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Abstract

Mob stocking is a type of livestock management method where high densities of animals are

restricted to a small area of grassland for short periods of time (e.g., 12–24 hr.) before being

moved to new forage. Use of mob stocking has generated considerable interest among for-

age-livestock professionals in recent years, but questions remain about its purported bene-

fits to cattle and forage plants. To address questions about the possible benefits of mob

stocking, a 3-yr study (2014–2016) was conducted in Virginia, USA comparing mob, rota-

tional, and continuous stocking methods in a temperate grassland common to that region.

The main objective of this study was to evaluate how mob-stocking management affected

selected forage variables, cattle performance, and legume/weed abundance. Herbage

mass and nutritive value were measured monthly. Cow and calf weights and body condition

score (BCS) were used as indicators of animal performance. Legumes (red and white

clover) were over-seeded prior to the study, and their abundance along with weeds were

evaluated annually thereafter. Mean herbage mass and forage nutritive values were similar

across mob, rotational and continuously stocked systems despite extra-long rest periods

that allowed grasses to grow tall and over-mature under mob stocking. Cow weights going

into winter were lower (P < 0.05) under mob stocking (619 kg) compared with continuous

stocking (688 kg) possibly because many tall grasses were trampled and not grazed. Lastly,

we found mob stocking can favor establishment of erect-growing red clover (Trifolium pre-

tense L.), but it had no effect on weed abundance. Overall, we found few compelling rea-

sons why mob stocking should be adopted for season-long forage and livestock production

over other stocking methods in this environment.

Introduction

Mob stocking is a type of rotational or managed grazing that involves intensive decision-mak-

ing to control livestock stocking rates and forage removal to produce desired outcomes [1].

Mob stocking can be difficult to define, but it usually involves restricting a high density of ani-

mals (e.g., 50,000 to over 200,000 kg BW ha-1) to a paddock before being moved to new forage

usually within 24 hours ([2–4]). Mob stocking tends be initiated on tall, mature forage fol-

lowed by long recovery periods–usually 90 d or longer. Under such conditions, paddocks may

PLOS ONE | https://doi.org/10.1371/journal.pone.0226360 December 12, 2019 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Tracy BF, Bauer RB (2019) Evaluating

mob stocking for beef cattle in a temperate

grassland. PLoS ONE 14(12): e0226360. https://

doi.org/10.1371/journal.pone.0226360

Editor: Julio Cesar de Souza, Universidade Federal

de Mato Grosso do Sul, BRAZIL

Received: August 7, 2019

Accepted: November 24, 2019

Published: December 12, 2019

Copyright: © 2019 Tracy, Bauer. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

Information files.

Funding: This study was supported by research

grant #69-33A7-12-002 awarded to BFT from the

USDA-NRCS as part of the Virginia Conservation

Innovation Grant (CIG) program, and the Virginia

Tech John Lee Pratt Graduate Scholar Program.

The funders had no role in study design, data

collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

http://orcid.org/0000-0002-3757-5938
https://doi.org/10.1371/journal.pone.0226360
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226360&domain=pdf&date_stamp=2019-12-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226360&domain=pdf&date_stamp=2019-12-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226360&domain=pdf&date_stamp=2019-12-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226360&domain=pdf&date_stamp=2019-12-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226360&domain=pdf&date_stamp=2019-12-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226360&domain=pdf&date_stamp=2019-12-12
https://doi.org/10.1371/journal.pone.0226360
https://doi.org/10.1371/journal.pone.0226360
http://creativecommons.org/licenses/by/4.0/


be grazed just once or twice per season and many paddocks are required for the rotation

sequence. During the long rest periods from grazing, forage accumulates and typically

becomes over-mature. More moderate rotational stocking also uses recurring periods of graz-

ing to match forage growth but employs fewer paddocks. Rotational stocking is similar in prin-

ciple to mob stocking except stocking density is lower and pasture recovery periods are shorter

(e.g., 15–30 d). Continuous stocking is a more most common management method and

involves no or minimal movement of livestock among different paddocks [1].

Mob stocking was promoted by Allan Savory in the 1980s as part of a more holistic

approach to rangeland management [5] and has generated considerable interest in the forage-

livestock community [6, 7, 8]. Anecdotal observations have described the benefits of mob

stocking methods. Practitioners who adopt mob stocking have reported increased forage pro-

duction, higher plant diversity, fewer weeds, improved distribution of livestock grazing and

nutrient distribution from waste, and better soil health [7]. Although many studies have com-

pared rotational with continuous stocking methods [9, 10, 11, 12], less comparative research

has been done on mob stocking approaches. In this study, our main goal was to collect repli-

cated field data to evaluate the potential benefits of mob stocking in a temperate grassland.

Results reported here were from a 3-yr. study conducted from 2014 to 2016. The main objec-

tive of the study was to compare herbage mass, herbage nutritional value, and animal perfor-

mance across three stocking methods classified as mob, rotational and continuous. A second

objective sought to evaluate how mob stocking would affect plant species composition–specifi-

cally legume and weed abundances.

Materials and methods

Study site

A replicated grazing experiment was conducted at the Virginia Tech Shenandoah Valley Agri-

culture Research and Extension Center (SVAREC) from 2014–2016. The study site was located

in central Virginia (37˚55’45” N latitude and 79˚13’11” W longitude, elevation: 582 m) and

consisted of 90 ha of pastureland. The soils at the site were classified as well-drained Frederick

and Christian gravelly silt loams, with slopes ranging from 2% to 20%. Soils across the site

were tested for pH, P and K prior to the start of the trial and fertility was adjusted on experi-

mental units based on recommendations by the Virginia Tech Soil Testing Lab. Vegetation

was dominated by endophyte-infected tall fescue [Schedonorus arundinaceus (Schreb.)

Dumort.], orchardgrass (Dactylis glomerata L., Kentucky bluegrass (Poa pratensis L.). In Feb-

ruary 2007 and 2009, 4.5 kg ha-1 of white clover (Trifolium repens L.) and red clover seed,

equally proportioned, were broadcast over the experimental area. The study site has a humid

continental climate with 993 mm average annual precipitation, and average monthly tempera-

tures range from 0.3˚C in January to 23.1˚C in July. Temperature and precipitation data

reported in this paper were taken at a weather station located on the site.

Stocking methods and experimental design

The experiment consisted of a randomized arrangement of mob, rotational, and continuous

stocking treatments. From May 2014 to November 2016, stocking treatments were applied to

nine, 6.4-ha pastures across the site to achieve three replications of each. Within treatment

areas, pastures were subdivided into paddocks of equal area with high-tensile wire and poly-

wire to implement the stocking treatments. At the beginning of the study, beef cows from the

SVAREC herd were assigned to treatments to ensure stocking rate was similar across stocking

treatments. Mature beef cows (623 ± 7 kg) were stocked in all treatments at 11.5 AUM ha-1

(Table 1), and calves (35 ± 2 kg) born in fall were retained with their dams post-partum. Mob
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stocking consisted of three stocking periods each year on 64, 0.1-ha paddocks that were allo-

cated to cattle every 24 h. Mob-stocked paddocks were created using single-strand electric

fence to provide 0.1- ha strips for grazing as cattle were moved through a series of nine pre-

existing 0.7 ha pastures within each experimental unit. Mob-stocked paddocks were not back-

fenced to allow cattle access to water at a fixed location on one end of the pasture. A stocking

density of approximately 50,000 kg live BW ha-1 was maintained on the paddocks, which

would be considered a lower density for most mob stocking situations. Rotational stocking

was applied across eight, 0.8-ha paddocks using stocking periods of 4 d with a fixed 28 d rest

period for each paddock. Continuous stocking consisted of one uninterrupted stocking period

that spanned ~200 d beginning in early May. The seasonal grazing duration for mob and rota-

tional treatments was the same as the continuous treatment. Cows were bred to give birth in

fall. Cows and calves remained in the experimental units over the winter and were fed hay

until May. Cows and calves in rotational and mob systems were confined to a 0.7 or 0.8-ha

hay-feeding area, during winter. In the continuous system, hay was fed within a single con-

fined area but cows and calves had access to the entire 6.5-ha pasture. Grazing, with cows only,

began again in early May.

Herbage mass

Standing herbage biomass was harvested in 2014 and 2015, but not 2016 due to limited

resources. Herbage was harvested at month intervals by cutting all vegetation within 9–10 ran-

domly located areas within each experimental unit (6.4 ha). In each sampling area, a 0.7 x ~4

m swath was cut 2 cm above the soil surface with a mechanical harvester. The fresh herbage

from each swath was weighed on scale built into the harvester and sub samples (~200 g) were

dried in a force-draft oven at 55˚C for 48 h. The sub samples were used to calculate the dry

weight of herbage mass and estimate forage nutritive value described below. For rotational

and mob treatments, herbage mass samples were collected across experimental units without

regard to location of cattle in the rotation sequence. Sampling in this manner included grass-

land areas at various stages of regrowth from recently grazed to ungrazed areas. This method

was used to provide a herbage mass ‘inventory’ each month for the respective stocking treat-

ments. It was considered the fairest way to compare herbage mass dynamics among these very

different stocking treatments. In 2015, a scale malfunction caused some irregularities in the

herbage mass data collected in the late season so we elected to exclude that year from the statis-

tical analysis.

Nutritive value

Oven-dried samples of standing herbage biomass were milled with Thomas-Wiley mills

(2-mm screen; Philadelphia, PA) and cyclone mills (1 mm screen; Cyclotec, Hilleroed, Den-

mark) and then scanned with near infrared reflectance spectroscopy (NIRS; FOSS 6500,

Table 1. Herd characteristics and stocking management during the course of the study. Values are averages from 2014–2016.

Stocking

Method

Grazing days (d) Cattle paddock-1 Body weight (kg) Paddocks system-1 Paddock area (ha) Stocking density
�AU ha-1

Stocking rate
#AUM ha-1

Mob 200 8 621 64 0.1 109 11.5

Rotational 200 8 625 8 0.8 14 11.5

Continuous 200 8 625 1 6.4 1.7 11.5

�AU: animal unit (454 kg live BW),
#AUM: animal unit month

https://doi.org/10.1371/journal.pone.0226360.t001
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Hilleroed, Denmark). Crude protein (CP), acid detergent fiber (ADF), and neutral detergent

fiber (NDF) concentrations in herbage samples were predicted from calibration equations

developed previously at Virginia Tech from tall fescue-based pasture samples (n = 136). The

standard error of calibration (SEC), the coefficient of determination (R2) for the respective

NIRS equations were as follows: CP: 0.93 and 0.96, ADF: 1.65 and 0.93, NDF: 2.62 and 0.94,

respectively. Cross-validation statistics did not differ appreciably from calibration statistics.

Accuracy of the equations also was assessed with the Global H (Mahalanobis distance) and

Neighborhood H statistics [13]. Nutritive value analysis was not completed for samples col-

lected in September 2015.

Cattle weights

Cow weights were taken at the end of the grazing season when cows were bred in late Novem-

ber-early December (2014–2016). Body condition score (BCS) of each cow was taken at this

time using a 1–9 scale where 1 is extremely thin and 9 is obese [14]. A BCS between 5–7 is

considered ideal for beef cows. In addition to cow weights, calves were weighed at birth in the

fall, and at weaning in May. An adjusted 205-d weaning weight was used to compare stocking

treatments.

Plant species composition: Clover and weed cover

Percent ground cover of herbage, dead material, and bare soil was visually estimated in 0.5-m2

rectangular quadrats each May before grazing began. A modified Daubenmire method was

used to estimate visually the percent ground cover of plant species [15, 16]. Herbage cover

measurements were made at 20–25 sampling points per experimental unit. Weed species cover

was calculated from sum of ‘non-forage’ plants that excluded common forage species like blue-

grass, orchardgrass, and tall fescue.

Statistical analysis

Statistical analysis was performed in R Version 3.2.1 [17]. Herbage mass and nutritive value

data were analyzed using ANOVA including treatment, month, and year (for nutritive value

only) as main effects and their respective interactions. Subsamples within each experimental

unit were averaged prior to analysis to generate a single value for each of the respective vari-

ables. Treatments were assessed for homogeneity of variance and normality. Treatment

differences within years or months were evaluated separately if interactions were statistically

significant (P< 0.05). Tukey’s Honestly Significant Difference (HSD) was used to determine

mean separation for significant main effects (α = 0.05). Cattle variables and plant species com-

position also were analyzed using ANOVA with year, treatment and their interaction as main

effects. Subsamples were averaged within each replicate before subjecting data to ANOVA

Additionally, for data collected in 2014, we used regression to evaluate whether the date of

grazing initiation on mob and rotationally stocked paddocks predicted herbage mass later in

the grazing season.

Results

Weather variables

Growing season precipitation (April-October) in 2015 exceeded the 30-yr. average while pre-

cipitation in 2014 and 2016 was below average (Table 2). Excluding October 2016, we observed

no sustained nor exceptionally dry periods lasting more than 30 d during the respective grow-

ing seasons. Growing season air temperatures were at or above long-term means.

Mob stocking in a temperate grassland
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Herbage mass

Herbage mass data was analyzed only for the 2014 growing season. Temporally, herbage

mass in all paddocks increased from 3,363 kg ha-1 in May to 4,145 kg ha-1 in June but subse-

quently decreased during the June to November period (Fig 1). Herbage mass did not differ

among stocking treatments (P< 0.05). In 2014, the date of grazing initiation in mob grazed

Table 2. Growing season precipitation at the study site from 2014 to 2016 and the 30-yr. mean for each respective

month.

Precipitation (mm)

Month 2014 2015 2016 30-yr. average

April 85 112 34 80

May 92 66 113 95

June 114 93 117 92

July 55 135 37 99

August 77 26 56 92

September 13 133 164 96

October 118 77 0.3 76

Average 79 92 74 90

https://doi.org/10.1371/journal.pone.0226360.t002

Fig 1. Mean herbage mass averaged over the 2014 growing season. CONT, MOB and ROT labels refer to continuous, mob and rotational

stocking treatments, respectively.

https://doi.org/10.1371/journal.pone.0226360.g001
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paddocks was significant as a predictor of herbage mass later in the growing season (R2 = 0.35,

P = 0.001). Mob grazed paddocks averaged 28 kg ha-1 more standing herbage each day after

mob stocking was initiated in May. Herbage mass at subsequent dates in rotationally grazed

paddocks was not significantly predicted by date of grazing initiation (P = 0.36).

Nutritive value

A significant year x month interaction was noted for all nutritive value indices so years (2014

and 2015) were analyzed separately. In 2014, nutritive value indices (CP, ADF and NDF) of

herbage varied predictably with the growth of cool-season plants. For example, crude protein

(CP) was greatest in spring when plant growth was most vigorous, least in hot mid-summer

months, and intermediate in fall (Fig 2A). Both fiber components (ADF and NDF) showed sig-

nificant month effects (P< 0.01) but did not differ among treatments. Fiber concentrations

were lowest in spring, highest in summer and intermediate in fall (Fig 2B and 2C). The interac-

tion of stocking method x month was marginally significant (P = 0.065) for CP in 2014. Crude

protein content of herbage was similar among treatments until fall when the mob-stocked

treatments exceeded the continuously grazed systems (Fig 2A, Tukeys HSD test, α = 0.05,

df = 12).

Fig 2. Mean crude protein (CP), acid detergent fiber (ADF) and neutral detergent fiber (NDF) concentrations in herbage from 2014 (A, B,

C) and 2015 (D, E, F) growing seasons. CONT, MOB and ROT labels refer to continuous, mob and rotational stocking treatments,

respectively. � indicates statistical difference among treatments (P< 0.05) for the respective month.

https://doi.org/10.1371/journal.pone.0226360.g002
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Different seasonal patterns were noted for nutritive value indices in 2015. Crude protein

increased more in the continuous stocking treatments as the growing season progressed com-

pared with other treatments (Fig 2D, month x treatment interaction, P = 0.07). Fiber concen-

trations also showed significant month by treatment interactions (P< 0.01). Concentrations

were similar in spring among the treatments but ADF and NDF in continuously- stocked

treatments declined more as the season progressed compared with mob and rotational treat-

ments (Fig 2E and 2F).

Cattle

From 2014 to 2016, cow weights and BCS at breeding were significantly lower in the mob-

stocking treatment compared with the continuous-stocking treatment (Table 3). Calf birth

weights were lowest in the rotational treatment and similar in mob and continuous treatments.

Calf weaning weights also differed among systems and were highest in the continuous-stock-

ing treatment (Table 3).

Clover and weed cover

Clover seed was overseeded across all experimental units prior to start of this study. White clover,

red clover, and weed cover all showed significant year x treatment interactions (P< 0.01). The

interaction was largely a function of the 2016 growing season, when red and white clover cover

was much greater compared with the first two years (Fig 3A, 3B and 3C). By the start of 2016 sea-

son, continuous stocking had clearly favored white clover, while mob and rotational stocking

promoted more red clover (Fig 3C). In 2014, red clover was only present in mob-stocked treat-

ments. Weed cover showed no consistent trend with stocking treatment (Fig 3A, 3B and 3C).

Discussion

Herbage mass

The amount of herbage mass measured in 2014 did not differ among the stocking treatments.

Given that stocking rate was the same across treatments, this result suggests overall forage

Table 3. Cattle measurements across years (2014 to 2016) and stocking treatments. CONT, MOB and ROT labels refer to continuous, mob and rotational stocking

treatments, respectively. SE is 1 standard error.

Year Treatment Cow wt.

(kg)

Cow Body Condition Score (1–9) Calf Birth Wt.

(kg)

Calf Wean Wt.

(kg)

2014 CONT 643 6.5 37 195

2015 CONT 712 7.6 39 205

2016 CONT 710 7.8 36 230

2014 MOB 626 5.8 36 187

2015 MOB 618 6.0 38 182

2016 MOB 614 6.4 38 203

2014 ROT 619 6.1 33 194

2015 ROT 657 6.7 35 193

2016 ROT 637 7.0 33 196

Means† CONT 688 a 7.3 a 38 a 210 a
MOB 619 b 6.1 b 37 a 191 b
ROT 638 b 6.6 b 34 b 195 b
SE 7.8 0.14 0.50 3
P-value <0.001 <0.001 <0.001 0.003

† Treatment means (italics) within each column followed by the same letter do not differ (Tukey’s Honestly Significant Difference Test, α = 0.05, n = 27).

https://doi.org/10.1371/journal.pone.0226360.t003
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growth or net primary production probably was not affected by the different stocking methods

that year. Overall trends showed a general decline in herbage mass over the growing season

(Fig 1), which should be expected. Although herbage mass could not be reported from the

2015 and 2016 growing seasons, our observations suggested that the seasonal trends would

have been similar to 2014. Interestingly, we found that early mob stocking tended to reduce

subsequent herbage production later in the season. Rotationally grazed systems, however, did

not show the same pattern. Several interrelated factors associated with cattle stocking density

may explain the differing responses. For example, grazing intensity early in the season was

greater under mob stocking compared with rotational stocking, and this may have stressed

grasses more [18]. Defoliation stress may have reduced root biomass and extra carbohydrates

mobilized for regrowth may have combined to reduce regrowth potential [19]. Later initiation

of grazing has been shown to benefit sward productivity in previous studies of cool-season pas-

tures. Other studies from a similar region found that herbage mass was 33% greater when graz-

ing was initiated in mid-May compared with mid-April on set-stocked pastures of bluegrass

and white clover [20]. We suggest that if season-long mob stocking is adopted in a temperate

environment like our study site, it may make sense to defer grazing in early spring an extra

10–14 d to allow for more herbage accumulation.

Nutritive value

In 2014, the nutritive value of herbage biomass varied during the growing season as would be

expected based on seasonal changes in plant maturity, soil organic matter mineralization, and

cover of grass and dead material in the sward [21]. Interestingly, during the first season, we

found higher CP concentrations in fall under mob stocking (Fig 2A). Possibly, greater

resources for regrowth with extended pasture rest may have improved the growth status of

mob-grazed pastures and allowed them to resume growth more quickly during the cooler fall

conditions relative to continuously stocked paddocks that were not rested. Although greater

legume abundance might also explain the differences in CP, clover cover was less than 1% in

both mob and continuous systems that October [22]. Bauer [22] also evaluated mob stocking

at a nearby site and did not find a similar response in nutritive value during fall suggesting our

results may have been unique to the site.

Nutritive value indices did not vary as much over the 2015 growing season and tended to

improve slightly under continuous stocking as the season went on (Fig 2D–2F). We can only

Fig 3. Percent ground cover (%) of clovers (red and white) and weeds in May 2014 (A), 2015 (B), and 2016 (C) before grazing was initiated

each season.

https://doi.org/10.1371/journal.pone.0226360.g003
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speculate on why this occurred, but it may have been related to vigorous white clover growth

that was promoted by a combination of close continuous stocking and high summer rainfall in

2015 (Table 1). A high proportion of white clover in the continuous treatment forage samples

could have contributed to the results observed, and this was supported by data collected by

Bauer [22]. In July and September 2015, white clover averaged 22% cover in the continuously

stocked treatment while mob and rotational treatments averaged 8 and 11%, respectively.

We found few instances where nutritive value indices dropped below acceptable nutritional

thresholds for low-maintenance animals like dry cows. For example, herbage intake generally

is limited when CP concentrations are less than 60–80 g kg-1 DM [23, 24], and mean CP con-

centrations did not reach these levels. Although many studies have examined the relationship

between stocking methods and forage nutritive value, few have concluded that manipulation

of rest period or grazing intensity alone can explain variation in the nutritive value of forage

across time [25]. More often, observed differences in nutritive value between grazing methods

are attributed to differences in stocking rate [25]. Other studies have found no difference in

herbage nutritive value between rotational and continuous stocking systems [9, 26, 27].

Cattle

We found that cows grazing in the mob-stocking treatments were consistently lighter at the

end of each grazing season compared with cows under continuous stocking. Lower cattle

weights under mob stocking have been shown in some studies [4, 28], while others have found

no difference compared with moderate rotational stocking [29]. The weight differences in our

study were relative, and BCS scores in mob stocking treatments were still within the ideal

range for beef cattle (e.g., 5–7 BCS) [14]. In fact, calf birth weights were similar in mob and

continuous treatments and actually lowest under rotational stocking (Table 3). The forage var-

iables we measured and observed could not explain the lower cow weights as forage mass and

nutritive value were not consistently lower under mob stocking. Although we did not measure

forage mass or nutritive values in 2016, we suspect the mostly favorable growing season

weather during that year (Table 1) likely would have produced similar results in forage mea-

surements. Indeed, forage mass and quality probably would have been greater in mob systems,

especially considering the ample red clover cover recorded in 2016 (Fig 3). The moderate

stocking rates used in this study combined with favorable growing season rainfall and abun-

dant white clover likely benefitted cow performance on continuously stocked treatments.

We hypothesize the lower cow weights in mob relative to continuous-stocking systems

could have been a function of several factors. Under mob stocking, cows had access to mostly

tall, overly mature grass, of which at least 40% was trampled and likely not available for grazing

[22]. Volesky et al. [4)] suggested lower steer weight gain on mob-stocked pastures was due to

trampling and resultant lower forage utilization. Since our herbage harvesting methods did

not distinguish trampled and upright vegetation, the herbage mass measurements may have

overestimated forage that was easily available for cows to graze. In that case, it was possible

that the limited available forage could have caused the cows to lose weight in fall. Secondly, the

same cow groups were retained within pasture treatments year-round over the entire study.

Although cows were initially assigned so that herd weights would be similar across stocking

method treatments, cows in the mob-stocking treatments could have differed in some

unknown way. The lower birth weights in the rotational system might have been an artifact of

this management as well.

The lower calf weaning weights under mob and rotational stocking were probably related

to differences in winter hay feeding management. Cows and calves in mob and rotational sys-

tems were confined to 0.8 ha hay feeding paddocks in winter while animals in the continuous

Mob stocking in a temperate grassland
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systems had access to ~ 6 ha of pasture while being fed hay. Although ample hay was available

at all times, cows and calves in continuous systems had access to more young, nutritious grass

in early spring, and this may have benefitted weaning weight [20].

Clover and weed abundance

A second objective of this study was to evaluate how mob stocking might affect clover estab-

lishment and weed pressure. We predicted that long rest periods between mob stocking events

would suppress clover establishment and possibly reduce weed pressure, mostly owing to

increased light competition from tall grasses. Overall, weed pressure was not affected by stock-

ing method, but this was not the case for clover establishment. White clover was more favored

by continuous stocking in part because the prostrate growth habit of this species makes it toler-

ant to close grazing [30, 31], which is common under continuous stocking. We also found rea-

sonable white clover abundance in mob-stocking treatments, which was surprising as it should

be more intolerant of shading by grasses. A recent study that evaluated the effect of high-den-

sity grazing in grass-legume mixtures found that intense grazing reduced persistence of several

planted legumes, but that white clover was negatively impacted the least [32]. Erect-growing

legumes such as red clover should be able to compete well with grasses for light [33, 34, 35],

and we found that red clover did respond positively to mob stocking (Fig 3). Grazing in late

fall, and favorable weather conditions also likely helped to promote clover abundance. Schlu-

eter and Tracy [36] found that clover establishment was favored by close grazing in late fall,

which removed much of the herbage mass, followed by abundant spring rainfall. In our study,

late fall grazing effectively reduced herbage mass to approximately 1200 kg ha-1 most years.

This level of forage biomass was almost low enough to limit intake by cattle [23] and should

have provided ample space for clover species to emerge and grow in early spring. Coinciden-

tally, the highest clover abundance we recorded occurred in May 2016 when precipitation

greatly exceeded the long-term mean. We propose that interactions among plant, soil, and

weather variables probably had a greater influence on clover or weed abundance than grazing

method.

Conclusions

We evaluated mob-stocking methods for beef cattle in a temperate grassland (Virginia, USA)

over three growing seasons. Few advantages to mob stocking were found compared with more

typical rotational or continuous stocking management in this environment. The cattle vari-

ables were the best indicators to evaluate performance of the grazing treatments, and we found

that cows under mob-stocking were consistently lighter than those in continuous-stocking

treatments. We hypothesize that cows in the mob-stocking treatments could not obtain suffi-

cient forage late in the season due to trampling of tall grasses and may have lost weight as a

consequence. Despite lower weights, cows under mob stocking were still in good body condi-

tion for breeding and calf birth weights were not negatively affected. With respect to clover

establishment, we found that mob stocking favored erect-statured legumes like red clover espe-

cially if spring rainfall was above average. Aside from mob stocking, our results also suggested

that low-density rotational stocking systems were not always superior to continuous stocking.

Moderate stocking rates used in this study combined with a favorable distribution of growing-

season rainfall probably contributed to good performance of the continuous stocking com-

pared with mob and rotational stocking. We conclude that mob stocking probably would

be more useful for short-term vegetation management objectives rather than employed in

a season-long stocking method. The extra management, infrastructure, and potential land
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resources needed to carry out long-term mob stocking seems an unwise investment for limited

benefits to forage and livestock production in this environment.
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