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Despite their importance to economic development, 
extensive beef production systems in semi-arid rangelands 
of southern Africa have evolved from highly variable climatic 
conditions (Walker et al. 1981). Management of these 
rangelands is difficult as decisions must be adapted to 
large variation of seasonal climate and persistent droughts. 
In the past fifty years, grazing experiments led to advances 
in grazing management concepts aimed to enhance the 
decision-making skills of ranch managers (Stuth and 
Maraschin 2000). However, experiments have limited scope 
to represent the huge variation in climate and environment 
in rangelands and have often provided inconclusive results 
about the viability of grazing strategies across locations 
(Briske et al. 2008). Moreover, there are disagreements 
between experimental and experiential knowledge about 
the effects of grazing systems and stocking rates (SRs) on 
forage and animal production (Teague et al. 2013). Recently, 
research emphasis has shifted to the overriding interactive 
influence of climate variation and SRs on forage production 
and cattle weight gains (Reeves et al. 2013, 2014). For 
research to be valuable to managers, there is need for 
embracing a systems analysis approach that enables 
recommendations to be made at grazing management unit 
level based on long-term, landscape-level changes.

Whole farm system models give quantitative description 
of interactions of components in rangeland systems, 
some of which have opposing effects and are too complex 
to be analysed by the human mind (Rickert et al. 2000). 

Simulation models provide state variables of the soil–
plant–animal system that enable the analysis of the 
long-term growth patterns of grass and cattle relative 
to climate conditions (Doran-Browne et al. 2014; Fang 
et al. 2014). In southern African savanna rangelands, 
previous efforts in modelling the impacts of grazing 
strategies have been limited to deterministic and 
stochastic approaches (Illius et al. 1998; Richardson et 
al. 2000), mostly applied on a short-term basis (Kazembe 
2010). These types of models, however, are founded on 
animal component models that do not accurately predict 
body composition, due to lack of detailed and accurate 
experimental data (McNamara et al. 2016). However, 
fat and protein deposition are influential variables for 
predicting nutrient requirements for growth in animals of 
different breeds (Tedeschi 2019). Given that mechanistic 
models contain default parameters for body composition 
that are adjustable across genotypes, they offer model 
users opportunities to adequately represent metabolism 
and growth dynamics in regions with limited measured 
data. Thus, extending the use of mechanistic models to 
long-term impact assessments of grazing strategies will 
assist ranch managers in making strategic decisions.

Process-based models (PBMs) are a subset of 
mechanistic models that explicitly integrate different levels 
of biological organisation to understand the behaviour 
of grazing systems and to compare the productivity and 
sustainability impacts of management practices (Tedeschi 
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2019). The models have many built-in management 
options that enable detailed simulation and impact analysis 
of management actions. Stocking rate and adequate 
resting are key management factors that influence animal 
production under simple rotational grazing systems 
(SRGSs) in extensive rangelands of southern Africa (van 
de Pol and Jordaan 2008). Stocking rate causes variability 
in herbaceous vegetation community and production and 
animal weight gains (Derner et al. 2008), with the grazing 
effects varying by location, climate and timing and period 
of grazing (Teague et al. 2008). Interactions between the 
biophysical and management factors are complicated and 
difficult to quantify or comprehend yet they are important 
in decision-making. Therefore, there is need for broadening 
experimental knowledge by using PBMs that effectively 
incorporate soil, plant, and animal inputs to explicitly 
represent the complex interactions in rangelands and 
improve management planning.

Process-based models have been widely applied to 
assess the influence of rotational grazing systems and 
SRs on rangeland and cattle production in the wet and dry 
regions of North America (Fang et al. 2014) and northern 
Australia (Doran-Browne et al. 2014), respectively, but 
rarely in southern African rangelands. Nevertheless, the 
current SRs for Zimbabwean rangelands are still based 
on archaic recommendations for agroecological regions 
(Vincent and Thomas 1960). Considering the increase in 
dry years and decrease in wet years that occurred in the 
region after the 1970s’ global climate shift (Gaughan et al. 
2016), there is possibility that the seasonal dynamics of 
grass production and livestock carrying capacities changed 
too. This emphasises the need for re-evaluating the current 
grazing strategies under changing grazing pressures to 
prevent degradation of herbaceous vegetation. Process-
based models provide useful information needed to improve 
ranch managers’ skills for selecting effective long-term SRs 
that avoid deterioration of herbage condition (O’Reagain et 
al. 2014). The models are capable of resolving the proper 
combination of rotational grazing systems and SRs, thus 
enabling ranch managers to choose grazing strategies 
that maintain plant vigour, composition and productivity 
(Teague et al. 2013). In this study, the animal module of 
the Sustainable Grazing Systems (SGS) model was 
parametrised and used in the whole model to test the 
hypothesis that change of SRGSs and SRs from those 
recommended for the northern Limpopo river basin does 
not affect grass production, intake and growth of Brahman 
weaner steers.

Materials and methods

Description of the modelled beef production system
The study area comprised 1 139.13 km2 at the Nuanesti 
ranch (21°25′12″ S, 30°43′48″ E) at an altitude of 480 
meters above sea level, directly north of the Limpopo river 
basin in the southern Lowveld of Zimbabwe. The region has 
comparative advantages for commercial beef production 
(Mavedzenge et al. 2006) and commercial beef systems 
are based exclusively on exotic breeds, with the Brahman 
genotype and its crossbreeds making 60 to 70% of the total 
commercial herd (Norval 2016). The climate of the study 

area is semi-arid subtropical with strongly seasonal wet 
summers, and long cool dry winters. Long-term mean annual 
rainfall is 460 mm. Mean annual temperature is 25 °C. The 
soils are predominantly dark brown, shallow chromic luvisol 
of medium texture that are formed from mafic-gneiss parent 
material. At landscape scale, the vegetation is dominated 
by moderately tall Colophospermum mopane tree stands 
that cover most of the area. This canopy supports a medium 
understory of palatable perennial suit of tufted grasses, 
mostly monospecific stands of Urochloa mosambicensis and 
Panicum maximum under shade. Some patches of sparse 
tree-shrub layer of Combretum and Grewia spp. that are 
associated with short, unpalatable grass species, such as 
Eragrotis spp. and Aristida spp., are visible (Farrell 1968). 
At plant community level, three vegetation types namely; 
closed woody life forms, closed to open tree/shrubs, and 
open herbaceous vegetation dominate the study area. Given 
its large spatial coverage, the ranch presents a complicated 
land use system that requires high level of management for 
viability of large herd sizes.

The ranch operates an extensive ‘breed and sell’ beef 
production system with a capacity of 10 000 cattle. The 
‘breed and sell’ beef production system involves two 
intermeshed systems, that is, a breeding system for herd 
replacement and a system for producing calves for sale. The 
paddocks range in size from 350 to 1 500 ha with an average 
size of 500 ha. Depending on size, each paddock has up to 
three water points that are sited strategically to achieve even 
use of forage resources. Each herd is managed in a grazing 
management unit comprising of two, three or four paddocks. 
Cows are bred between December and March and are 
culled based on their performance records. Supplementation 
with protein-rich supplements is done in some dry seasons 
when necessary. Calves (i.e. progeny <120 kg) are weaned 
at seven months of age, reared on the veld until they reach 
18 months, at which time they are either upgraded to 
one-year old steers and heifers or sold. Animal productivity is 
very high and up to 100 kg per head per year post-weaning 
weight gain can be achieved.

The animal growth modelling tool

Overview of the SGS animal module
The SGS animal module was developed by Johnson et al. 
(2012) with the intention of integrating it with the pasture 
module into a whole-system biophysical model. The 
whole-system model is meant to simulate animal growth 
and its response to pasture, forage, concentrate and mixed 
ration when supplied as combined feed (Johnson 2016). The 
animal module was developed to simulate intake in cattle 
and sheep in relation to feed composition of crude protein 
(CP), neutral detergent fibre (NDF) and neutral detergent 
solubles, animal weight and pasture quality and availability. 
The intake is then converted into metabolisable energy 
(ME), which is used for metabolic processes of growth, 
maintenance, lactation, and pregnancy in the simulation, 
thus affecting these processes directly. Energy dynamics 
in the animal’s body depend on the balance between ME 
intake and the ME requirement for a class and breed of 
animal. Growth and energy dynamics are simulated in 
response to energy available in the body, which include 
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water, protein and fat (Johnson et al. 2012). The module 
simulates animal growth by partitioning metabolisable energy 
intake into maintenance and growth or pregnancy, lactation 
and nitrogen dynamics, which were recently included in 
the model by Johnson et al. (2016). Animal protein content 
determines the state of metabolism and its growth is 
simulated as a function of protein weight. The potential 
protein growth is deduced as the difference between protein 
synthesis and degradation. Fat growth is modelled as a 
secondary process related to protein growth and maximum 
potential fat fraction of body weight. Normal growth occurs 
if the energy intake is enough for potential protein growth 
and associated fat growth. The model contains default 
parameters for energy that have been defined for energy 
densities and efficiencies of synthesis for protein and fat, and 
efficiencies of fat catabolism and protein degradation.

Animal and feed management parameters
The SGS animal module has many parameters for growth 
and reproduction that were not available at the mechanistic 
level required for all cattle classes found at the ranch and, 
thus the animal module was parameterised for steer calves 
only. The parameter values were prescribed using published 
literature, whereas default values were maintained where 
information was not available (see Table 1). A Gompertz 
coefficient of 2.6% per day for initial specific growth rate of 
empty body weight (EBW) protein content in Brahman cattle 
was used (Miguel et al. 2012). The fat growth coefficient of 
0.03 kg fat per kg protein per day set in the model as the 
maximum daily fat deposition as a fraction of EBW protein 
content was also used for cattle (Johnson et al. 2012). The 
protein and fat content of body weight gain and expected 
body fat content at a given weight depend on rate of daily 
weight gain (National Research Council 2000). Parameters 
for body fat content were adjusted to represent an average 
daily gain (ADG) of 1 kg for medium-frame beef cattle.

The feed management parameters of the SGS 
were adjusted on the basis that the high dietary CP in 
C. mopane-dominated savannas, persist long into the dry 
season and could be responsible for maintaining animal 
weight during the dry season (Hooimeijer et al. 2005). 
Thus, the composition of forage supplement in the SGS 
model was set to represent the annual average nutritive 
value of browsable leaves of three woody species dominant 
in the study area namely, C. mopane, C. apiculatum and 
G. flavescens. The annual average CP content of the 
browse in the Limpopo river basin have been observed 
to be 12.5, 13.5, 13.2 and 12.2% by Kos et al. (2012), 

Codron et al. (2007), Lukhele and van Ryssen (2002), 
and Hooimeijer et al. (2005), respectively. An average 
value of 12.8% CP was thus used. Studies conducted by 
Lukhele and Ryssen (2003) and Codron et al. (2007) 
show that NDF content of the browse range from 35.2 to 
38.4%. An average NDF content of 36.8% was set for the 
browse supplement in the model and this value was used to 
calculate the NDF digestibility from in vitro DM digestibility, 
using the formula of Hoffman et al. (2001). The maximum 
forage dry matter intake (DMI) was set at 2.2% of mature 
body weight, since the grass in Sweetveld is palatable and 
highly digestible. The CP%, NDF% and NDF digestibility 
values of concentrate were set at 12, 20 and 60%, 
respectively, based on nutrient requirements for steers 
growing on tropical native pasture (Sibanda 1998).

Preliminary model simulations were run to test whether 
animal production can be sustained with grass only, 
grass and forage supplement or grass supplemented with 
forage and concentrate. These simulations revealed that 
cattle under a grass-based diet persistently lost weight 
over time, while adding concentrate to grass and forage 
in the animal diet provided marginal growth benefits (see 
Figure 1). Therefore, feed management parameters for 
grass supplemented with browse foliage were used in all 
simulations for evaluating grazing management impacts.

Model calibration and evaluation
The overall structure and performance of the SGS model 
in simulating observed grass aboveground biomass at 
the study area have been evaluated in different contexts 
(Svinurai et al. 2021). Model parameters for soil and 
plant were modified using values obtained from soil 
surveys previously conducted at the ranch (CSRI 2007). 
Plant canopy structure and growth parameters for key 
grass species were obtained from published literature. 
To calibrate the model, the model was run using daily 
climate inputs until modelled grass biomass was similar to 
peak-season biomass measured during the 2016–2017 
season, and Normalised Difference Vegetation Index 
calculated from pixels corresponding to sampled plots. 
The SGS model represented measured grass biomass 
moderately well at reasonable overall prediction error 
(R2 = 0.57; RMSE, 820 kg DM ha−1), and predictions were 
also significantly correlated with remotely sensed grass 
biomass (R2 = 0.46; RMSE, 981 kg DM ha−1). Model 
evaluation was performed by comparing modelled with 
long-term remotely sensed grass biomass estimated 
from peak-season, cloud-free Landsat images. These 

Animal parameter (units) Default
value

Weaner 
steer Reference

Birth weight (kg) 50 32 Pico et al. (2004)
*Normal mature weight (kg) 600 431 Schoeman (1996)
Fat at normal mature weight (%) 30 25.6 National Research Council (2000)
Fat at maximum mature weight (%) 45 28.5 National Research Council (2000)
Gompertz coefficient: initial protein specific growth 
rate during growth (% d−1)

1.2 2.6 Miguel et al. (2012)

*Body weight of bulls at approximately 430 days of age

Table 1: Animal weight, body composition and growth parameters used for Brahman weaner steers
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comparisons were significantly correlated (R2 ≥ 0.63; p < 
0.05), but as expected, the SGS model underestimated 
remotely sensed biomass. A global sensitivity analysis 
was also performed to ascertain the extent of parameter 
adjustments on model output behaviour relative to biomass 
production patterns known for grasses native to the study 
area. The model calibration and evaluation results were 
presented to more than fifty experts in range science and 
animal production at the 54th Annual Conference of the 
Grassland Society of Southern Africa, with mostly positive 
feedback. Observed data for daily DMI and live weight 
were not available for Nuanetsi ranch. Thus a technical 
evaluation was done to assess whether model responses 
were reasonable relative to published information for 
extensively managed medium-frame beef cattle in the 
region.

Evaluation of grass and animal responses to gazing 
strategies
Ecological considerations for managing semi-arid 
rangelands of southern Africa depict that grazing strategies 
should be designed with a view to maintain or improve the 
grazing resource by fixed moderate, but persistent level 
of stocking (Danckwerts et al. 1993). This is achieved by 
controlling the period of stay and absence of grazing to 
enable productive perennial grasses to grow at desired 
quality (van de Pol and Jordaan 2008). Based on these 
propositions, two facets of grazing management were 
analysed. Firstly, the impacts of SRGS were analysed 
followed by evaluation of the sustainability of SRs widely 
recognised for the region. In Sweetveld, Barnes (1979) 
reported that use of three paddocks or less per herd provide 
the basis for maintaining or improving the grazing resource, 
whereas Danckwerts and Daines (1981) recommended 
use of two paddocks (alternate stocking), three or four 
paddocks per herd. High herbaceous biomass production 
in semi-arid rangelands is enhanced by short period of stay 
and long periods of absence by cattle (Kazembe 2010). As 
a result, the effects of periods of stay of 5, 10, 15 and 20 
days, respectively, were tested by running the model for 
each period of stay and SRGS. The most bearable period 
of stay for each SRGS was used to compare the impacts 
of the three SRGSs. The most sustainable SRGS was then 
considered for the assessment of SRs.

A preliminary review of SR recommendations for the 
region suggest SRs of 1 livestock unit (LU): 9.6 and 1 LU: 
10 ha for cattle grazing for Nuanetsi cattle ranch (Walker 
1976) and Buffalo Range ranch (Taylor and Walker 1978), 
respectively. The SR of 1 LU: 10 ha was thus considered 
as the recommended rate for the ranch. Regional 
recommendations of SRs for the semi-arid rangelands 
of southern Zimbabwe vary widely from 1 LU: 12 to 20 ha 
(Vincent and Thomas 1960) to 1 LU: 6 to 12 or more ha 
(Barnes 1979). To represent the wide variation in SRs for 
region, the recommended SR was increased to 1 LU: 
7 ha and lowered to 15 and 20 ha LU−1. The impacts of four 
SRs on the sustainability of herbaceous plant and animal 
production were analysed. The number of weaner steers 
required to match each of the SRs was determined using the 
formula LU = 4500.75/W0.75, where W is the average weight 
of an animal; and LU, livestock unit. The LU, also known 

as an animal unit, is defined as medium-frame beef steer 
with a live weight of 450 kg, which gains 0.5 kg d−1 on grass 
pasture, with a digestible energy of 55% (Meissner 1983). 
The animal unit requires 75 MJ ME d−1.

Model simulation runs
The SGS pasture model has up to 100 paddocks that can 
be modelled individually in different soil types, soil nutrient 
conditions, pasture species and stock management 
practices. It was recognised that rangeland condition and 
species composition could have changed over the past 
30 years, due to impacts of grazing strategies. However, 
modelling those changes was beyond the scope of the 
study. Thus, the model was applied to a typical grazing 
management unit in the mid-slope land type, which was 
widely spread across the study area, with monospecific 
stands of U. mosambicensis. Simulation experiments 
were performed between July 1988 and June 2017 in 
individual paddocks to examine grass production and 
animal production response to separate treatments of 
three SRGSs and four SRs. The grazing management 
units were constituted by two, three or four paddocks 
per herd in the grazing system simulation experiment, 
whereas a three paddock per herd system was used for 
the SR simulation experiment. The area of paddocks 
modelled was set at 500 ha representing the average size 
of paddocks at the study site.

Daily climate data namely solar radiation (Wm−2), rainfall 
(mm) and minimum and maximum temperature (°C) for 
Nuanetsi ranch obtained from in situ and geo-spatial data 
were used as inputs. The starting weight for Brahman 
weaners, that is 205-day weight at approximately seven 
months, was set at 212 kg (Pico et al. 2004), whereas 
normal mature weight of Brahman cattle was set at 431 kg 
(Schoeman 1996). The weaner steers were brought into the 
paddocks in July and January in even- and odd-numbered 
years, respectively to represent the recommended weaning 
periods in the region. The weaners were managed on a 
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fixed-time rotation basis in three four-month phases and 
were removed after one year. Twenty repeated annual 
assessments of grass production, intake and animal growth 
were performed for each treatment in two, three or four 
replicate paddocks to produce 40, 60 and 80 site-by-year 
observations corresponding to the three SRGSs. At the 
beginning of each simulation run, coordinates and elevation 
of the central point of each paddock were entered in the 
model to enable adjustment for environmental conditions 
at that paddock. Output from the first 10 years of each 
simulation were discarded as this period was regarded 
for allowing model parameters to stabilise to levels 
that are typical of the real system. Daily model outputs 
produced in each paddock were averaged to come up with 
weighted grass production (kg DM ha−1), dry matter intake 
(kg head−1 d−1) and live weight (kg head−1) for each grazing 
management unit.

Analysis of model outputs
The behaviour of model outputs from simulation runs for 
three SRGSs and four SRs were separately analysed 
over a 20-year period. Graphical analysis of time series 
was done to detect long-term differences in response of 
grass and animal to grazing management practices. The 
median, minimum, and maximum values of grass and 
animal production were derived from box-and-whisker 
plots to determine the short-term responses in selected 
dry and wet seasons. The dryness or wetness of seasons 
was characterised using the standardised precipitation 
index (SPI) of McKee et al. (1993). The SPI identified 
mild drought seasons in 1998, 2006, 2011 and 2012 and 
a moderate drought in 2005. The box-and-whisker plots 
were used to describe the central tendency of variables 
for the selected seasons. The variability in the values of 
variables was represented in this plot by the 25th and 75th 
percentiles, the larger box in the box-and-whisker plot, 
whereas the minimum and maximum values of the variable 
were represented by the ‘whiskers’ in the plot. Relative 
difference in grass production, animal intake and final live 
weight between simulated outputs of grazing management 
options were also calculated.

Results

Overall, there were no observable differences found in 
the long-term response of grass production and DMI 
to all treatments for SRGS and SR. In addition, simple 
rotational grazing effects on animal production were almost 
similar across treatments in both short and long terms, 
but differential responses of LWG to SRs were more 
pronounced across timeframes. Weaners stocked at the 
recommended SR grew persistently at high rate, reaching 
a final LW of 234 kg over one year, but animal productivity 
was adversely affected in the long-term. Increasing the 
recommended SR by 30% resulted in reduced LW of 
weaners in the short term whereas 50% lower SR achieved 
sustained high animal intake and growth.

Effects of stocking rates on plant and animal responses
The effects of four SRs on grass production, DMI and final 
LW are presented in Figure 2. Descriptive statistics of 

grass production modelled between 1998 and 2017 show 
that grass yield averaged approximately the same (2 524 
to 2 586 kg DM ha−1) across the four SRs, ranging from 
990 to 3 700 kg DM ha−1 (see Figure 3a). The coefficient of 
variation in grass production ranged from 23% for high SR 
(7 ha LU−1) to 27% for SRs of 15 and 20 ha LU−1 over the 
20 years. The DMI of weaners was approximately similar 
among the four SRs with an average of 5 kg head−1 d−1 and 
ranging between 3.8 and 7.3 kg head−1 d−1. Mean final LW 
of weaners stocked at 7 ha LU−1 varied by 9 kg from the 
final LW of weaners (234 kg) stocked at the recommended 
or lower SRs. The minimum LW of weaners ranged from 
179 kg in 20 ha LU−1 to 183 kg in 7 ha LU−1 (Figure 2c). 
Maximum final LW of 345 kg head−1 for weaners stocked 
at the recommended rate was 32 kg more than maximum 
final LW of weaners stocked at 15 ha LU−1 over the 
20-year period. Despite the high LWG response, the 
pasture stocked at the recommended rate only supported 
a sustained DMI and LW during the first 13 years, after 
which animal productivity was adversely affected (Figure 
2). Increasing SR by 30% from the recommended rate 
resulted in reduced DMI and LWG of weaners over four 
to five years seasonal cycles (Figures 2b and 2c). Grass 
from paddocks stocked at 50 to 100% lower SRs than the 
recommended rate persistently supported animal intake 
and growth over the 20 years (Figures 2b and 2c) though 
there were no justifiable animal responses for increasing 
the SR beyond 50%.

Differences in model outputs of grass and animal 
production among the four SR treatments were also 
pronounced during mild and moderate drought seasons. 
For example, during the mild drought season of 1998, DMI 
and LW of cattle stocked at 15 ha LU−1 exceeded that of 
cattle stocked at the recommended SR by 1 kg head−1 d−1 
and 45 kg head−1, respectively, despite having grass 
production that is 14% (300 kg DM ha−1) less (Figure 
3). During the moderate drought season of 2005, the 
final LW was almost similar between weaners stocked 
at recommended rate and 50% low SR though grass 
production from paddocks stocked at recommended 
rate was 66% higher. The greatest loss in DMI and LW 
between a 30% high SR and the recommended rate was 
observed in subsequent below-normal rain seasons. For 
example, in 2006 and 2007, the DMI of weaners stocked 
at the recommended rate fell by 1.1 and 0.7 kg head−1 d−1, 
whereas the final LW was 81.7 and 35.6 kg head−1 lower, 
respectively (Figure 3).

Effects of simple rotational grazing systems on plant 
and animal responses
Grass aboveground biomass production modelled between 
1998 and 2017 show that biomass averaged approximately 
the same (2 515 to 2 560 kg DM ha−1) across the three 
SRGSs, ranging from 1 000 to 3 600 kg DM ha−1 (see 
Figure 4a). The lowest coefficient of variation in grass 
production of 23% was observed in the alternate stocking 
system, whereas the three and four paddock systems 
had the highest CV of 27% over the 20 years. Alternate 
stocking showed a consistently opposing trend in grass 
production relative to the three and four paddocks per herd 
systems. The DMI of weaners did not vary widely among 
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the three SRGSs. It ranged between 3.8 and 7 kg head−1 
d−1 and averaged at 5 kg head−1 d−1. In addition, the mean 
LW of weaners was almost similar (231 to 234 kg) across 
the three SRGSs. The minimum loss of LW of weaners of 
180 kg was the same across the three SRGSs evaluated 
(Figure 4c). Maximum final LW of weaners of 331 kg head−1 

was obtained under alternate stocking, however, exceeded 
the LW of weaners in the recommended grazing system 
by 17 kg over the 20-year period. Dry matter intake and 
LWG of weaners in the alternate stocking system declined 
drastically after 13 years (Figures 4b and 4c).

The most noticeable differences in grass and animal 
productivity among the three SRGSs were observed 
during mild and moderate drought seasons. Despite 
14% (300 kg DM ha−1) more herbage yield than the three 
paddocks per herd system during the mild drought of 1998, 
LWG of weaners in the alternate stocking system was 20.4 
kg lower. During the moderately dry season of 2005, final 
LW of weaners was almost similar between the alternate 
stocking and the three and four paddock per herd systems 
though herbage yield was 66% higher in the alternate 
stocking system. The greatest loss in DMI and LW was 
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Figure 2: Model outputs of (a) grass biomass, (b) dry matter intake 
and (c) live weight of weaner steers weaned in July (even numbered 
years) and January (odd numbered years) under three paddock 
systems. The dotted line in (c) represents the weaning weight of calves
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Figure 3: Box-and-whisker plot of (a) grass biomass (b) dry matter 
intake and (c) live weight of weaner steers stocked at three stocking 
rates for selected years. The smallest box in the box-and-whisker 
plot represent median values
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observed succeeding mildly dry seasons. For example, in 
2011 and 2012, the DMI of weaners in the alternate stocking 
system fell by 1.4 and 1.2 kg head−1 d−1, whereas the final 
LW was 85.1 and 65.4 kg lower, respectively (Figure 5).

Discussion

This study has demonstrated the effect of SRGSs and 
SRs on plant and animal responses. Overall findings 
showed that there are no observable differences in herbage 

production and DMI response to all treatments for SRGS 
and SRs. In addition, SRGSs displayed approximately 
similar effects on animal production across treatments, 
but differential responses of LWG to SRs were more 
pronounced. Increasing the recommended SR resulted 
in reduced DMI and LWG of weaners in the short term, 
whereas persistently high animal intake and growth 
occurred in the long term under reduced SR. These results 
illustrate the potential of PBMs in providing direction for 
selecting the appropriate SR that achieves a continuous 
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Figure 4: Model outputs of (a) grass biomass, (b) dry matter 
intake and (c) live weight of weaner steers weaned in July (even 
numbered years) and January (odd numbered years) under three 
paddock systems. The dotted line in (c) represents the weaning 
weight of calves
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Figure 5: Box-and-whisker plot of (a) grass biomass, (b) dry 
matter intake and (c) live weight of weaner steers stocked in three 
multi-paddock grazing systems for selected years. The smallest 
box in the box-and-whisker plot represent median values
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grass and animal production with minimum risk in the long 
term. Generally, the findings suggest that ranch managers 
should put more management emphasis on SRs over 
SRGSs, since proper SRs enable maximised cattle 
productivity over time.

Effects of stocking rate on plant and animal responses
The findings reveal that, irrespective of the SR, there 
were no observable differences in grass production. This 
implies that the periods of stay and absence of grazing 
tested were within the levels of stocking that maintain the 
grazing resource in pauci-paddock systems (van de Pol and 
Jordaan 2008). There have been mixed views about the 
grass biomass responses to further increases in SRs from 
the recommended rate in tropical rangelands. In agreement 
with our findings, considerable number of studies have 
shown that increasing SR from the recommended 
rate does not show distinguished differences on grass 
production in multi-paddock rotational systems in nutrient-
poor rangelands of south western Zimbabwe (Denny and 
Barnes 1977; Gammon 1978; Barnes and Denny 1991). 
Also, modest SR increase above the recommended rate 
posed little adverse effects on native pasture condition 
or individual animal performance in tropical Australian 
savannas in a modelling study (Scanlan et al. 2013).

However, some studies observed that LW gain in 
individual animals decrease as SR increases across 
stocking intensities in a semi-arid Lowveld of southern 
Africa (Hatch and Tainton 1995). Decline in pasture 
condition was also realised when SR was increased above 
the long-term carrying capacity in simulations across nine 
regions (Scanlan et al. 2011). These inconsistences in 
observed grass responses reveal that the extent to which 
SRs can be increased without reducing grass production is 
not clear. The response may differ with intensity of stock 
rotation and period of absence (van de Pol and Jordaan 
2008) or paddock size (Teague et al. 2013). Illius et al. 
(2000) noted that grass responses to various SRs differ 
across climate regions and locations, due to differences 
in soil nutrient status. Assessment of the subsequent 
effects of high SRs on DMI and LWG could enable a better 
understanding of the biophysical impacts.

The findings showed that increasing SR from the 
prescribed rate reduces animal intake and production, a 
widely recognised opinion. Similarly, Hatch and Tainton 
(1997) observed that individual steer weights decreased 
with increasing SR in tropical southern African savanna. 
In northern Australian rangelands, very high SRs led to 
reduction in LWG per hectare (Scanlan et al. 2013). The 
reduction in animal performance at high SR shown in this 
study can be attributed to reduction in grass availability 
per animal. Stocking rates higher than the recommended 
rates often result in reduced plant vigour and productivity, 
due to reduced root energy reserves necessary for quick 
regrowth (Peddie et al. 1995). Considering that increasing 
the prescribed SR by 30% resulted in reduced DMI and 
LWG of weaners in the short-term, stocking cattle above 
the reference SR is very risky in the study area. However, 
other field studies showed that steer production per hectare 
increased with increasing SRs. In southwestern Zimbabwe, 
Barnes and Denny (1991) observed that a SR twice the 

recommended regional average sustained steer weight 
gains per hectare for 5 years without causing adverse 
effects on rangeland condition. Their grazing experiment 
was conducted in small paddocks (<50 ha) over short 
to medium timeframes (5–11 years). Such field studies 
do not represent all the actual conditions in rangelands 
where large paddocks up to 1 500 ha are grazed over 
many decades (Teague et al. 2013). These findings 
illustrate that, animal production responses to high SRs 
are difficult to compare across grazing systems and may 
differ with paddock size and unit of observation. As such, 
the extent to which SRs can be increased to sustain grass 
production and attain optimum animal production over long 
timeframes tends to be location-specific. This emphasises 
the importance for location-specific assessments of different 
SRs on cattle productivity.

Effects of simple rotational grazing systems on plant 
and animal responses
Strategies of using two to four paddocks per herd at a SR 
50% lower than the recommended rate enabled pastures 
to recover periodically throughout the growing season and 
sustained steer production over time. Similar findings were 
obtained for a high intensive grazing system in the mesic 
regions of central Zimbabwe (Denny et al. 1974). These 
simple, low management-intensive rotational grazing 
systems can allow one-third of the grazing management 
unit to be utilised, while resting the remainder and enabling 
adequate growing season recovery in each paddock 
every two to four years (van de Pol and Jordaan 2008). 
This creates forage reserve that can be carried over to 
the next season to reduce forage deficits associated with 
climate variability. As with other studies for varying SRs, 
some studies have illustrated that responses of grass 
production are the same irrespective of grazing system 
(Heitschmidt et al. 1987; Barnes and Denny 1991). Using 
a modelling approach, Noy-Meir (1976) found little effect 
of moderate rotation with few paddocks and short grazing 
cycles on plant productivity in arid rangelands. As expected, 
increasing the number of paddocks from 2 to 4 per herd 
resulted in increased DMI and LWG. The findings concur 
with those from a simulated high intensity system in which 
a linear increase in cattle growth when paddocks per herd 
were increased (Kazembe 2010). The benefit of increasing 
the number of paddocks per herd is that it enables range 
managers to control grazing resources, but time and 
management inputs also increase.

Overall, this modelling study contributes to previous 
experimental knowledge (Barnes and Denny 1991) and 
modelling studies ( Richardson et al. 2000; Kazembe 2010) 
for semi-arid rangelands of southern Africa by assessing 
the long-term effects of SRGSs and SRs on grass and 
animal production. The whole-farm mechanistic model and 
its results do not focus on explicit assessment of the model, 
but demonstrate the potential utility of a real-time animal 
modelling system for impact analysis of management 
actions. The current model application approach combined 
data and assumptions to answer ‘what if’ questions 
(Thornley and Johnson 2000). Given that the assumptions 
produced reasonable results, the consequences of the 
scenarios analysed are worthy further research. However, 



African Journal of Range & Forage Science 2021, 38(S1): S41–S51 S49

the consequences of varying SRGSs and SR on grass and 
animal production may not be as complete as in reality. This 
highlights the importance of understanding the limitations of 
the current modelling approach.

Firstly, the use of a well-managed ranch precludes proper 
understanding of the impacts under varied management 
of both SR and number of paddocks. The size and spatial 
and temporal variability of paddocks influence the grass and 
animal production responses (Barnes et al. 2008), but these 
cannot be simulated by the SGS model in its current state. 
Secondly, measures of CP%, NDF% and NDF digestibility 
do not represent the real quality of woody species, which 
often contain secondary metabolites that potentially reduce 
digestibility and daily intake rate (e.g. Feng et al. 2008). 
The omission of these compounds in grazers’ diets can 
significantly overestimate nitrogen (CP) availability (e.g. 
De Gabriel et al. 2009). Lastly, inclusion of an explicit tree/
shrub growth module in the SGS model could enable a 
more realistic representation of the biophysical processes 
occurring in savanna rangelands. Trees and shrubs pose 
negative, neutral, and positive effects on grass production 
and biomass allocation with the effects varying by tree age, 
size, and density. All these areas could be developed in the 
SGS model to improve the model’s capacity to represent 
real conditions in tropical southern African savannas.

Conclusions

The whole SGS model produced reasonable illustrations 
about the effects of varying SRs and SRGSs on Brahman 
weaner steers grazing natural pasture. Overall, there were 
no observable differences found in response of grass 
production and DMI to all treatments for SRGSs and SRs. 
In addition, effects of SRGSs on animal production were 
almost similar across treatments, but differential responses 
of LWG to SRs were more pronounced in short and long 
timeframes. Weaners stocked at the recommended SR 
grew persistently at a high rate, but animal productivity 
was adversely affected in the long term. Increasing the 
recommended SR by 30% resulted in reduced LWG of 
weaners in the short term whereas 50% lower SR achieved 
sustained high animal growth over time. The findings 
illustrate the potential of PBMs in providing direction for 
selecting the appropriate SR that achieves continued grass 
and animal production with minimum risk in the long term.
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