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Abstract: Grazing land ecosystems occupy approximately one third of the earth’s land area and many are degrading primarily due to 

inappropriate land use practices. It is believed that many of the world’s rangelands are degraded as a result of excessive stocking rates. 

According to various authors the solution to the problem of overstocking is rotational grazing and more specific rotational resting. In 

this paper an evaluation was made of different grazing management strategies for their ability to contribute to improved rangeland 

condition. The hypothesis was made that long controlled resting periods can contribute in improving rangeland condition under heavily 

overstocked situations. The results of this study corroborate with the long-standing conclusions that stocking rate accounts for the 

majority of variability associated with plant and animal production on rangelands and not the grazing system applied. 
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1. Introduction   

Grazing land ecosystems occupy approximately one 

third of the earth’s land surface and many are 

degrading primarily due to inappropriate land use 

practices [1-3]. At least 1 billion rural and urban people 

depend on these ecosystems for their livelihoods, often 

through livestock production, or for ecosystem services 

that affect human well-being [1, 4]. Foraging by 

livestock and wildlife is the primary use of grazing 

ecosystems – these ecosystems provide many 

ecosystem services that are essential for rural and urban 
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populations, including the significant influence that 

management has on watershed and ecosystem function 

[1, 5]. It is however, believed that many of the world’s 

rangelands are degraded as a result of excessive 

livestock grazing [6].  

Livestock grazing has both individual plant and 

ecosystem level effects [7]. At the individual plant 

level, grazing during the growing season immediately 

removes photosynthetic tissue and may, but not 

always, place grazed plants at a competitive 

disadvantage with ungrazed plants [1, 7-10]. Adverse 

ecosystem effects are typically observed when 

repeated grazing occurs during the growing season 

across consecutive years [7]. Perennial grasses have 

many structural and physiological adaptations that 

permit them to be grazed on an annual or nearly 
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annual basis. When the frequency, intensity and 

timing (growing vs. dormant season) of grazing 

exceeds the plant’s ability to recover before the next 

grazing event, grazing can shift the composition of a 

plant community towards those species that are 

selected less often by grazing animals [1, 7]. 

Poor grazing practices also lead to soil erosion, soil 

compaction and reduced water infiltration rates, 

exacerbating the most limiting factor in most grazing 

ecosystems which is plant-available soil water [1, 11]. 

Therefore, the probability of shifts in vegetation and 

other effects depends on the grazing system applied 

(timing, intensity, duration, etc.), plant community 

composition, kind and class of grazing animals, site 

characteristics, and interactions between grazing and 

other disturbances [7]. It is extremely important that 

managers adopt grazing management 

practices/systems that maintain or restore soil and 

ecosystem function and resilience that are required for 

sustainable use in the long term [1]. 

The general goal of grazing systems is to increase 

production by ensuring that key plant species capture 

sufficient resources (e.g., light, water, nutrients) to 

enhance growth and by enabling livestock to harvest 

available forage more efficiently [12]. The specific 

objectives by which grazing systems are purported to 

increase production are to 1) improve species 

composition or productivity by ensuring that key plant 

species rest during the growing season, 2) reduce 

animal selectivity by increasing stock density (i.e., 

animals per land unit) to overcome small-scale 

heterogeneity (i.e., patch grazing), and 3) ensure more 

uniform animal distribution within large 

heterogeneous management units by improving water 

distribution and/or cross-fencing [12]. 

The grazing system that is mostly applied in the 

communal grazing areas of South Africa is continuous 

grazing. It is also a known fact that the communal 

rangelands are normally heavily overstocked [13]. 

Many authors blame overstocking and continuous 

grazing for the current state of degradation in the 

communal areas [14-18]. According to various authors 

the solution to the problem of overstocking is 

rotational grazing and more specific rotational resting 

[19-22]. 

The aim of this paper is thus to find a solution to 

continued rangeland degradation in the communal 

grazing areas of the Northwest Province in South 

Africa, given the fact that overstocking occurs at 

levels of 200% above grazing capacity. This was done 

through evaluating different grazing management 

strategies for their ability to contribute to improved 

rangeland condition. The hypothesis that long 

controlled resting periods can contribute in improving 

rangeland condition under heavily overstocked 

situations was tested. 

2. Materials and Methods 

2.1 Study Area 

The study area falls within the Kuruman Thornveld 

[23] of the Northern Cape Province, South Africa. This 

vegetation type falls within the Savanna Biome. This 

Biome is characterized by a grassy ground layer and a 

distinct upper layer of woody plants [24]. The geology 

and soils can be described as Campbell Group dolomite 

and chert and mostly younger, superficial Kalahari 

Group with red windblown sands (up to 1.2 m deep) 

[23]. The study area receives summer and autumn 

rainfall, whilst the winters are very dry. The mean 

annual precipitation (MAP) is between 350-450 mm 

[23]. The bulk of the rainfall in the study area is 

between January and March. The study area is 

characterized by great seasonal and daily variations in 

temperature — the summers are very hot, whilst the 

winters are moderate. Mean monthly maximum and 

minimum temperatures are 35.9°C and -3.3°C in 

November and June, respectively [23]. The absolute 

maximum temperatures range up to 42°C [24], with the 

absolute minimums ranging between -8.3°C and 

-9.7°C [25, 26]. 

As was mentioned, the study area has well 

developed tree and shrub layers and a grassy ground 
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layer [24]. The tree layer is dominated by Searsia 

lancea, whilst the shrub layer is dominated by 

Tarchonanthus camphoratus. Dominant grass species 

include species like Schmidtia pappophoroides, 

Digitaria eriantha, Stipagrostis uniplumis, Eragrostis 

lehmanianna and Aristida stipitata [27]. 

2.2 Trial Design 

The study was done on the farm Wesselsvlei which 

is approximately 30 kilometers south east of 

Mothibistad in the Northern Cape Province of South 

Africa. The trial was executed on a 900 ha expanse of a 

part the farm. Four (4) different rangeland management 

strategies were investigated under extensive livestock 

farming conditions. A total of 99 commercial 

Bonsmara breeding cows were used in the trial. Cows 

were randomly allotted to different treatments and 

based on the official grazing capacity norm for the trial 

area, different stocking rates were applied. The 

following four treatments were applied (Fig. 1): 
 

 
Fig. 1  Trial design on the farm Wesselsvlei. 

 

 Treatment 1: Continuous grazing at 50% 

overstocking, accommodating 18 breeding 

females. 

 Treatment 2: Continuous grazing at 100% 

overstocking, accommodating 18 breeding 

females. 

 Treatment 3: A two paddock grazing system 

accommodating 28 breeding females, at a 

100% overstocking, where one of the paddocks 

was continuously grazed for a year, while the 

other was rested. Because the 100% 

overstocking was calculated for the whole area, 

this implies that for a specific grazing period in 

one half of the area the actual overstocking was 

at 200%. 

 Treatment 4: A three paddock grazing system 

accommodating 35 breeding females, at a 

100% overstocking, where two of the paddocks 

were grazed rotationally for a year, while the 

third paddock was rested for a whole year. 

Again the 100% overstocking was calculated 

for the whole area which implies that for a 

specific paddock for a specific period the 

overstocking is actually 300%. 

The paddocks in the trial area were comparable in 

terms of the herbaceous species composition as well as 
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the herbaceous production at the beginning of the trial. 

The animals in the trial were allocated to the treatments 

in a randomly stratified manner, to ensure comparable 

initial age and weight distributions. One permanently 

marked monitoring plot was placed randomly in each 

paddock of each treatment — these plots were 

representative of the vegetation of each paddock. A 

benchmark site of 120  30 m was also erected in each 

paddock of each treatment. The purpose of the 

benchmark sites was to evaluate the grazed rangeland 

(outside the benchmark sites where the different 

grazing systems were applied) with the vegetation 

inside the benchmarks sites which represented the 

“ideal” rangeland management system (grazed only 

during the winter). 

2.3 Data Collection and Data Analysis 

Herbaceous species composition surveys were done 

bi-annually on fixed transects in the grazed and 

benchmark sites. These surveys were done at the end of 

the rainy (growing) season (May) for this area using the 

descending point, nearest-plant method [25, 28]. 

Frequency of occurrence was established with the 

wheel point apparatus [29]. The frequency and 

occurrence of the grass species in the grazing areas 

were determined on five (5) fixed transects of 

approximately 300 m each. A total of 1500 points were 

done with every survey. In the benchmark sites the 

surveys were done at two fixed transects (±200 points). 

Nearest plant point surveys within a radius of 45 cm of 

that point were performed. When an annual herbaceous 

species or a bare patch was pointed out, the nearest 

perennial species within a radius of 45 cm from the 

point was also recorded. When the nearest plant was 

further than 45 cm from the marked wheel point, it was 

recorded as a bare patch. Bare ground was thus 

recorded as a “vegetation species”, and equates to the 

lack of herbaceous cover within that point (radius of 45 

cm for this study) [30]. The species composition data 

was used to calculate the rangeland condition index for 

each grazing system. 

The basal cover of the herbaceous layer was also 

determined bi-annually by the wheelpoint apparatus 

[29] as described above. It was noted as a hit when the 

point of the wheelpoint apparatus landed in the middle 

of a live and active growing grass tuft. Basal cover 

surveys were not done in the benchmark sites as the 

points were too few to determine true basal cover. 

Above ground phytomass (production) of the 

herbaceous layer was determined during spring 

(November) and in autumn (May) outside the 

benchmark sites. In the benchmark the surveys were 

only done during May to determine the total 

herbaceous biomass production for the growing season. 

The Dry Weight Rank Method of t’Mannetje and 

Haydock [31] were used. In the grazing areas 50  1 m2 

quadrates were randomly placed and all herbaceous 

material above 4 cm were cut and placed in paper bags. 

Inside the benchmark sites 15  1 m2 quadrates were 

used. The herbaceous material was dried for 48 hours at 

70°C after which it was weighed or the calculation of 

the rangeland condition index the classification of the 

grasses for this paper was based on the quantitative 

climax method of Dyksterhuis [32] and adapted 

according to the ecological information for the arid to 

semi-arid regions of South Africa [33-40]. Degradation 

as well as grazing indices have been developed for this 

area. For this paper a new index was developed for 

every grass species by averaging the degradation and 

grazing index for each species. The rangeland 

condition scores that were calculated thus conveyed 

multivariate information about the current state of the 

vegetation as well as the usability in terms of grazing 

for each grazing system. The herbaceous species were 

further classified according to the grazing-index and 

were grouped as (i) desirable species (DE), (ii) less 

desirable species (LD), (iii) undesirable species (UD) 

and bare patches (BP). The grouping of the species was 

based on specialists’ knowledge for the particular 

survey area. 

The percentage basal cover for each survey site was 

calculated by dividing the number of hits of each 
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survey by the total number of points for that specific 

survey and then multiplied it by 100.  

As was already mentioned the herbaceous 

production data was analyzed according to the Dry 

Weight Rank Method [31]. 

Animal growth performance data originated from 

records collected between 2004 and 2006 calendar 

years, from a population of 264 animals. A total of 151 

animals were commercial Bonsmara cattle 

participating in the trial. The remaining 113 stud 

(registered) Bonsmara cattle were managed under 

industry standard rotational grazing and therefore used 

as a benchmark herd on animal growth performance. 

A complete animal record consisted of its identity; 

pedigree information; dates of birth and weaning; dates 

at the age of 12 and 18 months; sex; weights recorded 

at birth, weaning, 12 months and at 18 months of age.  

The number of growth performance records 

available after editing and the general descriptive 

statistics for the traits analyzed are presented in Table 1 

for both commercial and stud herds. 

Growth traits are often described by performance of 

an animal at various stages of the growth curve [46]. As 

a result, animal performance data used were collected 

in accordance to the South African National Beef 

Cattle Improvement Scheme’s growth trajectory 
 

Table 1  Descriptive statistics for the traits analyzed with 

data from the registered herd (benchmark) above diagonal 

and data from the commercial herds (trial) below diagonal 

within row. 

Trait n Mean ± SE SD Min Max 

BWT 
111 36 ± 0.44 4.60 25 50 

148 34 ± 0.38 4.62 20 50 

WWT 
106 258 ± 3.27 33.70 140 345 

121 200 ± 3.44 37.80 85 300 

YWT 
84 274 ± 3.66 33.56 135 380 

98 227 ± 4.09 40.52 120 330 

EWT 
65 398 ± 3.97 32.00 335 475 

73 349 ± 5.30 45.30 250 465 

BWT = Birth weight, WWT = Weaning weight, YWT = 

Yearling weight, EWT = Eighteen months’ weight, SE = 

Standard Error, SD = Standard deviation, Min = Minimum and 

Max = maximum 

cut-off ages. Weight measurement of an animal 

recorded at any given time represented an observation 

of its phenotype. Growth traits are however often 

affected by the adaptability of the animal to the 

production environment [47, 48]. The latter is mainly 

because expression of these traits is dependent on both 

the animal’s inherent growth ability and on the 

production environment [49, 50]. It is for the latter 

reason that growth traits (animal weights) were used in 

this trial to study animal performance as influenced by 

different stocking rates. 

All weights used were actual weights and were not 

adjusted for any biological effects, i.e., sex, age at wean, 

dam age, etc. This was done because for grazing trials, 

adjusted weights are likely to condense the 

environmental influence of the trial on animal 

performance.  

As a general management protocol, all animals from 

both herds were weighed every 28 days. For improved 

accuracy of the weights, all non-suckling animals were 

weighed in a fasted state (fasted from feed for ±16 

hours) to limit variation in gut fill. All weighing 

processes of both herds were done with 24 hours of 

each herd. The weights of calves at birth were recorded 

within 72 hours postpartum. The same routine animal 

management protocol for activities such as daily 

wellbeing and mineral lick supply inspections, parasite 

control and vaccinations were correspondingly 

followed for all treatments. During the annual selection 

process at weaning, on average 15% of the worst 

females and 60% of the worst male calves were culled 

and sold to adapt the animal numbers and herd 

replacement rate to the desired pasture capacity [51]. 

All quantitative animal performance data of the 

response variables were analyzed using the IBM 

SPSS® Statistical package (2015). The separation of 

means was computed using Tukey’s post-hoc test for 

multiple comparisons. All computed means were 

considered significant at P < 0.05. 
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3. Results 

3.1 Rainfall 

The results of the rainfall data for 1998/99 to 

2005/06 are shown in Fig. 2. This particular study was 

conducted from the 2002/03 season to the 2005/06 

season. The mean average rainfall for the four year 

study period was approximately 387 mm which is 

slightly less than the long term average for the area 

which is 400 mm. From this figure it is clear that the 

rainfall in this area is extremely erratic. Three of the 

four years preceding the trial period were extremely 

dry (1998/99-2000/01). The rainfall during this period 

varied between 122 mm and 270 mm. The rainfall 

figure for the 2001/02 season (the year before the trial 

started) was slightly higher than the long term average, 

namely 433 mm. The rainfall figures for two of the 

years during the trial period (2002/03-2005/06) were 

below the long term rainfall average (221 mm and 371 

mm), whilst the last two years of the trial received 

above average rainfall (483 mm and 472 mm) (Fig. 2). 

The bulk of the rainfall was received from December to 

April (active growing season), with January receiving 

the most rainfall on average, namely approximately 92 

mm. 

3.2 Rangeland condition score/indexes 

The rangeland condition scores/indexes for the 

grazed areas as well as the benchmark sites are shown 

in Figs. 3 and 4. 
 

 
Fig. 2  Rainfall data for the farm Wesselsvlei for the period 

from 1998/99 to 2005/06. 

  

 

Fig. 3  Rangeland condition scores for the grazed areas for 

the different grazing systems. 
 

 
Fig. 4  Rangeland condition scores for the benchmark sites 

within the different grazing systems. 
 

From Fig. 3 it is clear that the 3-paddock system 

started off with the highest rangeland condition score 

(712), whilst the scores for the other grazing systems 

varied between 657 (2-paddock system); 673 

(continuous grazing 100%) and 675 (continuous 

grazing 50%). It is further evident from this figure that 

there is a constant decrease in the rangeland condition 

of all the grazing systems irrespective of the higher 

rainfall that was received in the last two years of the 

trial. At the end of the trial the 3-paddock system still 

had the highest rangeland condition score, namely 677, 

whilst the lowest score was in the 2-paddock system, 

namely 607. The fact that the changes in the rangeland 

condition of the grazed areas were not significant is an 

indication that the herbaceous species composition did 

not change much during the trial period for the 

different grazing systems. 

If the rangeland condition scores of the benchmark 

sites are studied the opposite tendency occur as was 

found in the grazed areas (Fig. 4). The rangeland 
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condition scores showed an increase from the onset to 

the end of the trial. All the benchmark sites were grazed 

clean only during the winter and were not subjected to 

a specific grazing system. The rangeland condition 

score in the benchmark sites reacted thus positively to 

the higher rainfall that was received at the end of the 

trial. It is further evident from this figure that the 

rangeland condition scores varied between 633 and 674 

at the beginning of the trial and varied between 701 and 

756 at the end of the trial period. 

It is thus clear from Fig. 3 that none of the grazing 

systems had a beneficial influence on the rangeland 

condition scores of the grazed areas as all the rangeland 

condition scores showed a decreasing tendency. The 

higher rainfall at the end of the trial period also did not 

have a positive influence on the scores of the grazed 

areas as it was the case in the benchmark sites (Fig. 4). 

3.3 Basal Cover 

As was mentioned, the basal cover was only 

determined in the grazing areas for the different 

grazing systems and not in the benchmark sites. This is 

due to the fact that the benchmark sites are too small 

that enough point surveys for a true reflection of the 

percentage basal cover could be obtained. The 

percentage basal cover for the different grazing 

systems is indicated in Fig. 5. 

From Fig. 5 it is clear that all the grazing systems 

started off with almost the same basal cover — 5.5% 

for both the 2- and 3-paddock systems; 5.6% for the 

100% continuous grazing and 5.8% for the 50%  
 

 
Fig. 5  Percentage basal cover for the grazed areas for the 

different grazing systems. 

continuous grazing. From the start to the end of the trial 

the different grazing systems showed the same 

decreasing tendency for the basal cover. This is once 

again an indication that the grazing system per sé 

didn’t have an influence on the basal cover. It is 

however, clear from this figure that the stocking rate 

had a definite influence on the basal cover. The 

3-paddock system (300% overstocked) had the lowest 

basal cover at the end of the trial, namely 1.5%. This 

was followed by the 2-paddock system (200% 

overstocked) with a figure of 2%. The basal cover for 

the 100% continuous grazing system was 2.2%, whilst 

that of the 50% continuous grazing system was 2.5%. It 

is thus clear that the areas with the highest percentage 

overstocking had the lowest percentage basal cover and 

vice versa.  

3.4 Herbaceous Production, Grazing Capacity and 

Utilization Percentage 

The herbaceous production of the grazed areas as 

well as the benchmark sites is shown in Figs. 6 and 7. 
 

 
Fig. 6  Herbaceous production for the grazed areas for the 

different grazing systems. 
 

 

Fig. 7 Herbaceous production for the benchmark sites 

within the different grazing systems  
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From Fig. 6 it is clear that the initial herbaceous 

production of all the grazing systems was comparable 

to each other — the production varied between 

approximately 2500 kg/ha to 2800 kg/ha. Although 

the trial started in a relative dry year, the trial area was 

rested for a year before the onset of the trial. At the 

onset of the trial the 3-paddock system had the highest 

production (2849 kg/ha), whilst the lowest production 

was in the continuous grazing (50% overstocked), 

namely 2469 kg/ha. From this figure it is further 

evident that there is a significant decrease in the 

herbaceous production from the 2002/03 season to the 

2003/04 season. This decrease can be ascribed to both 

the low rainfall that was received during the 2003/04 

season as well as the fact that animals grazed an area 

that was rested for a year. As was mentioned the 

overstocking in the grazing systems varied between 

50% and 300%. It is further evident from this figure 

that there is a steady decrease in the herbaceous 

production from the 2003/04 season to the 2005/06 

season in all the grazing systems.  

The decrease in the herbaceous production was also 

more distinct between the different seasons in the 

continuous grazing systems that in the rotational 

systems. This phenomenon might be ascribed to the 

fact that the rotational systems had different forms and 

lengths of rest periods included in the systems, whilst 

this was not the case in the continuous grazing systems 

(Fig. 6). 

From Fig. 7 it is clear that the herbaceous production 

in the benchmark sites within the different grazing 

systems was only influenced by the rainfall as the 

production figures followed the rainfall patterns. The 

first two seasons of the trial could be described as 

relatively dry and therefore the lower herbaceous 

production of approximately 2500 kg/ha in all the 

benchmarks sites within the grazing systems. The 

2004/05 season received the highest rainfall (483 mm) 

– from Fig. 7 it is clear that the highest herbaceous 

production was also recorded during this season in all 

the benchmark sites within the grazing systems. The 

rainfall of the last season of the trial was slightly lower 

than that of 2004/05 and this is also reflected in a 

decrease in the herbaceous production.  

When Figs. 6 and 7 are compared it is clear that the 

potential of the rangeland for the last two seasons 

(relatively wet years) was between 3900 kg/ha to 3300 

kg/ha for the different grazing systems. In the grazed 

areas the herbaceous production figures varied between 

1400 kg/ha and 580 kg/ha. The production potential for 

the rangeland was thus more than three times higher 

than what was achieved with the different grazing 

systems. 

The grazing capacity figures for the grazed areas and 

the benchmark sites are shown in Figs. 8 and 9. 

In these two figures the Y-axis was kept constant to 

indicate the true effect that was obtained with the 

grazing capacity figures. From Fig. 8 it is clear that 

there is an increase in the grazing capacity figures from 

the onset of the trial to the end of the trial in all the 

grazing systems. This figure correlates with Fig. 6 —as 

the herbaceous production decreases, the number 
 

 
Fig. 8  Grazing capacity figures for the grazed areas for the 

different grazing systems. 
 

 
Fig. 9  Grazing capacity figures for the benchmark sites 

within the different grazing systems. 
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of hectares to sustain one livestock unit (LSU) will 

increase. When the grazing systems are compared it 

seems as if the 2-paddock system had the least negative 

effect on the grazing capacity figure. In this system the 

allotted area is divided in two paddocks of which one 

half is grazed whilst the other half rests for the whole 

year. 

Fig. 9 follows the same pattern as Fig. 7 — as 

rainfall increased the herbaceous production of the 

benchmark sites, the grazing capacity figures 

decreased accordingly. The best grazing capacity 

figures were obtained during the 2004/05 season when 

the herbaceous production was the highest in the 

benchmark sites. When Figures 8 and 9 are compared 

(constant Y-axis) it is clear that the grazing capacity 

potential of the rangeland in the benchmark sites was 

much higher than that of the grazed areas within the 

different grazing systems. The grazing capacity 

potential of the rangeland during the last two seasons of 

the trial in the benchmark sites was between 3.4 

ha/LSU and 4.7 ha/LSU (Fig. 9). The grazing capacity 

figures obtained in the grazed areas during the last two 

seasons of the trial varied between 10.1 ha/LSU and 

23.3 ha/LSU. These figures are thus once again three to 

five times higher than what the potential of the 

rangeland is. 

The utilization percentages for the different grazing 

systems are indicated in Fig. 10. 

From this figure it is clear that the lowest utilization 

percentage was found with the 50% overstocked 

continuous grazing system, whilst the highest 
 

 
Fig. 10  Utilization percentage of the different grazing 

systems. 

percentage utilization was found in the 3-paddock 

system. Although the 3-paddock system was a 

rotational system with rest periods included in the 

system, the area that was grazed was 300% 

overstocked. It was interesting that the percentage 

utilization in the 100% overstocked continuous grazing 

systems was higher than that of the 2-paddock system 

that was 200% overstocked. This might be ascribed to 

the fact that in the continuous grazed system the 

animals might have grazed the grass species twice or 

even more which decreased the vigor of the plants as 

no rest periods occurred where the plants could recover. 

In the 2-paddock system at least half of the allocated 

area is rested for a whole year. 

3.5 Animal Performance 

Weight trends that describe animal growth 

performance for all four analyzed growth traits are 

shown in Fig. 11. In these results, animal growth 

performance from the stud herd is used as a benchmark 

reference point given that this herd was managed under 

industry standard rotational grazing system.  

In general, birth weight (BWT) trends showed no 

difference between treatments means (Fig. 11). 

Similarly, no statistical difference (P ≥ 0.615) between 

treatments means could be found for BWT (Table 2) as 

opposed to other growth traits. This result suggest as 

expected, that the inherent herd phenotypic expression 

of BWT was not affected by the different grazing 

systems or stocking rates between treatments. 
 

 
Fig. 11  Weight trends for all four analyzed growth traits 

with in the different grazing systems. 
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As can be observed from Fig. 11, different grazing 

systems presented differences in growth traits. 

Weaning weights for all treatments differed (P = 0.001) 

from the benchmark (stud) herd, suggesting that all 

forms of overstocking affected the phenotypic 

expression of this trait in this study. It is further evident 

from Table 2 that there were no statistical differences 

in WWT means between the 2-paddock, 3-paddock and 

the 100% overstocking system. The 3-paddock system 

yielded however the least WWT’s that were 10 kg and 

12 kg less than that of the 2-paddock and the 100% 

overstocking system respectively. Given that the sale 

price of an animal in a beef-value-chain is based 

primarily on its weight, this difference is of economic 

importance to note. 

Between treatments, only the 50% overstocking on 

continuous grazing system yielded WWT that were 

closer, although significantly different (P = 0.001) to 

WWT of the standard rotational grazing system. 

Similarly for both YWT and EWT, all treatments 

yielded lighter weights than that of the benchmark 

(stud) herd. These trends give emphasis to the 

suggestion that overstocking has a negative effect on 

growth performance of grazing animals. 

From Table 2, the animal performance by treatment 

ranking for WWT and YWT (best to worst basis) will 

follow this order: i) Cont. (50%), ii) Cont. (100%), iii) 

2-paddock and iv) 3-paddock. In comparison to the 

benchmark herd, all treatments performed poorly with 

the largest difference of 58 kg observed on WWT 

(Table 1). 
 

Table 2  Mean of Birth Weight, Weaning Weight, Yearling 

Weight, and Eighteen Month’s Weight by treatment, with 

the benchmark herd in italics. 

Trait BWT WWT YWT EWT 

Treatment     

Cont. (50%) 34.20ab 223.11b 249.58b 360.24b 

2-Paddock 32.84a 196.24a 228.57ab 371.20b 

3-Paddock 33.91ab 186.21a 205.13a 324.52a 

Cont. (100%) 34.29ab 198.15a 233.41b 347.19ab 

Stud 35.87b 258.51c 273.93c 398.42c 
abc Means with different superscripts within column differed 

significantly at the 0.05 level. 

4. Discussion 

According to Manley et al. [19, 41] increased 

grazing pressure and/or stocking rate will influence the 

botanical composition. In this trial the change in the 

herbaceous botanical composition would then 

ultimately have been reflected in the rangeland 

condition scores for the different grazing systems. As 

was shown in the results of the rangeland condition 

scores (point 3.2) none of the grazing systems studied 

had a specific influence on this aspect. All the 

rangeland condition scores in the grazed areas showed 

a decreasing tendency. The decrease in the rangeland 

condition scores was 6% and 7% for the continuous 

grazing systems (50% and 100%) respectively, whilst it 

was 8% for the 2-paddock system and 5% for the 

3-paddock system. The reason why no specific 

tendency was observed in the rangeland condition 

scores might be ascribed to the short duration of the 

trial – only four years when it was ended due to poor 

BCS of the trial animals. The observed animal BCS for 

at least more than half of the treatments were below 

acceptable animal welfare thresholds and thus 

warranted the termination of the trial. 

A marked decrease in basal cover as the stocking 

rate increased was also observed by Barnes and Denny 

[42]. The same tendency was observed in this trial. The 

decline in the percentage basal cover was the highest in 

the 3-paddock system (300% overstocked), namely 

73%. This was followed by the 2-paddock system 

(200% overstocked), namely 64%, the 100% 

overstocked continuous grazing system (61%) and the 

50% overstocked grazing system (57%). Similarly, 

animal performance showed corresponding trends 

where the 3-paddock system animals’ performed the 

worst, followed by the 2-paddock system as shown by 

the weaning and post-weaning traits. Although the 

herbaceous species composition thus showed no 

changes, as discussed in the rangeland condition scores, 

the sizes of the tufts showed definite changes as it 

became smaller, therefore the lower percentages basal 

cover. However, this tendency appeared once again in 
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all the grazing systems and can thus not solely be 

ascribed to a particular grazing system. 

From the herbaceous species production data in this 

trial (point 3.4) it was clear that there was a definite 

decline of the above ground production in all the 

grazing systems. According to Davies et al. [7] and 

Briske et al. [12] extremely high stocking rates are 

normally associated with very high forage utilization – 

the consequence of this high forage utilization is that 

the herbaceous production is reduced severely. These 

high rates of utilization do not provide in the end 

sufficient forage, and animal production will decline. 

In corroboration, animal performance from all 

treatments was much lower than that of the benchmark 

herd. The mean WWT difference of 58 kg between the 

trial herds and that of the benchmark herd highlights a 

stocking rate discrepancy effect of huge economic 

importance. This is particularly so given that WWT 

represents the first marketable product in cow-calf beef 

cattle enterprises. Using the current weanling selling 

price of about R34/kg, the difference of 58 kg on WWT 

translates to a potential loss of R1972.00 per weaned 

calf as a consequence of an incorrect stocking rate. 

In general, the differences in growth traits between 

treatments were large enough to warrant economic and 

animal welfare scrutiny. This was particularly true for 

both the 3- and 2-paddock stocking rates which had the 

worst body condition scores (BCS) from an animal 

husbandry perspective. 

The decline in the above ground herbaceous 

production may be attributed to the following, as 

explained by Briske et al. [12]: Chronic, intensive 

grazing is detrimental to plants because it removes leaf 

area that is necessary to absorb photosynthetically 

active radiation and convert it to chemical energy. This 

reduction in energy harvest is manifest in all aspects of 

plant growth and function because photosynthesis 

provides the total energy and carbon source for growth. 

A chronic, intensive reduction in photosynthetic leaf 

area negatively impacts root systems by reducing 

energy available to support existing root biomass and 

new root production. Root mass, branch number, 

vertical and horizontal root distribution, and root 

longevity all may be reduced by chronic, intensive 

defoliation. This reduces the ability of severely grazed 

plants to effectively access soil water and nutrients that 

often limit plant growth on rangelands. The decrease in 

above ground production in this trial was the biggest in 

the two continuous grazing systems where the plants 

had no rest and no time to recover (78% decline in 

production in the 100% continuous grazing system and 

a 68% decline in the 50% continuous grazing system). 

In the 2-paddock system the decline in production was 

49% and in the 3-paddock system it was 64%. 

Although these two systems were 200% and 300% 

overstocked respectively, certain areas/paddocks in 

both systems got a yearlong rest on a rotational basis 

during the trial. 

5. Conclusions 

The results of this study corroborate with the 

long-standing conclusions that stocking rate accounts 

for the majority of variability associated with plant 

and animal production on rangelands and not the 

grazing system applied [1, 7, 12, 19, 20, 41-45, 52]. 

Management commitment and ability are thus the 

most pivotal components of grazing system 

effectiveness. Grazing systems do not possess unique 

properties that enable them to compensate for 

ineffective management (i.e., grazing systems do not 

provide a “silver bullet” to ensure attainment of 

desired goals) [12]. 

Finally the hypothesis that long controlled resting 

periods can contribute to improvement of rangeland 

condition under heavy overstocking conditions was 

thus proved to be wrong with this study. This 

conclusion is further supported by the observed overall 

poor growth performance of the trial animals when 

compared to those of the standard rotational grazing 

system. 
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