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Abstract

Permanent grassland plays a major role on many organic farms. It can be grazed by cattle
without causing food competition. However, the potential of grassland and sustainable
grazing with cattle — particularly for humus formation and climate mitigation — continue to
be significantly undervalued in science and research (Franzluebbers et al. 2024, Idel 2024,
Buisson et al. 2022, Ricarda and Viglizzo 2020) and is seldom fully utilised in practice. Even
though grazing animals are part of the ecosystem as a result of coevolution, grazing of
grasslands is often still characterized as "disturbance", causing “damage” that results in
“fitness costs” (Ramula et al. 2019).

Central question

What are the reasons for the lack of awareness and, as a result, the low utilisation of the
potential of sustainable cattle grazing for humus formation and climate mitigation — in
science, research and in practice?

Elaboration of the argument

Because mowing requires less effort, the practice of grazing is steadily declining — and with
it the opportunity to realise, to understand and to develop its potential. With increasing one-
sided selection for high performance, such cattle will need additional feed: from fields. In
addition, pasture (time) management costs are rising due to larger herd sizes and climate
change. The latter requires considerable flexibility in order to respond promptly to periods
of drought as well as major rainfall events. There is no one ‘right’ grazing management
approach; the opportunities lie in utilising the variety of options that provide the flexibility
to adapt according to circumstances: where previously a fixed number of cattle remained on
one pasture, varying stocking densities and more frequent rotation may now be required.
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Often, knowledge and experience as well as the necessary time budget are still lacking.
Increasingly, this leads to grasses being grazed down too hard (Parnell et al. 2024). The
result is a time lag, as a minimum amount of energy in the chlorophyll of the grasses is
required to kick start photosynthesis once more. Until a single grass plant has grown tall
enough to generate energy again through photosynthesis, growth occurs through the
transfer of energy from its base to the grass blades. The process happens at the expense of
humus formation. If repeated too often, it can lead to overgrazing: the grass plants die
because their energy reserves are depleted. The poor condition of the pastures resulting
from unsustainable grazing is then often misinterpreted as grasslands lacking potential.

In addition to the intensive conditions of cattle breeding, husbandry and feed, breeding for
high performance grasses and the reduced number and composition of species in seed mixes
also limit the resilience of grassland and thus the expectations regarding its potential. The
selection of grasses for higher shoot growth to increase the above-ground biomass happens
at the expense of root formation. That, too, decreases the potential for soil formation and
increases the risks during periods of drought.

The true significance of coevolution between grazing animals and grasses is inevitably
ignored in research whenever mowing is used instead of grazing. Mowing disrupts the
natural cycles of nutrients and microbes in grassland: the mosaic-like exchange of
microbiomes from cattle saliva and excrement with plants and soils cannot take place
(Parnell et al. 2024).

The largest biomes on the global land surface are grassland ecosystems and forests. Both are
permacultures, but grasses and trees differ fundamentally in several ways. Because they co-
evolved with grazing animals, grassland ecosystems have adapted so well to being grazed
that they grow not despite, but because of their use and ultimately even benefit from it
(Teague and Kreuter 2020).

The misleading assumption that soils have a saturation limit has been refuted (Heinemann
et al. 2025; Begill et al. 2025). This scientifically proven finding is particularly important for
the perception of the potential of grassland. In contrast to grasses all other plants do not
want to be “bitten”. Many plants even use a high amount of energy to produce thorns,
spines or bitter substances to prevent the bite (Provenza 2018). If their co-evolutionary
partners are absent —, shrublands or, with sufficient water availability, trees develop. This
process, commonly referred to as natural succession, is mostly man-made — an
anthropogenic succession, because the animals have been driven out or fenced off.

The fact that the co-evolution of mineral grassland and grazing animals is crucial for the
development of the world's most fertile soils is only gradually spreading. Whether we refer
to the prairies of North America, the pampas of South America or the black earths soils of
Eurasia, the idea that climatic conditions alone have enabled or limited the development of
the most fertile arable soils, the chernozems, continues to dominate soil science.
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While the potential for humus formation and climate mitigation in grassland ecosystems is
routinely underestimated, the potential of forest ecosystems is overestimated (Ren et al.
2024, Ricarda and Viglizzo 2020, Zhao et al. 2020). Worldwide, grassland and forest
ecosystems cover a comparable land area: Regarding the carbon content — stored above
ground in shoots and below ground in roots and in humus — the totality of grassland
ecosystems store more carbon than all the world's forest ecosystems (Phukubye et al. 2022).

The specific type (quality) of the roots is crucial for humus formation: The humus building
potential lies in the fine roots (Panchal et al. 2022). A meta-study evaluated the results of 108
comparisons between forests and grasslands in terms of soil organic carbon (SOC) — and
thus climate mitigation — at elevated CO2 partial pressure: “We found that overall, SOC
stocks increase with eCO2 in grasslands (8 + 2 per cent) but not in forests (0 + 2 per cent). (...)
which implies that projections of SOC may need to be revised.” (Terrer et al. 2021).

Unlike in trees, the root biomass of grasses consists predominantly of fine roots. The
majority of SOC comes from rotted down fine roots and energy-rich nutrients, known as
exudates, that the fine roots have previously released into the surrounding rhizosphere.
That's why the worldwide totality of grassland soils store 50 percent more carbon than forest
soils (Phukubye et al. 2022).

The potential for soil formation lies solely in the fine roots — instead of the root mass as a
whole. However, the unique potential of grasses for soil formation lies not only in their high
proportion of fine roots and their exudates but also in their very different growth dynamic.
The biological mechanism consists of the specific path energy from photosynthesis takes and
how it is distributed: perennial grasses are characterised by establishing themselves well in
their respective locations and remaining there.

As a result of the co-evolution with grazing animals the 'use’ of grasses — through grazing or
mowing — leads to an increase in above ground and root biomass as well as the formation of
exudates, both subsequently contribute to soil formation. Only if the grasses are not grazed
or mowed, they, too, transfer energy from the base upwards to form flowers. This energy is
then no longer available for soil formation. The resulting seeds represent the plant's attempt
to re-establish itself permanently again — but now starting in another location. Both
processes are necessary for the formation and persistence of grassland ecosystems: grazed
grasses with their special contribution to soil formation as well as ungrazed grasses that
flower and spread (Teague and Kreuter 2020).

The potential of grassy biomes for soil formation and for the preservation and spread of
biodiversity co-developed over millions of years with grazers in a world without fences.
Grazers are still required and to be sustainable, grazing systems need to be flexible and
quick adapted to changing weather and growth conditions: always placed between the two
extremes: (no or) undergrasing and overgrazing. But the lack of knowledge and the often
wrong conclusions are increasing and pose a great danger: Here’s just one example where
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the history of soil development is ignored: Almost 1 million km?of Africa’s grassy biomes
are targeted for tree planting by 2030 (Buisson et al. 2022).

Conclusion

<< Organic agriculture offers special opportunities through the breeding of cattle suitable for
grazing and the widespread high proportion of farms with permanent grassland.
Sustainable grazing systems offer beneficial effects along the ‘soil-plant-animal-human
nutrition continuum’ (Ahsin et al. 2025). The potential at farm level can be further expanded:
by re-integrating cattle in the crop-rotation while grazing multi-species-mixtures of grasses,
herbs and legumes for two to three years (Loza et al. 2021) and by understanding grazing as
part of agroforestry systems. The lack of awareness and the low utilization of the potential of
sustainable cattle grazing for humus formation and climate mitigation must be overcome.
This requires putting an end not only to the underestimation of grassland and grazing, but
also to the overestimation of forests — related to soil formation and climate mitigation. A
major challenge for grasslands and grazing with cattle is the recognition that there is a
discrepancy between the potential and the — often poor — status quo and to then consider the
‘why’ in science, research and practice. The UN Decade on Ecosystem Restoration (2021-
2030) — claiming to prevent, halt and reverse the loss of nature — still has not focused
appropriately on this challenge. 2026 FAO officially launches the International Year of
Rangelands and Pastoralists (IYRP) — grounds for hope and a chance.
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