct costs. The directly claimed fringe benefits are
listed below.

TR F _PATD CES

Vacation, holiday, sick leave pay and other paid absences are included in
salaries and wages and are claimed on grants, contracts and other agreements
as part of the normal cost for salaries and wages. Separate claims are not
made for the cost of these paid absences.

OFF-CAMPUS DEFINITION: For all activities performed in facilities not owned by
the institution and to which rent is directly allocated to the project(s) the
off-campus rate will apply. Grants or contracts will not be subject to more
than one F&A cost rate. If more than 50% of a project is performed off-campus,
the off-campus rate will apply to the entire project.

Equipment Definition -

Equipment means an article of nonexpendable, tangible personal property having
a useful life of more than one year and an acquisition cost of $5,000 or more
per unit.

FRINGE BENEFITS:

FICA

TIAA/CREF

Retirement

Disability Insurance
Worker's Compensation
Life Insurance
Unemployment Insurance
Health Insurance
Dental Insurance
Severance Allowance

The next indirect cost rate proposal based on actual costs for the fiscal year
ending June 30, 2019 is due on December 31, 2019.

Page 3 of 4



ORGANIZATION: Kansas State University
AGREEMENT DATE: 1/25/2017

SECTION III: GENERAL

A. LIMITATIONS:

The rates in this Agreement are subject to any statutory or administrative limitations and apply to a given grant,
contract or other agreement only to the extent that funds are available. Acceptance of the rates is subject to the
following conditions: (1) Only costs incurred by the organization were included in its facilities and administrative cost
pools as finally accepted: such costs are legal obligations of the organization and are allowable under the governing cost
principles; (2) The same costs that have been treated as facilities and administrative costs are not claimed as direct
costs; (3) Similar types of costs have been accorded consistent accounting treatment; and (4) The information provided by
the organization which was used to establish the rates is not later found to be materially incomplete or inaccurate by the
Federal Government. In such situations the rate(s) would be subject to renegotiation at the discretion of the Federal
Government .

B. ACCOUNTING CHANGES:

This Agreement is based on the accounting system purported by the organization to be in effect during the Agreement
period. Changes to the method of accounting for costs which affect the amount of reimbursement resulting from the use of
this Agreement require prior approval of the authorized representative of the cognizant agency. Such changes include, but
are not limited to, changes in the charging of a particular type of cost from facilities and administrative to direct.
Failure to obtain approval may result in cost disallowances.

C. [EIXED RATES:
If a fixed rate is in this Agreement, it is based on an estimate of the costs for the period covered by the rate. When the

actual costs for this period are determined, an adjustment will be made to a rate of a future year(s) to compensate for
the difference between the costs used to establish the fixed rate and actual costs.

D. USE BY OTHER FEDERAL AGENCIES:

The rates in this Agreement were approved in accordance with the authority in Title 2 of the Code of Federal Regulations,

Part 200 (2 CFR 200), and should be applied to grants, contracts and other agreements covered by 2 CFR 200, subject to any
limitations in A above. The organization may provide copies of the Agreement to other Federal Agencies to give them early

notification of the Agreement.

E. QOTHER:

If any Federal contract, grant or other agreement is reimbursing facilities and administrative costs by a means other than
the approved rate(s) in this Agreement, the organization should (1) credit such costs to the affected programs, and (2)
apply the approved rate(s) to the appropriate base to identify the proper amount of facilities and administrative costs
allocable to these programs.

BY THE INSTITUTION: ON BEHALF OF THE FEDERAL GOVERNMENT:

Kansas State University
DEPARTMENT OF HEALTH AND HUMAN SERVICES

= o) (AGENCY) Digitally signed by Arif M. Karim -A
5 TUT A ,f M K . A Di: c=US, o=U.5. Government, ou=HHS, ou=PSC,
- ou=People, cn=Arif M. Karim -A,
rl . a rI m 10.9.2342.19200300.100.1.1=2000212895
‘Z;‘i Dale; 2012.01.27 09:23:32 0600
(s Aiiﬂtr
\

(SIGNATURE)

| ﬁ:('(aﬁer Arif Karim

(NAME) (NAME)

\ 1
Mw{ IMC Director, Cost Allocation Services

(TITLE) (TITLE)

1200

(DATE) (DATE) 7033

HHS REPRESENTATIVE: Theodore Foster

Telephone: (214) 767-3261

Page 4 of 4



COMPONENTS OF THE PUBLISHED FACILITIES & ADMINISTRATIVE COST RATE

INSTITUTION: Kansas State University

FY COVERED BY RATE:  July 1. 2016 through June 30, 2020

ORG. BRANCH ALL
RATE TYPE RESEARCH [l INSTRUCTION STATION AGR OSA PROGRAMS
On-Camp On-Camp On-Camp On-Camp On-Camp Off-Camp
FY 17 - 20 FY 17 -20 FY 17 - 20 FY 17 - 20 FY 17 - 20 FY 17 -20
RATE COMPONENTS
Building Depreciation 4.2 3.0 1.2 31 1.3
Equipment Depreciation 5.5 1.0 4.5 23 0.8
Interest 0.3 1.2 0.0 0.2 0.1
Operations & Maintenance 14.0 6.9 45 113 59
Library 0.8 79 0.8 0.9 0.9
Utility Cost Allowance 1.2 0.0 0.0 0.7 0.0
Administrative Component 26.0 26.0 26.0 26.0 26.0 26.0
F&A Rate 52.0 46.0 37.0 44.5 35.0 26.0

* Reflects provisions of Appendix Il to Part 200 of Uniform Guidance—Indirect (F&A) Costs Identification and Assignment, and Rate Determination
for Institutions of Higher Education (IHEs), C.8. dated December 26, 2013

CONCURRENCE

Kansas State Universily

(Signature)

Civdy Buntimder

(Name) !

VP for Adpin w Financy

el

(Date)



R&R SUBAWARD BUDGET ATTACHMENT(S) FORM

Subaward IDC Ceiling: 25,000

Period Subaward Direct Costs Subaward Indirect Costs Subaward Costs Allocated To IDC Base
1. Dr. Kate McCulloh
1 68,036 36,059 104,095 25,000
2 69,593 36,884 106,477
3 9,303 4,930 14,233
All 146,932 77,873 224,805 25,000
IAll Subawards
1 68,036 36,059 104,095 25,000
2 69,593 36,884 106,477
3 9,303 4,930 14,233
All 146,932 77,873 224,805 25,000
R&R SUBAWARD BUDGET ATTACHMENT(S) FORM page 1 of 1



RESEARCH & RELATED BUDGET - SECTION A & B, BUDGET PERIOD 1

* ORGANIZATIONAL DUNS: 161202122

* Budget Type: [ Project ® Subaward/Consortium

Enter name of Organization: The Board of Regents of the Universityof Wisconsin System

* Start Date: 08-01-2018

* End Date: 07-31-2019

Budget Period: 1

A. Senior/Key Person

Prefix * First Name Middle Name * Last Name Suffix * Project Role Base Salary Cal. Acad. Sum. *Requested *Fringe  * Funds Requested ($)
(%) Months Months Months Salary ($)  Benefits ($)
1. Kate McCulloh PD/PI 86,537.00 0.5 4,808.00 1,683.00 6,491.00
Total Funds Requested for all Senior Key Persons in the attached file
Additional Senior Key Persons: File Name: Mime Type: Total Senior/Key Person 6,491.00
B. Other Personnel
* Number of * Project Role Cal. Acad. Sum. *Requested * Fringe * Funds Requested
Personnel Months Months Months  Salary ($) Benefits $)
1 Post Doctoral Associates 12 47,500.00 10,545.00 58,045.00
Graduate Students
Undergraduate Students
Secretarial/Clerical
1 Total Number Other Personnel Total Other Personnel 58,045.00
Total Salary, Wages and Fringe Benefits (A+B) 64,536.00

RESEARCH & RELATED Budget {A-B} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001




RESEARCH & RELATED BUDGET - SECTION C, D, & E, BUDGET PERIOD 1

* ORGANIZATIONAL DUNS: 161202122
* Budget Type: [ Project ® Subaward/Consortium

Enter name of Organization: The Board of Regents of the Universityof Wisconsin System

* Start Date: 08-01-2018 * End Date: 07-31-2019 Budget Period: 1

C. Equipment Description
List items and dollar amount for each item exceeding $5,000

Equipment Item

Total funds requested for all equipment listed in the attached file

Additional Equipment: File Name:

Total Equipment

Mime Type:

* Funds Requested ($)

D. Travel

1. Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions)
2. Foreign Travel Costs

Total Travel Cost

Funds Requested (%)
2,000.00

2,000.00

E. Participant/Trainee Support Costs

1. Tuition/Fees/Health Insurance
2. Stipends

3. Travel

4. Subsistence

5. Other:

Number of Participants/Trainees

Total Participant/Trainee Support Costs

Funds Requested ($)

RESEARCH & RELATED Budget {C-E} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - SECTIONS F-L, BUDGET PERIOD 1

* ORGANIZATIONAL DUNS: 161202122

* Budget Type: [ Project ® Subaward/Consortium

Enter name of Organization: The Board of Regents of the Universityof Wisconsin System

* Start Date: 08-01-2018

* End Date: 07-31-2019

Budget Period: 1

. Other Direct Costs

. Materials and Supplies

. Publication Costs

. Consultant Services

. ADP/Computer Services

. Subawards/Consortium/Contractual Costs
. Equipment or Facility Rental/User Fees

. Alterations and Renovations

~NOoO O~ WNE T

Funds Requested ($)
1,500.00

Total Other Direct Costs 1,500.00

G. Direct Costs

Funds Requested ($)
Total Direct Costs (A thru F) 68,036.00

H. Indirect Costs

Indirect Cost Type

Indirect Cost Rate (%)

Indirect Cost Base ($) * Funds Requested ($)

1. 53% Direct Costs 53 68,036.00 36,059.00
Total Indirect Costs 36,059.00
Cognizant Federal Agency

(Agency Name, POC Name, and POC Phone Number)
I. Total Direct and Indirect Costs Funds Requested ($)
Total Direct and Indirect Institutional Costs (G + H) 104,095.00
J. Fee Funds Requested ($)
K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I +J) 104,095.00

L. * Budget Justification File Name:

Mime Type: application/pdf

Budget_Justification_mcculloh_41020191588.pdf

(Only attach one file.)

RESEARCH & RELATED Budget {F-L} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - SECTION A & B, BUDGET PERIOD 2

* ORGANIZATIONAL DUNS: 161202122

* Budget Type: [ Project ® Subaward/Consortium

Enter name of Organization: The Board of Regents of the Universityof Wisconsin System

* Start Date: 08-01-2019

* End Date: 07-31-2020

Budget Period: 2

A. Senior/Key Person

Prefix * First Name Middle Name * Last Name Suffix * Project Role Base Salary Cal. Acad. Sum. *Requested *Fringe  * Funds Requested ($)
(%) Months Months Months Salary ($)  Benefits ($)
1. Kate McCulloh PD/PI 88,286.00 0.5 4,904.00 1,741.00 6,645.00
Total Funds Requested for all Senior Key Persons in the attached file
Additional Senior Key Persons: File Name: Mime Type: Total Senior/Key Person 6,645.00
B. Other Personnel
* Number of * Project Role Cal. Acad. Sum. *Requested * Fringe * Funds Requested
Personnel Months Months Months  Salary ($) Benefits $)
1 Post Doctoral Associates 12 48,450.00 10,998.00 59,448.00
Graduate Students
Undergraduate Students
Secretarial/Clerical
1 Total Number Other Personnel Total Other Personnel 59,448.00
Total Salary, Wages and Fringe Benefits (A+B) 66,093.00

RESEARCH & RELATED Budget {A-B} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001




RESEARCH & RELATED BUDGET - SECTION C, D, & E, BUDGET PERIOD 2

* ORGANIZATIONAL DUNS: 161202122
* Budget Type: [ Project ® Subaward/Consortium

Enter name of Organization: The Board of Regents of the Universityof Wisconsin System

* Start Date: 08-01-2019 * End Date: 07-31-2020 Budget Period: 2

C. Equipment Description
List items and dollar amount for each item exceeding $5,000

Equipment Item

Total funds requested for all equipment listed in the attached file

Additional Equipment: File Name:

Total Equipment

Mime Type:

* Funds Requested ($)

D. Travel

1. Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions)
2. Foreign Travel Costs

Total Travel Cost

Funds Requested (%)
2,000.00

2,000.00

E. Participant/Trainee Support Costs

1. Tuition/Fees/Health Insurance
2. Stipends

3. Travel

4. Subsistence

5. Other:

Number of Participants/Trainees

Total Participant/Trainee Support Costs

Funds Requested ($)

RESEARCH & RELATED Budget {C-E} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - SECTIONS F-L, BUDGET PERIOD 2

* ORGANIZATIONAL DUNS: 161202122

* Budget Type: [ Project ® Subaward/Consortium

Enter name of Organization: The Board of Regents of the Universityof Wisconsin System

* Start Date: 08-01-2019

* End Date: 07-31-2020

Budget Period: 2

. Other Direct Costs

. Materials and Supplies

. Publication Costs

. Consultant Services

. ADP/Computer Services

. Subawards/Consortium/Contractual Costs
. Equipment or Facility Rental/User Fees

. Alterations and Renovations

~NOoO O~ WNE T

Funds Requested ($)
1,500.00

Total Other Direct Costs 1,500.00

G. Direct Costs

Funds Requested ($)
Total Direct Costs (A thru F) 69,593.00

H. Indirect Costs

Indirect Cost Type

Indirect Cost Rate (%)

Indirect Cost Base ($) * Funds Requested ($)

1. 53% Direct Costs 53 69,593.00 36,884.00
Total Indirect Costs 36,884.00
Cognizant Federal Agency

(Agency Name, POC Name, and POC Phone Number)
I. Total Direct and Indirect Costs Funds Requested ($)
Total Direct and Indirect Institutional Costs (G + H) 106,477.00
J. Fee Funds Requested ($)
K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I +J) 106,477.00

L. * Budget Justification File Name:

Mime Type: application/pdf

Budget_Justification_mcculloh_41020191588.pdf

(Only attach one file.)

RESEARCH & RELATED Budget {F-L} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



* ORGANIZATIONAL DUNS: 161202122

* Budget Type: [ Project ® Subaward/Consortium

Enter name of Organization: The Board of Regents of the Universityof Wisconsin System

* Start Date: 08-01-2020

* End Date: 07-31-2021

RESEARCH & RELATED BUDGET - SECTION A & B, BUDGET PERIOD 3

Budget Period: 3

A. Senior/Key Person

Prefix

* First Name Middle Name * Last Name Suffix * Project Role Base Salary Cal. Acad. Sum. *Requested *Fringe  * Funds Requested ($)
(%) Months Months Months Salary ($)  Benefits ($)
1. Kate McCulloh PD/PI 90,033.00 0.5 5,002.00 1,801.00 6,803.00
Total Funds Requested for all Senior Key Persons in the attached file
Additional Senior Key Persons: File Name: Mime Type: Total Senior/Key Person 6,803.00

B. Other Personnel

* Number of * Project Role

Personnel

Total Number Other Personnel

Cal. Acad. Sum.
Months Months Months

* Requested
Salary ($)

* Fringe * Funds Requested
Benefits $)
Total Other Personnel

Total Salary, Wages and Fringe Benefits (A+B)

6,803.00

RESEARCH & RELATED Budget {A-B} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - SECTION C, D, & E, BUDGET PERIOD 3

* ORGANIZATIONAL DUNS: 161202122
* Budget Type: [ Project ® Subaward/Consortium

Enter name of Organization: The Board of Regents of the Universityof Wisconsin System

* Start Date: 08-01-2020 * End Date: 07-31-2021 Budget Period: 3

C. Equipment Description
List items and dollar amount for each item exceeding $5,000

Equipment Item

Total funds requested for all equipment listed in the attached file

Additional Equipment: File Name:

Total Equipment

Mime Type:

* Funds Requested ($)

D. Travel

1. Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions)
2. Foreign Travel Costs

Total Travel Cost

Funds Requested (%)
1,000.00

1,000.00

E. Participant/Trainee Support Costs

1. Tuition/Fees/Health Insurance
2. Stipends

3. Travel

4. Subsistence

5. Other:

Number of Participants/Trainees

Total Participant/Trainee Support Costs

Funds Requested ($)

RESEARCH & RELATED Budget {C-E} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - SECTIONS F-L, BUDGET PERIOD 3

* ORGANIZATIONAL DUNS: 161202122

* Budget Type: [ Project ® Subaward/Consortium

Enter name of Organization: The Board of Regents of the Universityof Wisconsin System

* Start Date: 08-01-2020

* End Date: 07-31-2021

Budget Period: 3

. Other Direct Costs

. Materials and Supplies

. Publication Costs

. Consultant Services

. ADP/Computer Services

. Subawards/Consortium/Contractual Costs
. Equipment or Facility Rental/User Fees

. Alterations and Renovations

~NOoO O~ WNE T

Funds Requested ($)
1,500.00

Total Other Direct Costs 1,500.00

G. Direct Costs

Funds Requested ($)
Total Direct Costs (A thru F) 9,303.00

H. Indirect Costs

Indirect Cost Type

Indirect Cost Rate (%)

Indirect Cost Base ($) * Funds Requested ($)

1. 53% Direct Costs 53 9,302.00 4,930.00
Total Indirect Costs 4,930.00
Cognizant Federal Agency

(Agency Name, POC Name, and POC Phone Number)
I. Total Direct and Indirect Costs Funds Requested ($)
Total Direct and Indirect Institutional Costs (G + H) 14,233.00
J. Fee Funds Requested ($)
K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I +J) 14,233.00

L. * Budget Justification File Name:

Mime Type: application/pdf

Budget_Justification_mcculloh_41020191588.pdf

(Only attach one file.)

RESEARCH & RELATED Budget {F-L} (Funds Requested)

Tracking Number:

OMB Number: 4040-0001



RESEARCH & RELATED BUDGET - Cumulative Budget

Section A, Senior/Key Person

Section B, Other Personnel

Total Number Other Personnel

Total Salary, Wages and Fringe Benefits (A+B)
Section C, Equipment

Section D, Travel

1. Domestic

2. Foreign

Section E, Participant/Trainee Support Costs
1. Tuition/Fees/Health Insurance

2. Stipends

3. Travel

4. Subsistence

5. Other

6. Number of Participants/Trainees

Section F, Other Direct Costs

. Materials and Supplies

. Publication Costs

. Consultant Services

. ADP/Computer Services

. Subawards/Consortium/Contractual Costs
. Equipment or Facility Rental/User Fees

. Alterations and Renovations

. Other 1

. Other 2

10. Other 3

Section G, Direct Costs (A thru F)

© 00 N o 0o b~ wWw N B

Section H, Indirect Costs
Section |, Total Direct and Indirect Costs (G + H)
Section J, Fee

Section K, Total Costs and Fee (I +J)

Tracking Number:

Totals ($)

19,939.00
117,493.00

137,432.00

5,000.00
5,000.00

4,500.00
4,500.00

146,932.00
77,873.00
224,805.00

224,805.00

OMB Number: 4040-0001



Budget Justification-McCulloh (University of Wisconsin — Madison)
Personnel

We have budgeted for 0.5 months of salary for McCulloh in each of the three years of the project. She
will supervise the postdoc, participate in data collection and analyses, and help prepare manuscripts.
The postdoc has been allotted 12 months of salary in years 1 and 2. The salary for this postdoc, who will
perform the majority of the physiological and anatomical measurements, starts at $47500. Salaries are
budgeted to increase at 2% per year. Fringe rates begin at 35% in year 1 for McCulloh, and 22.2% for the
postdoc. These rates increase at 0.5% per year.

Travel

For the members of the UW-Madison team to travel to Konza and to defray some of the costs of
attending national meetings to present results (i.e., ESA), we have budgeted for $2000 in each of years 1
and 2, and $1000 in year 3.

Materials and supplies

We have budgeted $1500 per year to cover the costs of the disposables used in the physiological
measurements. These include tubing and KCl for hydraulic measurements and solutions; microscope
slides, stains, and glycerin for anatomical measurements; etc.

Indirect costs

The negotiated indirect costs at UW-Madison are accrued at 53% of direct costs. All direct costs in this
budget were included in the calculation of indirect costs.



