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Grazing lands are complex socio-ecological
systems that provide vegetation for livestock consumption and a host of other
ecosystem services including clean water,
recreation, and wildlife habitat (Havstad
et al. 2007; Gunter and Cole 2016).
Grazing management occurs along a continuum of alternative strategies (Kachergis et
al. 2013; Roche et al. 2015a). Grazing managers often adjust the timing and intensity
of grazing, length of graze and rest periods,
and livestock distribution to achieve production and environmental goals (Toombs et
al. 2010; Teague et al. 2013). Adaptive management that achieves ecosystem health and
profitability goals typically involves a basic

understanding of rangeland dynamics, consideration of diverse constraints including
spatial and temporal variability, and determination of appropriate short- and long-term
indicators and responses (Teague et al. 2011;
Derner et al. 2021). The influence and complexity of human dimensions are critical
factors for adaptive management (Briske et
al. 2011b; Roche et al. 2015b; Derner and
Augustine 2016;Wilmer et al. 2018a, 2018b).
Several adaptive management strategies
can be used in humid subtropical regions
(e.g., central Texas) in attempts to increase
vegetation and livestock production.
For example, overseeding grassland with
cool-season species and incorporating annual
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Abstract: Debate on the superiority of rotational or continuous grazing continues, but proponents of each call for additional research to enhance grazing management decisions. The
short-term impact of transitioning from continuous grazing to an alternative grazing system is not well understood even though the transition can require substantial changes in
infrastructure and management decisions related to forage availability, grazing duration and
livestock movement, forage planting, and supplemental feeding.The objective of this five-year
case study in a humid, subtropical environment was to evaluate real-world challenges and
opportunities for beef cattle operations transitioning from conventional continuous grazing
to a planned rest-rotation grazing system.The experimental data and observations (i.e., forage
production, diet quality, cattle response, economics, and soil health) showcased that management changes under the planned rest-rotation system had potential for increased annual
forage production, improved soil health (on cultivated grazed paddocks with multispecies
forage crops, but not on grassland), and reduced costs; however, conventional continuous
grazing produced higher body condition scores for cows and higher revenue. Average annual
profits (~US$5.32 ac–1 [US$2.15 ha–1]) were similar for both grazing systems considering all
economic factors. Key lessons learned and challenges faced include the difficulty of no-till
establishment of cool-season multispecies forage in cultivated grazed paddocks and the
importance of adequate fertilization of supplemental forage crops and dietary supplementation in the cold season.

crops and forages increases forage production and diversity (Rouquette Jr. 2017).
Resulting increased plant cover reduces soil
erosion and improves soil health through
increased organic carbon (C) and microbial
diversity (Franzluebbers 2007; Toombs et al.
2010; Delgado et al. 2011). Cover crops and
organic soil amendments (e.g., manure) can
reduce inorganic fertilizer use, and conversion of marginal and/or degraded cropland
to grassland can improve soil structure, fertility, and health, and reduce soil erosion
(Franzluebbers 2007; Delgado et al. 2011).
Additionally, managing for adequate standing hay (dry matter) entering the dormant
season can reduce the need for supplemental
feed or hay, though additional protein and
energy may be required if forage quality is
poor during this period.
Rotational grazing is another such alternative management strategy that has been
vigorously debated in recent decades; specifically, is rotational grazing a superior
strategy versus continuous grazing (Briske et
al. 2008)? Rotational grazing is defined as the
movement of livestock between paddocks
to provide alternating periods of grazing
and rest (Heitschmidt and Taylor 1991).
Multipaddock grazing strategies emphasize
short (days to weeks) grazing periods followed by longer (months to over a year) rest
and recovery periods (Roche et al. 2015a).
Benefits of rotational grazing have been
reported in more mesic, productive environments (Gerrish 2004; Jacobo et al. 2006;
Delgado et al. 2011; Janzen 2011; Teague et
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age production, diet quality, cattle response,
economics, and soil health) showcase realworld challenges and opportunities.
Materials and Methods
Site Description. This study was conducted
at the USDA Agricultural Research Service
(ARS) Grassland Soil and Water Research
Laboratory “Riesel Watersheds” near Riesel,
Texas (figure 1). The Riesel Watersheds are
a Historic Landmark of Agricultural and
Biological Engineering and a Long-Term
Agroecosystem Research (LTAR) network site. Located in the Texas Blackland
Prairies ecoregion (Omernik 1987), soils
are dominated by highly expansive Vertisols
(shrink-swell clay soils), particularly the

Houston Black clay soil (fine, smectitic, thermic, udic Haplustert, 17% sand, 28% silt,
and 55% clay). These soils are very slowly
permeable when wet (saturated hydraulic
conductivity ≈ 0.06 in hr–1 [1.5 mm h–1]);
however, preferential flow associated with
soil cracks contributes to high infiltration
rates when the soil is dry (Arnold et al. 2005;
Allen et al. 2005). This ecoregion is characterized by gently rolling terrain, fertile prairie
soils, and a sub-humid climate. Grasslands are
predominantly introduced Bermuda grass
(Cynodon dactylon) and native rangeland used
for grazing and hay production.
Implementation of the Case Study Design.
In 2011, we initiated planning and conducted
a resource inventory based on USDA Natural

Figure 1
Land use for the North Ranch with a “planned rest-rotation” grazing system and the South
Ranch with a “conventional” grazing system.
Texas Blackland
Prairie
Riesel

North
(single herd)

North Ranch
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al. 2011, 2013; Jakoby et al. 2015), but definitive results are lacking in arid and semiarid
conditions (Briske et al. 2008).
Rotational grazing employs adaptive management within multipaddock infrastructure
attempting to (1) more properly match forage demand with forage availability, (2)
provide user-defined postgrazing residual forage amounts, (3) facilitate temporal changes
in length of vegetation recovery (i.e., rest
from grazing) as environmental conditions
change, and (4) reduce inputs (Gerrish 2004;
Butterfield et al. 2006; Teague et al. 2013).
Rotational grazing advocates typically point
to the potential for increased stocking rates
resulting from increased forage production
and better forage harvest efficiency, and they
acknowledge the additional costs (e.g., fences,
water [Windh et al. 2019]) and management
intensity required (Knight et al. 2011).
Briske et al. (2011a) and Teague et al.
(2013) provide thorough background information on rotational and continuous grazing,
and while many of their conclusions differ,
both agree on the critical importance of
additional considerations (e.g., complexity
of the grazing systems, human dimensions,
adaptive management, and direct onsite versus ecosystem benefits). Both have similar
objectives—to maintain or restore ecosystem
function and to increase ranch sustainability
and profitability—but address causal mechanisms and biological drivers differently.
Based on the need for additional experimentation to provide valid science on
alternative grazing systems, which is advocated for by both camps (Briske et al. 2011a;
Teague et al. 2011), we implemented a case
study in central Texas on a showcase ranchlevel beef cattle operation under humid
subtropical conditions. The study was
designed to evaluate the short-term impacts
of transitioning from a continuous grazing
system to management-intensive planned
rest-rotation system. Are there important
“lessons learned” that occur in this transition phase that have largely been ignored
in the literature to date? We also wanted to
capture the complexities of beef production
enterprises and the rationale for grazing
management decisions to maximize earnings
in the short term at the expense of long-term
productivity and resource capital value (well
described by Rolfe et al. [2016]; Teague et
al. [2019b, 2020]) that research and extension
programs often fail to fully appreciate. The
experimental data and observations (i.e., for-

South Ranch
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Legend
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Pasture-graze
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N
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gates were open and cattle in each herd were
allowed to access all grassland paddocks on
that side of the east/west divide, and (5) conventional inorganic fertility and herbicide
management. Detailed management information for the continuous grazing system
appears in tables 1 and 2.
The North Ranch was randomly assigned
the “planned rest-rotation” grazing system
on 281 ac (114 ha; three cultivated grazed
paddocks: 61 ac [25 ha]; nine grassland
paddocks: 220 ac [89 ha]; figure 1). On the
North Ranch, we incorporated historical
knowledge and considered NRCS recommendations and made adaptive management
decisions based on the following objectives:
maintain short-term profits, reduce input
costs, and increase long-term production and
profitability. Each paddock, whether grassland or cultivated with mixed-species forage
crops planted, was rotationally grazed with
stocking rate and paddock subdelineation

adjusted for forage conditions. Under this
“aspirational” planned rest-rotation grazing strategy, we (1) created a single herd to
produce short-term high stocking densities,
(2) grazed grassland paddocks on a planned
rotation based on moderate (~50%) utilization to allow sufficient time for full plant
recovery before regrazing, (3) overseeded
selected grassland paddocks with cool-season
multispecies forage crops, (4) planted warmand cool-season multispecies forage crops
on cultivated grazed paddocks with periodic
organic fertilizer application, (5) left standing
forage to decrease supplemental feeding of
hay in the dormant season, (6) used no-till
planting to reduce soil disturbance, and (7)
decreased inorganic fertilizer use. Detailed
management information for the planned
rest-rotation grazing system appears in tables
2 and 3.
Hydrology, Erosion, and Weather.
Hydrologic, soil erosion, and weather data

Table 1
Land management for grassland and cultivated grazed paddocks on the South Ranch under the conventional continuous grazing system.
Paddock

Area
(ha)

Area
(ac)

Dominant
vegetation

Recent							
management
2012
2013
2014
2015
2016

9-21
1.9
4.6
Native*
Hay
Graze
W10
17.6
43.6
Coastal
Poultry litter
Graze
			Bermuda
2001-07,
				
hay, grazed
7-5, 7-6
20.2
49.8
Coastal Bermuda Hay, graze;
Winter forage,
				
plowed
graze, hay,
				
(leveled)
poultry litter
7-10
23.6
58.2
Native
Graze
Graze
20x
3.2
7.9
Native
Graze
Graze
W1
10.7
26.5
Native
Graze
Winter forage,
					graze, hay
6-13
1.8
4.4
Native
Graze
Graze
6-19
3.8
9.3
Native
Graze
Graze
7-16
2.6
6.5
Coastal Bermuda Graze
Graze
6-14
6.2
15.4
Cultivated
Inorganic
Inorganic
			 (forage oats)
fertilizer,
fertilizer,
				
winter oats
winter oats
					(graze)
6-20, 6-21
5.9
14.5
Cultivated
Summer cow
Inorganic
			
(forage oats)
peas, poultry
fertilizer,
				
litter, winter
winter
				
oats (graze)
oats (graze)
5x, 8
16.6
40.9
Cultivated
Poultry litter,
Inorganic
			
(forage oats)
winter oats
fertilizer,
				
(graze)
winter oats
					(graze)
*Never plowed, but grazing pressure affected species composition.
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Graze
Graze

Graze
Graze

Graze
Graze

Graze
Graze

Winter forage, Graze
graze, hay,

Graze

Graze

Graze
Graze
Graze, hay

Graze
Graze
Graze

Graze
Graze
Graze, hay

Graze
Graze
Graze, hay

Graze
Graze
Graze
Inorganic
fertilizer,
winter oats
(graze)
Inorganic
fertilizer,
winter
oats (graze)
Inorganic
fertilizer,
winter oats
(graze)

Graze
Graze
Graze
Inorganic
fertilizer,
winter oats
(graze)
Inorganic
fertilizer,
winter
oats (graze)
Inorganic
fertilizer,
winter oats
(graze)

Graze
Graze
Graze, hay
Inorganic
fertilizer,
winter oats
(graze, hay)
Inorganic
fertilizer,
winter oats
(graze, hay)
Inorganic
fertilizer,
winter oats
(graze, hay)

Graze
Graze
Graze
Inorganic
fertilizer,
winter oats
(graze)
Inorganic
fertilizer,
winter oats
(graze)
Inorganic
fertilizer,
winter oats
(graze)
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Resources Conservation Service (NRCS)
guidance (USDA NRCS 2003, 2013). In
January of 2012, the 563 ac (228 ha) ranch
was divided into two similar smaller ranches.
The South Ranch was randomly assigned
the conventional treatment with year-long
continuous grazing on 282 ac (114 ha; three
cultivated grazed paddocks: 71 ac [29 ha];
nine grassland paddocks: 211 ac [85 ha]; figure
1). This ranch was managed like a majority
of working ranches in Texas that utilize conventional continuous grazing. Each paddock
on the South Ranch, whether grassland or
cultivated with forage oats (Avena sativa L.)
planted, was grazed and/or hayed, and stocking rate was held fairly constant regardless
of forage conditions. Additional “business as
usual” practices on this ranch included (1)
moderate to heavy stocking rates, (2) reliance
on hay during the dormant season to supplement grazing on cultivated oats, (3) separate
herds, (4) “best pasture” grazing in which all

Table 2
Planning, implementation, and management timetable for the South Ranch under the conventional continuous grazing system and the North Ranch
under a planned rest-rotation system.
Continuous grazing

Planned rest-rotation

2012		
2012
• Maintained two herds with 20 to 22 cows each
• Combined two herds into one with 28 to 30 cows based on NRCS Resource Inventory (May
		 based on traditional herd size and “contract”			 2012) and “contract” grazed 25 heifers for 47 days (animal unit days = 45.8 AUD ac–1).
		 grazed 10 heifers for 189 days (animal unit		 • No-till drilled multispecies summer forage on cultivated grazed paddocks (May of 2012).
		 days = 66.5 AUD ac–1).		 • Added additional fence to facilitate rotational grazing (July of 2012).			
• Drilled forage oats on cultivated grazed		 • No-till drilled multispecies winter forage on cultivated grazed paddocks and grassland
		 paddocks (October of 2012).			 paddocks 19 and 11A (October of 2012).					
				 • Installed additional water lines and troughs to provide water to each paddock (December
					 of 2012).

• Drilled forage oats on cultivated grazed			
		 paddocks (September of 2013).		 •
					
				 •
					

grazing.
Applied poultry litter, plowed, and drilled multispecies summer forage on cultivated grazed
paddocks (March of 2013).
No-till drilled multispecies winter forage on cultivated grazed paddocks and grassland
paddocks 19 and 11A (September of 2013).

2014		
2014										
• Maintained two herds with 22 to 27 cows each		 • Further divided selected paddocks with additional temporary fence to facilitate rotational
		 based on traditional herd size and “contract”			 grazing.
		 grazed 17 heifers for 41 days (animal unit		 • No-till drilled multispecies summer forage on cultivated grazed paddocks (May of 2014).
		 days = 73.9 AUD ac–1).		 • Increased herd size to 31 cows (July of 2014) and “contract” grazed 24 heifers for 119 days
• Drilled forage oats on cultivated grazed			 (animal unit days = 51.4 AUD ac–1).
		 paddocks (September of 2014).		 • No-tilled drilled multispecies winter forage on cultivated grazed paddocks and grassland
					 paddocks 19 and 11A (September of 2014).
				 • Replanted forage oats/wheat on cultivated grazed paddocks because of very poor stand
					 (October of 2014).
2015
2015										
• Maintained two herds with 27 cows each		 • No-till drilled multispecies summer forage on cultivated grazed paddocks (April of 2015).
		 based on traditional herd size (animal unit		 • Increased herd size to 36 cows (July of 2015) and “contract” grazed 17 heifers for 74 days
		 days = 79.5 AUD ac–1).			 (animal unit days = 51.9 AUD ac–1).
• Drilled forage oats on cultivated grazed		 • Applied poultry litter, scattered then plowed in multispecies winter forage on cultivated
		 paddocks (September of 2015).			 grazed paddocks (October of 2015).
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2013		
2013										
• Maintained two herds with 21 to 24 cows each		 • Maintained one herd with 28 to 30 cows and “contract” grazed 25 heifers for 28 days
		 based on traditional herd size (animal unit			 (animal unit days = 44.6 AUD ac–1).
		 days = 66.2 AUD ac–1).		 • Further divided selected paddocks with additional temporary fence to facilitate rotational

2016
2016										
• Maintained two herds with 21 to 27 cows each		 • Increased herd size to 53 cows (March of 2016) and “contract” grazed 22 heifers for 280
		 based on traditional herd size (animal unit			 days (animal unit days = 81.8 AUD ac–1).
		 days = 70.7 AUD ac–1).		 • No-till drilled multispecies summer forage on cultivated grazed paddocks (June of 2016).
• Drilled forage oats on cultivated grazed		 • Applied poultry litter, and scattered then plowed in multispecies winter forage on
		 paddocks (September of 2016).			 cultivated grazed paddocks (September of 2016).

have been collected continuously at the Riesel
Watersheds since the late 1930s, and the entire
legacy database is publicly available at https://
www.ars.usda.gov/plains-area/temple-tx/
grassland-soil-and-water-research-laboratory/docs/hydrologic-data/ (Harmel et al.
2014). The intensive rainfall data collec-
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tion program, as described in Harmel et al.
(2003), was continued throughout this project because rainfall timing and amount are
important drivers in vegetative production
and nutrient cycling.
The long-term average precipitation at
Riesel is 35.2 in (894 mm) (Harmel et al.

2003), whereas annual precipitation ranged
from 25.2 to 57.9 in (640 to 1,470 mm) in
the current study (figure 2).
Grassland Forage Production. Forage production was determined from 19.16 ft2 (1.78
m2) grazing exclosures established in five or
six grassland paddocks for each grazing sys-

NOV/DEC 2021—VOL. 76, NO. 6

537

Table 3
Land management for grassland and cultivated grazed paddocks on the North Ranch under the planned rest-rotation grazing system.
				Recent							
Area
Area
Dominant
manage-							
Paddock
(ha)
(ac)
vegetation
ment
2012
2013
2014
2015
2016

tem. A 1.9 ft2 (0.178 m2) subplot within each
exclosure, as well as 1.9 ft2 plots in a transect
extending from each exclosure, were clipped
in the summer and in late fall/early winter
to determine productivity and percentage
vegetation left (residual forage). Forage production was not measured in the cultivated
grazed paddocks on each ranch because we
did not anticipate significant differences in
forage production since we planted forage
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crops and because forage quality differences would be detected in the Grazingland
Animal Nutrition Laboratory (GANLAB)
data. In hindsight, we should have quantified
forage production on the cultivated grazed
paddocks, especially because of the poor
stands of no-till cool-season forage in the
planned-rest rotation system during the first
three winters (2012 to 2013, 2013 to 2014,
and 2014 to 2015) (discussed subsequently).

Differences in total annual forage production
in the grassland paddocks were evaluated
with two sample t-tests.
Livestock Diet Quality. Livestock diet
quality was estimated from fresh manure
samples taken approximately monthly from
four to six cows in each herd (the single
North herd, and two South herds). The
samples were analyzed by the GANLAB
(https://cnrit.tamu.edu/index.php/ganlab)
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11A
2.9
7.1
Coastal
Hay
Winter forage,
Winter forage,
Winter forage,
Rotational
Rotational
			
Bermuda		
rotational graze rotational graze rotational graze graze
graze
19
2.2
5.5
Coastal
Hay, graze
Winter forage,
Winter forage,
Winter forage,
Rotational
Rotational
			
Bermuda		
rotational graze, rotational graze rotational graze graze
graze
					
poultry litter		
Y2
18.5
45.7
Native*
Graze
Rotational
Rotational
Rotational
Rotational
Rotational
					 graze
graze
graze
graze
graze
5-1
13
32.2
Kleingrass
Hay, graze
Rotational graze, Rotational
Rotational
Rotational
Rotational
					 poultry litter
graze
graze
graze
graze
2-7, 2, 4,
20.3
50.2
Native
Graze
Rotational
Rotational
Rotational
Rotational
Rotational
15, 5					 graze
graze
graze
graze
graze
5-19, 17
8.6
21.3
Native
Graze
Rotational graze, Rotational
Rotational
Rotational
Rotational
					 poultry litter
graze
graze
graze
graze
					
(5-19 only)
Lane
5.2
12.9
Native
Graze
Rotational
Rotational
Winter forage
Winter forage
Rotational
					
graze
graze
(upper half),
(upper half),
graze
							
rotational graze rotational graze
Skull Hill
8.2
20.2
Native
Graze
Rotational
Rotational
Rotational
Rotational
Rotational
					 graze
graze
graze
graze
graze
7-A, 16
10
24.9
Native
Graze
Rotational
Rotational
Rotational
Rotational
Rotational
					 graze
graze
graze
graze
graze
5-4, 4-4
1.8
4.4
Cultivated
Winter
Poultry litter,
No-till
Poultry litter,
No-till
No-till
			
(multispecies
forage
winter oats
summer forage, summer forage summer forage summer
			
forage)		
(graze)
no-till winter
(graze), winter
(graze), no-till
forage
						
oats (graze)
forage (graze)
winter forage
(graze),
								(graze)
poultry litter,
									winter forage
									(graze)
5-2, SW13
2.9
7.2
Cultivated
Winter
Summer
No-till
Poultry litter,
No-till
No-till
			
(multispecies
forage
cow peas
summer
summer
summer
summer
			
forage)		
or poultry
forage (graze),
forage (graze),
forage (graze), forage
					
litter, winter
no-till winter
no-till winter
no-till
(graze),
					
oats (graze)
oats (graze)
forage (graze)
winter forage
poultry litter,
								(graze)
winter forage
									(graze)
5-2x, SW11 5.5
13.6
Cultivated
Winter
Summer
No-till
Poultry litter,
No-till
No-till
			
(multispecies
forage
cow peas,
summer
summer
summer
summer
			
forage)		
poultry litter,
forage (graze),
forage
forage (graze), forage
					
winter oats
no-till winter
(graze),
no-till
(graze),
					
(graze)
oats (graze)
winter forage
winter forage
poultry litter,
							(graze)
(graze)
winter forage
									(graze)
*Never plowed, but grazing pressure affected species composition.

Figure 2
Annual precipitation during the study period (2012 to 2016) and the two years preceding (2010
to 2011).
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in Temple, Texas, to estimate dietary crude
protein and digestible organic matter and
determine fecal nitrogen (N) and phosphorus (P) (Lyons and Stuth 1992; Lyons et al.
1995). Differences in dietary crude protein
and digestible organic matter were evaluated
for the summer and winter high-stress periods and for all data were evaluated with two
sample t-tests.
Cattle Response. Body condition scores
(BCS), using a 1 to 9 scale (Herd and Sprott
1986), were recorded from four to six cows
randomly selected from each herd at the
time of manure sampling (approximately
monthly, starting in June of 2012).Weights of
steer calves were recorded at the time of sale
in May or June each year. Differences in steer
calf weights were evaluated for each study
year with two sample t-tests.
Soil Health. To evaluate potential soil
health impacts, soil samples were taken
twice annually (April to July and October
to January) with a manual soil probe (1 in
[2.54 cm] diameter) to a depth of 5.9 in (15
cm). Five subsamples were collected with a
random sampling scheme in each paddock
(tables 1 and 3) to meet USDA NRCS recommendations of at least one core per 12.36
ac (5 ha). Subsamples were composited to
create one sample for each paddock. Samples
were dried and ground and analyzed for
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one-day carbon dioxide (CO2) (soil respiration), water extractable organic C (WEOC),
and water extractable N (WEN) (Haney et
al. 2004, 2006, 2008, 2012; Haney and Haney
2010). Results from the study paddocks were
compared with those of a native (remnant)
prairie at the Riesel Watersheds to determine
if potential changes were due to treatment
effects. Differences in one-day CO2, WEOC,
and WEN across summer and winter and
across land uses were evaluated with two
sample t-tests.
Economics. All costs and revenue sources
were recorded for grazing systems. Actual
costs of veterinary services, seed, fertilizer,
and herbicides/pesticides were used. For
labor, costs were estimated to be US$16.94
hr–1 based on local labor rates. For machinery/fuels costs, local contract rates were used
(e.g., plowing US$10 to US$12 ac–1 (US$25
to US$30 ha–1), spraying/planting/shredding US$5 to US$10 ac–1 [US$12 to US$25
ha–1]). The market value of hay was used as
a surrogate for all costs associated with hay
production and harvest (ranged from US$35
to US$75 depending on market conditions).
Results and Discussion
Grassland Forage Production. As shown
in figure 2, the near average to wet years
helped both ranches recover from the severe
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drought of 2011. Grassland forage production appeared to be higher under the
planned rest-rotation system based on daily
visual observations during the study. Forage
production measurements from grazing
exclosures supported this observation (figure
3); however, spatial variability between grassland paddocks prevented the detection of
statistical differences in mean annual production. T-tests yielded no significant differences
for any year (p > 0.301), the first two years
with near normal rain (p = 0.328), the last
two years with high rainfall (p = 0.689), or
the entire data set (p = 0.646).
Differences in stocking rate and fertilizer
application rate (discussed subsequently)
no doubt influenced these results. Stocking
rate under conventional grazing remained
relatively consistent as per traditional management preference (66.5 to 70.7 animal
unit days [AUD] ac–1 [164 to 175 AUD
ha–1]), whereas the stocking rate under the
planned rest-rotation system was flexible
starting at 44.6 to 45.8 AUD ac–1 (110 to 113
AUD ha–1) in 2012 to 2013, then increasing
to 51.4 to 51.9 AUD ac–1 (127 to 128 AUD
ha–1) for 2014 to 2015, and to 81.8 AUD ac–1
(202 AUD ha–1) in 2016 (table 2).The higher
stocking rate for conventional grazing until
2016 contributed to the visual observation
of less grassland forage production; however,
since production data were collected from
grazing exclosures, any differences can be
attributed to the treatment effect (grazing
system change). Whereas about 50 ac (20.2
ha) of grassland in both ranches received
fertilizer in 2012, grassland fertilization continued only under the continuous grazing
system. From 2013 to 2016, between 45 ac
(18 ha; 21%) and 97 ac (39 ha; 46%) of the
grassland under conventional grazing were
fertilized annually. Fertilizer application
would have increased forage production on
these pastures, which increases the likelihood
the planned rest-rotation system did increase
pasture forage production.
A higher percentage of standing forage
was left by planned rest-rotation grazing after
the growing season (63% ± 21%) and was
available as dry matter for the winter compared to the continuous grazing system (34%
± 26%). How much of this standing dry
matter was utilized by cattle is unknown, but
observations indicated a combination of dry
matter consumption and trampling as cattle
were concentrated in smaller paddocks. We
also observed increased dry matter utilization
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Figure 3
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rest-rotation grazing (p = 0.019), and the
variability was higher (p = 0.021); however,
no significant statistical differences were evident in the two high stress periods (summer
with hot, dry conditions represented by
August through September data, p = 0.514;
winter cold conditions with dormant vegetation and nursing calves represented by

January through February data, p = 0.132).
Cattle on both ranches fared well (high BCS)
in the warm season, but body conditions
were lower under the planned rest-rotation
system in the winter. The practical question
is whether allowing the BCS to decrease to
a lower, but certainly healthy level, is good
or bad in terms of economic returns. There

Table 4
Livestock diet quality (mean ± sd), as indicated by crude protein and digestible organic matter (DOM), along with body condition scores (BCS), for
the planned rest-rotation and conventional continuous grazing systems.
		
Months

Mean/
range

Crude protein (%)		

DOM (%)		

BCS

Planned		
rest-rotation
Conventional

Planned		
rest-rotation
Conventional

Planned			
rest-rotation
Conventional

All

Mean
8.2 ± 2.5
9.6 ± 3.4
61.4 ± 3.5
62.7 ±4.6
6.6 ± 0.5
6.8 ± 0.3
Range
4.7 to 15.9
4.0 to 19.6
55.8 to 70.9
54.9 to 78.8
5.0 to 7.4
5.8 to 7.0
		
(p = 0.010)		
(p = 0.077)		
(p = 0.019)
Aug. to Sept.
Mean
7.6 ± 1.7
8.1 ± 2.0
61.4 ± 3.1
61.3 ± 1.7
6.8 ± 0.2
6.9 ± 0.1
Range
5.9 to 11.6
4.0 to 11.0
55.8 to 65.4
57.4 to 64.4
6.5 to 7.0
6.5 to 7.0
		
(p = 0.482)		
(p = 0.927)		
(p = 0.514)
Jan. to Feb.
Mean
8.4 ± 2.6
12.8 ± 3.7
61.3 ± 4.0
66.6 ± 4.4
6.0 ± 0.6
6.6 ± 0.4
Range
5.3 to 11.9
8.4 to 18.3
56.5 to 67.4
60.5 to 72.5
5.0 to 6.5
6.0 to 7.0
		
(p = 0.023)		
(p = 0.046)		
(p = 0.132)
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when better balanced with protein sources
(e.g., growing forage, syrup, and cake) except
for Kleingrass (Panicum coloratum; paddock
5-1), which cattle refused to eat in the dormant season.
Livestock Diet Quality. As shown in table
4, average forage quality was higher for the
conventional grazing system for both crude
protein (p = 0.010) and digestible organic
matter (p = 0.077). We observed the same
trend in the coldest months (January and
February) for both crude protein (p = 0.023)
and digestible organic matter (p = 0.046).
The difference during the winter high stress
period, characterized by dormant pasture
vegetation and nursing calves, is attributed
to unlimited baled hay fed freely under conventional grazing management. Additionally,
very poor stands of multispecies, cool-season forage on cultivated grazed paddocks
reduced diet quality for cattle under the
planned rest-rotation system in the winters
of 2012 to 2013, 2013 to 2014, and 2014
to 2015 (discussed in Lessons Learned section). In contrast, livestock diet quality did
not differ between grazing strategies in the
summer growing season period (August to
September) across years, which is consistent with prior research (Walker et al. 1989;
Holechek et al. 2000; Briske et al. 2008).
The lack of significant differences during the
summer, despite sugar cane aphids destroying most of the planted forage in the planned
rest-rotation system in 2014, highlights the
success of no-tilling warm-season, multispecies forages in cultivated grazed paddocks.
Cattle Response. As shown in table 4, mean
BCSs were lower for cows under planned

Total annual forage production in grassland paddocks measured from grazing exclosures for the
North Ranch (planned rest-rotation) and South Ranch (conventional). The black dots represent
the 5th and 95th percentiles, the whiskers represent the 10th and 90th percentiles, the box
boundaries represent the 25th and 75th percentiles, the center line is the median, and the dotted line is the mean.

Figure 4
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paddocks in the cool-season. Overall, annual
average costs for the planned rest-rotation system were US$37,050 (US$132 ac–1
[US$53 ha–1]) and for continuous grazing
were US$47,472 (US$168 ac–1 [US$68 ha–1]),
which resulted in a 22% cost reduction.
Whereas the costs were lower for the
planned rest-rotation system, the revenue
was also lower. The revenue fluctuated annually on both ranches based on cattle prices,
calf numbers, and number of older cows
sold. The annual average revenue from selling calves and older cows was US$31,294
for the planned rest-rotation system compared to US$45,735 for continuous grazing.
Revenue from cattle sales for the planned
rest-rotation system was lower because of
lighter calves, especially in 2014, and fewer
cows (smaller herd) resulted in fewer calves
sold. Increased grassland vegetation production and supplemental multispecies forage in
the warm-season did allow additional contract grazing for the planned rest-rotation
system, which provided additional revenue of
US$1,875 yr–1. This added revenue potential
is akin to adding yearlings to cow-calf operations described by Bastian et al. (2018), which
allows more effective temporal matching of
available forage to grazing demands and flexibility to optimize utilization under increased
forage production. Mean annual revenue for
planned rest-rotation grazing was US$38,548
(US$137 ac–1 [US$56 ha–1]) compared to

US$48,971 (US$174 ac–1 [US$70 ha–1]) for
conventional grazing, which is a 21% reduction in revenue.
Overall, during this five-year study, costs
were 22% lower but revenue was 21% lower
for the planned rest-rotation system compared to the conventional grazing system. As
a result, the average annual profit for both
ranches was approximately US$5.32 ac–1
(US$2.15 ha–1) and was unaffected by the
change in management strategy.
Soil Health. During this five-year study,
one-day CO2 (soil respiration) indicated
significant increases over time in grassland
paddocks under both grazing systems, for
cultivated grazed paddocks under planned
rest-rotation grazing and for the native prairie control (tables 6 and 7). These increases
tracked increases in annual rainfall. Cultivated
grazed paddocks under conventional continuous grazing were the only land use without
a significant increase in soil health. This
indicates detrimental effects on soil respiration from the traditional practice of planting
monoculture grazed oats, applying inorganic
fertilizer, and associated soil tillage. No significant differences in mean soil respiration
were observed between summer and winter,
nor between corresponding land uses on the
two grazing systems (tables 6 and 7).
Results for WEOC showed no significant trends over the five-years (tables 6 and
7). Although none of the slopes of the lin-
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is an ongoing debate among producers as to
whether it is worth the extra feed costs to
keep cow body conditions at such a high
level during the winter. A decrease in calving
rates is a good indicator that body condition decline is excessive. In this study, BCS
remained fairly high for both ranches, and
no difference in calving rates was observed.
Weights for 2013 to 2016 for each herd are
shown in figure 4. Average annual steer calf
weights ranged from 632 to 671 lb (286.7 to
304.4 kg) under planned rest-rotation grazing and from 617 to 839 lb (280 to 380.6
kg) for conventional continuous grazing. The
only significant difference in mean weights
(p = 0.0001) occurred in 2014 when the
calves under conventional grazing (avg. 839
lb) outweighed calves under planned rest-rotation grazing (avg. 654 lb [296.6 kg]). This
difference is likely attributed to a very poor
stand and limited productivity of the winter
multispecies forage and to seemingly very low
palatability of the standing Kleingrass hay in
the adjacent paddock used for winter grazing
that year. In response, supplemental protein
was used but likely not quickly enough. In
contrast, grazing oats and unlimited hay under
conventional grazing provided higher quality
feed thus benefitting the cows and calves.
Economics. Cost and revenue data for the
two ranches are shown in table 5. Converting
from conventional continuous grazing to
the planned rest-rotation system led to substantial differences in costs and revenue. For
example, labor costs were reduced by 48%
with planned rest-rotation grazing mostly
due to less time spent plowing and feeding
hay. Similarly, feed costs were reduced (41%),
although more supplemental protein feed
was used because less hay was feed, which
is partially attributed to more “standing hay.”
Machinery and fuel costs were reduced by
46% under the planned rest-rotation system
because plowing was reduced even though
more time was spent planting forage crops.
Fertilizer costs were reduced by 44% even
though more expensive organic fertilizers were applied; however, in hindsight, the
implemented reduction in fertilizer rates was
too substantial. In contrast, additional capital costs were required under the planned
rest-rotation system to install additional
fencing and watering infrastructure to facilitate rotational grazing. Seed costs were also
higher (160%) because of planting cool- and
warm-season forage crops on cultivated
grazed paddocks and on selected grassland

Steer weights for the North Ranch planned rest-rotation grazing system and the South Ranch
conventional grazing system (*p = 0.001).
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Table 5
Results of economic comparison between the planned rest-rotation grazing system and the conventional continuous grazing system.
						Average
Costs/revenue/profit (US$)
2012
2013
2014
2015
2016
annual

ear relationship of WEOC over time were
statistically significant, the positive slopes
(increases) under planned rest-rotation
grazing were larger than under continuous
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grazing, indicating possible treatment effects.
Average soil WEOC concentration was significantly higher in the summer than in the
winter for the native prairie and cultivated

1,508
4,914
428
0
600
0
17,600
3,037
4,457
5,386
0
37,930

2,021
8,189
601
425
604
2,417
8,720
3,390
5,107
4,981
596
37,050

17,412
6,160
0
19,325
42,897
4,967
17.68

31,294
2,393
997
3,865
38,548
1,498
5.33

3,625
9,779
432
0
0
0
0
5,116
1,416
6,733
1,433
28,534

3,896
13,939
792
123
0
0
10,940
6,241
1,968
8,859
714
47,472

33,359
0
0
7,865
41,224
12,690
45.00

45,735
518
1,145
1,573
48,971
1,498
5.31

grazed paddocks under both systems but not
the grassland paddocks. The only significant
difference in WEOC occurred in the winter
when WEOC for cultivated grazed paddocks
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Planned rest-rotation costs
Labor
4,447
1,906
711
1,533
Feed
22,118
7,398
1,435
5,079
Vet.
547
893
428
707
Misc.
756
1,094
0
275
Sampling
735
595
510
580
Capital investment *
12,087
0
0
0
Cattle purchase
0
2,000
12,000
12,000
Machinery/fuel
2,869
4,874
2,285
3,884
Seed
2,845
4,730
7,395
6,110
Fertilizer
6,053
8,078
0
5,386
Chemical
1,060
0
1,021
898
Total costs
53,517
31,568
25,785
36,452
Planned rest-rotation revenue
Cattle sales
52,866
22,110
36,306
27,774
Contract grazing
900
988
2,658
1,258
Hay sales
0
4,810
175
0
Inventory change†
0
0
0
0
Total revenue
53,766
27,908
39,139
29,032
Profit
249
–3,660
13,354
–7,420
Profit ac–1
0.89
–13.02
47.52
–26.41
Conventional costs
Labor
6,225
3,007
1,931
4,692
Feed
37,644
8,137
6,145
7,992
Vet.
374
1,365
544
1,247
Misc.
63
0
0
550
Sampling
0
0
0
0
Capital investment
0
0
0
0
Cattle purchase
2,700
8,000
24,000
20,000
Machinery/fuel
5,068
5,916
3,827
11,278
Seed
1,108
2,580
2,666
2,069
Fertilizer
10,478
9,290
5,218
12,577
Chemical
344
1,032
205
556
Total costs
61,304
39,327
44,536
60,961
Conventional revenue
Cattle sales
46,616
33,672
52,643
62,383
Contract grazing
1,890
0
700
0
Hay sales
0
0
5,725
0
Inventory change
0
0
0
0
Total revenue
48,506
33,672
59,068
62,383
Profit
–15,498
–5,655
14,532
1,422
Profit ac–1
–54.96
–20.05
51.53
5.04
* Includes infrastructure and installation costs (i.e., additional fence, water lines, water troughs).
† Change in cattle and hay inventory from the beginning to the end of the study.

Table 6
Mean soil health indicators during summer and winter for the grassland paddocks under the planned rest-rotation grazing system and the conventional continuous grazing system.
		

1 day CO2		

WEOC (mg kg–1 soil)

WEN (mg kg–1 soil)		

		
Season
Year

Planned		
rest-rotation
Conventional

Planned		
rest-rotation
Conventional

Planned			
rest-rotation
Conventional

under planned rest-rotation grazing was
greater than under continuous grazing (p =
0.010). This again indicates a possible treatment effect and improvement in soil C due
to management changes, including planting
both cool- and warm-season forage on the
grazed cultivated paddocks instead of the traditional practice of summer fallow.
During the study, WEN showed significant
decreases over time in grassland paddocks
under both planned rest-rotation (p = 0.089)
and continuous grazing (p = 0.061). The linear relationships for the native prairie and
cultivated grazed paddocks on both ranches
also had negative slopes, but the decreases
over time were not significant. The increased
rainfall over the study and resulting increased
leaching potential (Harmel et al. 2019) likely
contributed to the decreases in WEN. No
significant differences in mean WEN concentrations were observed between summer and
winter nor between corresponding land uses
under the two grazing systems.
Overall, these results show the potential
for soil health improvement due to changes
in management practices, especially for cultivated grazed paddocks. The observation that
soil health changes were more evident in
cultivated grazed paddocks than on grassland
paddocks is reasonable because the management changes (e.g., conversion from summer
fallow to multispecies, warm-season forage,
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no-till, and organic fertilizer) were more
sweeping. Another indication that planned
rest-rotation has the potential to increase soil
health is that initial values for all three indicators (one-day CO2, WEOC, and WEON)
were lower for planned rest-rotation, but as
the study progressed many values were greater
than for the continuous grazing treatment,
especially on cultivated grazed paddocks. Also,
the annual average rate of increase in one-day
CO2 and WEOC for planned rest-rotation
was greater than for continuous grazing.
Whether or not changes in management
will result in continued soil health improvement on grassland is unclear based on the
initial five years of this case study. In another
study on a Texas Vertisol, Teague et al. (2019a)
showed a lack of increases in soil fertility
and microbiological activity with Bermuda
grass pasture overseeded in the winter with
multispecies forage crops. While another site
in the study did see increases in soil fertility and microbiological activity, the authors
speculated that the Vertisol would need to
experience increases in soil C before increases
in soil fertility and microbiological activity
would occur.
Lessons Learned. This case study was
designed to evaluate opportunities and
challenges associated with the conversion
from conventional continuous grazing to a
planned rest-rotation grazing system under

46.5
26.1
38.3
26.8
30.8
33.6
33.2
29.3
28.7
25.1
28.2

46.5
28.9
40.7
35.5
29.4
38.9
33.2
28.0
32.1
28.5
32.9
(p = 0.373)

35.5

36.4
(p = 0.122)

–2.3
(p = 0.089)

–2.5
(p = 0.061)

humid subtropical conditions. This conversion incorporated substantial management
changes on cultivated grazed paddocks (i.e.,
from conservation tillage and drilling to
no-tilling; from monoculture cool-season
oats to continuous-cropping with multispecies forage mixes; from inorganic fertilizer
at traditional rates to no fertilizer or organic
fertilizer at reduced rates). The combined
effects of these changes produced very poor
stands of cool-season forage on cultivated
grazed paddocks on the North Ranch under
the planned rest-rotation system relative to
the conventional system, especially during the
winters of 2012 to 2013, 2013 to 2014, and
2014 to 2015. In these same years, the conventional practices of conservation tillage, sowing,
and fertilization of monoculture oats on the
South Ranch produced abundant cool-season forage. While a reduction in cool-season
forage was anticipated due to the transition
to no-till, the surprisingly severe reduction
from abundant forage to very little forage
during 2012 to 2014 adversely affected cattle responses and associated economic returns
for the planned rest-rotation system.The very
poor stands occurred even when a high proportion of oats and wheat (Triticum aestivum
L.) were planted in the multispecies mixture
and as we became more familiar with the
no-till drill. Our continued frustration with
stands of cool-season forage on cultivated
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Summer
2012
90.1
119.4
298.5
379.3
Winter
2012
43.8
45.1
220.2
209.3
Summer
2013
65.9
54.1
302.6
321.3
Winter
2013
69.6
75.6
230.6
271.2
Summer
2014
49.8
56.3
338.9
360.8
Winter
2014
112.5
101.7
345.9
369.3
Summer
2015
76.1
118.8
470.9
470.3
Winter
2015
91.9
86.3
274.2
272.9
Summer
2016
143.6
163.2
325.7
344.2
Winter
2016
203.5
203.5
314.1
341.7
Summer mean 		
85.1
102.4
277.0
292.9
		
(p = 0.139) 		
(p = 0.114) 		
Winter mean 		
104.3
102.4
347.3
375.2
		
(p = 0.548) 		
(p = 0.170) 		
Annual change		
21.9
21.9
16.9
10.9
		(p = 0.020)
(p = 0.030)
(p = 0.277)
(p = 0.505)
Notes: CO2 = carbon dioxide. WEOC = water extractable organic carbon. WEN = water extractable nitrogen.
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Table 7
Soil health indicators during summer and winter for the cultivated grazed paddocks under the planned rest-rotation grazing system and the conventional continuous grazing system.
		

1 day CO2		

WEOC (mg kg–1 soil)

WEN (mg kg–1 soil)

		
Planned		Planned		Planned
Season
Year
rest-rotation
Conventional
rest-rotation
Conventional
rest-rotation

Conventional

Summer
2012
Winter
2012
Summer
2013
Winter
2013
Summer
2014
Winter
2014
Summer
2015
Winter
2015
Summer
2016
Winter
2016
Summer mean 		

30.5
31.0
31.8
34.8
20.4
45.4
24.8
22.1
24.7
19.4
30.5

33.6
35.3
40.5
47.6
21.1
20.4
30.6
62.2
66.4
64.6
38.4

60.3
21.3
37.5
46.4
13.9
25.9
37.2
54.5
51.9
48.5
40.2

187.2
148.6
224.1
128.5
229.5
220.5
312.1
192.1
234.0
232.2
184.4

230.9
102.4
250.1
88.9
197.9
187.8
271.7
183.7
192.6
177.3
148.0

24.8
18.9
48.3
15.1
23.0
24.4
23.6
21.0
25.2
24.2
20.7

grazed field led to adaptive management decision and return to conventional planting and
tillage in 2016 and poultry litter application
in 2015 and 2016. In hindsight, we should
have either made more modest changes or
incremental changes to tillage, planting, and
fertilization related to cool-season forage in
the planned rest-rotation system, rather than
the abrupt shift. It is interesting to note that
this same no-till planting and limited fertilization strategy produced good stands of
cool-season multispecies forage in grassland
paddocks and of warm-season multispecies
forages in cultivated grazed paddocks.
Another management factor that likely
hurt cattle response under planned rest-rotation grazing was nutritional supplementation
in the cool-season, the need for which was
exacerbated by the limited cool-season forage in the cultivated grazed paddocks, as
discussed previously. In retrospect, we focused
too intently on the goal of cost savings from
reduced hay supplementation assuming
standing hay provided adequate dry matter.
As a result, we provided less than optimal hay
and/or protein supplement to meet nutritional requirements for the cows and calves.
In addition, we should have collected manure
samples more frequently for GANLAB analysis during the high-stress cool-season and
responded quicker with supplemental protein
for the planned rest-rotation system. The cost
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of additional protein or hay supplementation
and sample analysis during the winter would
likely have been well worth it.
We should have also been even more
responsive to observations of increased forage production and carrying capacity under
the planned rest-rotation system. The NRCS
Resource Inventory conducted for the
planned rest-rotation system at the beginning of the study, near the end of the 2011
drought, resulted in a low initial stocking rate.
Increasing rainfall and apparent treatment
impacts increased vegetation production,
but our adaptive management response of
increased stocking rate lagged the ecological
responses. This led to a mismatch in forage
availability and animal demand. More proactive adaptive management, associated with
science-informed monitoring of forage production to inform decision-making, would
have accelerated stocking rate increases in
the planned rest-rotation system. This would
have increased the number of calves sold and
thus increased revenue and likely would have
offset cattle purchase and production costs.
This adaptive management approach, which
attempts to balance herd size and forage
availability on an annual basis instead or maintaining a consistent herd size despite annual
variability was difficult to effectively implement because of traditional management
preferences ingrained over decades.

(p = 0.534)
29.0

26.4
(p = 0.126)

–0.82
(p = 0.688)

–2.37
(p = 0.169)

Summary and Conclusions
In humid, subtropical environments with
moderate to high forage production potential, traditional beef cattle production systems
continue to rely on continuous grazing with
high stocking rates; however, many producers
are exploring alternative systems to increase
resiliency, reduce costs, and/or improve shortand long-term profitability in the face of
drought potential and market pressure. Thus,
this case study was designed to provide muchneeded science related to alternative grazing
systems and to evaluate real-world challenges
and opportunities for beef cattle operations
transitioning from conventional management
(year-round continuous grazing) to an aspirational management strategy that utilized
planned rest-rotational grazing along with
continuous forage cropping on cultivated
grazed paddocks and overseeding grassland
paddocks in the cool-season, both with multispecies mixes, to reduce reliance on hay and
high rates of commercial fertilizer application.
Results indicated the potential for increased
grassland forage production and soil health
improvement on cultivated grazed paddocks
under the planned rest-rotation system. The
transition successfully reduced costs and
maintained profits; however, the conventional
continuous grazing system maintained higher
body condition scores of cows during the
winter because of unlimited feeding of baled
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(p = 0.170) 		
(p = 0.655) 		
Winter mean 		
46.0
39.3
237.4
228.6
		
(p = 0.821) 		
(p = 0.010) 		
Annual change		
6.67
2.21
16.0
4.0
		(p = 0.063)
(p = 0.527)
(p = 0.146)
(p = 0.764)
Notes: CO2 = carbon dioxide. WEOC = water extractable organic carbon. WEN = water extractable nitrogen.
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