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1. Description of the practice

Grassland diversification includes a set of practices such as the incorporation of legumes and other favourable
forage grasses into grazed grasslands the planting of scattered trees in grassland or the rotation of crops with
pasture. Species-rich grasslands are of high conservation value because of the diverse floral and faunal
assemblages they support, and of the capacity to improve water and nutrient use. Besides creating shadow areas

390 RECARBONIZING GLOBAL SOILS



for grazing livestock, scattered treesmay have local and global benefits such as the creation of
microclimate, increased soil nutrient concentration and a more favourable water balance locally,
increased plant species richness and habitat for animals, which will promote larger-scale ecosystem restoration.
These benefits facilitate adaptive responses to climate change, particularly in modified landscapes (Manning,
Gibbon and Lindenmayer, 2009). Rotating crops with pastures increases weed control and reduces greenhouse
gas emissions from fields. However, as Donnison and Fraser (2016) explain, grasslands are experiencing the
biggest threat to date in terms of loss of land area to other uses, including expansion of the built environment as
well as from cropland, forestry and energy production (e.g. solar, biofuels).

The above-mentioned practices have two main objectives: (1) to increase the botanical diversity of species-poor
grassland to restore and enhance this habitat so as to ameliorate the negative effects of isolation, fragmentation
and scrub species encroachment (EC, 1992) and (2) to increase the profit-earning capacity of marginally
economic or uncconomic grasslands by diversification of grass-derived products and by increasing pasture
production through the incorporation of nitrogen-fixing species and perennial grassland species.

2. Range of applicability

The practice is applicable worldwide under a wide range of pedo-climatic conditions. The most suitable
locations are those with low soil fertility and low/no weed burden.

3. Impacts on soil organic carbon stocks

For a given climate regime, grassland often has higher soil carbon (C) contents than other vegetation types.
Therefore, a lack of interest about their use can cause serious impacts in terms of the C balance. Grassland
diversification, both to restore environmental values and to enhance the economic value of the land could be a
good tool to ensure soil conservation and, thereby, the value of the land as a C sink (Table 136). A great number
of studies have demonstrated that increasing plant diversity increases soil C storage, both directly and indirectly
(c.g. Cheneral,2017; Lange ez al., 2015, Teixeiraezal., 2011).

VOLUME 3: CROPLAND, GRASSLAND, INTEGRATED SYSTEMS AND FARMING APPROACHES 391
PRACTICES OVERVIEW



Table 136. Evolution of SOC stocks with grassland diversification

NA: Not available.

Baseline Additional
: : : C storage Duration : :
Location Climate zone Soil type C stock Depth (cm) | More information Reference
(tC/ha) (range) (Years)
(tC/ha/yr)
N=6
Various Various NA 0.75 grom >t _
Vari Introduction of legumes. C Pausti
Global arious up to onant, Paustian
100 cm _ and Elliot (2001)
. . From 4 to N=5
Various Various NA Up to 3.04
15 Improved grass species.
02 From 6 | ion of Cardinael et al
. . rom 6 to . ncorporation of trees ardinael et al
France Temperate Luvisol/ Fluvisol = NA (0.09- 41 0-30 (Agroforestry). (2017)
0.46)
Spain Carnbisol, Luvisol | 72.0 0.83 2 NA fScatt'erlng trees-extensive | Llorente etal
arming. (2019)
Mediterranean
Sardinia, Camnbisol 429 124 37 0-20 Alternatllng spontaneous Francaviglia et al
Italy vegetation-hay crops. (2017)
Minnesota, Combination of key C4
United Humid Sand NA 0.69 12 rass-legume species on Fornara and
States of Continental y ' & sume sp Tilman (2008)
America degraded soils.
0-100
Mato Agrosilvopastoralism; Oliveira et al.
Grosso, Tropical Kaolinitic oxisol NA 0.32-157 | NA g P ¢ ' ) ’
Brazil Incorporation of trees. (2018)

392

RECARBONIZING GLOBAL SOILS




4. Other benefits of the practice

4.1. Improvement of soil properties

Plant interactions and feedbacks with soil biota is an important determinant of ecosystem functioning and
primary productivity in terrestrial habitats. Above-ground species diversity influences below-ground diversity
and regulates microbial decomposition pathways (Wagg ez al., 2014). Experiments across different ecosystems
indicate that soil organic matter tends to decline as local species richness in grassland decreases (Cardinael ez
al,2017).

4.2. Minimization of threats to soil functions

Table 137. Soil threats

Soil threats |

Soil erosion Soil cover control on soil surface runoff.

Species richness improves nitrogen fixation, use and cycling, allowing a
better coupling of C and N cycles within vegetation, soil organic matter
and soil microbial biomass.

Nutrient imbalance
and cycles

Soil biodiversity loss Above-ground species diversity influences below-ground diversity.

Improves soil structure via a greater incorporation of SOM and by

Soil compaction . .
covering soil surface.

Soil water Control of water runoff, increasing soil water retention and infiltration
management rates.

4.3. Increases in production (e.g. food/fuel/feed/timber/fibre)

Diversification of grassland products, including the processing and fractionation of biomass for feed, food,
energy and other non-food applications, presents a positive opportunity to improve the options for grassland
users and their communities.
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4.4. Mitigation of and adaptation to climate change

Long-term biodiversity restoration practices in grasslands increase soil C and therefore soil mitigation capacity.
Moreover, the preservation or sowing of biodiverse pastures has proven to sequester more C with related co-
benefits (Teixeira ez al., 2011). These greater rates of C accumulation look to be associated with reduction of
ecosystem respiration, increase of soil organic matter inputs and improvement of soil structure (De Deyn ez al.,
2011).

4.5. Socio-economic benefits
Embracing the diversification of grassland functions is in many instances an important step to ensure grassland

survival and protection from the onslaught of competition for land from urbanization and from other agricultural
and forestry-based land uses.

5. Potential drawbacks to the practice

5.1. Tradeoffs with other threats to soil functions
The benefits of enhancing the richness of species must be balanced with the risk of erosion during land

intervention. Careful selection of plant species is important to avoid possible risks like soil desertification due
to excess water extraction or unwanted pH modifications.

5.2. Increases in greenhouse gas emissions
Tillage and compaction of soil for seed incorporation could speed up organic matter mineralization with the

consequent increase of soil greenhouse gas emissions. For example, Yamulki and Jarvis (2002) measured
increases on N2O, NO, COs and CH4 fluxes after tillage and compaction of grassland.

5.3. Conflict with other practice(s)

Investment in diversification of grasslands can be in competition with investments in more profitable land uses
like cropland, forestry, or energy production.

5.4. Other conflicts

A conflict can arise if introduced new botanical species become weeds and they can potentially have a negative
impact on biodiversity. Seeds must be carefully chosen for each particular site.
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6. Recommendations before implementing the practice
Agronomy support is imperative as well as sound complementary policies and good governance. Public

extension services, in collaboration with the private sector remain crucial to the success of agrarian new
practices.

7. Potential barriers for adoption

Improving grassland through introduction of grass varieties has to be adopted together with adequate
management practices. New grass and legume varieties, diversification technology options and agronomy
support are needed.

Photo of the practice

Photo 40. Showing grass growth difference between diversified (left) vs. monocultured (right) grasslands.

Table 138. Related cases studies available in volumes 3 and 5.

Duration of Case-

SEger study (Years) Volume study No.

Mediterranean savanna-like agrosilvopastoral

grassland system in Spain, ltaly and Portugal Europe | 4,22and 37 3 17
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