The ecology of grassland and forage ecosystems

Changes in the content and allocation of carbon and nitrogen during forage

regrowth

Huimin Yang, Zhennan Wang and Xiaoyan Zhang

State Key Laboratory of Grassland Agro-ecosystems; College of Pastoral Agriculture Science and Technology, Lanzhou
University, Lanzhou 730020, People’s Republic of China, www.lzu.edu.cn

Contact email: huimyang@lzu.edu.cn

Keywords: Carbohydrate, coupling, herbaceous plant, nitrogen, cutting and grazing.

Introduction

Regrowth after cutting or grazing perennial grasslands
sustains the production potential of forage and the
persistence of grassland species. The changes in nature,
content and allocation of compounds within plant parts are
fundamentally correlated to the forage regrowth process
(Lambers et al. 2008). These compounds are sourced from
reserves and new assimilates. Carbohydrates and proteins
stored mainly in the stem base and the root play an
important role at the early stages of regrowth (Meuriot et
al. 2004). The newly assimilated compounds include
carbon from photosynthesis for the residual leaf and stem,
and nitrogen absorbed by the roots from which amino acids
and proteins will be produced (Dhont et al. 2003).
Assimilates change as the forage regrows, playing a key
role in the later stages. This mini-review summarises the
changes in the content and allocation of carbon and
nitrogen after cutting or grazing.

Changes in carbon and nitrogen content after
cutting or grazing

Carbon content drops sharply after cutting or grazing and
then increases. Respiration is enhanced in forage plants as
an initial response to the ‘cutting’ or ‘grazing’ stimulus,
resulting in a decline in the level of water soluble
carbohydrates (WSCs) in the sward compared with before
cutting or grazing. Then, part of the carbon reserve is
activated and metabolised, leading to a decrease in carbon
content and an increase in WSC content. These WSCs
would be translocated into the residual leaf and stem,
helping regrowth. As forage regrowth proceeds, the leaf
and stem are re-built and their physiological functions are
recovered, contributing to a prolonged increase in the
content of WSCs and carbon in the plants that make up the
sward. Carbon is a source for forage regrowth and some of
the plant carbon may be re-stored into the stem base and
the root.

Similarly, the nitrogen content of perennial grasses
decreases gradually after cutting or grazing and then
increases. The nitrogen stored in the root and stem base is
translocated into the residual leaf and stem to support re-
growth of leaf and stem, but nitrogen uptake from soils
may not compensate effectively, leading to a reduction in
plant nitrogen content. However, plant N increases as
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forage regrows. During regrowth, nitrogen uptake by roots
is enhanced, responding to more carbon allocation to roots.
Finally, nitrogen assimilation exceeds exhaustion, leading
to an increase in plant (sward) nitrogen content.

Changes in carbon and nitrogen allocation during
forage regrowth

The allocation of carbon and nitrogen within the sward (or
plant, tiller) changes after cutting or grazing. Reserve
compounds are largely translocated into residual leaves and
stems after cutting or grazing (Avice et al. 2003) and newly
assimilated carbon and nitrogen are largely allocated into
the shoots but not roots (Erice et al. 2011). Both
mechanisms help the emergence of new buds, leaves and
stems and the recovery of photosynthesis. As the above-
ground part of forage is reconstructed, photosynthesis is
enhanced, more carbon is assimilated and an increasing
proportion is translocated into roots. Some of the carbon
translocated into roots is stored and the remainder helps
increase nitrogen uptake and storage.

The mobilisation of carbon and nitrogen during forage
regrowth is closely connected (Yang and Luo 2011). The
carbon allocated into roots is less at the early stages of
regrowth, resulting in retarded respiration of roots and
reduced nitrogen uptake. The initial reduction in nitrogen
uptake delays or slows the reconstruction of assimilating
organs, restricting photosynthesis. As the forage re-grows,
more carbon is assimilated, more nitrogen is absorbed
following the exhaustion of carbon through root respiration,
and this nitrogen uptake promotes carbon assimilation.

Concluding remarks

The changes in carbon and nitrogen content and allocation
might be regulated through some signalling cascade during
regrowth (Fig. 1). The actual signals involved in the
processes and how they operate is not yet clear. Evidence
from the literature contains some clues that calcium,
antioxidant enzymes, organic acids etc. might play
important roles in the regrowth process (Papatheodorou and
Stamou 2004), but their role is not properly defined or
understood. Considering the close link between carbon and
nitrogen during regrowth, their ecological stoichiometry
could be explored to further understand the mechanisms
underlying forage regrowth (Fig. 1).
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Figure 1. Simplified model for the mechanism of forage regrowth.
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