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Given the global challenges of mitigating and alleviating land degradation and ensuring food security, particularly through
protein production, pasture and forage science together with rangeland science will remain imperative to sustainable livestock
production systems. Recognising the scientific principles developed in this discipline the past 50 years and more in Southern
Africa, customary to our diverse and unique environmental conditions will continue to guide and identify future research priorities.
A journey from the past to the present can assist in avoiding reinvention and repetition of pasture research. This review highlights
how research priorities have either remained the same over time or where research has received less or more priority. The
review further illustrates that there has been more interest in species adaptation to drought, pasture and forage water relations,
alternative pasture and forage species, and the combination of pasture species in the 21st century than in the 20th century. In
conclusion, the soil-plant-livestock complex can serve as a conceptual basis for more effective research together with pasture
breeding and nutrition. Finally, researching pasture and forage sciences in an inter- and multi-disciplinary manner clearly supports

the principles of holism applied by General JC Smuts, one of the first pioneers of pasture and forage sciences.
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Introduction

Confucius once said that there are three methods we learn
wisdom: firstly, by reflection, which is the noblest; secondly,
by imitation, which is the easiest; and thirdly, by experience,
which is the bitterest.

The purpose of this review is to highlight how research
priorities in pasture and forage sciences have evolved in
southern Africa from the early 20th century into the second
decade of the 21st century. Peer-reviewed scientific
publications of the Grassland Society of Southern Africa
form the basis of the review, which (1) identifies the main
fields of pasture and forage science research, (2) evaluates
and prioritises the main findings and progress within each
of these research fields, and (3) makes recommendations
regarding future research priorities.

The history of southern African pasture and forage
sciences has created a steady foundation for the further
growth and development of this discipline in the 21st century.
This science, together with rangeland science (which is not

discussed in this paper), will remain and become a more
important component of a sustainable solution in ensuring
food security in the world, by means of animal production
and degraded land rehabilitation.

A reflection on the 20th century

In 1888 F Blersch, the principal of the Agricultural School
at the Victoria College, in Stellenbosch, identified the need
for improved pasture plants. In the early 1900s research on
pasture species escalated. Co-operative trials were initiated
with farmers and much attention was given to subtropical
grasses (Hall 1934).

Towards the end of the decade in 1907-1908, the
increased need for winter pastures was identified. Many
reports concluded that imported grasses were performing
better than natural species. The year 1908 saw the introduc-
tion of some of our well-known exotic species, with no further



records of evaluation. It was only following the recommen-
dations of the final report of the well-known Drought
Investigation Commission in 1923 that pasture research
became more formalised. An important recommendation
was to institute an effective programme of research and
extension to address the deterioration of soil, veld and water
resources, which was so evident in South Africa at the time
(Tidmarsh 1966).

In 1934, after a serious drought in 1933, the first small
pasture research service in the former Department of
Agriculture and Forestry was instituted, under the leader-
ship of Dr IB Pole Evans and supported by the Prime
Minister General JC Smuts (himself a passionate botanist
and naturalist) (Tidmarsh 1966; Donaldson 1984). The
period 1910 to 1934 yielded few pasture research publica-
tions in South Africa. During the Second World War (1941
to 1945) a shortage in fertiliser and staff resulted in existing
experiments being temporarily discontinued. This delay in
agricultural research was seen throughout South Africa
(Gildenhuys 1951).

The earliest recommendations on pasture breeding were
made in 1861 (Scott 1975; Smith and Rhind 1984). In 1910
the first documented introductions and evaluations took
place on selections of Pennisetum clandestinum (kikuyu)
and Festuca sp. (New Zealand tall fescue) (Burtt-Davy
1912). This was followed by a breeding programme on a
local indigenous species viz. Digitaria eriantha (Smuts
finger grass) (de Villiers 1934).

During 1953, after considerable expansion of staff and
facilities, Rietondale (Gauteng province) emerged as the
main grass breeding centre. By 1958 there were 2 600
varieties of grasses being evaluated and a group of plant
breeders were engaged in the development of improved
pasture crops (Anon. 1958). The breeding of a new variety
of a pasture crop can take up to 15 years, and in view of a
severe shortage of seed in the early 1950s, it was decided
to give preference to the selection of apomictic crops. A
pasture legume breeding programme then commenced
in 1976 at Cedara near Pietermaritzburg, KwaZulu-Natal
(Smith and Rhind 1984).

In the 1950s South Africa was regarded as being
(predominantly) a pastoral country, in which livestock
production contributed significantly to the gross agricultural
income of the country. Therefore, an active programme
on radical veld improvement (the conversion of veld into
improved pasture, without having to resort to traditional
methods of seedbed preparation, involving soil cultiva-
tion) accepted the presence of suitable, well-adapted plant
species and cultivars for introduction into the natural veld.
This programme continued to develop the need for research
on herbage plant breeding and improvement (Smith and
Rhind 1984).

An estimated 90% of the farm land was at that time under
veld, approximately 65% of which fell in the semi-arid and
arid regions of the country. It was clear that of all the factors
responsible for plant growth and agricultural production,
moisture supply would be the most limiting, a scenario still
existing today. A major research objective was the conser-
vation of moisture and improving efficiency of pasture
utilisation. Tidmarsh (1966) summarised the problem as not
‘to make two blades of grass grow where one grew before’

but ‘to make one drop of water grow what two drops of
water grew before.’

At an inaugural meeting of the Grassland Society in
1966, several research priorities were identified and a more
systematic approach to research was proposed. The bulk
of the research would be aimed to provide more forage per
unit area. It was anticipated at the time that livestock and
crop production would be integrated on a much larger scale,
into the diverse veld types in the agro-ecological regions of
South Africa as identified by Acocks (1953), with pasture ley
as the intermediate phase. These discussions resulted in
many programmes being conducted on key research priori-
ties identified in the period 1966—1999, as listed in Table 1.

With the foundation set in the 1960s, the need to increase
production and quality of pastures realised, the importance
of improved soil fertility through fertilisation with chemicals,
organic and even agricultural waste materials was then
of interest. Questions on sward replacement, a greater
attention to the trace element status of the soil rather than
only the major growth elements, and the incorporation of
more efficient nitrogen (N)-fixing legumes arose.

A more vigorous policy of herbage breeding was
regarded essential, as well as the introduction of exotic
species with higher value and growth potential. The conser-
vation of fodder became increasingly important, as drought
is, and was, an important feature of the South African
climate and accepted as an integral part of the environment.
Pasture improvement, by selecting more palatable and
higher-quality pasture species, was followed by introducing
the concept of combining species of different qualities. The
question remained, however, on which was the best method
to utilise these pastures.

In the 1970s little progress was being made with
improved pastures, as reflected in the rising concerns of the
members of the Grassland Society. Birch (1972) concluded
that the value of veld was overrated for animal produc-
tion, with severe limitations including low yield and poor
palatability. Much work was focused all over the country on
investigating legumes, and the selection and introduction of
better-quality grass species.

Barnes et al. (1972) helped shape the way forward in
evaluating and selecting forage species by introducing
a sequence of techniques to facilitate this process. This
included an initial phase, where species were introduced into
nurseries and underwent preliminary screening, followed by
the second phase of evaluation where the best species from
Phase 1 were tested under different utilisation regimes such
as mowing and grazing. Species that appeared promising
in Phase 2 were investigated further in herbage produc-
tion trials in Phase 3, to establish their growth potential and
forage quality such as palatability and digestibility. Lastly,
the best species selected from the previous phases were
subjected to animal production trials in Phase 4. Here the
stocking rates, suitable grazing systems, required level of
supplemental feeding, level of fertilisation and type, age, sex
and condition of animals were evaluated. With the selection
of new species research on evaluating the method of utilisa-
tion and the defoliation effects on the species remained
essential (Barnes et al. 1972).

The soil-plant—animal complex, however, could serve as a
conceptual basis for more effective research (Barnes 1973).



Table 1: Key research priorities of the 20th century as published in the various conference proceedings and journals of the Grassland

Society of Southern Africa (1966—1999)

Selected 20th century research priorities

Reference

Plant community classification
Pasture utilisation

Legume species evaluation and production

Water use and efficiency of irrigated pasture and
forage crops
Forage quality

Drought-tolerant fodder crops
Alternative forage and fodder species
Combined pastures

Pasture nutrition and fertilisation
Pasture planning and economics
Pasture breeding

Animal production and performance
Fodder conservation

Pasture evaluation and monitoring techniques

Anti-quality factors and animal health

Grunow (1966), Gibbs Russell and Smook (1980)

Booysen (1966), Booysen (1969), Rethman et al. (1977), Bransby and Tainton (1979),
Dannhauser (1988), Gammon and Tiddy (1990), Mentis (1991), Snyman (1994), van
Heerden and Durand (1994)

Davies (1968), I'Ons (1968), West (1968), Savory (1972), Wasserman (1974), Clatworthy
(1975), I'Ons (1977), van Heerden and Tainton (1987), Le Roux and Howe (1988),
Le Roux et al. (1988), Muir (1993)

Roberts and Scott (1968), I'Ons (1968), West (1968), Scott (1975), Steynberg et al.
(1993), Snyman (1994), Theron and van Rensburg (1998)

Theron and Booysen (1966), Roberts (1967), 'Ons (1968), West (1968), Grunow et al.
(1977), Miles et al. (1995)

De Kock (1967), Donaldson (1990), Snyman (1994)

Rethman and Heyns (1987), Verschoor and Rethman (1992)

I'Ons (1968), West (1968), Grunow and Rabie (1978), van Denberg and Kruger (1989),
Harris and Bartholomew (1991)

Tainton et al. (1981), Rethman and de Witt (1984), Miles (1991), Miles and Manson
(1992), Snyman (1994), van Heerden and Durand (1994)

Booysen (1972), Broom (1973), Heard and Wiseman (1973), Jones and Bartholomew
(1973), Booysen et al. (1975), Tainton (1976)

De Villiers (1934), Rhind and Goodenough (1976a, 1976b), Smith (1977), Smith and
Rhind (1984), Goodenough et al. (1988)

Bransby et al. (1977), Rethman et al. (1977), Clatworthy and Holland (1979), Edwards
(1980), Heard et al. (1984), Karnezos et al. (1988)

Jones (1983), Dannhauser (1988), Hardy et al. (1990), de Figueiredo (1991), Le Roux
and Dannhauser (1999)

Muzzell and Booysen (1969), Barnes et al. (1972), Inman-Bamber and Tainton (1972),
Grunow and Rabie (1977), Austin et al. (1981), Eckard et al. (1988), Daphne et al.
(1991)

Eckard (1990), Henaar et al. (1993), Pienaar et al. (1993), Eckard and Dugmore (1994)

At the time it was suggested that researchers had reached
a plateau in terms of manipulative possibilities for increased
production, and that research should be directed to
understanding pasture species within, and their contribution
to, production systems. This thinking was greatly supported
by the fact that the objective of pasture production was
animal production, but not at the expense of the environment.

The 1970s also saw the positive contributions of plant
breeding programmes that assessed and bred tropical and
temperate species. Investigating the utilisation intensity of
these new pastures and the plant growth response within
animal production systems then received attention. One of
the outcomes of the aforementioned work initiated research
using more intensive, accurate and quicker pasture evalua-
tion techniques that provided data which could eventually
be used in simulation modelling to predict pasture growth
responses. It became evident that proper pasture planning
was important and the use of annual production curves
opened the way forward to computerised methods of pasture
planning. In subsequent years this would translate into and
become an important aspect of fodder flow budgeting.

The 1980s delivered a few challenges, both academi-
cally and practically. Gibbs Russell and Smook (1980)
introduced botanical name changes for 227 species in the
25 years since Chippindall’'s (1955) ‘Guide to the identifi-
cation of grasses’. This was in addition to the inclusion of

an additional 1 791 species published for southern Africa
and accepted by the National Herbarium at the Botanical
Research Institute, Pretoria (PRE). With a much broader
knowledge of species in the country, this decade of
research addressed the need to understand rainfall
variability, and the tolerance and adaptation of species to
drought (Donaldson 1984).

Bransby (1984) posed the same question a decade
later as Birch had in 1972, of why there had been so little
progress in improved pastures. Possible reasons then
included the high cost of establishment and maintenance
of pastures, the doubtful economic feasibility of pastures
to farmers, and the lack of incentive for farmers to expand
production by intensification. Partly as a result of Bransby’s
analysis, the 1980s was the decade where much emphasis
was placed on improving pasture quality, highlighting the
need for the inclusion of alternative forage species, other
than pasture grasses or legumes.

Towards the end of the century, action was taken on some
of the reflections of the past 60 years of pasture and forage
research. From here, it became evident that attention should
be given to evaluating currently acceptable measurement
techniques that would improve the understanding of
pasture growth responses to various management inputs
and changing environmental conditions. Furthermore,
research into methods to improve the production and quality



of intensively managed pasture grasses and legumes
continued. This research concentrated on the efficient
use of combined pastures, irrigation, nutrients, herbicides,
inoculants and undesired resultant effects on animal health
and consequently on their production.

The research highlights, programmes and fundamental
principles established in the pasture research period of
the 20th century were on many tropical/subtropical and
temperate pasture and forage species. The species
researched extensively in the 20th century in southern Africa
are listed in Table 2. The ranking was conducted quantita-
tively, searching the Grassland Society databases using
species names.

Smit (1998) posed the question whether, after 70 years
of pasture research and 35 years of a professional society
for grassland scientists, pasture and forage science
was becoming extinct. This question emphasised major
challenges ahead, yet great opportunities for scientists and
specialists in the 21st century.

Entering the 21st century

At the beginning of the new millennium, Kirkman (2000)
confirmed how a changing environment had placed
pressure on the discipline of pasture science. South African
research budgets had been cut, and pasture specialists
were being lost to countries with greater research
opportunities, resulting in a loss of research capacity in
South Africa. Nationally, institutions that had traditionally
employed pasture scientists (e.g. universities, departments
of agriculture and research institutions) refocused their
priorities and resources. Figure 1 shows both the changing
research priorities in the 21st century relative to the 20th
century, as well as the decline in the rate of publications on
pasture research in the last 15 years.

Pasture and forage breeding in the 20th century received
high priority and new cultivars were selected. The animal
performance and consequently the economic value of
pastures were of importance. This picture has, however,
changed significantly and, due to the lack of both breeding
programmes and integrated economic analyses of pasture
production systems, these priorities are currently recognised
as critically essential. With the cost of fertilisers rising,
pasture nutrition will continue to be an important research
priority, but with a greater emphasis on economic efficiency
and soil health through research into mixed grass—-legume
systems and alternative sources of nutrients such as animal
wastes. Alternative nutrient systems will affect forage quality,
which will require strict monitoring, especially on animal
health and production. In the light of changing environmental
conditions, the necessity of identifying drought-tolerant
pasture and fodder crops became important, together with
the understanding of plant water and nutrient use relations
under dry land and irrigated conditions.

Unquestionably, the future research challenges provide
new opportunities to be explored using different approaches.
With the threat of diminishing resources and expertise in the
pasture science discipline, it is vital to align future research
priorities to environmental, social and economic challenges
in order for research programs to remain relevant and justify
budget allocations.

Table 2: Top ranking (most to least) researched pasture and forage
species of the 20th century in southern Africa

Tropical and subtropical species
Grasses and other forage species
Eragrostis curvula

Pennisetum clandestinum

Temperate species

Lolium multiflorum
Festuca arundinacea

Digitaria eriantha Lolium perenne
Cenchrus ciliaris Dactylis glomerata
Cynodon dactylon Phalaris spp.
Antephora pubescens Bromus spp.

Panicum maximum

Chloris gayana

Cynodon aethiopicus / C. nlemfuensis
Atriplex nummularia
Legumes

Desmodium uncinatum
Stylosanthes guyanensis
Desmodium intortum
Macroptilium atropurpureum
Neonotonia wightii
Leucaena leucocephala
Lablab purpureus

Lotononis bainesii

Trifolium repens
Medicago sativa
Trifolium pratense
Trifolium subterraneum
Medicago spp. (annual)

Twenty-first century research priorities identified from
20th century findings

Some key research priorities for the 21st century were
identified from the literature reviewed (Table 3). Further
discussion will focus on six of the highest ranking priorities,
which are linked to one another and are regarded as key
principles for the further development of pasture and forage
science, in changing environmental conditions in southern
Africa. These are pasture and forage breeding, pasture
nutrition, the role of subtropical and tropical legumes in
animal production, increasing water use efficiency of
pastures, and the integration of temperate and/or subtropical
pastures in animal production systems.

Pasture and forage breeding

With no further pasture breeding programmes contin-
uing in the 21st century, some key aspects are highlighted
from historical research. Although the objectives of forage
plant improvement have been broadly defined since 1888,
it is important to take into account that a normal breeding
programme for a cross-pollinating crop takes about
15 years before release as a commercial cultivar. This can
only be achieved if continuity is obtained when a principal
forage breeding centre is established, as Cedara was in the
1950s (Cornell 1951).

By 1972, many temperate grass and one temperate
legume cultivar had been commercially released. It was
the decision in the 1980s that priority species need to
receive attention, since they were identified for the eastern
high potential areas of southern Africa. These species
remain the most important, used and evaluated species,
and include the grasses Eragrostis curvula, Pennisetum
clandestinum, Lolium multiflorum, Dactylis glomerata,
Festuca arundinacea, Cynodon spp. and Digitaria eriantha,
and the legumes Medicago sativa, Trifolium repens and
T. pratense (Anon. 1981).
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Figure 1: Percentage research publications on different research priorities (1966—-2014)

Table 3: Summary of research and developmental needs identified
from this review

Research and development needs
Sustainable production systems Forage breeding programmes
Integrated animal, crop and Drought-tolerant species
forage systems
Natural resource conservation

Species adaptation to degraded

soils
Ecosystem services Alternative legume species
evaluation
Pasture crop modelling Species adaptation to climate
change
Advanced pasture monitoring Maintain and improve germplasm
techniques collection

Anti-quality factors Water and nutrient use efficiency

The first temperate legume cultivar to be bred in South
Africa, white clover (T. repens) ‘Dusi’, was bred at Cedara in
a breeding programme aimed at improving drought and acid
tolerance and the lifespan of the clover in pastures (Smith
and Morrison 1983). A large number of ryegrass (Lolium
spp.) cultivars were released and selections were eventually
made on characteristics, not only based on plant production,
but also on the nutritional value of the cultivars (Rhind and
Goodenough 1976b). The release of the cultivar ‘Enhancer’
was a breakthrough in ryegrass breeding, not only for South
Africa, but potentially for livestock production worldwide
(Marais et al. 2003). The increased energy and nutritional
value of this cultivar was far superior to any annual ryegrass
(L. multiflorum) developed. Goodenough et al. (1988)
continued to work on selecting tall fescue (F. arundinacea)
varieties for palatability, using multiple selection criteria

including the relative softness of the leaves and grazing
trials. These authors showed that cultivars with softer leaves
were preferentially selected by grazing animals.

The national subtropical grass breeding programme,
however, was aimed at the improvement of Smuts finger
grass (D. eriantha), resulting in a commercially successful
cultivar, ‘Tip Top’. The only other preliminary evaluation of
a non-commercial indigenous species conducted in South
Africa has been on Sporobolus fimbriatus. As a pasture crop
it was concluded that the growth rate and the leaf-to-stem
ratio of S. fimbriatus varied considerably between seasons,
but was, however, more acceptable under non-grazing
conditions (du Pisani and Knight 1988).

Challenging leguminous pasture breeding led to a large
number of lucerne (M. sativa) cultivars being imported into
South Africa. With a distinct lack of grazing tolerance of most
of the imported hay-producing cultivars, the then Lucerne
Control Board funded a selection and breeding programme,
led by the Agricultural Research Council (ARC) — Range
and Forage Institute, which was based on the lucerne
cultivar ‘SA Standard’. The result of this programme was the
successful cultivar ‘SA Select’ (Smith and Terblanche 1994).

It is clear from the literature review that pastures and
forage breeding programmes in most of southern Africa
are no longer in alignment with international breeding
programmes. This research and development need is
regarded as high priority, should southern Africa wish to
identify local varieties much more adapted to their environ-
mental and management conditions.

Pasture nutrition
The potential for animal production from natural grassland
in southern Africa is only a fraction of that attainable from



cultivated intensive pastures. Such pastures are highly
productive systems, which require high rates of energy and
nutrient flow. High rates of energy flow are achieved by
using photosynthetically efficient plants, while high rates of
nutrient flow are achieved through nutrient additions to the
system. Additions of nutrients are mainly by the applica-
tion of fertiliser and lime, biological N fixation and animal
deposition of dung and urine containing nutrients from feeds
imported onto the farm.

Nitrogen is quantitatively the most important element
derived from the soil by pasture plants. In South Africa, the
bulk of the N requirement is supplied through fertilisers.
Although legumes are widely included in intensive pastures,
generally poor predictability of legume growth has led
to limited reliance on legumes as a source of N for grass
growth. Over the past four decades, scores of field trials
conducted throughout South Africa and in Zimbabwe have
confirmed the responsiveness of pasture grasses to N, and
revealed that where moisture and other nutrients are not
limiting, N requirements for maximum production are often
in excess of 250 kg N ha™' y=' (Hyam and Clayton 1968;
Parkin and Boultwood 1980; Bartholomew and Miles 1982;
Rethman et al. 1984; Rethman 1987; Eckard 1989; Miles
and Manson 2000).

In terms of dry matter (DM) yield, the pattern of response
of grass pastures to applied N is characterised by
near-linear yield increases with increasing increments of N,
followed by diminishing returns, then a levelling-off of the
response curve and finally a decline. The amount of DM
produced for each kilogram of N, applied within the initial
linear response zone, has been shown to depend on the
species under consideration, the frequency of defoliation
and growth conditions (Miles and Manson 2000). Tropical
grasses produce more DM per unit of N than temperate
grasses. Eragrostis curvula, for example, produces up to
61 kg DM kg™ N applied (Tainton et al. 1981), but irrigated
ryegrasses only between 25 and 34 kg DM kg™' N applied
(Eckard 1989). The optimum stocking rate increases with the
increasing herbage production in response to increasing N.

The topsoils of pastures, and particularly of perennial
pastures such as kikuyu, contain large amounts of N (Miles
and Manson 2000). As much as 98% of this N is bound
in soil organic matter and so is not immediately available
to plants. Predictions of the fraction of these organic N
reserves that are made available for plant growth are often
unreliable, and are a source of uncertainty in the deriva-
tion of fertiliser N recommendations, particularly under
grazing conditions.

Phosphorus (P) and potassium (K) requirements of
pastures have been evaluated in numerous field trials,
mainly in the summer rainfall areas of the country. In their
virgin state, most soils in South Africa are severely deficient
in available P, and substantial fertiliser P additions are
required to ensure pasture persistence and productivity.
In addition, significant differences exist between pasture
species in both their ability to extract P from the soil and
in their overall P requirements for growth. In general,
legumes utilise soil P less efficiently than grasses, in
terms of extraction and DM response, and therefore have
a higher soil P requirement (Miles and Manson 2000). Of
increasing concern is widespread evidence of the topsoils

of many intensive pastures containing excessively high P
levels. Soil test P values are often an order of magnitude
or more higher than established critical levels, for optimum
pasture growth (Swanepoel et al. 2014a), which raise the
possibility of significant P losses to underground and surface
water bodies, and thereby accelerated eutrophication
of these waters.

Long-term K requirements of pastures are closely linked
to the method of pasture utilisation. Under ‘cutting-and-
removal’ management, large amounts of K are removed
and fertiliser K requirements are commensurately large
(Miles and Hardy 1999). However, under grazing, the bulk
of the ingested K is returned to the pasture, and additional
K requirements are generally low or negligible (depending
on the amount of time animals spend on the pasture).
Relatively little research has been conducted into the
sulphur (S) and micronutrient requirements of pastures in
South Africa. Given the importance of these nutrients from
both the plant growth and animal performance perspectives,
there is clearly scope for additional work in this area.

High acidity, through its promotion of the solubility of
aluminium (Al), has a widespread limiting effect on pasture
production in the higher rainfall areas of southern Africa,
with soluble Al being the most serious growth-limiting factor
in acid soils. Control of soil acidity is effectively facilitated by
liming. Pasture species have been found to differ widely in
their responses to acid soil conditions. Relative differences
in tolerances to soil acidity are known, highlighting the
greater sensitivities to soil acidity of temperate pasture
species than tropical species (Miles 1986; Miles and
Manson 2000). While temperate species such as white
clover (T. repens) and perennial ryegrass (L. perenne) may
perform reasonably well in the short term, under mildly acid
conditions, they fail to persist where soil acidity problems
have not been adequately addressed. Tropical legumes are
also sensitive to soil acidity, though less so than temperate
species, related to decrease nutrient availability (Miles and
Manson 2000).

High-quality intensive pastures improve animal production
largely because their forage is high in metabolisable energy
and protein. However, animal production on pastures
producing high DM yields does not always meet expecta-
tions, as a number of factors may bring about imbalances
in the organic and mineral components of the forage.
Pasture species, stage of growth, soil type, climate, fertiliser
and lime usage have all been found to have a consider-
able influence on herbage composition (Miles and Manson
2000). The latter findings on the nutritional requirements of
pastures have highlighted the following areas of concern in
terms of forage quality:

(1) Increasing the supply of N to pastures usually results in
marked increases in the protein and nitrate content of
grasses, and decreases in non-structural carbohydrates
(Eckard 1989; Eckard and Dugmore 1994; Nash et
al. 2008).

(2) Nitrogen levels greater than 4% of the DM are not
unusual in intensive pastures, and are potentially toxic
to ruminants due to the high levels of both protein
and nitrate. Under these conditions, poor animal
performance (which may include reduced fertility) may
result from energy stress since rumen microbes require



energy to metabolise the extra N. High N forage may
also lead to the forage being temporarily rejected due to
an ammonia appetite repression mechanism.

(3) From a ruminant nutritional perspective, widespread
deficiencies of calcium (Ca) and magnesium (Mg), and
excesses of K in the herbage of intensive pastures are
cause for concern (Bredon 1980; Miles et al. 1995, 2005).

(4) Imbalances of these minerals may pose serious
limitations to the productivity of animals on pastures.
Unfortunately, all too little attention appears to have
been afforded to herbage mineral balances in the
management of pasture nutrition. The economics
of high N fertilised pastures have often resulted in
investigations into the inclusion of legumes in intensive
pastures. As previously mentioned, poor predictability
of legume growth has also led to limited reliance on
legumes, as a source of N for grass growth. The value
of the legume in the pasture is rather in the improved
combined forage quality.

Subtropical and tropical forage legume contributions to

improved animal production systems

Research has focused on species introduction, evaluation,

environmental adaptation, establishment, grazing impacts

and animal production. The early aim of forage legume
research was to provide feed for the dry-season deficit
period, following recognition that tropical grasses could not
sustain animals through the late dry season (Kulich and

Kaluba 1985). It was, however, found that reserving grass—

legume pastures or legume-reinforced veld for grazing

in the dry season was wasteful due to frost and trampling

(Clatworthy 1985), and Oxley fine stem stylo (Stylosanthes

hippocampoides), for example, was shaded out when left

unutilised for any length of time (Clatworthy and Muyotcha

1980). Better effects on animal production were achieved

with year-round or growing-season use. Steers grazing year

round were observed to select legumes as a major part of

their diet from late summer and into the dry season. In a

grass—legume pasture, this selective grazing improved

DM digestibility by 10% (Mufandaedza 1981). The grazing

regime was found to encourage legume persistence and

high legume yields in rotational grazing systems, with
grazing periods of not >2 weeks and rests of at least five
weeks (Clatworthy 1985). Observations with fine stem stylo
and silverleaf desmodium (Desmodium uncinatum) are that

they will withstand burning (Maclaurin and Grant 1987).

Pure legume stands are prone to weed invasion (Clatworthy

and Muyotcha 1980), which reinforces their presence in

grass pastures.

Subtropical and tropical forage/fodder legumes can be
grouped into the following categories: annual herbaceous,
perennial herbaceous, and shrubs/trees.

(1) Annual herbaceous legumes: Velvet bean (Mucuna
pruriens var. utilis), a vigorous twining legume, was
popular as a green manure crop in the early—mid
20th century and also used for grazing by dairy cows,
especially in the autumn (Maasdorp et al. 2002). Late
maturity types grow well into the dry season, until
frosted. Lablab/dolichos bean (Lablab purpureus)
and semi-trailing/trailing types of cowpea (Vigna
unguiculata) are similar to velvet bean in growth habit,

but cowpea is earlier flowering and not as useful as an
early dry season forage. Cowpea is poor at regrowing
(a regrowing/grazing cultivar, ‘Encore’, resulted from the
ARC forage breeding programme at Roodeplaat). The
regrowth of velvet bean and lablab are better following
grazing than cutting and, if used leniently, lablab can
be encouraged to grow through a second season.
All exhibit good tolerance of low soil fertility. Lablab
and cowpea are known for their drought resistance,
particularly lablab, but recently velvet bean introduced
into semi-arid areas has been growing well and proving
popular with smallholder livestock producers for making
hay used to see their animals through the dry season.
Hay of these legumes is an ideal protein supplement
for poor-quality roughages, resulting in improved rumen
microbial growth and modest live weight gains at
20% inclusion (Mupangwa 2000). In subhumid areas,
velvet bean has the advantage of high seed yields
(average 1.5 t ha' on smallholder farms; Maasdorp
et al. 2004), the grain also being used in concentrate
rations for ruminants. Velvet bean, lablab and
cowpea, as well as forage soya bean, have also been
successfully intercropped with maize, forage sorghum
and/or elephant grass (Napier fodder) to improve
their forage value, particularly for silage. Growing the
two crops separately with mixing at the silage pit may
be preferable on a larger scale, but intercropping is of
advantage for smallholders with limited land. Legume
inclusion of at least 40% is needed, which raised maize
silage crude protein from 7.7% to 11.3% in a study by
Titterton and Maasdorp (1997). Sunnhemp species
(Crotalaria juncea and C. ochroleuca), though usually
used as a green manure crop, can also be used as a
forage crop, providing they are grazed/fed not later than
early flowering to ensure good digestibility.

(2) Perennial herbaceous legumes: The following species
have proved well adapted to subhumid conditions
on a wide range of soils: siratro (Macroptilium
atropurpureum) in warmer areas, silverleaf desmodium
(D. uncinatum) under slightly cooler and wetter
conditions, and macro (Macrotyloma axillare), which
is less cold-sensitive than silverleaf (Robinson and
Clatworthy 1980). These are twining or trailing
species. Oxley fine stem stylo and roundleaf cassia
(Chamaecrista rotundifolia) grow best on sandy soils
in subhumid and moderately semi-arid conditions
and, due to their semi-prostrate growth habit, are fairly
resistant to heavy grazing, even under communal
grazing conditions (Clatworthy 1985). The deep
taproots of all these species render them very resilient
to drought, growing well into the dry season and
sprouting again as temperatures rise before the
summer rains in Zimbabwe (Maasdorp 2004). These
perennial herbaceous legumes, in veld or pasture, can
replace expensive protein-rich winter supplements and
can replace or decrease the need for pen-fattening of
beef cattle. Legume forage can also upgrade carcass
quality. They also replace N fertiliser needs of grass to
a considerable extent: the N contribution of silverleaf
grown with star grass (Cynodon nlemfuensis) is
estimated to be about 100 kg N ha~' with about 50%



legume in the sward (estimated from Spear 1985).
Perennial herbaceous legumes can be used for veld
‘reinforcement’ where grazing management is good:
the twining/trailing types are more readily grazed out
than those with a semi-prostrate growth habit. With a
stocking rate of about 20% higher on reinforced veld
than on non-reinforced veld, legume reinforcement
increased body mass gains per hectare by an average
of 53%, animals on unsupplemented veld losing weight
in the dry season (Clatworthy and Holland 1979). With
supplementary summer irrigation in highveld areas a
good combination is kikuyu grass (P. clandestinum) and
Kenya white clover (Trifolium semipilosum), extending
the season by some months (Clatworthy 1985).

(3) Legume shrubs/trees: We can conveniently differentiate
between two types of leguminous shrubs and trees,
viz. short-lived shrubs and long-lived trees. Shrubs and
trees have the advantage of a very long growing season,
due to their deep roots, as well as being multipurpose
(fodder, green manure, stakes, poles, fuelwood, and
profuse flowers for bee fodder in the case of Acaciella
angustissima [Acacia angustissima]). Sesbania
(Sesbania sesban) and woody types of pigeonpea
(Cajanus cajan) will persist for up to about 4-5 years
(Maasdorp 2004). Sesbania is renowned for its fast
growth and tolerance of waterlogging. Both are used
in ‘improved tree fallows’ but can also provide fodder,
when cut to leave some leafy branches to support
regrowth. The true trees include several Leucaena
species (e.g. L. leucocephala, L. esculenta, L. pallida
and L. trichandra), Acaciella angustissima (non-thorny),
Calliandra calothyrsus and Gliricidia sepium, and these
take about four years to reach full production (Maasdorp
2004). Leucaena leucocephala is better adapted to
warmer wetter sites though it still grows quite well in
cooler areas and survives drought well. Its productivity
can be decreased by the leucaena psyllid in humid and
subhumid areas. Leucaena esculenta, L. pallida and
L. trichandra are all highland species and are more
resistant to psyllid attack. Acaciella angustissima grows
well, even in low fertility and moderately semi-arid areas.
Calliandra calothyrsus is less drought tolerant and G.
sepium is less cold tolerant (exhibiting winter dieback
but regrowing rapidly). On smallholder farms, these trees
are usually grown in dense stands, in ‘fodder banks’
or in convenient niches, such as along boundaries
or contour ridges. This tree fodder is especially
appreciated by smallholder dairy farmers as a substitute
for commercial dairy meal, used most conveniently
as leaf meal.

It is possible to effectively use forage legumes in
commercial warm-season, subtropical, tropical rangeland
and pasture systems. Key aspects of these successes
emphasise germplasm, management and continued
technical support, which addresses:

(1) ease of adoption and commercialisation

(2) economic incentives

(3) persistent germplasm

(4) adaptive technology

(5) flexible response to local natural and socioeconomic
conditions and changes (Muir et al. 2014).

Poor availability of seed has been widely recognised
as a hindrance to adoption (Kulich and Kaluba 1985;
Timberlake and Dionisio 1985; Mupangwa 1994), with
little improvement over the years, as well as inadequate
training of extensionists (Kulich and Koluba 1985). Mapiye
et al. (2006a, 2006b) concluded that enhanced smallholder
awareness through a variety of innovative approaches
could greatly enhance adoption. Research efforts have
become more focused on smallholder farmers, with their
mixed croplivestock systems, and the integration of forage
legumes into the arable areas.

Water use and requirements of high-value pasture
species

In South Africa, returns generated from animal produc-
tion enterprises make pastures one of the highest value
crops produced under irrigation (Truter et al. 2012). It is
estimated that the total area utilised for irrigated pasture
production is approximately 16% of the total area under
irrigation (Backeberg et al. 1996). Two grass species,
kikuyu and annual ryegrass, in addition to two legume
species, white clover and lucerne, are commonly used in
most intensive farming enterprises such as dairy, lamb
and beef production. Irrigated kikuyu, ryegrass, kikuyu/
ryegrass, ryegrass/clover and kikuyu/clover mixtures, as
well as lucerne and/or mixtures containing lucerne, form
an important component of the fodder production in South
Africa. These pastures are established on marginal soils
poorly suited to field, vegetable or other horticultural crops
(van Heerden and Durand 1994).

Irrigation water and N are resources that can be
optimised by selecting an appropriate irrigation system,
scheduling technique and pasture (i.e. N-fixing legumes
and/or species with high water and N use efficiency). For
sustainable pasture production, the best possible fertiliser
and water management is required in order to attain high
biomass yield with minimum inputs, which maximises profit
whilst minimising impact on the environment (Truter et al.
2012). The most appropriate and cost-effective manage-
ment strategy therefore would be to integrate irrigation
and N input management, since N and water cannot be
managed independently (Rawnsley et al. 2009).

Due to high rainfall variability in southern Africa, pastures
can experience drought at any stage of growth. Hence, the
yield and nutritive value will be low. Here, an increasing
use of irrigated pastures in both the winter rainfall and
summer rainfall regions has been reported (Tainton 2000).
Supplementary irrigation in summer is usually used for
tropical pasture crops, such as kikuyu, when spring rains
are late, or during periods of water stress, whereas the
production of annual ryegrass pastures during winter is
typically under irrigation.

In South Africa, most irrigated pastures need about
1 200 mm of water for a growing season (Dickinson et al.
2004). In summer rainfall regions a rate of 25 mm week™"
of water is used. This amount is commonly determined
from a class A evaporation pan, with daily evaporation
typically 3—4 mm in the winter (Tainton 2000). Regardless of
differences in climatic and soil factors, most agriculturalists
recommend 25 mm irrigation week™" (minus rainfall) for
annual ryegrass, to avoid drought (Goodenough et al. 1984;



van Heerden 1986; Eckard 1989; Harris and Bartholomew
1991; Le Roux et al. 1991). However, according to Steynberg
et al. (1993), there is a 20% variation in production potential
of temperate species between seasons, due to weather
and rainfall distribution. Therefore, a single set of irrigation
norms to schedule irrigation for pastures was insufficient
(Steynberg et al. 1993). With reference to irrigation
recommendations made from work conducted by de Kock
(1978), variable lucerne yields can be obtained by applying
anything from 300 to 2 400 mm of water per season. The
timing of irrigation according to de Kock (1978) is thus of
significant importance (Fessehazion et al. 2014).

Due to the high cost of irrigation water and fertilisers
(Tainton 2000), the production of high N fertilised grass
pasture under irrigation is economically discouraging.
Therefore, a better management system for pastures
is required, and this includes scheduling the irrigation
and nutrient requirement of grasses according to their
utilisation method and intensity. Reliable information and
data pertaining to the water requirements of important
grasses and legumes, and mixtures thereof, which are
affected by an inorganic form of N to facilitate the efficient
irrigation management of such mixtures is lacking. In
semi-arid regions, water is the primary contributor to
grassland production (Whitney 1974). The development
of well-established pasture requires favourable growing
conditions with no water stress. This leads to higher yields
and good nutritional quality. In some instances, irrigation
may give little or no advantage, especially under hot
climatic conditions, where water deficits, even for short
periods, limit metabolic processes, which may reduce
growth rates. Therefore, the aim of irrigation management
is to maintain a favourable supply of water, between the
extremes of excessive dryness or wetness, within the root
zone (Truter et al. 2012).

Considering temporal and spatial complexity, it is difficult
to evaluate the whole system with short-term monitoring
experiments. Development of site-specific optimal N and
irrigation management practices requires costly long-term
trials. Since it is expensive and impractical to test multiple
irrigation and N application strategies, the use of models
can provide great insight and better understanding of
the behaviour of the pasture system. Models can also be
helpful in selecting best management practices for specific
sites and environmental conditions (Fessehazion et al.
2014). Green (1985) estimated the water use and irrigation
requirements of pastures for all pasture growing areas of
South Africa. According to Green (1985), the water use
estimates were developed for any grazed pasture except for
lucerne, and could include any kikuyu and ryegrass-based
mixed pastures. In South Africa, there is no information
relating to water use of specific mixed pastures and this
has been identified as a high research priority for the future
(Truter et al. 2012).

Drought-tolerant forage species

Common features of many countries are limited or unreliable
rainfall, and for a number of reasons less-developed
countries are least able to cope with such a situation
(Wotshela and Beinart 2012). Of the world’s continental
surface, arid and semi-arid regions cover about 30% of

the area, where water is the most important environmental
factor limiting plant growth and sustainable production
(Rojas-Aréchiga and Vazquez-Janes 2000). Approximately
65% of the land area in specifically South Africa is classified
as arid and semi-arid, with a mean annual rainfall of
500 mm or less (Snyman 1998). Therefore, when farming
under rain-fed conditions, it is important for the available
water to be used in the most efficient way and by the most
appropriate plants. Given water shortages on arid lands and
the threat of climate change, more attention needs to be
given to the development of drought-tolerant fodder crops.
Since the beginning of the 20th century the establishment of
drought-tolerant fodder shrub crops, of which Opuntia spp.,
Atriplex nummularia and Agave americana are the most
important, has been urged to combat the loss of livestock
and their products due to periodic droughts experienced
throughout the arid and semi-arid areas of South Africa (de
Kock 1967). Unfortunately, one century later these valuable
sources of fodder still have not been exploited to their full
potential by the farming community. Recent literature
highlights some of the key aspects of drought-tolerant
forage species being researched more intensively in parts of
southern Africa.

(1) Opuntia spp. (cactus pear): Cactus pear usually refers
to the cultivated spineless cultivars of the cactus
Opuntia ficus-indica, of which the spiny variety, as in
the case of other Opuntia spp., is known as prickly
pear (Zimmermann 2015). Opuntia ficus-indica was
introduced to South Africa at least 260 years ago
(Oelofse 2002). The plant was carried by settlers to
all the arid and semi-arid parts of the subcontinent
where it was cultivated as a living fence and for its
delicious fruit (Zimmermann et al. 2009). The major
source of fodder from cacti in South Africa, however,
comes from three cultivars derived from Opuntia
robusta, which were developed during the 1920s.
These are widely known as the ‘bloublad’ or ‘rondeblad’
cactus pear varieties (Zimmermann 2015). They are
cultivated exclusively as a fodder plant for the dry and
drought-stricken Karoo. Opuntia species are known
for the development of physiological, phenological and
structural adaptations (Guevara et al. 2011), which
make them productive in these drier environments
(Nobel and Zutta 2008). Cactus pear (Opuntia spp.),
a crassulacean acid metabolism (CAM) plant, with
greater conversion efficiency (water into DM) than that
of C, grasses and C, broadleaves (Galizzi et al. 2004),
is therefore particularly attractive as a feed (Nobel
1995) and thus to digestible energy (Nobel 2002).
Concerning the interest in desertification (Guevara
et al. 2011), climate change (Ash et al. 2012) and the
range of economic uses (Snyman et al. 2007), the value
of the cactus pear must not be underestimated for the
future. On average the biomass generation for cactus
pear per unit of water is about three times higher than
for C, plants and five times higher than for C, plants
(Snyman 2013). Rain showers of a few millimetres,
which are normally of almost no value to the common
fodder plants, can be efficiently used by the cactus
pear (Snyman 2006a). This is possible because of its
unique, relatively horizontally and shallow spreading



root system (Snyman 2006b). Cactus pear has also
the ability to still withdraw water from the soil at a
stage when other crops are unable to (Snyman 2007).
Therefore, this crop can utilise the more arid areas to
their full potential. Water use efficiency studies on CAM
plants under field conditions over a full growing season
have not often been reported in the past. This kind of
study is of great significance from an agronomic point
of view, both in practice and theory (Orona-Castillo
et al. 2004). The common opinion that cactus pear
needs low inputs to give high yields (fruit and fodder)
has been so misconceived that limited scientific
information is available to farmers and the importance
of appropriate orchard management has been largely
neglected (Snyman 2014). Strategically, irrigation could
be of great importance for higher production in cactus
pear during dry periods (Snyman 2014). A range of
economic uses makes cactus pear ideal for agricultural
development (Wotshela and Beinart 2012). A recent
undertaking in South Africa is commercial cultivation
of cactus pear over a wide range of climates (Snyman
2006a). Limited research into this emerging crop has
been published, although South Africa hosts one of
the largest germplasm collections of cactus pear in the
world (Mashope 2007). Global desertification and the
declining water resources worldwide (Guevara et al.
2011) is likely to increase the importance of Opuntia
spp. as an effective food production system, including
both fruit and vegetable parts (Mobhammer et al. 2006).
Opuntia cladodes can be used to successfully balance
part of livestock’s diet (Einkamerer et al. 2009; de Waal
et al. 2013). From a well-managed, mature cactus pear
plantation of 800 to 1 000 plants ha™', one can expect
more or less 10 t ha™'dry mass from the cladodes and
20 t ha " biomass from fruits — depending on the cultivar
(Fouché and Coetzer 2013).

(2) Atriplex nummularia (oldman saltbush): The species

is indigenous to Australia and has been grown in
South Africa for the past 150 years (de Kock 1967).
It was introduced in the Karoo between 1869 and
1891 (Angua 2005). To date, it still forms part of the
fodder flow planning on many Karoo farms. Although
in South Africa, with the new legislation on weeds
it is categorised as a grade two encroacher plant,
it can be cultivated with the necessary permission.
For many centuries the marginal lands of the Karoo
have been utilised for agriculture, which has led to the
degradation of the soil, resulting in cash-crop farming
becoming unprofitable (de Kock 1980). Because of the
extensive degradation, agricultural extension officers
previously encouraged the planting of A. nummularia
in abandoned fields to cover the soil, relieve the
grazing pressure on the indigenous vegetation and
provide fodder for livestock (de Kock 1998). Over
time, however, A. nummularia has spread to other
disturbed areas, especially to the deep alluvial soils
along seasonal rivers in the Karoo, posing the threat
of potentially becoming invasive to the ecosystem
(Angua 2005). About 50 species are recognised as
fodder shrubs, of which 15 are cultivated as fodder
crops (Konig 1992). The best-known Atriplex shrub
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is A. nummularia, while Australian creeping saltbush
(A. semibaccata) can also be used for grazing (de
Kock 1980). They do well in areas where the rainfall
is low and variable, where the cultivation of fodder
crops is uncertain, and are adapted to a wide range of
alkaline and saline soils (Malan 2000). Most research
regarding water use efficiency and nutrient value done
on this plant took place before 2000 (de Kock 2001).
Over the last decade not much additional information
on cultivation and productivity has been published in
scientific journals. At an age of 15 months, edible DM
production can range from 0.7 t ha™' (A. canescens) to
5.8 t ha™' (A. rhagadioides) (Malan 2000). Seasonal DM
production (1 600 grazeable plants ha™') of between
2 and 4.7 t ha' can be obtained (de Kock 2001) or
21 sheep ha™' for four months (Hoon et al. 1998), with
an average protein content of 16—-22% (de Kock 2001).

(3) Agave americana (American aloe): It is one of the
hardiest plants that can be established for the produc-
tion of fodder in arid and semi-arid regions (Gentry
1982). It is indigenous to Central America and Mexico,
and was introduced to South Africa at the end of the
eighteenth century (de Kock 1967). It is related to
the sisal plant (but its fibore has no commercial value)
and can be of value in the control of erosion when
established on the contour, or on eroded patches. It
allows water to pass through while much of the soil and
debris is kept back, with the result that a contour wall
is built up in time (Hoon 1994). It can survive on poor
shallow soils but not in shady environments (Nobel
and Berry 1985). It is also an extremely efficient water
user (de Kock 2001). As it is not generally used as
fodder, little has been published over the last two
decades regarding its utilisation and nutrient value.
Two disadvantages connected with the plant, namely its
harvesting, which is labour intensive, and its high water
content, have resulted in insufficient intake of DM by
animals (Hoon 1994). Agave americana has the same
problems as Opuntia spp., namely a relatively good
energy content, but a low protein content (Hoon et al.
1998). A leaf yield of from 120 t ha' can be expected
annually on relatively poor soils (Hoon 1994). In general,
A. americana leaves can only be seen as a drought
survival fodder crop (supplementary) as it is not able to
provide a maintenance ration.

Integrated animal and temperate pasture management
systems

The main focus for farmers producing livestock products
from cultivated pastures is to produce sufficient high-quality
palatable fodder, which can fulfil the requirements of
animals, whilst ensuring that natural resources remain
conserved and protected. This has to be managed and
achieved in a profitable and sustainable manner in order
to compete on world markets. These objectives make
cultivated pasture research complex and the endowment of
accurate management guidelines for farmers to obtain the
expected results difficult. The main reason for this is that
scientists in the field of cultivated pastures need to combine
soil, plant and animal sciences into practical, sustainable
and economically viable pasture systems.



Research outcomes in the past have assisted farmers
to obtain information to assist in decision-making using
a variety of readings, for example, taking soil samples
(Swanepoel 2014), pasture disc meter readings (van der
Colf 2010) or tensiometer readings (Murphy et al. 2014).
However, it is also important to relate such measured
aspects to definite indicators that can assist them in
making reliable decisions in a scientific manner. Cultivated
pasture systems in the southern Cape of South Africa, for
example, have continuously changed throughout the last
30 years, mostly for environmental or economic reasons.
The introduction of permanent irrigation systems during
the 1980s made it possible to replace annual winter- and
summer-growing pasture species under rain-fed or supple-
mentary irrigation, with mixtures of perennial ryegrass, tall
fescue (F. arundinacea), cocksfoot (D. glomerata) and white
and red clovers (T. repens and T. pratense), respectively,
under full irrigation (Botha et al. 2013). The main problem
experienced with these pastures was that, over time, the
clover component decreased, while unpalatable grass
species, specifically tall fescue, increased, in turn resulting
in low production per hectare. This adversely affected the
quality and cost effectiveness of the pasture system (van
Heerden et al. 1989; Botha et al. 2013).

To overcome these challenges, the botanical composition
of the pasture was changed to a more palatable perennial
ryegrass and clover mixture. However, a combination of the
temperate climate of the southern Cape region, irrigation
practices and the improvement of soil fertility to meet the
requirements of a ryegrass—clover pasture resulted in
kikuyu, a subtropical C, grass, invading the ryegrass—
clover pastures. This changed the botanical composition,
seasonal productivity, quality, palatability and management
requirements of the pasture (Botha et al. 2013). Attempts
to prevent kikuyu from invading irrigated perennial pasture
were not successful, resulting in the first attempts to use
kikuyu as a pasture base and strategically over-sow it with
ryegrass and/or clover species.

The use of no-till and minimum-till planting methods
proved to be economically viable and research then focused
on the sustainability of kikuyu-ryegrass—clover systems
(Botha 2003). The success of over-sowing practices is
dependent on soil fertility, soil moisture content, soil temper-
ature, overshadowing, choice of species or varieties, grazing
management and planting methods (Botha et al. 2013;
Swanepoel et al. 2014b). This emphasises the importance
of researching the plant component as it is incorporated into
the production systems. Management of pasture production
systems influence many other variables, and by focusing on
the interaction between plant and animals, with the aim of
reducing input costs and conserving natural resources, will
help us understand the systems and provide more practical
and accurate explanations for applied research.

As with any other pasture system, the current system
and management should continually be adapted to fit the
economic and environmental conditions. Recent research
has shifted from heavily fertilised and irrigated kikuyu—
ryegrass pastures to the development of kikuyu-based
systems that incorporate more stress-tolerant grass species
and perennial legumes capable of fixing N (van der Colf
and Botha 2014). Scientists and farmers acknowledge
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that pasture systems should aim to regenerate and
preserve soil health to sustain productivity. Previously,
pasture research was conducted on the choice of suitable
species, stocking density of animals and enhancing the
productivity of pastures. The chemical and physical factors
of soil also received attention, but research on the biological
component of soil was largely neglected. Consequently,
there is a relatively limited understanding of how best to use
the dynamics and potentials of soil biology to ensure the
sustainability of soil systems for agriculture. Soil quality is a
good indicator of sustainable land management and reflects
the basic capacity of the soil to function. It integrates the
chemical, physical and biological processes within soil
that are equally important components for sustainability
(Swanepoel 2014).

The chemical aspects of soils are well documented and
soil chemical imbalances are rectified using established
indicators (Eksteen 1969; Beyers 1994). Unfortunately,
most of these indicators were compiled years ago on
cultivated soil. The question is whether these indicators are
still applicable for no-till systems on soil with 3-8% organic
carbon (C) content (Swanepoel et al. 2014a). Although
agriculturalists realised that the biological components
(living component) of soils are important, the ascertaining
thereof was mostly incorrectly based on the organic C
content, which relates to the organic matter content and,
vaguely, whether there are earthworms present. No
indicators are available to allow farmers to identify the
biological component and how to rectify it. If it is accepted
that soil health is based on the physical, chemical and
biological constituents of the soil (Swanepoel et al. 2014a),
then it is clear that the soil, as the basis of our planted
pasture systems, can hardly be managed in an economical
and sustainable way.

A debatable option was always to reduce the N input
of grass pasture by the introduction of legumes into the
pasture system (Swanepoel et al. 2011). Research has
shown that the introduction of clovers into a grass pasture
will reduce N fertiliser requirement, but in most cases the
grass/clover pasture does not utilise water as efficiently
as the pure grass pasture and so the grazing capacity is
lowered. The production potential of planted pasture in
a fodder flow system on farms is based on the selection
and effective management of different species within the
natural resources on the farm. To ensure that a fodder
flow programme is sustainable and profitable, it is best to
follow the ‘bring-the-plant-to-the-soil’ concept. The choice
of species is then based on the physical and morphological
characteristics of the soil, soil fertility (availability of macro-
and microelements and organic matter), availability of water,
climate (atmospheric pressure, rainfall, temperature, wind
and humidity) and fodder flow requirement (Botha 2014).

A sustainable fodder flow system is based on the
optimum utilisation of the pasture. It is of utmost importance
that management and decision-making factors focus on
optimum DM production, quality and the palatability of the
pasture. This will influence DM intake and optimise beef
or milk production per hectare. To obtain these above-
mentioned factors, the management practices should
be based on appropriate grazing intervals (rotation) and
intensity (how short). The availability of pasture should not



be measured in time or height, but rather by the availability
and residual of pasture. The most important management
aspects in this regard that are essential for the sustainability
of an effective pasture system are based on the frequency
and intensity of grazing (Botha 2014).

Conclusions

In the past 50 years, a wealth of knowledge has been
generated on the function and value of our indigenous grass
and legume species, especially in our diverse environmental
conditions. Exotic species with substantial international
research support play a dominant role in integrated
pasture and animal production systems. This information
support, however, is not adequate for the diverse southern
African environmental conditions or cultural practices. The
latter confounds the challenge of pursuing food security
in a country, particularly in the absence of detailed and
holistic understanding of indigenous species or adaptable
exotic species required to achieve sustainable solutions
and systems.

There are currently several African-bred cultivars available
internationally, and seed imported could be of inferior
quality. Therefore it may be important to re-evaluate these
species from local varieties using the first principles outlined
by Barnes et al. (1972). Currently, there is no breeding
programme for subtropical forage species and a limited
programme for root crops. Many of the existing cultivars of
grasses are stored as seed lots and could easily be lost,
if not licensed to seed companies. With no newly adapted
cultivars coming from South African forage breeding
programmes, the existing cultivars may soon reach the end
of their productive lifespan.

To date, significant advances have been made in terms
of characterising the nutritional and water requirements of
pastures in southern Africa. ‘Knowledge gaps’ do, however,
exist on a number of aspects, which are highlighted by some
of the more important interrelated research needs, such as:
(1) The development of more reliable N recommendations

for grazed pastures. Such recommendations need to
accommodate N contributions from the resident organic
matter, as well as within-season variations in pasture
N demand. A modelling approach would appear to be
necessary, with inputs including factors such as soil total
C and N, soil C:N ratio, pasture growth rate and inputs
of N from excretal returns.

(2) The impact of nutrient imbalances in pasture herbage
on animal health and production. As noted earlier,
in many pasture systems excesses of N and K, and
deficiencies of Ca and Mg, undoubtedly influence animal
performances. Research into both the extent and impact
of these factors is urgently required, as well as the
development of strategies for their mitigation.

(3) The environmental impact of intensive pastures — a
particular concern that appears to have been largely
ignored in research programmes. Widespread
evidence of ‘overloading’ of pasture topsoils with P and
possibly N implies a potential for significant diffusive
losses of nutrients to surface and underground waters.
An increased focus on this aspect would appear to be
long overdue.
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(4) Improved irrigation scheduling for effective irrigation.
Considering the increasing shortage of irrigation water,
increased cost of N fertilisers and associated concerns,
the need to improve current irrigation and fertilisation
guidelines is accentuated. Extensive research on irriga-
tion and N management of cultivated pastures has been
conducted to improve irrigation water and N efficiency,
reduce nutrient losses and increase harvestable yield
and quality. To ensure that pasture growth responses
reflect the fertilisers and irrigation inputs applied the
soil water and N balances need to be monitored. This
can be done accurately in research programmes.
Nevertheless, when wanting to improve N and water
management at field level with similar frequent sampling
(components of N and water balance), it becomes
expensive, complex, time consuming and impractical.

(5) The identification of legume species that persist and
can sustain seed production. Improved animal produc-
tion systems in tropical and subtropical regions can
be achieved when using forage legumes to minimise
inputs, such as N fertiliser and water. In dry-land
pastures in subhumid areas forage legumes have
proved compatible and replace the N fertiliser require-
ment of a pure grass pasture with about 50% legume in
the sward. It was concluded that these dry-land grass—
legume pastures grazed for the summer could produce
acceptable levels of animal production. The success of
these systems will be completely dependent on cultural
practices that ultimately influence the plant growth
responses and the survival of the species in the system.

(6) Accounting for N carryover between harvests and/or
accounting for mineraliseable N when introducing N-fixing
legume pastures.

(7) Alternative drought-tolerant fodder crops. Drier environ-
ments face different challenges, and there is sufficient
evidence to suggest that drought-tolerant fodder
crops, especially Opuntia spp., A. hummularia and
A. americana, can play an important part in limiting
shortages of fodder, which result in livestock losses
and losses of their products, during droughts in arid
and semi-arid areas of South Africa. These crops can
utilise the drier areas to their full potential. A range of
economic uses makes it ideal for agricultural develop-
ment and with the declining availability and quality of
water resources associated with global desertification,
it is imperative that research on these species receive
higher priority.

(8) The use of modelling to integrate weather, animal, soil,
crop and management practices will become critical.

Plant scientists realise the complexity of animal production
from planted pasture and understand the close interaction
between various management factors. This understanding
remains essential to achieve optimum DM production,
quality and palatability of pasture in a quest to produce
animal products sustainably within the boundaries of
our natural resources. System research emphasises the
importance of managing the soil and the need to understand

the potential of different plant species contributing to a

productive, high-quality fodder flow.

From a management perspective, scientists acknowledge
the importance of the measure-to-manage concept.



However, without well-researched and defined management
indicators, the validation of measurements against the
critical limits of indicators will not be possible. Practical
and reliable scientific research is important for sustainable
farming systems. However, future research should also
quantify the economic impact of the ecological investment
or management practices that result in nutrient losses. In
addition, a research priority that will be required to develop
rapidly is that of pasture assessment techniques. The digital
age is evolving rapidly, and this increasingly provides us
with the tools to identify new ways to assess pastures, to
communicate results and research outcomes, and to make
data universally available for use. The basic understanding
of what variables need to be assessed will remain important.

The past 50 years and more of southern African
research has provided an enormous wealth of knowledge,
and will guide the way forward to develop new insights and
understandings of new research questions and priorities
that are aligned with global environmental changes and
economies. This can only be achieved when international
research and developments are studied, understood
and aligned with southern African research objectives.
To summarise, Table 3 includes, but is not limited to,
selected research and development needs based on this
extensive review.

The 21st century will definitely embrace many new
avenues in the development of pasture and forage science
in southern Africa. This can be achieved if the words of
Socrates — ‘Wisdom begins with wonder’ — are remembered.
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