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Abstract

Herbaceous vegetation in grassland ecosystems is characterised by grass dominance in a species-rich forb-
grass mixture. Forbs (i.e. the non-graminoid herbaceous component) represent the largest proportion of total
species- and functional richness, which secure important ecosystem functions. Although grasses remain the
most important forage source, certain forb species provide nutritious food sources for herbivores. Moreover,
forbs provide food- and habitat sources to enhance invertebrate diversity and hence, agricultural food security
through the maintenance of healthy pollinator communities. Important food and medicinal sources for human
livelihoods in developing countries are also largely contributed by forbs. However, the dynamics and ecology
of forb species are poorly understood in rangeland systems. Increasing global pressures are threatening the
hyper-diverse grassland ecosystems (including African savannas) and in particular the diversity of the forb
flora. The sub-ordinate role of forbs in savanna and grassland rangeland management practices led us to
accumulate evidence of important ecosystem functions and services provided by this diverse life form. In this
study, we present results that were obtained from several independent studies in which forb data were collected
and analysed as an equally important herbaceous life form, to contribute to our current understanding of the
ecology of grassland ecosystems. Our results revealed evidence of forbs as important forage for large African
mammalian herbivores, including domestic cattle, during periods when other forage resources are severely
limited. However, sustained overgrazing can severely deplete forb populations and diversity. Forbs as grazing
indicators have been identified as the basis of a proposed forb-condition scoring method for mesic grasslands.
Furthermore, the importance of intermediate disturbances, such as moderate grazing and/or the maintenance
of crop field margins were identified for invertebrate community conservation. Studies on useful indigenous
plants exposed forbs as an important life form to provide food- and medicinal resources to human livelihoods
in African grassland ecosystems.

Introduction

The understanding of herbaceous vegetation ecology stands central to the management of grassland
ecosystems globally. Despite their richness and abundance in the herbaceous layer, forbs are weekly
represented in grassland management strategies (Siebert and Dreber 2019). In rangeland condition
assessments, forbs are often classified as the ‘non-grassy, Increaser II” component of the herbaceous layer
(Scott-Shaw and Morris 2015) and yet they provide a wide array of important functions and services (Siebert
and Dreber 2019). Furthermore, forbs are acknowledged as important forage items to certain African game
species, while forb consumption by domestic cattle at certain times of the year is frequently observed and
documented (Veblen et al. 2016). Forbs furthermore provide nutritious forage for insects (Siebert and
Terblanche 2020) and hence, play an important role in pollination-driven food security. Such evidence is
however, loosely defined for ‘forbs’ as an entire life form group with little reference to species-specific
functions. Considering the rich forb flora of grassland ecosystems, species-specific functions and services, and
their responses to disturbances, stress and management regimes should be treated equally important as grasses,
for which species-specific responses are well documented and clearly defined in grassland ecosystems.

In this study, we aimed to summarise certain functions and services identified from several independent
grassland studies from South Africa, in which forb species data were collected and analysed as an equally
important life form.
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Forb species- and functional diversity

Forbs in grassy ecosystems can contribute up to 80% of the total richness in the herbaceous layer (Siebert and
Scogings 2015). Species richness provide trait-based redundancy, as was reported in a semi-arid grassy
ecosystem where perennial palatable forb (PPF) and grass species alternated their dominance in response to
grazing pressure and rainfall (Van Coller et al. 2018). Thorough floristic surveys of the herbaceous layer can
therefore provide valuable insights into ecosystem functioning and resilience.

Forbs have an extensive collection of disturbance tolerant- or avoidance traits that span across the wide array
of plant families represented by this life form. In semi-arid and arid grassy biomes, forbs are well equipped to
tolerate or avoid the effects of extended dry periods or drought events (Siebert et al. 2020). A variety of
underground water and/or carbon storage organs, belowground and soil surface buds to enhance their
resprouting capacity (Siebert et al. 2019), and drought avoidance strategies through the maintenance of a
viable, dormant seed bank (Siebert et al. 2020), are only some examples how forbs are functionally equipped
to withstand natural disturbances. Conversely, certain forb species are strongly dependent on natural
disturbances. Post-fire or post-drought phenological traits, and fire- or herbivory-dependent seed germination
or dispersal mechanisms (Wigley et al. 2020), explicate the dependency of certain forb taxa on such natural
disturbances.

Forbs as foraged items for large herbivores

Forbs are known as nutritious food items for mixed feeders and domestic cattle, although species-specific
selection, palatability and digestibility is less known (Siebert and Dreber 2019). Similar to trees and shrubs,
browsed forb species, such as Blepharis integrifolia, may adapt their growth form from erect (in the absence
of herbivores) to a prostrate form producing abundant flowers armed with spiny bracts that also cover the
nutritious leaves.

The role of forbs in providing alternative nutritious food resources when grasses are depleted, e.g. during a
drought or in overgrazed rangelands, are not well documented. Preliminary results from a DNA metabarcoding
study identified forb species from the Convolvulaceae and Malvaceae plant families as important forb forage
items in the diet of native African mixed feeders and domestic cattle during a dry season (Siebert et al.
unpublished data).

Mesic forbs as grazing indicators

Herbaceous forb species far outnumber (5-6 x) grasses in the densely tufted, productive, mesic grasslands in
the summer rainfall regions of South Africa (> 650 mm a1). Many of the mesic grassland forbs are geophytes
possessing underground bud and energy storage organs (USOs) - ranging from woody rootstocks and rhizomes
to more substantial corms and bulbs - that enable them to tolerate recurrent frost, dormant-season fire, and dry
spring periods (Bond and Parr 2010). Despite having most of their biomass ostensibly protected underground,
mesic forbs are vulnerable to herbivory (Scott-Shaw and Morris 2015; Chamane et al. 2017), with chronic
heavy stocking with livestock markedly reducing forb species abundance by up to 85% (from 50-55 to 10-20
species per 100 m:). Certain mesic forbs are particularly sensitive, declining with sustained herbivory, whereas
mostly non-native ruderals along with only a few indigenous forbs benefit from sustained overgrazing. The
former species have been classified as Decreaser (that decline with overgrazing), and the latter as Increaser
(that increase with overgrazing) grazing indicator species for use in assessing the impact of grazing on the
ecological condition and plant species diversity of mesic grassland (Morris and Scott-Shaw 2019).

Decreaser indicator forbs decline because of leaf and shoot damage by trampling and/or grazing (Chamane et
al. 2017). Forbs with erect growth form are most sensitive, and prostrate forbs are most resistant, to herbivory
(Chamane et al. 2017; Morris and Scott-Shaw 2018; Chamane et al. 2019). Most erect species are Decreasers,
whereas prostrate species are typically Increasers because they tend to escape extensive leaf and bud damage
(Figure 1). Frequent loss of leaf tissue during the growing season can diminish the USOs of mesic forbs,
thereby reducing their regrowth potential and probable long-term survival in overgrazed mesic grassland (C
Morris, unpublished data; Chamane et al. 2019).
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Figure 1: The distribution of mesic grassland forb growth forms across Decreaser (DEC) and Increaser (INC)
grazing indicator species (data from Morris and Scott-Shaw 2019; Chamane et al. 2017). Point of leaf
emergence is either cauline (from stem) or radical (at or below ground) and plant orientation is either erect or
prostrate.

Forbs as insect hosts plants

Large-scale cultivation, mining and urbanisation lead to plant diversity decreases in grassland and savanna
ecosystems as a result of habitat loss and land transformation (Muller et al. 2021). As forb species provide
important provisioning and regulating services which are important to maintain arthropod biodiversity in these
altered habitats and vice versa (Potts et al. 2010), forb loss has a cascading effect in higher trophic levels
involving insects. Forbs species from wildlife conservation areas have proven to be specific hosts for butterfly
larva and this interaction is delicately maintained by megaherbivores that suppress the grass layer (Siebert and
Terblanche 2020). The interactions of forbs and insects are not always positive and some disservices are well
known. Some forbs act as refuges for pest species during unfavourable conditions (Moolman et al. 2014) or
displace grasses which provide important habitat structure for predacious arthropods such as spiders (Botha et
al. 2017). It is therefore important to consider which arthropods need to be enhanced or restricted in an
ecosystem when forbs are managed within a landscape. Managing for specific plant genera or families may
therefore benefit specific arthropod trait groups at the expense of others (Skaldina 2020).

Grassland forbs with food and medicinal properties

Wild leafy vegetables are commonly herbaceous plants, whose leaves, tender shoots, flowers, fruits, seeds and
sometimes roots are edible (Ntuli 2019). They are fortified with carbohydrates, micro- and macronutrients,
vitamins and proteins that are essential for human health (Tanor et al. 2020). Such vegetables include both
annual and perennial forbs that occur in grasslands and savanna vegetation, as well as in cultivated areas or
fallow fields (Ntuli et al. 2012, Mncwango et al. 2020). The growth forms range from erect, decumbent to
climbing (Ntuli et al. 2012). Leaves and shoot tips are the commonly consumed parts in leafy vegetables, with
the inclusion of flowers, fruits and seeds to a lesser extent. Some forb species provide multiple services. For
instance, Amaranthus thunbergii, a leafy vegetable forb species, is also used as livestock fodder (Eshete et al.
2016) and as a medicinal infusion taken orally as a vermifuge and to cleanse blood (Moteetee and Van Wyk
2011).
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Conclusions

The growing awareness of the crucial ecological role that forbs play in grassland requires that management of
these grasslands be aimed not just at maximising productivity of grasses in the sward, but also at maintaining
the diverse grassland forb populations that provide a myriad of goods and services. Forb traits and indices
should also be included in the assessment and monitoring of the functional integrity of grassland ecosystems.
Considering that our current understanding of grassland ecology has been built upon solid foundations of
species-specific research on grasses, similar fundamental species-specific research on forbs are envisaged to
contribute to an improved understanding of grassland ecology and hence its restoration, conservation and
management for long-term sustainability in the face of complex global change.
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