University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln

Publications from USDA-ARS / UNL Faculty us. Degg;tég?gg g];ﬁ/?ég:ul_l}#églr’?g,\jg:t;ﬂ;:{(a;

9-1-2022

Patch-Burn Grazing Impacts Forage Resources in Subtropical
Humid Grazing Lands

Elizabeth H. Boughton
Archbold Biological Station

Nuria Gomez-Casanovas
University of Illinois Urbana-Champaign

Hilary Swain
Archbold Biological Station

Carl Bernacchi
USDA Agricultural Research Service

Raoul K. Boughton
Archbold Biological Station

See next page for additional authors

Follow this and additional works at: https://digitalcommons.unl.edu/usdaarsfacpub

b Part of the Agriculture Commons

Boughton, Elizabeth H.; Gomez-Casanovas, Nuria; Swain, Hilary; Bernacchi, Carl; Boughton, Raoul K;;
Brinsko, Keith; Li, Haoyu; Rivero, Alan; DeLucia, Evan H.; and Sparks, Jed, "Patch-Burn Grazing Impacts
Forage Resources in Subtropical Humid Grazing Lands" (2022). Publications from USDA-ARS / UNL
Faculty. 2593.

https://digitalcommons.unl.edu/usdaarsfacpub/2593

This Article is brought to you for free and open access by the U.S. Department of Agriculture: Agricultural Research
Service, Lincoln, Nebraska at DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion
in Publications from USDA-ARS / UNL Faculty by an authorized administrator of DigitalCommons@University of
Nebraska - Lincoln.


https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/usdaarsfacpub
https://digitalcommons.unl.edu/usdaars
https://digitalcommons.unl.edu/usdaars
https://digitalcommons.unl.edu/usdaarsfacpub?utm_source=digitalcommons.unl.edu%2Fusdaarsfacpub%2F2593&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1076?utm_source=digitalcommons.unl.edu%2Fusdaarsfacpub%2F2593&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unl.edu/usdaarsfacpub/2593?utm_source=digitalcommons.unl.edu%2Fusdaarsfacpub%2F2593&utm_medium=PDF&utm_campaign=PDFCoverPages

Authors

Elizabeth H. Boughton, Nuria Gomez-Casanovas, Hilary Swain, Carl Bernacchi, Raoul K. Boughton, Keith
Brinsko, Haoyu Li, Alan Rivero, Evan H. DelLucia, and Jed Sparks

This article is available at DigitalCommons@University of Nebraska - Lincoln: https://digitalcommons.unl.edu/
usdaarsfacpub/2593


https://digitalcommons.unl.edu/usdaarsfacpub/2593
https://digitalcommons.unl.edu/usdaarsfacpub/2593

" BioOne COMPLETE

PAtch-Burn Grazing Impacts Forage Resources in
Subtropical Humid Grazing Lands>x

Authors: Boughton, Elizabeth H., Gomez-Casanovas, Nuria, Swain,
Hilary, Bernacchi, Carl, Boughton, Raoul K., et al.

Source: Rangeland Ecology and Management, 84(1) : 10-21
Published By: Society for Range Management
URL: https://doi.org/10.1016/j.rama.2022.05.004

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 26 Apr 2023
Terms of Use: https://bioone.org/terms-of-uselAccess provided by University of Nebraska - Lincoln



Rangeland Ecology & Management 84 (2022) 10-21

Contents lists available at ScienceDirect Eeoiooy & Management

Rangeland Ecology & Management

journal homepage: www.elsevier.com/locate/rama

Original Research

Patch-Burn Grazing Impacts Forage Resources in Subtropical Humid Grazing)
Lands™ o

Elizabeth H. Boughton ', Nuria Gomez-Casanovas“~, Hilary Swain? Carl Bernacchi>,
Raoul K. Boughton', Keith Brinsko ', Haoyu Li', Alan Rivero!, Evan H. DeLucia®, Jed Sparks’

1 Archbold Biological Station, Buck Island Ranch, 300 Buck Island Ranch Road, Lake Placid, FL 33852

2 Institute for Sustainability, Energy, and Environment, University of Illinois at Urbana-Champaign, Urbana, Illinois, USA

3 Center for Advance Bioenergy and Bioproduct Innovation, University of Illinois at Urbana-Champaign, Urbana, Illinois, USA
4 Archbold Biological Station, 123 Main Drive, Venus, FL 33960

5 Global Change Photosynthesis Research Unit, USDA/ARS, Urbana, IL, 61801, United States of America

S nstitute for Sustainability, Energy, and Environment, University of Illinois at Urbana-Champaign, Urbana, IL, USA

7 Cornell University, Department of Ecology & Evolutionary Biology, E409 Corson Hall, Ithaca, NY 14853

ARTICLE INFO ABSTRACT

Article history: Subtropical humid grazing lands represent a large global land use and are important for livestock produc-
Received 6 December 2021 tion, as well as supplying multiple ecosystem services. Patch-burn grazing (PBG) management is applied
:l:?c,:et(id]ié\g: 22002222 in temperate grazing lands to enhance environmental and economic sustainability; however, this man-

P Y agement system has not been widely tested in subtropical humid grazing lands. The objective of this
study was to determine how PBG affected forage resources, in comparison with the business-as-usual

Key Words: full-burn (FB) management in both intensively managed pastures (IMP) and seminative (SN) pastures in
;a[“e subtropical humid grazinglands. We hypothesized that PBG management would create patch contrasts in
re

. forage quantity and nutritive value in both IMP and SN pastures, with a greater effect in SN pastures. A
2222 23;28:; value randomized block design experiment was established in 2017 with 16 pastures (16 ha each), 8 each in
LTAR IMP and SN at Archbold Biological Station’s Buck Island Ranch in Florida.
pyric herbivory PBG management employed on IMP and SN resulted in creation of patch contrast in forage nutritive
value and biomass metrics, and recent fire increased forage nutritive value. Residual standing biomass
was significantly lower in burned patches of each year, creating heterogeneity within both pasture types
under PBG. PBG increased digestible forage production in SN but not IMP pastures. These results suggest
that PBG may be a useful management tool for enhancing forage nutritive value and creating patch con-
trast in both SN and IMP, but PBG does not necessarily increase production relative to FB management.
The annual increase in tissue quality and digestible forage production in a PBG system as opposed to once
every 3 yr in an FB system is an important consideration for ranchers. Economic impacts of PBG and FB
management in the two different pasture types are discussed, and we compare and contrast results from
subtropical humid grazing lands with continental temperate grazing lands.
© 2022 The Society for Range Management. Published by Elsevier Inc. All rights reserved.

Introduction about 30-40% of the Earth’s land surface (White et al. 2000;
Gibson 2009; Dixon et al. 2014) and approximately 20% of the

Globally, grass-dominated ecosystems, including grasslands, sa- tropics (Parr et al. 2014; Bond 2016), including both old-growth
vannas, and grassy woodlands, cover approximately 3.5 billion ha, grasslands (Veldan et al. 2015) and human-modified grasslands

(Veldman 2016). A large portion of these natural and managed

grasslands is used for livestock grazing (Bengtsson et al. 2019); in

* This study was funded by NIFA (2016-67019-24988) and a US Dept of Agricul- L€ United States, 11 million ha of subtropical humid grasslands
ture (USDA) cooperative agreement with Archbold (58-0202-7-001). This research support about 30% of the US beef cow herd (Sigua 2010).

is a contribution of the Long-Term Agroecosystem Research network, supported by Grass-based forage is the nutritional foundation for all cattle-

the USDA. grazing enterprises, both temperate and tropical (Peters et al. 2013;

* Correspondence: Dr Elizabgth H. Boughton. Archbold Biological Station, 300 Scasta et al. 2016). Forage availability and nutritive value drive cat-

Buck lSlaI.ld Ranch Rd, Lake Placid, FL 33852, tle weight change and reproductive performance and are there-

E-mail address: eboughton@archbold-station.org (E.H. Boughton).
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fore critical to economic returns (Arthington et al. 2007; Thornton
2010). Optimizing forage resources is a critically important man-
agement objective, especially in subtropical humid pastures be-
cause they are dominated by C4 grasses naturally lower in forage
nutritive value (Archimede et al. 2011). Productive grass forages
also provide environmental benefits such as soil and water con-
servation, nutrient retention, carbon uptake, and habitat for grass-
land birds (Liebman et al. 2013; Bengtsson et al. 2019). Given the
agronomic and ecological importance of grassland agroecosystems,
combined with their large global land cover, it is essential to assess
innovative strategies for grassland management.

Prescribed fire has been used globally as a management strat-
egy to improve forage availability and nutritive value in fire-prone
subtropical humid grasslands in Australia, Brazil, and southeast-
ern United States (Overbeck et al. 2005; Noss, 2013; Swain et al.
2013; Cowley et al. 2014). Often mimicking natural fire processes,
prescribed fire removes dead biomass, allows for new regrowth,
reduces woody encroachment, and manages cattle distribution
(Tothill 1971; McGranahan et al. 2016). Historically, lightning-
ignited fires occurred frequently in subtropical humid grasslands of
the United States and there is no evidence for anthropogenic fire
ignitions (Noss, 2013; Boughton et al. 2018). Cattle managers con-
tinued to maintain fire on the landscape even when federal gov-
ernment fire-suppression policies were promulgated, continuing to
use prescribed fire to burn entire pastures, typically every 3 yr.

One management innovation is patch-burn grazing (PBG), burn-
ing a fraction of a pasture annually versus burning whole pastures
(full burns [FBs]) every second or third yr, the business-as-usual
prescribed fire strategy (Fuhlendorf and Engle 2001, 2004). PBG
might enhance both forage quality and availability while creating
spatially heterogeneous vegetation structure (Fuhlendorf and En-
gle 2001, 2004; Allred et al. 2011, 2014; McGranahan et al. 2012;
Augustine and Derner 2014; Scasta et al. 2016; Fulgoni et al. 2020;
Spiess et al. 2020; Wang et al. 2020). PBG includes targeted spatial
and temporal manipulations of fire to manage specifically for pyric
herbivory, the fire-grazing interaction where grazing is driven by
fire (Fuhlendorf and Engle 2001, 2004; Scasta et al. 2016). PBG in-
cludes rotational application of fire to spatially discrete portions of
a pasture that attracts cattle to graze primarily on recently burned
areas, where responding growth increases in digestibility (i.e., the
proportion of organic matter in the forage that is digested) and
has greater amounts of crude protein and other important nu-
trients, such as phosphorus (needed for rumen microbes Satter
et al. 2005), while avoiding unburned areas (Allred et al. 2011;
McGranahan et al. 2013; Scasta et al. 2016). In contrast, typical FB
management promoted homogeneous spatial distribution of cattle
grazing (McGranahan et al. 2016). Although most studies on PBG
have been conducted in temperate grasslands, a few studies sug-
gest PBG will improve forage resources in fire-prone subtropical
humid grasslands (Duvall and Whitaker 1964; McGranahan et al.
2013, 2014; Scasta et al. 2016).

PBG can improve or maintain production outcomes in cattle-
grazing operations compared with traditional management, but
effects may vary depending on grassland type, productivity, and
stocking density (Duvall and Whitaker 1964; Vermeire et al. 2004;
Limb et al. 2011; Augustine and Derner 2014; McGranahan et al.
2014; Spiess et al. 2020). Within patch-burned systems, forage in
burned patches typically has greater crude protein than forage in
unburned patches (Allred et al. 2011; McGranahan et al. 2014;
Scasta et al. 2016). However, low productivity or high stocking
can limit the benefits of PBG by reducing fuel loads and, in turn,
burn completeness, leading to reduced patch contrast in crude pro-
tein and other attributes between burned and unburned patches
(McGranahan et al. 2013; Augustine and Derner 2014; Scasta et al.
2016; Spiess et al. 2020). Differences in stocking density or pro-
ductivity could drive different responses in seminatural grasslands

versus intensively managed pastures. However, studies in grass-
lands across management intensites have shown relatively consis-
tent results. For example, McGranahan et al. (2014) found that in
an old field pasture located in the southeast United States domi-
nated by Andropogon virginicus, a weedy native bunchgrass, PBG in-
creased crude protein content and created spatially heterogeneous
vegetation. Similarly, in North Dakota, in the northern Great Plains
of the United States, a patch-burning study conducted on grass-
lands dominated by introduced grasses and legumes showed that
PBG maintained or improved livestock performance during drought
compared with conventional management and created patch con-
trast in vegetation attributes (Spiess et al. 2020).

In contrast to the extensively studied temperate grasslands,
there are significant knowledge gaps on the impacts of PBG on
forage resources in subtropical humid grazing lands, as well as
the usefulness of PBG across subtropical grasslands with variable
management intensities and abundance of introduced grasses. Like
other global grasslands, subtropical humid grasslands contain vari-
ation in species composition, stocking densities, and management
intensities. Throughout the humid C4 grasslands of the south-
eastern United States, the highest-intensity, improved pastures are
monocultures of introduced grasses with relatively high stocking
density while lower-intensity, seminative pastures (mix of native
and introduced grasses) have moderate stocking density and native
rangeland (only native grasses) has low stocking densities.

To test the impacts of PBG on subtropical humid grasslands
we took advantage of a large-scale experimental pasture ar-
ray installed at Buck Island Ranch (BIR) in Florida, part of the
Archbold—University of Florida US Department of Agriculture Long-
Term Agroecosystem Research (LTAR) site. This is one of 18 sites
forming a nationwide network designed to assess strategies for
sustainable intensification of agriculture at the national scale
(Kleinman et al. 2018; Spiegal et al. 2018). LTAR sites are all con-
tributing toward the network’s continental scale “Common Exper-
iment,” each site comparing production, environmental, and so-
cial outcomes of an aspirational treatment and a business-as-usual
treatment. We present here forage quantity and quality results
from the Archbold—University of Florida LTAR site’s Common Ex-
periment, with PBG as the aspirational treatment and FB as the
business-as-usual treatment. We asked “How did PBG affect annual
aboveground net primary productivity (ANPP), annual digestible
forage production, residual biomass, vegetation growth rate, and
forage nutritive value (crude protein, in vitro organic matter di-
gestibility [[VOMD], and total phosphorus) compared with tradi-
tional FB pasture management in high-intensity improved pastures
and low-intensity seminative pastures?” We hypothesized that PBG
management would create patch contrasts in forage quantity and
forage nutritive value in both improved and seminative pastures.
However, we expected the magnitude of forage responses to PBG
would be greater in native grass—dominated seminative pastures
with lower stocking densities compared with improved pastures
with higher stocking densities.

Methods
Study site

This study took place at the Archbold Biological Station’s BIR,
located in south-central Florida (27°09'N, 81°11'W), a 4 254-ha
commercial cattle ranch (Fig. 1). The climate is subtropical with a
mean annual temperature of 22°C (1998—-2008). Mean annual pre-
cipitation is 1 218 mm (1992-2008), of which 69% falls during the
wet season (June—October) (Swain et al. 2007).

BIR is a typical cow-calf operation with ~2 500 cows, 200
heifers, and 200 bulls. The land has been used for cattle produc-
tion since the 1920s. BIR contains 1 953 ha of intensively man-
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Figure 1. Archbold’s Buck Island Ranch (BIR), a 4 254-ha working cattle ranch located in south-central Florida. Experimental pastures are denoted with letters. This exper-
iment is BIR's Long-Term Agroecosystem Research Common Experiment. FB indicates full burn; PBG, patch-burn grazing; 2017-2019, yr of prescribed fire treatments. Lines
within pastures represent the pasture patches used to delineate fire in PBG treatments and for sampling stratification. Pasture exteriors are fenced, but there are no fences

around patches. See Table 1 for pasture attributes.

aged, improved pasture (IMP) dominated by Argentine Bahiagrass
(Paspalum notatum) and 2 290 ha of seminative (SN) pastures dom-
inated by a mixture of bahiagrass and native grasses such as pur-
ple bluestem (Andropogon glomeratus var. glaucopsis), redtop Pan-
icum (Coleataenia longifolia), carpetgrasses (Axonopus spp)., and
creeping bluestem (Schizachyrium stoloniferum) (see Fig. 1). Both
pasture types contain embedded seasonal wetlands that make up
about 12% of the total ranch area (Boughton et al. 2010, 2016;
Gomez-Casanovas et al. 2020). The typical ranch operation at BIR
uses rotational grazing on IMP pastures in the summer months
(May—September) and rotational grazing on seminative pastures in
the winter months (October—April). Different IMP pastures (based
on soil tests) are selected to be fertilized every 2 yr with N, most
likely NH4SO, or NH4NO; (~26 kg ha~!), and IMPs were histori-
cally fertilized annually also with P until 1987 (1960s—1987, 40 kg

P,05 ha1), resulting in P accumulation in soils. None of the exper-
imental pastures were fertilized during the experiment. Paudel et
al. (in review) showed that IMP pastures had higher nutritive qual-
ity than SN pastures at BIR. Arthington et al. (2007) estimated that
cattle removed, on average, 32% of the forage production at BIR.

Experimental design

To assess the effect of fire regime, FB and PBG, on multiple
ecosystem services in two different pasture-types, we used a ran-
domized block design with four blocks to account for known en-
vironmental differences in soil type and elevation at BIR (Table 1).
The experiment was designed so that within each block, pastures
were similar in elevation, soil type, and soil moisture (see Table 1;
Appendix 1, Fig. S1). Within each of the four blocks, we assigned
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Table 1
Attributes of 16 experimental pastures at Archbold’s Buck Island Ranch. Stocking density in hectares per animal unit mo (AUM-1).
Pasture Block Fire treatment Pasture type Soil type Elevation Average annual soil  Prescribed fire Area (ha) 2017 ha AUM-! 2018 ha AUM~' 2019 ha AUM™!
(masl) moisture & SD (%) dates 2017-2019
A 2 FB IMP Basinger fine sand, 10.63 2298 + 114 31-Jan-17 16.04 0.09 0.09 0.09
Immokalee sand
C 1 FB IMP Immokalee sand 10.82 26.06 £+ 8.5 1-Feb-17 16.1 0.09 0.08 0.09
F 4 FB IMP Immokalee sand, 8.93 22.72 £ 142 3-Feb-17 16.1 0.09 0.08 0.09
Basinger fine sand
N 3 FB IMP Felda fine sand 7.99 2743 £ 129 8-Feb-17 16.1 0.09 0.09 0.09
E 1 PBG IMP Valkaria fine sand, 10.25 2398 + 124 E1: 31-Jan-17; E2: 16.1 0.09 0.09 0.09
Immokalee sand, 22-Jan-18; E3:
Olsdmar fine sand 29-Jan-19
[ 2 PBG IMP Basinger fine sand, 10.53 25.48 + 10.1 13: 31-Jan-17; 16 0.09 0.09 0.09
Immokalee sand I1: 22-Jan-18;
12: 29-Jan-19
] 4 PBG IMP Immokalee sand 9.19 23.36 + 13.3 J1: 3-Feb-17; 16 0.09 0.09 0.09
J3: 22-Jan-18;
J2: 29-Jan-19
P 3 PBG IMP Felda fine sand; 7.99 2543 + 12.6 P1: 6-Feb-17; 16.3 0.09 0.09 0.09
Tequesta muck P3: 23-Jan-18;
P2: 29-Jan-19
B 1 FB SN Malabar fine sand 9.99 23.14 + 13.8 2-Feb-17 16 037 0.49 0.41
G 2 FB SN Placid fine sand, 9.49 1144 + 101 3-Feb-17 16.1 0.36 0.71 0.37
depressional, Oldsmar
fine sand
K 3 FB SN Pineda sand, Malabar 8.23 35.13 + 10.5 8-Feb-17 16.2 0.34 0.71 0.19
fine sand, Felda fine
sand, Pineda sand
M 4 FB SN Felda fine sand, Hicoria  8.04 2734+13.1 30-Jan-17 16.1 0.40 0.96 019
mucky sand,
depressional
D 1 PBG SN Malabar fine sand, 10.16 21.82+10.3 D1: 2-Feb-17; 16 0.36 0.56 0.41
Valkaria fine sand, D3: 31-Jan-18; D2:
Immokalee sand 11-Feb-19
H 2 PBG SN Immokalee sand 9.43 20.80+12.6 H3: 3-Feb-17; 16 0.35 0.90 0.40
H2: 1-Feb-18;
H1: 6-Feb-19
L 3 PBG SN Felda fine sand 8.25 25.06+13.1 L1: 6-Feb-17; 16 0.38 0.81 0.19
L3: 8-Feb-18;
L2/L1: 17-Feb-19
0 4 PBG SN Felda fine sand 8.12 26.71+£13.7 03: 30-Jan-17; 02: 16.1 0.40 0.84 0.20
24-]Jan-18; O1:
29-Jan-19
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four treatments (FB/IMP, PBG/ IMP, FB/SN, PBG/SN), resulting in a
total of 16 fenced pastures within the experiment.

For fire application and sampling, each pasture was divided
into thirds, or patches (~5.3 ha). All pastures had exterior fenc-
ing with no fences between patches. In 2017, we implemented
eight FB treatments (4 IMP and 4 SN) with all three patches
burned (see Table 1). PBG pastures were burned one-third annu-
ally (~33%), with the first third burned in 2017, the second in 2018,
and the third in 2019 (see Table 1). Therefore, all patches were
assigned one of four burn treatments: FB2017, PBG2017, PBG2018,
and PBG2019. All prescribed fires were conducted in January and
February, the typical fire season for the region (Swain et al. 2013)
(see Table 1). Backfires and ploughed firebreaks around pasture
borders were used to control fires. Mowed strips and water lines
were used to conduct PBs within PBG treatments. Any unburned
area within the patches were relit until 95% of the patch was
burned. Following current management practices, cattle grazing
was deferred approximately 30 d after FBs (Putnam 2008) and 1-2
wk after PBG (Fuhlendorf and Engle 2004).

Every effort was made to graze pastures equally within the
same pasture type each year (see Table 1). Hurricane Irma, a cat-
egory 4 storm, occurred on September 11, 2017, and all gates had
to be opened for a period of 2 mo so that cattle could seek high
ground. During this time we assumed cattle were not in experi-
mental pastures. Typically, average stocking density (2014—2020)
at the ranch scale for BIR are 0.18-ha animal unit months (AUM)~!
(5.7 AUM ha~1) in SN pastures to 0.08 ha AUM~! (13.3 AUM ha1)
in IMP pastures.

On average for the 3-yr study, experimental IMP pastures were
grazed at 0.08—0.09 ha AUM~! (0.09 ha AUM~!, 0.084 ha AUM™!,
0.09 ha AUM-1, in 2017, 2018, 2019, respectively; see Table 1).
In SN experimental pastures, we had lower stocking density com-
pared with the ranch scale average (0.18 ha AUM~!) and stocking
density in experimental pastures varied annually (but was simi-
lar across SN pastures within a year), at 0.36 ha AUM~1, 0.77 ha
AUM-!, and 0.30 ha AUM™!, in 2017, 2018, 2019 respectively (see
Table 1). Grazing in SN pastures varied considerably by year in
response to differences in annual precipitation and more variable
available forage.

Environmental conditions

Throughout the course of this study, rainfall and tempera-
ture were measured at a central weather station on BIR (rainfall:
TE525WS-L25-PT, temperature: HC2S3). Within pastures, soil mois-
ture was measured periodically (~3—4 x [yr) at random locations
with a handheld soil moisture probe (CS658 HydroSense II Water
Content Sensor with 20-cm rods) (see Table 1).

Pretreatment biomass data

Before implementation of the experimental treatments, we col-
lected pretreatment standing biomass in November 2016 in all 16
pastures. Nine random points per pasture, stratified by patch (3
per patch), were identified using ArcGIS. The Collector application
was used to navigate to points in the field. A 0.25-m? circular plot
was placed at the location, and all standing biomass was clipped
after litter was removed. Biomass was dried to constant mass at
50-60°C for ~2—-3 d in a drying oven, and dry weight was mea-
sured using a precision balance. These data were collected to as-
sess if there were pretreatment differences in the amount of stand-
ing biomass at both patch and pasture scales, as well as to pro-
vide a reference condition for biomass in unburned patches for
use in ANPP calculations. We found no pretreatment differences
in standing biomass among pasture-scale fire treatments or blocks
(Appendix 2, Table S1). At the patch scale, there was a significant

interaction between patch x type, with FB2017 patches having the
highest standing biomass in IMP and the lowest in SN (Appendix
1, Fig. S2, Appendix 2, Table S3). A Tukey post-hoc test showed
there were no significant differences in standing biomass among
any of the combinations of patch treatments and type in standing
biomass before the experiment (Appendix 2, Table S4).

Forage productivity

We measured aboveground net primary productivity (ANPP, i.e.,
the quantity of biomass produced over the 12 calendar mo of
a year; see equation later) using the moveable exclosure (ME)
method (McNaughton 1985; Knapp et al. 2012) with ~clipping ev-
ery 3 mo of 0.25-m2 plots within wire cage exclosures(ME; >
0.5 m?2) that were randomly relocated after clipping within each
patch to prevent cattle grazing and of paired 0.25-m2-grazed plots
(paired plots [PPs]) located next to the exclosures. For woody
species, only new growth was harvested. For FB pastures, we setup
three exclosures in one of the patches (Ngg =3). For PBG pastures,
we set up three exclosures in each patch (Npg=9) to account for
each patch being burned in a different year of the study. This sam-
pling design allowed for similar sampling intensity among patches
(PBG and FB patches) and allowed us to reduce excessive sam-
pling in FB pastures where all patches had the same fire regime
and where preliminary analysis showed that standing biomass did
not differ among patches within a pasture (analysis not shown).
Biomass was dried to constant mass at 50°C—60°C for approxi-
mately 2—3 d in a drying oven, and dry weight was measured us-
ing a precision balance. Twelve of the 16 pastures were selected
for ANPP measurements due to logistical constraints (Block 3 was
excluded [see Table 1]). Sampling occurred in late 2016 before the
start of the experiment and when cattle were rotated out of a pas-
ture (~3—4 x [yr) (Arthington et al. 2007).

On the basis of these measurements, we calculated the follow-
ing:

o ANPP (Knapp et al. 2012). ANPP = (Y, ME(T2) — —PP (T1)) +
residual biomass in ME at end of growing season, where
ME =exclosure and PP=grazed paired plot. T;=time 1 and
T, =time 2. ANPP is an indicator of annual forage production
and an indicator of the amount of forage available for cattle.

e Residual biomass. Residual biomass is the amount of standing
biomass in a pasture not removed by grazing. Residual biomass
was the amount of biomass measured in the pastures (PP plots)
after each grazing event; thus, values represent an average of
the residual biomass over time and are not representative of a
cumulative annual value.

o Forage biomass accumulation rate. Forage biomass accumu-
lation rate = ME(T,)-PP(T;)/number of days between sampling
events.

o Digestible forage production. Digestible forage produc-
tion =ANPP x [IVOMD% (mean annual in vitro organic matter
digestibility on a dry matter basis). Mean annual IVOMD
per patch was obtained from forage nutritive value sampling
described later.

Forage nutritive value

In 2017, forage nutritive value samples were collected ~every 3
mo (upon cattle rotation out of pastures) at the same time as pro-
ductivity measurements of biomass (see earlier) were made. Start-
ing in January 2018, we sampled plant biomass within each patch
once a month (all 16 pastures). The sampling regime was switched
to monthly samples to better assess seasonal dynamics. In FB pas-
tures, we sampled biomass at four random locations within one
patch using a 0.1-m2 quadrat and these four samples were com-
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posited into one sample. In PBG pastures, we did the same as for
FB, except that we sampled in each of the three patches.

Samples were dried, weighed, and ground biomass to fit
through a 1-mm screen (Wiley Mill, Thomas Scientific, model 4).
All samples were sent to the University of Florida Forage Evalua-
tion Support Laboratory for analysis of the three measures of for-
age nutritive value: total Phosphorus (Total P [%]), total Nitrogen
(Total N [%]), and in vitro IVOMD (%). The method used for total
P and total N was a modification of the standard Kjeldahl pro-
cedure. Samples were digested using a modification of the alu-
minum block digestion procedure of Gallaher et al. (1975). Sample
weight was 0.25 g, catalyst used was 1.5 g of 9:1 K;S04:CuSQOy,
and digestion was conducted for at least 4 h at 375°C using 6
mL of H,SO4 and 2 mL H;0,. P or N in the digestate was de-
termined by semiautomated colorimetry (Hambleton 1977). The
procedure used for IVOMD was the “two-stage” (Moore and Mott
1974). Samples were incubated with rumen microorganisms for
48 h followed by incubation with acid-pepsin. IVOMD results are
in percentage units, the percentage of organic matter that was
“digested” (https://agronomy.ifas.ufl.edu/service-labs-and-facilities/
forage-evaluation-support-laboratory/). Crude protein was calcu-
lated by multiplying total N (%) by 6.25 (Adegbola T. Adesogan
2017).

Statistical analyses

We assessed average wet and dry season soil moisture in rela-
tion to the average elevation of each of the 16 experimental pas-
tures using a linear mixed effects model with elevation as a fixed
effect and block as a random effect. An analysis of variance was
used to assess the impact of block on average wet season and dry
season soil moisture.

To assess pretreatment differences in standing biomass, we
used linear mixed effects models. For pasture scale (entire pastures
[16 ha] FB vs. PBG), fixed effects were treatment (FB/PBG), pasture
type (IMP/SN), their interaction, block, and block x treatment inter-
action, and block/pasture/patch was as a random effect. For patch
scale (each of the three patches in PBG pastures and one patch in
FB [5.3 ha per patch]), fixed effects were patch treatment (FB2017,
PBG2017, PBG2018, and PBG2019), pasture type (IMP/SN), their in-
teraction, block, and block x treatment. The models included a ran-
dom effect of block/pasture/patch to account for the randomized
block design and nested patches within pastures.

We conducted linear mixed effects models at the patch scale
(each of the three patches in PBG pastures and one patch in FB [5.3
ha per patch]) and at the pasture scale (comparisons at the treat-
ment level (entire pastures [16 ha] FB vs. PB) for each dependent
variable. For patch-scale analyses, fixed factors were yr (2017, 2018,
2019); patch treatment (FB2017, PBG2017, PBG2018, and PBG2019);
and pasture type (IMP or SN) and their interactions. For pasture-
scale analyses, fixed factors were year, treatment (PBG or FB), and
pasture type and their interactions. All models also included a
main effect of block and a block x treatment interaction to assess
whether fire treatments responded differently among blocks. Block
was included as a fixed effect due to its known relationship to el-
evation gradient and as a random effect to account for any other
environmental variables that may vary among blocks. Year was in-
cluded as a fixed effect due to variables such as total precipita-
tion, pattern of precipitation, and any differences in grazing rota-
tion patterns that may have occurred among years. All models in-
cluded a random effect of block/pasture/patch to account for the
randomized block design and nested patches within pastures.

Forage quality models also included an additional fixed effect
of time since fire in days. The time-since-fire variable was calcu-
lated in relation to the experimental fires implemented each year
with the intent of understanding forage nutrient dynamics within

a year, with zero representing the day when the experimental fires
occurred within each year.

We considered alpha=0.05 to indicate significance. Interactions
without clear effect (P> 0.10) were omitted from final statistical
models (Appendix 2, Tables S1-S18). Residual biomass, biomass
accumulation rate, and Total P were log transformed before anal-
ysis to meet the assumption of normality. Residual plots were as-
sessed to check assumptions of normality and homogeneity of vari-
ance; no violations were detected. All analyses were conducted in
R version 4.0.2 (R Core Team 2018) and used Ime4 (Bates et al.
2015), effects (Fox and Weisberg 2019), and sjPlot (Liidecke 2021)
packages in R. In the next section, we present significant estimates
and 95% confidendence intervals in brackets for all responses with
full tables of analyses in Appendix 2.

Results
Environmental conditions

Total precipitation for each yr of the study was 1 361 mm,
1 023 mm, and 1 208 mm, in 2017, 2018, 2019, respectively
(Fig. 2). Wet -season average soil moisture (%) varied across
BIR’s elevation gradient, with higher-elevation pastures having
lower wet season average soil moisture (%) (estimate=—2.86,
Clysy [—5.28 to —0.45], P=0.02, R? =0.35). Therefore, experimental
blocks, which were arrayed across BIR’s elevation gradient, varied
in wet season average soil moisture (block; Fj31,) = 6.67, P=0.007)
(see Table 1, Appendix 1, Fig. S1), with the lower-elevation blocks
(blocks 3 and 4) having the highest wet season soil moisture. Dry
season average soil moisture did not vary across the elevation gra-
dient (—1.65 [—4.82 to 1.52], P=0.31, R2 =0.07) or by experimental
block (block; Fi31; - 1.28, P=0.33).

Aboveground net primary productivity and digestible forage
production

Over the 3-yr period, ANPP was on average 5 474 + 3 534 kg
ha-! yr-!(mean =+ standard deviation). ANPP tended to be higher
in improved pastures, with on average 5 875 + 3 250 kg ha~! yr-!
in IMP and 5 073 + 4 240 kg ha~! yr—!1 in SN pastures (Appendix
1, Fig. S3).

At the pasture scale (FB vs. PBG; 16 ha), ANPP did not differ be-
tween FB and PBG treatments and the only clear difference found
in ANPP was among years, with the highest ANPP in 2018 (258.54
[150.13-366.95], P < 0.001) (Appendix 2, Table S5). ANPP did not
differ among pasture types (pasture type [SN]: —89.02 [-247.78 to
69.74], P=0.27), treatments, or blocks (Appendix 2, Table S5).

At the patch scale (~5.3 ha), the model of ANPP included a sig-
nificant interaction of patch x year (Appendix 2, Table S6). ANPP
varied by patch treatment and year (Fig. 3A). In the first year of
the study, the FB2017 and PBG2017 were both treated with pre-
scribed fire, and these areas had greater ANPP compared with un-
burned patches (PBG2018 [-278.89 {—521.16 to —36.63}], P=0.02)
and PBG2019 [-243.92 {—486.18 to —1.65}], P=0.05). In the sec-
ond yr (2018), the highest ANPP occurred in the PBG2017 patch,
the patch that was burned the previous yr (282.75 [-16.37 to
581.87], P=0.06), and in 2019, the highest ANPP occurred in the
PBG2018 patch (344.56 [45.44-643.68], P=0.02), the patch that
was burned the previous yr.

At the pasture scale, annual digestible forage production was
impacted by an interaction of fire treatment x year (Appendix 2,
Table S7). Digestible forage production was greater in FB pastures
compared with PBG in 2017, but in 2018 and 2019, annual di-
gestible forage production in PBG treatments was greater than
FB (2018: 113.44 [28.19-198.69], P=0.009; 2019: 99.18 [13.94 -
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Figure 2. Rainfall conditions during the study period from January 2017 to December 2019 compared with the 20-yr average.
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Figure 3. A, Annual aboveground net primary production (ANPP) for each patch-burn treatment and year. B, Annual digestible forage production per year and pasture-scale
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Table 2

Average annual digestible forage produced among pasture types and treatments. All data in gm/m?/yr.

IMP digestible forage production, g/m?/yr (mean + standard deviation)

2017 2018 2019
FB 265.08 + 178 24211 + 46 205.80 + 93
PBG2017 281.74 + 138 313.54 + 162 186.78 + 85
PBG2018 65.44 + 99 171.67 + 74 21774 £ 75
PBG2019 144.78 + 135 229.82 + 81 214.61 + 35
PBG—overall 163.99 + 124 238.34 + 105 206.38 + 65
Percent difference (PBG—FB/FB) -0.38 -0.02 0.00
SN Digestible Forage Production, g/m?/year (mean + sd)
FB 221.81 + 116 223.92 £+ 190 7213 £ 52
PBG2017 219.58 + 92 34291 + 159 9373 £ 73
PBG2018 130.36 + 82 242.40 + 153 11331 £ 78
PBG2019 75.87 £ 91 235.52 £ 161 59.81 £ 75
PBG—overall average 141.94 + 88 273.61 + 157 88.95 + 75
Percent Difference (PBG—FB/FB) -0.36 0.22 0.23

184.43], P=0.02) (see Fig. 3B). There was not a significant treat-
ment x type interaction; however, trends in the two pasture types
were different. In the year of the FB, both pasture types showed
greater digestible forage production in FB versus PBG. However, in
the second and third yr, pasture-type responses diverged where di-
gestible forage production was relatively similar between fire treat-
ments in IMP while in SN, PBG treatments had greater digestible
forage production than FB (Table 2).

Patch scale dynamics showed clear patch x yr interactions for
annual digestible forage production (Appendix 2, Table S8). In 2018
and 2019, the PBG 2018 and PBG 2019 patches had greater di-
gestible forage production than those same patches in 2017 (Ap-
pendix 2, Table S8).

Average residual biomass and biomass growth rate

At the pasture scale, average residual biomass was greater in
IMP versus SN in 2017, while in 2018 and 2019, residual biomass
was greater in SN (2018: 0.59 [0.30-0.87], P < 0.001; 2019: 0.48
[0.17-0.79], P=0.002) (Appendix 2, Table S9). Fire treatment also
interacted with yr, with PBG having lower residual biomass than
FB in 2018 and 2019 (2018: —0.33 [-0.65 to —0.00], P=0.05; 2019:
—0.45 [-0.81 to —0.09], P=0.01).

At the patch scale, there was less residual biomass in the
burned patch of the yr (PBG2018 x Yr2018, —0.74 [-1.26 to —0.23],
P=0.005; PBG2019 x Yr2018, —0.92 [1.49 to —0.34], P=0.002) and
higher residual biomass in the unburned patches (Appendix 2, Ta-
ble S10, see Fig. 3C).

Average biomass growth rate varied by year and was on average
10.2 + 42 kg ha=! d~1. The slowest growth rate was measured in
2019 (-0.60 [-1.0 to —0.16], P=0.007; Appendix 2, Table S11). A
pasture-scale fire treatment x yr interaction showed that in 2 of 3
yr, growth rates were higher in FB, except in 2018, when growth
rates were higher in PBG (0.54 [0.10-0.99], P=0.02; Appendix 2,
Table S11).

At the patch scale, patch treatment interacted with year, with
greater growth rates in PBG 2018 (0.87 [0.32—-1.42], P=0.002) and
PBG 2019 (0.55 [0.00—1.09], P=0.05) in the yr 2018 compared with
growth rates in those patches in 2017 (Appendix 2, Table S12).

For models of biomass variables, the main effect of block was
never significant, indicating that elevation explained little variation
in forage production, residual biomass, or growth rates (Appendix
2, Tables S5-12).

Forage nutritive value

Throughout the 3-yr experiment, average crude protein (% on
dry matter basis) was 6.34% + 1.86% in IMP (mean + stdev) and
6.36% + 2.25% in SN, average IVOMD was 36.32% + 8.77% in IMP

and 33.31% + 9.53% in SN, and Total P was 0.13% + 0.06% in IMP
and 0.12% + 0.08% in SN.

For crude protein, at the pasture scale, PBG treatments had sig-
nificantly greater crude protein than FB treatment in 2018 (2.12
[1.24-2.99], P < 0.001) and 2019 (2.13 [1.17-3.09], P < 0.001) (Ap-
pendix 2, Table S13). Patch scale analysis showed greater crude
protein in the recently burned patches of each year (Appendix 2,
Table S14). There was also a three-way pasture type x patch treat-
ment x year interaction that indicated SN pastures patches had
more variable crude protein responses than IMP (Appendix 2, Table
S14; Fig. S4).

A treatment x year x pasture type interaction showed that in
2017, Total P was the higher in IMP versus SN in FB treatments
but higher in SN versus IMP in PBG. In 2018 and 2019, Total P
was greater in IMP forage regardless of fire treatment (Appendix
2, Table S15). Patch scale analysis showed greater Total P in for-
age of the recently burned patches of each year (Appendix 2, Table
S16). At the patch scale, for Total P, a pasture type x patch treat-
ment x year interaction indicated that the pasture types had simi-
lar responses to fire, with elevated Total P in forage in response to
recent burns, but IMP had higher Total P than SN for the major-
ity of the combinations of pasture type, patch treatment, and year
(Appendix 2, Table S16).

In general, IMP forage had greater IVOMD than SN (-2.75
[-4.31 to —1.18], P=0.001). (Appendix 2, Fig. S5 and Table S17). For
forage IVOMD, an interaction of treatment x year indicated that in
the first year of the study, FB treatments had greater IVOMD than
PBG (Appendix 2, Table S17; see Fig. 3D). However, in yr 2 and 3,
the PBG treatment had greater IVOMD (2018: 5.66 [2.71-8.61], P
< 0.001; 2019: 8.27 [5.05-11.05], P < 0.001). At patch scales, there
was a strong effect of fire on forage IVOMD (see Fig. 3D). In the
first year of the study, both the FB2017 and PBG2017 patches had
high and similar levels of IVOMD (Appendix 2, Table S18). In the
second yr, the PBG2018 patch that was burned had clearly higher
IVOMD (11.04 [7.66—14.43], P < 0.001) than other patches, and in
the third yr, the PBG2019 recently burned patch had the highest
IVOMD (14.21 [10.54-17.89], P < 0.001).

At patch scales, crude protein, total P, and IVOMD were higher
in recently burned patches compared with unburned patches and
forage nutritive value metrics peaked at ~120—150 d post fire. The
magnitude of the response of these variables to fire varied among
years (Fig. 4A—C). There was no clear effect of block on any of the
forage nutritive value metrics.

Discussion

As hypothesized, PBG management created patch contrast (i.e.,
differences between burned and unburned patches within PBG
pastures) in biomass and forage nutritive value metrics. Similar to
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Figure 4. A, Crude protein. B, Total phosphorus (P). C, In vitro organic matter digestibility response to patch-burn treatment, days since the patch-burn of the yr, and yr.
FB2017, full-burn 2017; PBG2017, patch-burn 2017; PBG2018, patch-burn 2018; PBG2019, patch-burn 2019.

other studies, recent fire increased all forage nutritive value met-
rics and reduced residual standing biomass (Duvall and Whitaker
1964; Coppedge et al. 1998; Griebel et al. 1998; Allred et al. 2011;
McGranahan et al. 2013). Many studies of PBG do not evaluate
ANPP responses, and our study showed variable effects of PBG on
forage production and growth rate, with potential lag effects as
in 2 of the 3 yr, the highest ANPP occurred in patches that were
1 yr since fire. At the pasture scale, PBG had greater crude pro-
tein and IVOMD than FB in 2 of 3 yr, but the effect was not as
marked (only an increase of 0.7%—3.1%) as found in other stud-
ies (Scasta et al. 2016). When combining forage nutritive value and
production metrics to assess digestible forage production, results
suggested that the impact of fire management was highly variable
across years and differs by pasture type. In IMP, digestible forage
production responses ranged from 0% to 38% less in PBG versus
FB, while in SN digestible forage production ranged from 23% more
production to 36% less in PBG versus FB. This large range was ex-
plained by a larger production response to fire in the first year of
the experiment in FB versus PBG in both pasture types. Contrary to
our hypothesis, but in line with the literature (McGranahan et al.
2014; Spiess et al. 2020), responses of the two pasture types were
relatively consistent to fire treatments at both patch and pasture
scales. These results suggest that PBG may be a useful manage-
ment tool for enhancing forage nutritive value and creating patch
contrast in both seminative and improved subtropical humid pas-
tures, but PBG does not necessarily increase productivity relative
to FB management.

At the patch scale, we found that ANPP was increased after
fire in 2017, while at the pasture scale there was no detectable
difference between FB and PBG. A positive effect of fire on plant
production is due to a combination of three factors: 1) release
from light limitation, 2) increased soil moisture, and 3) increased

N availability (Blair 1997). In subtropical humid grasslands, it is
likely all three of these factors drive ANPP. In terms of light, ac-
cumulations of dead biomass in long unburned plant communities
can result in depression of ANPP and fire removes dead biomass
and increases ANPP (Boughton et al. 2018). A similar effect may be
present in the Great Plains in the humid prairie peninsula and tall-
grass prairie, where plant production is often higher on burned ar-
eas than areas not burned where high standing dead and litter ac-
cumulation may depress production (Kucera and Ehrenreich 1962;
Old 1969; Bidwell and Engle 1992). Soil moisture has been shown
to increase following fire as evapotranspiration is decreased from
removal of aboveground biomass. This increase in soil moisture
may be especially important for ANPP in the early growing season
(Weekley et al. 2007). Lastly, PBG has been shown to increase soil
N availability, which can increase ANPP in these subtropical hu-
mid grasslands (Boughton et al. 2018). Anderson et al. 2006 found
that in a patch-burn system, the fire-grazing interaction alters soil
N availability, with greater net N mineralization following recent
fire and focal grazing disturbance. Increased soil N availability in
burned patches was due to increased grazing pressure in the re-
cently burned patches that was approximately 3 x that of the uni-
form grazing treatment (Anderson et al. 2006).

In contrast to the first year of the study, ANPP was lowest in
recently burned areas in 2018 and 2019, suggesting that ANPP may
have been negatively impacted by the combination of recent burn-
ing and heavier grazing in burned patches during those years, pos-
sibly due to differences in rainfall, grazing patterns, or fire intensity
among years. Although many species are able to recover after graz-
ing, negative impacts of defoliation on grasses have been shown as
intensity or frequency of defoliation increases (McNaughton 1983),
so despite increased N, soil moisture, and light in burned and
grazed patches, high grazing pressure may have limited recovery of
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some species. This was not the case in 2017. However, in both 2018
and 2019, there was a trend for the previously burned patch (1 yr
time-since-fire) compared with other patches to have the great-
est ANPP. This may also be explained by an intermediate amount
of standing dead in these patches that may ameliorate low soil
moisture in the dry season and does not yet suppress production.
Compared with other rangeland types such as semiarid shortgrass
steppe, which showed no impact of prescribed fire on aboveground
biomass production (Augustine et al. 2010), our results suggest
subtropical humid grasslands are not as resistant to fire and graz-
ing interactions, but they are resilient with potentially important
lag effects of the grazing and fire interaction to plant production.

PBG created heterogeneity in standing biomass in subtropical
humid grasslands. As expected, residual standing biomass was sig-
nificantly lower in the burned patches of each year, creating het-
erogeneity in standing biomass within both pasture types under
PBG. It was the combined impact of fire and grazing that created
this heterogeneity consistent with our observation of higher graz-
ing intensity in burned areas than unburned patches from cattle
GPS collars (RK Boughton and Smith, unpublished). Heterogeneity
in a grassland context refers to variability in vegetation stature,
composition, density, and biomass and influences species diver-
sity, wildlife habitat, and ecosystem function (Fuhlendorf and En-
gle 2001). Since PBG results in higher heterogeneity in subtropi-
cal humid grasslands, this may have similar positive benefits on
biodiversity as those found in the Great Plains, but impacts on
higher trophic levels have yet to be studied in subtropical grass-
lands (Fuhlendorf and Engle 2004; Fuhlendorf et al. 2006).

PBG increased forage nutritive value at both patch and pasture
scales as found in other studies. At the patch scale, all forage nu-
tritive value metrics were higher in the burned patch of each year.
The annual increase in tissue quality and digestible forage produc-
tion in a PBG system, as opposed to once every 3 yr in a FB system,
is an important consideration for ranchers. Our results show that
subtropical humid grassland, like other global rangelands, exhibits
increases in forage nutritive value after fire (Scasta et al. 2016);
however, crude protein responses to fire were not as great as in
other grassland types. There was only a small average annual in-
crease in crude protein between burned and unburned areas in our
study at 1.7% in IMP pastures (range 0.69%—3.1% [peak May/June])
and 3.6% in SN pasture (range 2.0%—6.2% [peak May/June]). This
is much lower than an average increase of 7.2%—12.8% between
burned and unburned areas in shortgrass, mixed grass, and tall
grass prairie (Scasta et al. 2016). This difference in the relative in-
crease in crude protein after fire between subtropical versus tem-
perate grasslands may be due to lower overall absolute values of
crude protein % in vegetation within subtropical humid grasslands
versus temperate graslands. On average, vegetation has 7.12% and
7.23% crude protein in improved and seminative subtropical humid
pastures at peak season, respectively. In comparison, vegetation in
temperate tallgrass prairie had ~10% crude protein at the peak of
the growing season (Spiess et al. 2020). Alternatively, the muted
difference between unburned and burned patches in subtropical
humid grasslands may be due to the timing of the burn in relation
to the growing season. Future research should test the impact of
different season of burns on forage nutritive value patch contrast.

There were a few pasture-type differences likely driven by
species composition, fertilization practices, and grazing pressure.
Improved pastures had greater IVOMD and Total P in vegetation.
Compared with P. notatum, which dominates IMP, native bunch-
grasses that dominate SN pastures have relatively lower nutritional
quality (Kalmbacher et al. 1981, 1985). IMP did not receive fertil-
izer during the study period and only intermittently received N fer-
tilizer before the start of this experiment. In the past, P fertiliza-
tion was a common practice but ceased in 1986 at BIR (Swain et al.
2007). Higher stocking rates in IMP pastures may have also main-

tained higher forage nutritive value, as studies have shown that
IVOMD generally increases with increased stocking rate (Garay et
al. 2004).

The creation of heterogeneity in biomass with PBG that we ob-
served may result in cascading benefits to other ecosystem func-
tions and services in subtropical humid grasslands, and our work
is under way to examine cattle behavior, greenhouse gas regula-
tion, water use efficiency, and plant diversity responses to PBG.

Management Implications

Our study resulted in three main conclusions: 1) PBG man-
agement employed on improved and seminative subtropical hu-
mid pastures created heterogeneity through patch contrast in for-
age nutritive value (total P, crude protein, and IVOMD); ANPP; di-
gestible forage production, and residual biomass; 2) PBG benefited
forage nutritive value in both IMP and SN; and 3) PBG benefited
digestible forage production in seminative pastures.

Even though the pasture types responded relatively consistently
and we did not detect a clear interaction of pasture type x fire
treatments, it is important for a ranchers making management de-
cisions to break down results by pasture type. For the rancher,
the cumulative impact of PBG and FB is important. What does
this mean from an economic standpoint? Using a simple economic
model (Bankovich et al. 2016; Ferrell et al. 2006) that combines
productivity and forage digestibility and assuming that digestible
forage production was directly related to the ability of a unit area
to produced beef and using minimum, median, and maximum calf
prices from 2012 to 2020, we estimated the economic impact of
using PBG management in IMP and SN (Appendix 3). In IMP, di-
gestible forage production responses ranged from 0% to 38% less
in PBG versus FB, while in SN digestible forage production ranged
from 23% more production to 36% less in PBG versus FB (see Table
2). On the basis of this difference in forage production, modeled
calf production showed a $246—$563 (median $312) loss per ha in
IMP pastures when using a 3-yr PBG cycle compared with an FB
once every 3 yr. In SN pastures, modeled calf production showed a
gain of $19 to $43 (median $24) per ha when using a 3-yr patch-
burn grazing cycle compared with an FB once every 3 yr.

The median projected gain for SN pastures was $24/ha and,
while modest, is not insignificant when considering the area of
seminative pastures. For example, at BIR, with 2 290 ha of SN pas-
tures, this would result in ~$55 000 gain over the 3-yr PBG cycle.
In the five-county region surrounding BIR, the economic gain of
using PBG in seminative/native range (23 000 ha) is estimated at
~$552 000 over a 3-yr cycle if similar stocking rates to BIR are
used. In SN pastures, the real value for implementing PBG is that
it is both economically viable and has ecological benefits. Addi-
tional economic benefit could come from the integration of PBG
into cost-share programs such as the Natural Resources Conserva-
tion Service Environmental Quality Incentives Program and Conser-
vation Stewardship Program, which would offset the cost of man-
agement for ranchers.

Our economic analysis did not include actual calf production,
supplemental feed or fertilizer inputs, and labor costs because of
scale and experimental design. In subtropical humid grasslands of
Florida, labor costs of PBG and FB may not be very different be-
cause PBG could entail organization of burn units using natural
fire breaks such as ditches and roads rather than increased plowed
fire breaks. One additional benefit of PBG is that pastures always
contain forage in unburned areas, potentially reducing risk or in-
creasing resiliency in relation to extreme annual events such as
droughts or freezes. Further investigation of these varied socioeco-
nomic impacts could allow us to assess whether PBG allows ranch-
ers access to the best of both worlds, the opportunity for enhanced
forage nutritive value in each of their pastures and also a grass
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bank in case of drought or freeze (Allred et al. 2014; McGranahan
et al. 2014; Spiess et al. 2020).

This study is contributing toward the LTAR continental scale
cross-site analysis to compare aspirational and business-as-usual
management. Aspirational management systems, as defined by
the USDA LTAR network, should increase or maintain agricultural
production while maintaining or improving environmental quality
(Spiegal et al. 2018). Our results suggest that PBG is an aspirational
management regime that is both economically and environmen-
tally viable in SN pastures, but while some benefits of PBG occur
in IMP, there may be an economic risk to using PBG in IMP. At
Archbold-UF LTAR, our next iteration of aspirational management
in IMP is under consideration and will be defined with stakeholder
input.
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