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Abstract 

In 2007, an adaptive grazing management process began on the Santa Rita 

Experimental Range (SRER) in southern Arizona with a primary management objective 

to reduce repeated defoliation of perennial bunchgrass plants during the summer growing 

season.   In order to follow defoliation events, 1400 individual plants were identified in 6 

pastures scheduled for summer grazing from June 15 to October 2, 2013.  Plant height 

and diameter categories were measured before cattle entered each pasture and were re-

measured daily or alternate days throughout the grazing period.  The differences between 

heights and diameters were used to calculate any regrowth that occurred.  Of the 1400 

plants marked, 738 (52.7%) were not defoliated, 453 (32.3%) plants were defoliated 

once, 199 (14.2%) plants were defoliated twice, and 10 (0.7%) plants were defoliated 

three-times for a total of 881 defoliation events recorded.  The majority of first 

defoliation events and first incidences of second defoliation occurred on day 3.  Cattle 

began switching their grazing strategy from undefoliated plants to new growth of 

previously defoliated plants by day 9 with 48 of a total 161 previously defoliated plants 

being defoliated.   The highest number of second defoliations were measured on day 11 

when 115 plants were observed as having been defoliated for a second time and 5 plants 

were defoliated for a third time.  Arizona cottontop (Digitaria californica) had a higher 

percentage of both single and multiple defoliation events when compared to the other 

perennial grass species.  Distance from a permanent water source was not found to have a 

significant impact on the number of defoliations that an individual plant received.  Plants 

defoliated the first time were taller and had a larger circumference (21.0±5.6 cm and 

40.8±9.0 cm) than plants that were re-defoliated (15.5±5.6 cm and 31.4±9.0 cm).  This 
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study found that the planned 10 day SRER grazing rotation, when followed, would 

minimize multiple defoliations by cattle on perennial bunchgrasses. 

Introduction 

 Complex Landscapes 

Rangelands are complex systems that continually transform due to the interactions 

among organisms and their environment (Provenza et al. 2013).  Livestock grazing on 

rangelands create environments that foster mutual interdependencies that extend system 

level resilience to disturbances (Provenza et al. 2013).   In grazing management, 

landscape processes involve the interactions among climate, soil, plants, animals, and 

humans that are unique to each ranch (Kothmann et al. 2009; Provenza et al. 2013; 

Peterson et al. 2013).  Livestock interactions on landscapes change depending on the 

management scheme used, which can influence plant and animal response and resource 

distribution.  Plant response to defoliation is a function of climate, nutrient availability, 

and the amount of recovery between defoliations (Trlica and Rittenhouse 1993; Kemp 

and Culvenor 1994; Teague et al. 2008; Steffens et al. 2013).  Mixed landscape features 

associated with the location of plant communities, water, and minerals alter the 

distribution of herbivores on the landscape (Norton et al. 2013).  Animals exhibit 

preferences both individually and communally for different plant communities, species, 

and individual plants which create varying grazing intensities, frequencies, timing, and 

location preferences (Kaufmann et al. 2013; Provenza et al. 2013).  The effects of grazing 

on plant morphology and physiology generally selects for plant traits that encourage 

short, prostrate, stoloniferous and rosette, and annual plants (Díaz et al. 2007).  If 
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inappropriately managed, such selective grazing can influence landscape scale changes in 

soils and vegetation.    

 Individual Tiller Defoliation 

Individual tiller defoliation has been studied as an overall metric of foraging 

behavior which ultimately influences management outcomes (Bailey and Brown 2011).  

Frequency and intensity of defoliation on individual tillers is important because tiller 

response to defoliation is the result of selective herbivory (Cullan et al. 1999).  Quickly 

rotating livestock to avoid multiple defoliation events on individual plants while 

maximizing use of available forage is a common goal in many rotational grazing systems 

around the world (Jensen et al. 1990a; Teague et al. 2008; Steffens et al. 2013).  There 

are many studies in seasonal and rotationally managed operations that suggest the interval 

between initial defoliations and successive defoliations on individual plants is between 10 

– 12 days (Hodgson and Ollerenshaw 1969; Reed et al. 1999; Bailey and Brown 2011).  

Hodgson and Ollerenshaw (1969) found that severity and frequency of tiller defoliation 

by sheep on ryegrass was most affected by grazing pressure.  The majority of second 

defoliations on individual tillers occurred between 6 and 10 days after their initial 

defoliation.  Later studies by Hart and Balla (1982) and Reed et al. (1999) corroborated 

the 6 – 10 day period between initial defoliation events and second defoliation events on 

individual plants.  These studies also provide an opportunity to further investigate 

individual plant response to multiple defoliations within the established critical regrowth 

period that has only recently been explored.  While these and other studies measured the 

temporal distribution of initial defoliation they do not link attributes such as plant size 

within the regrowth period to would provide managers with a greater understanding 
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grazing behavior.  Plant size, particularly re-defoliated plant size, helps to provide an 

overall metric that can determine the attainment of management objectives across 

multiple landscape scales.  Few studies have also tracked plant size in relation to multiple 

defoliation events over time providing a unique opportunity to study this occurrence as 

well. 

Ensuring that an individual plant is defoliated only once during a grazing period is 

difficult to achieve.  This is due to factors such as forage availability, plant species, and 

presence of senescent stems that can affect grazing frequency and intensity (Hodgeson 

and Ollerenshaw 1969; Jensen et al. 1990a; Ruyle and Rice 1996).  Several grazing 

studies suggest that in order to obtain only one defoliation event on an individual plant 

during a grazing period requires that the vast majority of forage remain undefoliated 

(Jensen et al. 1990a; O’Reagain and Grau 1995).  For example, Jensen et al. (1990a) 

found that repeated defoliation of preferred plants occurs well before the initial 

defoliation has reached 60% of its target usage.  This implies that pasture growth depends 

on the specific spatial distribution of defoliated and undefoliated areas that require 

livestock to be moved more frequently than is generally accounted for by managers 

(Jensen et al. 1990a; Laca 2009).  Most studies on the defoliation of individual tillers 

have focused on initial defoliation and have been extrapolated to the plant level.  

However, comparatively few studies have focused on multiple defoliations at the 

individual plant scale particularly during the summer growing season.  This provides a 

unique opportunity to study multiple defoliations on an individual plant level during the 

summer growing season.   
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Grazing Management 

Grazing management strategies are employed to promote healthy rangeland 

ecosystems, conserving the services they provide such as nutrient cycling, soil structure 

and function, and providing forage for livestock and wildlife (Teague et al. 2008; Briske 

et al. 2011). Grazing management attempts to control the primary effects of defoliation 

on plants and plant communities including intensity of defoliation, frequency of 

defoliation, and season of use (Budd and Thorpe 2009; Steffens et al. 2013) by limiting 

the exposure of the plants to grazing animals.  Plants can recover from defoliation if 

allowed periodic deferments or occasionally complete rest from grazing, especially 

during the growing season (Schmutz 1973; Holechek et al. 1987; Steffens et al. 2013).  

The amount of plant material remaining and the ability to quickly produce new growth 

after defoliation are the most important factors related to grazing tolerance (Trlica and 

Rittenhouse 1993; Kemp and Culvenor 1994; Díaz et al. 2007).  Defoliation during the 

dormant season has little effect on the physiology of a plant because of photosynthetic 

inactivity (Willms et al. 1986).  Excessive defoliation during this time, however, may 

indirectly affect basal bud survival and subsequent plant growth (Willms et al. 1986).   

Competition from surrounding plants is also important to the recovery potential of 

defoliated plants. Plants can better withstand clipping and recover faster if neighboring 

plants are also defoliated (Mueggler 1970, 1972).  However, most large herbivores, such 

as cattle or elk, selectively graze grasses, hence some plants will be defoliated and others 

will remain undefoliated.  Plant species that are grazed less severely, those that are 

capable of growing more rapidly following defoliation, or those having a combination of 
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both possess a competitive advantage within a plant community (Trlica and Rittenhouse 

1993; Briske and Hendrickson 1998).   

Diet selection among herbivores integrates several hierarchical levels of behavior with 

different controls and stimuli that require scale-specific management tools to exert 

targeted control of repeated defoliations on individual plants (Laca 2009).  Selective 

defoliation is a major concern because it creates high grazing intensity on palatable 

plants, which increases site specific utilization that generate patches of high use across 

landscape scales (Fuls 1992; Norton et al. 2013; Peterson et al. 2013). Over time, 

unrestricted defoliation of palatable plants reduces their ability to compete for resources 

and results in an eventual decline within the plant community (Teague et al. 2008; Halfa 

et al. 2013; Steffens et al. 2013).  Land managers typically implement various grazing 

management strategies to compensate for the effects of selective defoliation across 

landscapes. 

Two primary categories of grazing management systems are yearlong (or seasonal) 

grazing and rotational grazing.  Under yearlong grazing, animals have access to large 

areas for extended periods of time which encourages more frequent use of desirable 

forage species and can lead to uneven livestock distribution that can cause a reduction in 

adequate recovery periods for defoliated plants (Steffens et al. 2013; Norton et al. 2013).  

In yearlong grazing systems, the regulation of defoliation is limited by stocking rate 

decisions and factors such as topography, distance to water, plant phenology, presence of 

senescent stems and other factors that influence animal selection (O’Reagain and Turner 

1992; Bailey and Brown 2011).  A variation of yearlong grazing is seasonal grazing 

which can employ pasture deferment or rest.  Deferment excludes livestock from pastures 
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on a seasonal basis and rest precludes grazing for an entire year (Holechek et al. 1987).  

Other forms of grazing management such as high density stocking usually incorporate 

many pastures under shorter grazing periods coupled with longer non-grazing periods 

(Norton et al. 2013; Peterson et al. 2013).   

Rotational grazing systems provide managers with the ability to regulate plant defoliation 

more directly by restricting livestock movement to control utilization (Heitschmidt et al. 

1990).  Grazing animals are limited from continual access to forage through a 

combination of fencing, stocking rate, control of water access, and herding (Heitshmidt et 

al. 1990; Kellner and Bosch 1990).  However, it can be a challenge to accomplish grazing 

management goals even within a rotational system due to selective defoliation across 

different scales from plant parts to landscape position (Kellner and Bosch 1990; Bailey 

and Brown 2011; Halfa et al. 2013).  Even with the intensive management of rotational 

grazing systems cattle will continue to selectively defoliate plants and plant parts within 

pastures (Bailey and Brown 2011). Interestingly, distance from a permanent waters 

source has not been applied to grazing behavior in the context of multiple defoliations.  It 

has been well documented that cattle travel up to 1 mile (1.6 km) from a water source to 

graze.  However, few of these studies have investigated multiple defoliations at 

increasing distances from a permanent water source.  This created a unique opportunity to 

study how grazing behavior at the individual plant scale changes as multiple defoliations 

occur in relation to their distance from water.   

The Current Debate 

Recent studies have suggested that there is little experimental evidence to 

substantiate ecological benefits to plant and animal production by implementing 
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rotational grazing systems when compared to continuous grazing systems (Holechek et 

al. 1987; O’Reagain and Turner 1992; Teague et al. 2008; Brown and Kothmann 2009; 

Briske et al. 2011).  Empirical benefits of rotational grazing systems are attributed to the 

fact that their implementation requires the manager to pay significantly more attention to 

the events occurring across the landscape than with yearlong grazing.  For example, in a 

study in Chiapas, Mexico, Ferguson et al. (2013) compared the economic and 

environmental sustainability of yearlong and rotational grazing systems.  They noted 

ranches that implemented rotational grazing appeared to outperform economically and 

environmentally compared to neighboring ranches that used yearlong grazing 

management.  However, the degree to which the rotationally managed ranches 

outperformed their yearlong counterparts was only slightly better when comparing plant 

and animal production.  The underlying difference between the grazing systems reviewed 

by Ferguson et al. (2013) was that the rotationally managed ranches required greater 

attention to operational activities which provided greater flexibility in the number of 

management actions available for use.  The Ferguson et al. (2013) study highlights the 

importance of integrating research and management strategies, which are generally not 

assessed in experiments investigating the ecological benefits of grazing strategies.   

The recent debates over the use of rotational grazing strategies largely ignore the 

application of management discretion adaptively implemented to each situation (Budd 

and Thorpe 2009).  While there continues to be little evidence that supports one grazing 

management strategy over another, there is mounting evidence that rotational grazing 

strategies in some form can dramatically improve management and profitability of 

livestock operations (Brown and Kothmann 2009).   
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Research has inherent limitations that define and constrain its role in informing grazing 

management.  This is primarily due to the fact that experimental designs replicate 

experimental units to account for natural variability so that treatment comparisons can be 

made (Svejcar and Havstad 2009).  This requires the control of variables in small-scale 

experiments and may create inconsistencies when up-scaling for management purposes.  

Also, research protocols require scientists to rigorously follow the same procedure start to 

finish while mangers can adjust management actions based on predetermined goals and 

desires in near-real time (Brunson and Burritt 2009).  The integration of research and 

management has been shown to be paramount in creating flexible, adaptively managed 

operations (Moir and Block 2001; Sayre et al. 2013).   

Management in a social context 

Only recently have researchers begun to understand the importance of the broader 

social context of management decisions, particularly in relation to grazing management.  

Sayre et al. (2013) recognized that management practices, such as monitoring, occur 

within social contexts that depend heavily on prevailing legal, political, institutional, and 

a plethora of other circumstances.  In a study evaluating attitudes and values of land 

management monitoring practices among land managers and permittees in Arizona, 

Fernandez-Gimenez et al. (2005) noted that understanding the differences and similarities 

between groups may help identify conflicts, common ground, and other possible 

pathways to more productive collaborative relationships.  Several studies assessing 

common-pool resource users in Africa demonstrated that social contexts play a very 

significant role in how cooperatively ecosystems are managed particularly when 

resources face degradation from communal practices like grazing or fishing (Prediger et 
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al. 2011; Volla et al. 2013).  These studies demonstrate that, in general, grazing 

management occurs within the broader context of the prevailing social environment and 

that cooperative collaboration is essential to the success of any management plan being 

implemented.  

Adaptive Grazing Management 

Grazing management requires an understanding of defoliation effects on 

vegetation and ecosystem functions in the context of adaptive management (Cullan et al. 

1999; Moir and Block 2001; Briske et al. 2011, Sayre et al. 2013).  Adaptive 

management is an approach that uses scientific methodologies in the design, 

implementation, and evaluation of management strategies (Schreiber et al. 2004).  By 

implementing adaptive management, land managers are presented with increased 

flexibility and recourse in their management plans through monitoring (Moir and Block 

2001; Sayre et al. 2013).  In adaptive grazing management, monitoring can take several 

forms including measuring forage production, utilization, and assessing various aspects 

of rangeland health help to ensure the maintenance of plant populations essential for 

livestock production as well as other important ecosystem services.  A better understand 

of how grazing management could compensate for repeated defoliations across plant and 

landscape scales is needed, particularly when management goals change. 

In 2007, a new rotational grazing program implementing adaptive management was 

established on the Santa Rita Experimental Range (SRER) that combined several 

experimental herds into one main group and began rotating them through the existing 18 

available pastures.  Currently, the SRER supports two cattle herds, one consisting of 

purebred Red Angus and the other comprised of Red Angus-cross, which constitute the 
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commercial herd.  For this study, grazing behavior of the larger commercial herd 

comprising approximately 540-570 head was observed during the 2013 summer rotation 

(SRER 2015).  Winter and summer grazing schedules are planned separately.  Dormant 

season grazing is planned, in part, based on forage production data collected at the end of 

the growing season and previous utilization levels.  The summer grazing schedule is 

based on warm season growing conditions and is triggered when a pasture receives at 

least 1.27 cm or ½ inches of rain after June 15 initiating 10-12 day grazing periods which 

last until the planning team decides that summer growth of perennial grasses has peaked.  

A primary motive for short grazing periods during summer is to reduce the likelihood of 

cattle repeatedly defoliating perennial grass plants that are defoliated soon after cattle 

enter a pasture.    

The purpose of this study was to identify the timing and number of defoliation events 

including the approximate defoliation amounts on individual grass plants during summer 

2013 grazing period.  The objectives were to 1.) Determine the number of second 

defoliations occurring on individual grass plants; 2.) Determine the number of days 

between the first defoliation and second defoliation for an individual grass plant; 3.) 

Determine if distance from a permanent water source influences the rate of second 

defoliations; and 4.) Determine the plant size at each defoliation event over time.   

Methods 

Site Description 

This study was conducted on the Santa Rita Experimental Range (SRER) located 

at the northwestern base of the Santa Rita Mountains approximately 50 km south of 
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Tucson, Arizona (31°51'32.18"N, 110°52'48.08"W; Appendix A).  The SRER was 

established in 1902 as the first outdoor laboratory for rangeland research in response to 

severe environmental degradation from agricultural production (Sayre 2003).  The SRER 

is comprised of approximately 21,500 hectares and ranges from approximately 900 to 

1,400 meters in elevation with the majority of the range occupying lower elevations 

(McClaran 2002; SRER 2012).  Average annual temperature on the SRER is 16°C with 

several nights of freezing temperatures in the winter and temperatures regularly 

exceeding 35°C in the summer (McClaran et. al. 2002).  Vegetation consists primarily of 

semi-arid grassland that receives approximately 250 to 500 mm of annual precipitation 

that increases with elevation (McClaran et al. 2002). The primary vegetation types found 

on the SRER encompass both woody and herbaceous growth forms including cactus, 

trees, shrubs, forbs, and grasses.  Several primary perennial grass species found on the 

SRER include Arizona cottontop (Digitaria californica), bush muhly (Muhlenbergia 

porteri), three-awn (Aristida spp.), grama (Bouteloua spp.), Lehmann lovegrass 

(Eragrostis lehmanniana), large-spike bristlegrass (Setaria macrostachya), and sand 

dropseed (Sporobolus cryptandrus) (Appendix B).  Soils mapped on the SRER include 

32 soil series and taxadjuncts on 24 mapping units (Breckenfeld and Robinett 2003), 

however, the major soil characteristics are aridic ustic moisture regime and have a 

thermic temperature regime (Breckenfeld and Robinett 2003).   

Field Methods  

Individually marked perennial bunchgrass plants were measured to quantify the 

timing and extent of defoliation events during the summer growing period on the SRER.   

Plant height and diameter were measured.  Measurements focused on aspects of multiple 
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defoliations as they have the greatest potential to influence plant recovery from 

defoliation.  Attributes that determine the timing of second defoliations were assessed by 

recording the number of days between first and second defoliation events on previously 

identified plants as well as plant height and circumference before and after defoliation.  

Additionally, distance from a water source was assessed to determine the influence of 

grazing distribution on multiple defoliation events.   

A total of 1400 individual perennial grass plants were selected within 6 pastures through 

which cattle were rotated according to the planned SRER grazing schedule (Appendix 

D).  The pastures selected for this study included 5S, 5M, 5N, 6B, 6D, and 6A (Appendix 

D).  In each pasture sampled, a total of twenty 5 m wide x 10 m long macroplots were 

established with 10 macroplots at 300 meters and a second set of 10 macroplots 

established at 600 meters from a permanent water source (Appendix A).  These distances 

were chosen based upon studies demonstrating that cattle travel up to 1.6 km (1 mile) 

from a water source while foraging (Namkin and Stuth, 1997; Ganskopp, 2001; 

Ganskopp and Bohnert, 2009).  Within each macroplot, 10 individual grass plants were 

randomly selected for detailed measurement, for a total of 200 plants per water source 

location.  GPS coordinates were recorded for each macroplot to facilitate relocation.   

Within each macroplot individually marked perennial bunchgrass plants were measured 

to quantify the timing and extent of defoliation events during the summer growing period 

on the SRER.   Individual plants were marked with a 40 penny framing nail driven into 

the soil and with a small amount of pink flagging attached to the nail head.   Plant heights 

and basal diameters were measured before cattle entered each pasture.  Average plant 

heights (i.e. – measuring to the tallest leaf) and the basal diameters for both the entire 
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plant and the extent of defoliated area were re-measured daily while cattle were in 

pastures 5S, 5M, and 5N.  Plant diameters were converted to circumference values to 

quantify the proportion of the plant that was grazed.  Based on the rate of multiple 

defoliations that were observed in pastures 5S - 5N and using estimates determined by 

other studies, pastures 6A, 6B and 6D were assessed once every two days (Hogdson and 

Ollerenshaw 1969; Hart and Balla 1982; Reed et al. 1999).  

In addition, plants were categorized as undefoliated, defoliated, or re-defoliated.  Growth 

between defoliation events was calculated by the difference between height and diameter 

measurements at different dates.  Diameter measurements were categorized as total plant 

diameter and bite diameter.  The date of each defoliation event was recorded and the 

number of days between defoliation events was calculated to assess the timing of 

defoliation and repeated defoliation events. 

Cattle were planned to remain in each pasture for 10 to 12 days according to the planned 

summer grazing schedule (SRER 2015; Appendix C).  However, cattle remained in some 

pastures longer to better comply with the adaptive management needs of the 2013 

summer grazing schedule (Appendix D).  The dates and number of days when cattle 

grazed in each pasture are listed in Table 1.   
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Table 1: Summary of summer 2013 SRER grazing rotation and sampling days 

 Grazing Grass Sampling 

Pasture Start Date End Date Number of 

Grazing 

Days 

Start Date End Date Number of 

Sampling 

Days
2
 

5S
1
 7/9/2013 7/21/2013 13 7/6/2013 7/16/2013 10 

5S
1
 7/9/2013 7/21/2013 13 7/6/2013 7/16/2013 10 

5mid 7/19/2013 8/16/2013 29 7/19/2013 7/31/2013 12 

5N 7/28/2013 8/14/2013 16 7/28/2013 8/11/2013 13 

6B 8/26/2013 9/3/2013 9 8/23/2013 9/2/2013 5 

6D 9/4/2013 9/17/2013 14 9/5/2013 9/17/2013 6 

6A 9/18/2013 10/13/2013 26 9/24/2013 10/2/2013 4 

1
 Grass was sampled at 2 sites within Pasture 5S 

2 
Grass plants were measured every day in pastures 5S, 5Mid, 5N and every two days in 

pastures 6B, 6D, 6A. 

Statistical Methods 

Three hypotheses were proposed during the initiation of this study and include:  

1) The rate of multiple defoliations increases with length of grazing period, 2) Distance 

from a water source influence the number and timing of grazing on individual grasses, 

and 3) There is no relation between plant size and grazing frequency.  Third defoliation 

events were combined with second defoliation events as they were very few in number 

and could be captured with second defoliation data.  The number of days before a 

defoliation event (grazing days) focused on second defoliated plants (n = 209) and were 

determined by the first sample date when a defoliation event transpired.  These dates 

were then compared to the turnout date to find the day that each defoliation event 

occurred.  A chi-square test was performed to investigate the frequency of defoliation 
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among the four defoliation categories in relation to distance from water (300m vs 600 m).  

The difference in plant height and circumference were compared between initially 

defoliated and re-defoliated plants.  Paired t-tests were used to determine the size of the 

pre-defoliated heights and circumferences for each species of perennial grasses.  Two 

paired t-test was performed to compare the likelihood of a plant being defoliated or re-

defoliated at 300 and 600 meters from a permanent water source.   

Results and Discussion 

Defoliation and Re-defoliation 

A total 1,400 individual perennial grasses were identified in the six study 

pastures.  Initial defoliation occurred on 662 of the study plants from June 15
th

 to October 

2
nd

, 2013.   

Table 3: Summary of plants defoliated just once, defoliated just twice, and 

defoliated just three times during the 2013 summer grazing rotation on the SRER. 

 

All Pastures 

Dates grazed 7/6/13 - 10/2/13 

Grand Total Undefoliated Defoliated x1 Defoliated x2 Defoliated x3 

1400 738 (52.7%) 453 (32.4%) 199 (14.2%) 10 (0.71%) 
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Table 4:  Summary of observed defoliated events on individual species during the 

2013 summer grazing rotation on the SRER.  Percentages were calculated from the 

total number of individual plants from each species. 

Species grazed 

Species Undefoliated Defoliated x1 Defoliated 

x2 

Defoliated x3 Totals 

ARIS 247 (64.3%) 114 (29.7%) 22 (5.7%) 1 (0.3%) 384 

BOCH 0 (0.0%) 2 (100.0%) 0 (0.0%) 0 (0.0%) 2 

BOER 43 (57.3%) 21 (28.0%) 10 (13.3%) 1 (1.3%) 74 

BORE 3 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 3 

BORO 30 (60.0%) 12 (24.0%) 7 (14.0%) 1 (2.0%) 50 

DICA 102 (45.7%) 89 (39.9%) 30 (13.5%) 2 (0.9%) 223 

ERCU 4 (80.0%) 1 (20.0%) 0 (0.0%) 0 (0.0%) 5 

ERLE 89 (31.5%) 95 (33.6%) 94 (33.2%) 5 (1.8%) 283 

HECO 60 (77.9%) 11 (14.3%) 6 (7.8%) 0 (0.0%) 77 

MUPO 132 (57.4%) 82 (35.7%) 16 (7.0%) 0 (0.0%) 230 

SEMA 26 (39.4%) 26 (39.4%) 14 (21.2%) 0 (0.0%) 66 

SPOR 2 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 
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Table 5: Characteristics of height prior to initial and re-defoliation by species and 

by total. 

 Pre-defoliated 

heights of initially 

defoliated plants 

(cm) 

Pre-defoliated 

Heights of re-

defoliated plants 

(cm) 

 

Species Total 

number of 

plants 

measured 

Mean Standard 

deviation 

Mean Standard 

deviation 

p-values 

ARIS 23 17.7 7.9 13.1 5 0.0053 

BOER 11 24.7 4.7 13.5 5 0.0001 

BORO 8 17.4 4.6 12.1 4.6 0.0235 

DICA 31 19.2 5.9 14.3 4.2 0.00005 

ERLE 99 21.5 7.5 16 6.8 1.0 x 10
-14

 

HECO 6 17.6 10.4 19.4 10.7 0.6086 

MUPO 16 18.3 7.5 13.9 6.5 0.0047 

SEMA 14 22.4 7.4 11.9 5.6 0.00003 

Total 208 20.4 7.4 14.8 6.3  
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Table 6: Characteristics of circumference prior to initial and re-defoliation by 

species and by total. 

 Pre-defoliated 

circumference of 

initially defoliated 

plants 

(cm) 

Pre-defoliated 

circumference of re-

defoliated 

(cm) 

 

Species Total 

number 

of plants 

measured 

Mean Standard 

deviation 

Mean Standard 

deviation 

p-value 

ARIS 23 14.9 9.1 12.3 9.4 0.3268 

BOER 11 31.7 8.6 6.57 8.6 0.000003 

BORO 8 20.4 8.1 11 8.1 0.0215 

DICA 31 21.6 7.9 16.5 13.1 0.0778 

ERLE 99 17.9 5.8 6.7 9.5 1.0x10
-17

 

HECO 6 23.6 11.4 25.7 19.2 0.7365 

MUPO 16 24.9 13.8 17.7 11.3 0.0955 

SEMA 14 17.3 5.9 10.8 11 0.0474 

Total 208 19.6 8.6 10.6 11.5  
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Table 7: Characteristics of first defoliated grass plants. 

Species 

Total 

Number of 

Grazed 

Plants 

Measured 

(% of total 

number of 

plants) 

Pre-defoliated 

height (cm) 

First defoliated 

height (cm) 

Pre-defoliated 

circumference (cm) 

First defoliated 

circumference 

(cm) 

    
Mean 

Standard 

deviation 
Mean 

Standard 

deviation 
Mean 

Standard 

deviation 
Mean 

Standard 

deviation 

ARIS 114 (29.7%) 17.7 7.9 6.7 5.5 14.9 9.1 1.6 3.5 

BOCH 2 (100%) (-)  (-) 4.8 1.1 (-) (-) 0 0 

BOER 21 (28.0%) 24.7 4.7 12.9 5.5 31.7 8.6 6 7 

BORO 12 (24.5%) 17.4 4.6 9 5.7 20.4 8.1 1.8 3.7 

DICA 89 (39.9%) 19.2 5.9 7.8 5 21.6 7.9 1.8 4.4 

ERCU 1 (20.0%) (-) (-) 1 
1
(-) (-) (-)  4 

1
(-) 

ERLE 95 (33.6%) 21.5 7.5 8.3 6.2 17.9 5.8 1.7 4 

HECO 11 (14.3%) 17.6 10.4 6.4 6.4 23.6 11.4 0.6 1.3 

MUPO 82 (39.4%) 18.3 7.5 6.8 5.1 24.9 13.8 2.6 5.2 

SEMA 26 (39.4%) 22.4 7.4 8.6 7.1 17.3 5.9 2.5 4.8 
1
 (-), no statistics could be calculated 
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Table 8: Characteristics of second defoliated grass plants. 

Species 

Total 

Number 

of Grazed 

Plants 

Measured 

(% of total 

number of 

plants) 

Pre-defoliated 

height (cm) 

Second 

defoliated height 

(cm) 

Pre-defoliated 

circumference 

(cm) 

Second 

defoliated 

circumference 

(cm) 

    Mean 
Standard 

deviation 
Mean 

standard 

deviation 
Mean 

Standard 

deviation 
Mean 

standard 

deviation 

ARIS 22 (5.7%) 13.1 5 5.3 3.6 12.3 9.4 3.1 4.6 

BOER 
10 

(13.3%) 
13.5 5 5 5 6.6 8.6 6 9.8 

BORO 7 (14.3%) 12.1 4.6 3.5 2.7 11 8.1 1.6 3.4 

DICA 
30 

(13.5%) 
14.3 4.2 4.8 3.3 16.5 13.1 1 2.7 

ERLE 
94 

(33.2%) 
16 6.8 5.8 3.8 6.7 9.5 1.1 3.4 

HECO 6 (7.8%) 19.4 10.7 7.6 5.1 25.7 19.2 7.9 11.2 

MUPO 16 (7.0%) 13.9 6.5 2.9 4.9 17.7 11.3 2.9 4.9 

SEMA 
14 

(21.2%) 
11.9 5.6 0 0 10.8 11 0 0 

 

  



28 
 

Table 9: Characteristics of third time defoliated grass plants. 

Species Total 

Number 

of Grazed 

Plants 

Measured 

(% of 

total 

number of 

plants) 

Pre-defoliated 

height (cm) 

Height (cm) Pre-defoliated 

circumference 

(cm) 

Circumference 

(cm) 

  Mean Standard 

deviation 

Mean standard 

deviation 

Mean Standard 

deviation 

Mean standard 

deviation 

ARIS 1 (0.3%) 3 
1
(-) 3 

1
(-) 3 

1
(-) 3 

1
(-) 

BOER 1 (1.4%) 12.5 
1
(-) 4.5 

1
(-) 0 

1
(-) 0 

1
(-) 

BORO 1 (2.0%) 6 
1
(-) 2.5 

1
(-) 0 

1
(-) 0 

1
(-) 

DICA 2 (0.9%) 14.3 6.0 5.8 7.4 8 2.8 0 0 

ERLE 5 (1.8%) 14.6 9.2 4.4 4.1 1.8 4.0 0.6 1.3 

1
 (-), no statistics could be calculated 

 

Table 10: Comparison of the 5 most common species defoliated once, twice, and 

three times across the six summer pastures on the SRER during the summer 2013 

grazing rotation. Percentages were calculated from the total number of plants for 

each species. 

Species grazed in all pastures 

Species Undefoliated Defoliated x1 Defoliated 

x2 

Defoliated 

x3 

Totals 

ARIS 247 (64.3%) 114 (29.7%) 22 (5.7%) 1 (0.3%) 384 

DICA 102 (45.7%) 89 (39.9%) 30 (13.5%) 2 (0.9%) 223 

ERLE 89 (31.5%) 95 (33.6%) 94 (33.2%) 5 (1.8%) 283 

MUPO 132 (57.4%) 82 (35.7%) 16 (7.0%) 0 (0.0%) 230 

SEMA 26 (39.4%) 26 (39.4%) 14 (21.2%) 0 (0.0%) 66 
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Table 11: Characteristics of plants defoliated once, twice, and three times at 300 

meter and 600 meter distances from a permanent water source during the 2013 

summer rotation on the SRER.  

Distance of grazing for all pastures 

Distance (m) Undefoliated Defoliated x1 Defoliated x2 Defoliated 

x3 

Total 

300  359 (51.3%) 248 (35.4%)
1 

87 (12.4%)
1 

6 (0.9%) 700 

600  379 (54.1%) 205 (29.3%)
2 

112 (16.0%)
2 

4 (0.6%) 700 

1
comparison of initially defoliated and re-defoliated plants at 300 meters from water 

2
comparison of initially defoliated and re-defoliated plants at 600 meters from water 

 

Table 12: Differences between defoliation events at their respective distance within 

each pasture 

Distance Pasture Undefoliated Defoliated x1 Defoliated x2 Defoliated x3 

300 

5S 61 38 1 0 

5S 89 10 1 0 

5M 73 22 4 1 

5N 12 64 21 3 

6B 34 53 13 0 

6D 9 46 43 2 

6A 81 15 4 0 

600 

5S 64 30 5 1 

5S 75 21 4 0 

5M 81 15 4 0 

5N 45 43 11 1 

6B 18 46 36 0 

6D 5 43 50 2 

6A 91 7 2 0 
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Individual plants were classified as undefoliated, defoliated once, defoliated twice, and 

defoliated three times based on field observations on each individual plant.  Of the 1,400 

individual plants sampled during the summer rotational grazing period on the SRER, 738 

went undefoliated, and of the 662 plants that were defoliated during the 2013 summer 

rotation, 199 (30.1%) were second defoliations and 10 (1.5%) were third defoliations 

(Table 2). 

Twelve perennial grass species were observed across all macroplots with 5 species 

common to all 6 pastures sampled (Table 3).  The height and circumference 

characteristics of first defoliated and re-defoliated plants are shown in tables 4, 5, 6, 7, 

and 8.   

Three-awn (ARIS) and Arizona cottontop (DICA) comprised the majority of the marked 

plants.  Of these, cottontop had a higher percentage of both single and multiple 

defoliation events in all pastures (39 and 13.9% compared to 29.7 and 5.5% for ARIS) 

(Table 9).  Arizona cottontop is among the most palatable and most common 

bunchgrasses found on the SRER as it is well adapted to defoliation (Cable 1979).  Culms 

exhibit low-level apical dominance and have a large reservoir of buds that allow 

sprouting from numerous axillary shoots (Cable 1979).  Removal of the growing point 

early in the grazing season stimulates sprouting and axillary shoot growth regardless of 

shoot development stage (Cable 1979) which may partly attract repeated defoliations.  

Interestingly, Lehmann lovegrass did not receive multiple defoliations in all of the study 

pastures although it was the second most common plant sampled at 20.2% of the total 

number of plants sampled (Table 3).  However, when Lehmann lovegrass did receive 

multiple defoliations, it had higher rates of defoliation when compared to other perennial 
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grasses.  All other species were defoliated at a similar rate of around 20-25% of the 

marked plants being defoliated once and 14% defoliated twice or more.  

A paired t-test was run to determine the size of pre-defoliated heights and circumferences 

for each perennial grass species.  Pre-defoliated heights for initially and re-defoliated 

plant species were found to be significant with shorter re-defoliated heights than initially 

defoliated heights except for HECO (p = 0.6086).  This may have been due to the small 

number of HECO samples captured during this study (Table 4).  All but four of the plant 

species pre-defoliated circumferences were found to be significant.  The circumferences 

for ARIS (p = 0.3268), DICA (p = 0.0778), and MUPO (p = 0.0955) were found to be 

non-significant however they tended to be smaller at re-defoliation then at initial 

defoliation (Table 5).  The growth habits of DICA and MUPO made them particularly 

difficult to accurately measure since both species have a greater mass when compared to 

the other species of this study.  The size of ARIS plants posed a unique challenge as it 

was very small and detecting any changes in circumference was incredibly difficult to 

determine reliably within the parameters of the measurement tool used for this study.  

The pre-defoliation circumference for HECO (p = 0.7365) illustrated that these plants 

tended to be larger at re-defoliation than initial defoliation, however, this may have been 

the result of a small sample size.   

Table 10 illustrates the characteristics of each defoliation event at 300 and 600 meters 

from a permanent water source.   A chi-square analysis was performed on the four 

defoliation categories to determine the overall frequency of defoliation at 300 and 600 

meters.  The results showed no difference in the distribution of plants that their respective 

distance from a permanent water source (p=0.7611).  A paired sample t-test that 
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compared initial and re-defoliated plants at 300 and 600 meters from a permanent water 

sources was used to determine the likelihood of a plant being defoliated only once at each 

distance.  The proportion of plants receiving only a single defoliation at 300 meters 

(35.4%) from water was not significantly different than at 600 meters from (29.3%), but 

the p-value of 0.067 suggests that there is a trend toward greater proportion at 300 

meters. The likelihood of multiple defoliations on a plant was determined by a paired 

sample t-test.  The results from this t-test (p=0.2235) illustrated that the rate of more than 

one defoliation was not different at 300 meters (13.3% = sum of 12.4% 2x defoliations 

and 0.9% 3x defoliations) or 600 meters (16.6% = sum of 16.0% 2x defoliations and 

0.6% 3x defoliations).  About half of all the marked plants at each distance were 

defoliated (Table 10).  These results indicate that cattle select approximately the same 

number and proportion of plants to defoliate or re-defoliate regardless of distance from a 

permanent water source.   

The results of the t-test also suggest that the cattle utilized the plants up to 600 meters 

rather uniformly as they search farther from a water source.  This could be due to the fact 

that the cattle are native to the study area (i.e. heifers born on the Santa Rita Ranch are 

retained) and learn where resources are located from birth.  A study by Peinetti et al. 

(2011) that compared resource selection among native and naïve cattle showed that native 

cattle tend to travel further from a water source than naïve cattle to search for resources.  

However, Peinetti et al. (2011) did note that different breeds utilized resources differently 

and require supervision from managers.  Other grazing studies investigating grazing 

locations by cattle showed that slope, forage availability, and forage quality are among 

the most important variables that cattle select when searching for forage (Namken and 
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Stuth 1997; Ganskopp 2001; Kaufmann et al. 2013).  Also, cattle have been shown to 

travel up to a mile from a water source to forage which would suggest that distances 

farther than 600 meter may show a greater influence on defoliation. 

Large variations among pastures in the number of plants defoliated and re-defoliated 

were found (Table 11).  The difference between the pastures (5N, 5Mid, and 5S) may 

have been due to growing condition as the lower portions of the SRER tend to have 

sandier soil types and were grazed earlier in the growing season than the pastures (6A, 

6B, and 6D) closer to the Santa Rita Mountains.  While these differences were not 

expressly looked at during this study they provide insight into potential future studies.  

Timing of Defoliation Events 

Analysis of the timing of defoliation events is summarized in Table 11.  To account for 

the change in sampling days, the data were compiled into two day intervals for plants that 

only received multiple defoliations.  On day one, 77 plants were defoliated for the first 

time.  Eighty-five percent of initial defoliation events occurred by the end of day 3.  The 

first recorded incidence of repeated defoliation occurred on day 2 with 8 plants receiving 

a second defoliation.  Day 9 showed a major shift in plant selection with 48 plants re-

defoliated and the highest number of second defoliated plants was measured on day 11 

when 115 plants were observed as having been defoliated twice (Table 11).  This 

suggests that by day 9 cattle began to shift their grazing strategy from new undefoliated 

plants to only the new growth occurring on previously defoliated plants. The data show 

that the cattle had switched exclusively to new growth by day 11.  Other studies have 

shown that new plant growth attracts herbivores more so than older growth due to its ease 

of digestibility and high nutritive value allowing livestock to maximize their nutrient 
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intake, particularly in resource limited ecosystems (Heitschmidt et al. 1990; Cullan et al. 

1999; Kaufmann et al. 2013).  From a plant physiological perspective, the focus by 

herbivores on new plant growth can impact growth in the leaves, stems, and root systems.  

Several studies have illustrated that new growth is more photosynthetically active and 

produces more nutrients for plants than older growth (Campanella and Bertiller 2008; 

Halfa et al. 2013).  Growing conditions must also be adequate in order for plants to 

produce new growth and recover from defoliation.  If growing conditions are adequate, 

grazed plants will recover biomass when animals are moved to other pastures.  Plants 

defoliated only once are more likely to recover enough biomass to resemble an 

undefoliated plant than are those defoliated multiple times during the grazing period 

(Steffens et al. 2013).  

Table 13: Number of all plants only re-defoliated per pasture day on the SRER 

during the summer 2013 grazing rotation. 

Pasture day Defoliated x1 Defoliated x2 Defoliated x3 

1 77 0 0 

3 85 8 0 

5 36 19 0 

7 1 11 2 

9 7 48 1 

11 2 115 5 

13 0 4 1 

15 0 3 1 
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Timing of Re-defoliation of Individual Perennial Grasses 

Analysis of the timing of first and second defoliation events show that nearly half 

of the plants that had multiple defoliation events were initially defoliated by day 3 of the 

pasture rotation with 113 plants defoliated for the first time (Table 11, Figure 1).  This 

suggests that when initial defoliation occurred early in the rotation period, those grasses 

had the opportunity to regrow while cattle were still present in the pasture.  These data 

illustrate the importance of temporal scaling regarding defoliation. 
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Figure 1: Number of plants defoliated once, twice and three times on a pasture day 

during the summer 2013 rotation on the SRER. The black bars represent all plants 

that were defoliated once (n = 453). The light gray bars represent all of the first 

defoliated plants that were re-defoliated later during the 15 day rotation (n = 199).  

The dark gray bars represent all re-defoliated plants that were defoliated for a third 

time (n = 10).  The re-defoliated plants accounted for nearly half of total first 

defoliated plants. 

The data illustrated in Figure 2 show the average number of grazing days by pasture for 

all three classes of defoliation events.  Overall, the average day that a plant was 

defoliated in a pasture once, twice, or for a third time was day 3, day 9, and day 11 

respectively (Figure 2).  These data show that up to three defoliations on an individual 

plant can occur during the summer rotation on the SRER.  However, in two of the 

pastures there were no plants that were defoliated three times, and only two of the four 

remaining pastures had more than one plant identified as being defoliated three times.  
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Most interestingly, the average number of grazing days for plants defoliated twice was 

approximately 9 across all pastures (Figure 2).  When compared to the number of 

defoliated plants these data indicate that, in general, plants receive additional defoliations 

between day 9 and day 11.  

From an adaptive grazing management perspective, these data show cattle should be 

rotated out of the pasture by day 9 and no later than day 11 based upon the significant 

increase in the number of additional second defoliations on those days.  This would 

ensure that perennial bunchgrasses are moderately utilized (i.e. grazed once during the 

summer rotation) and allow appropriate recovery time before the next grazing season.  

This is a primary objective of the Santa Rita Grazing Management Plan (Steffens et al. 

2013; SRER 2015). 
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Figure 2: The average number of grazing days for all three defoliation occurrences 

by pasture, with the error bars. Pastures 6B and 6A did not receive any third 

defoliations; hence, no statistics could be calculated on the third defoliated for these 

pastures.  Standard deviations could not be calculated for 3
rd

 defoliations for 

pastures 5S and 5M since only one data point was captured.   

Height, Diameter, and Circumference of Re-defoliated Individual Perennial Grasses 

Results show that plants defoliated for the first time were taller than plants that 

were defoliated a second time (21.0 ± 5.6 cm and 15.5 ± 5.6 cm F207, p<0.0001, 

respectively).  Basal circumference data show similar trends as plants had more 

circumference defoliated the first time than when compared to a second defoliation (40.8 

± 9.0 cm and 31.4 ± 9.0 cm; F207, p<0.0001, respectively). The data show that the cattle 

are selecting plants that have an average height of 15.5 cm and circumference of 31.4 cm 

when they re-defoliate.  These results indicate that the plants were still in recovery from 

their initial defoliation when they were defoliated for a second time.  A review by 

Steffens et al. (2013) illustrated that recovery time between defoliation events influences 

forage production.  
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Major Findings and Management Implications 

 This study identified the number of defoliations occurring on individual grass plants 

during the 2013 summer grazing season on the SRER.   

 Of the 1400 plants marked, 738 (52.7%) were not defoliated, 453 (32.3%) plants 

were defoliated once, 199 (14.2%) plants were defoliated twice, and 10 (0.7%) 

plants were defoliated three-times.  

 Approximately 30.1 percent of the plants that were defoliated once, were 

defoliated a second time.   

 Of the twelve species sampled, 5 were defoliated across all pastures.  Of the 5 

common species, only Arizona cottontop (Digitaria californica) received multiple 

defoliations in all 6 pastures sampled.   

 Although it was the second most common grass species sampled, Lehmann 

lovegrass was most prevalent in the later pastures of 6B and 6D.   

 Defoliation effects related to distance from water indicated that the grazing 

behavior of the cattle on the SRER remained consistent up 600 meters from a 

permanent water source as they searched for forage.  A paired t-test showed 

distance did not affect whether a plant would be re-defoliated farther from a water 

source.     

 Trends from the height and circumference data showed that cattle actively 

selected an average plant size (i.e. 15.5 ± 5.6 cm tall and 31.4 ± 9.0 cm
 
around) 

when they re-defoliate.  Analysis of the timing of initial defoliation and repeated 

defoliations found that most of the second defoliated plants were initially 

defoliated within the first three days of the pasture rotation, that the average day 
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of a second defoliation occurred on day 9, and that the cattle on the SRER begin 

to switch their grazing strategy from new plants to new growth on previously 

grazed plants by day 9 and completely by day 11.   

All of these findings have significant implications for future grazing management on the 

SRER, particularly in creating better adaptive management strategies.  In general, the 

data support rotating cattle out of a pasture by day 9 and absolutely by day 11 to prevent 

repeated defoliations of individual plants.  Arizona cottontop (Digitaria californica) was 

shown to be a primary forage species that the cattle utilized and other studies have 

demonstrated its value as a summer forage (Cable 1979; McClaran 2003).  While 

cottontop has many physiological and morphological adaptations to defoliation, its 

palatability still makes it susceptible to over utilization.  This suggests that management 

should consider cottontop as a priority species in future management not only as forage 

but for its other ecosystem services such as soil cover and water capture (Cable 1979).  

While the current adaptive management plan on the SRER focuses on plant indicators for 

rotating cattle during the summer growing season, other ecological and economic 

considerations must be accounted for prior to implementing an 8 to 10 day rotation as 

part of the Santa Rita Grazing Management Plan.  These include stocking rate, stocking 

density, climate change, drought, and ranch to landscape-level goods and services 

(Ganskopp and Bohnert 2009; Kaufmann et al. 2013; Norton et al. 2013).  Steffens et al. 

(2013) suggested that the focus on ecological goals provides sustainable solutions to 

degradation.  For the SRER, focusing on ecological factors relating to soil and water, 

stocking rate, foraging behavior, and forage availability would best facilitate future 

management decisions (Heitschmidt et al. 1990; Teague et al. 2008; Steffens et al. 2013).  
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Water and forage availability are predicted to be the most limiting factors for the SRER, 

especially when coupled with major environmental events such as drought and climate 

change.  It is projected that the Southwest will become warmer and drier which will 

increase weather extremes such as drought (Polley et al. 2013).  Increased temperatures 

and changes in inter- and intra-annual precipitation will increase stress on plants as they 

try to maintain adequate physiological functions.  Warming and drying of the southwest 

will reduce soil-water availability, decrease forage quality, and modify vegetation 

composition which will ultimately limit livestock production (Polley et al. 2013).  

Adaptation to climate change and drought require explicit goals of resilience 

management to foster opportunities for systems to supply ecosystem services.  Success in 

ranching will be most effective when both short-term and long-term adaptation strategies 

are used to identify management options available (Joyce et al. 2013; Rhoades et al. 

2014).   

Conclusion 

Analysis of the 2013 summer grazing rotation on the SRER provided many 

insights into the adaptive grazing management practices that can be utilized by both the 

producer on the Santa Rita Ranch as well as managers from the University of Arizona.  

This study demonstrated that where management deviated from the grazing schedule to 

allow for operational flexibility defoliation exceeded the primary management objective 

of only grazing an individual grass once during the growing season.  To better link 

defoliation with management goals and growing conditions management alternatives 

must consider removing cattle more quickly from summer pastures particularly when 

considering that multiple defoliations occur approximately 9 days after cattle enter a 
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pasture.  Defoliation distance from a permanent water source showed that cattle do not 

significantly alter their search behavior up to 600 meters from a permanent water source.  

Managers would benefit from understanding this behavior to create more comprehensive 

and adaptive grazing schemes to limit the effects of multiple defoliations on plants.  The 

average defoliated height and circumference of individual grasses investigated during this 

study can provide managers with a standardized indicator as to when grasses are most 

vulnerable to grazing, which might increase management flexibility in future decisions.  

In consideration of future application of this research, plant responses to grazing will 

continue to be the impetus for adaptive grazing management schemes.  This will require 

further efforts in correlating plant characteristics such as plant size with spatial and 

temporal responses by herbivores across landscapes.   
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Appendix A 

 

 

Appendix A.1: ArcMap of the pastures observed during the 2013 SRER summer 

grazing rotation with macroplots at 300 m, 600 m, and water locations shown. 
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Appendix B 

 

Appendix B.1: Species code, scientific name, and common name for all plant species 

investigated on the SRER during the summer of 2013 rotational grazing study. 

Species Scientific Name Common Name 

ARIS Aristida spp. three awn 

BOCH Bouteloua chondrosioides sprucetop grama 

BOER Bouteloua eriopoda black grama 

BORE Bouteloua repens slender grama 

BORO Bouteloua rothrockii Rothrock’s grama 

DICA Digitaria californica  Arizona cottontop 

ERCU Eragrostis curvula weeping lovegrass 

ERLE Eragrostis lehmanniana Lehmann lovegrass 

HECO Heteropogon contortus tanglehead 

MUPO Muhlenbergia porteri bush muhly 

SEMA Setaria macrostachya large-spike bristlegrass 

SPCR Sporobolus cryptandrus  sand dropseed 
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Appendix C: 2012-2013 SRER Summer Grazing Plan 
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Appendix D: Summer 2013 Grazing Pastures Sampled 

 

7/6/2013 – 7/16/2013 

7/19/2013 – 7/31/2013 

7/28/2013 – 8/11/2013 

8/23/2013 – 9/2/2013 
9/5/2013 – 9/17/2013 

9/24/2013 – 10/2/2013 

Figure 4: Pastures with dates sampled during the 2013 SRER grazing rotation study. 

N 
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