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Abstract

This global review of grassland liming research assesses the impacts of liming on soil pH, biomass
production and net greenhouse gas (GHG) exchanges (N,O, CH, and CO,). All studies showed
thar liming either reduced or had no effects on the emissions of N,O and CH,. Though the liming of
grasslands can increase net CO, emissions, the impact on net GHG emissions is small due to the higher
100-year global warming potential (GWP) of N,O and CH, than CO,. Moderate liming of grassland
significantly increases soil pH, grass productivity and species richness, and reduced ferrilizer requirement,
which justifies its wider adoption.
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Introduction

In grass]ands, lime is applied to the soil surface and either left on the surface or incorporated into soil
especially at sward renewal (Mosier ef 4., 1998). Previous studies on agricultural (grasslands, croplands
and forests) liming found that application of lime optimized plant growth by adjusting soil pH and
mitigating N, O emissions, but the impact on soil organic carbon (SOC) was inconsistent (e.g. Goulding,
2016). Moreover, the addition of lime increased CH 4 oxidiser activity and, thereby, reduced the total
greenhouse gas (GHG) emissions (Kunhikrishnan er 4/., 2016). Unlike liming of cropland, liming of
grassland is often ncglccted, especially when the overall profit of grassland is low (Goulding, 2016). Due
to scarcity of field data, it is still unknown how lime exactly influences grass productivity and nutrient
use efhciency in different soil pH, botanical and agro—climatic conditions. This review aims to use the
available literature globally to assess the impacts of liming grasslands on soil pH, biomass production and
net GHG emissions.

Materials and methods

To cover all peer-reviewed publications (1980-2021) on the impacts of liming on soil pH, grassland
biomass production and net GHG emissions (i.e. nitrous oxide (N,O), methane (CH,) and net CO,
emissions), we carried outa comprehensive search on the Web of Science database. We used the keywords:
grassland, lime, N, O, CO,, CH, and SOC. Wk only included studies carried out in the ficld and had a
control treatment. From 12,468 papers, 55 papers (31 papers on soil pH and grass production and 24
papers on SOC and GHG emissions) with data from 72 sites were found suitable for this review. Our
quantitative analysis was confined to data on soil pH and grass biomass production; papers on SOC (15
studies) and GHG emissions (N, O (4 studies); CH,, (2 studies) and CO, (5 studies)) were reviewed and
summarized. All types of lime materials were converted to calcium carbonate equivalent (CCE), which is
the neutralizing value of a liming material compared to pure calcium carbonate. We considered net CO,
emissions as changes in SOC stored in the soil and net GHG emissions as the sum of net CO, emissions

518 Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems



and GHG (N, O, CH,) emissions. Datasets referred to moist cool (MC) or moist warm (MW) climates
(zonation by Smith ez al. (2008)). We explored, analysed, and visualised the data with R version 4.0.3.

Results and discussion

Impacts qf s’im:'ng on soil pH and biomass production

A paired test with random effects showed that liming significantly increased soil pH (P<0.001; n=49).
This effect held true also within climate zones MC (P<0.001; n=36) and MW (P<0.001; n=13), and
within classes monoculture (P<0.001; n=19) and multi-species (excluding perennial ryegrass or white

clover) grassland (P<0.001; n=30) (Table 1). Similar impacts of liming were reported in previous studies
(e.g. Zurovec ez al., 2021).

A paired test with random effects showed that liming had a statistically significant positive effect on grass
biomass production compared to the control treatments (P<0.001; n=69). This effect was also found
within each climaric zone MC (P<0.01; n=50) and MW (P<0.001; n=19), and within monoculture
(P<0.001; n=34) and multi-species grassland (P<0.01; n=35) (Table 1). Liming reduces the N fertilizer
requirement to attain certain biomass production. Biomass increment due to liming was ncgativcly
correlated with inirial soil pH (R2=U.29, P=0.05, n=13), and with lime dose (R2=0.27; P=0.1; n=11).
Excess liming can decrease grass productivity due to reduced nutrient availability (e.g. phosphorus and
minor nutrients) in alkaline conditions (Higgins e 4/, 2012). Therefore, to get the maximum benefit of
liming grassland, acid soils should be regularly limed burt at a low rate depending on soil type and initial
soil pH. The maximum recommended lime rate for grasslands in England and Walesis 7.5 ¢ ha! for each

application (AHDB, 2021).

Impacts of liming on net greenhouse gas emissions

Due to the scarcity of published data on GHG emissions from liming grasslands, this part was only
reviewed and summarized. Available studies show that liming either decreased or had no significant effect
on N,O and CH, emissions. Increasing soil pH by liming can improve the capacity of denitrifiers to
reduce N,O to N, and thereby reduce N,O emissions. Zurovec ez a/. (2021) found a decrease in soil N,O
emissions and yield-scaled N, O emissions due to Iiming. Moreover, reduced N ferrtilizer requirement for
a given yield significantly mitigates N,O emissions from fertilized grasslands.

The Park Grass experiment (Stichl-Braun ez 4/, 2011) showed that the interaction of soil pH with N
fertilization was important for CH,; consumption. Here, liming for more than 100 years did not restore
the CH; oxidising capacity of the soil that had received NH 4N ferrilizer, whereas in the soil thar had
received NO4-N fertilizer it was restored (Silvertown et al., 2006). The authors argued that NH,-N

Table 1. Statistical analysis of the effects of liming (t ha™") on soil pH and grass dry biomass production (t ha™") under different climatic zones
(MC = moist, cool; MW = moist, warm) and number of species.

Soil pH Avg applied N Control Limed n t-value P-value
fertilizer (kg ha™) (Mean+5D) (Mean=+5D)

Soil pH All data 189 4.56+1.36 5.43+0.52 49 4.69 <0.001
MC 180 4738120 5.38+0.47 36 319 <0.01
MW 3 4,09+1.68 5.57+0.62 13 4.0 <0.001
Monoculture qrass 258 3.72+1.88 5.36+0.66 19 424 <0.001
Multi-species grass 134 5.008+0.30 5.48+0.40 30 11.27 <0.001

Dry biomass All data 189 431+£2.82 4.74+2.98 69 410 <0.001
MC 180 3.91£2.1 4. 21+2.17 50 11.52 <0.01
MW 3 5.37+£3.89 6.12+4.23 19 438 <0.001
Monoculture grass 258 3.93+249 4.54+3.07 34 in <0.001
Multi-species grass 134 468+3.10 4.93+291 35 2.65 <0.01

0 = number of studies; SO = standard deviation; Avg = average.
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tertilization had caused a shift in microbial population or resulted in persistent NH 4"' inhibition of CH,
oxidation to CO,. Ammonium sulphate (an acidifier) seemed to cause an increase in CH,, emissions at
low soil pH when no lime was applied. Soil pH strongly influences CH 4 consumption through several
pathways, which are still not fully understood (Stichl-Braun ez 2/, 2011).

Our analysis showed that liming grasslands resulted in higher net CO, emissions because of increased
CO, emissions and decreased SOC. This net effect can be due to: (1) greater organic matter (OM)
inputs from increased growth; (2) increased OM mineralization due to more favourable soil pH for
OM mineralization and OM turnover (Marcelo ez al., 2012); (3) direct CO, emission from applied lime
(Raza et al., 2021); and (4) enhanced aggregation of clay minerals and aggregate stability due to Ca?*,
thereby protecting SOC (Ha}fncs and Naidu, 1998). However, as the GWP of CO, is low compared
to that of N,O and CH;, (. 273 and ¢. 28 times that of CO, over a 100-year period for N,O and CH,
respectively; IPCC, 2021), increased CO, efflux from liming of grassland will have negligible eftect on
the net GHG emissions. Overall, the increase in net CO, emissions due to liming will be compensated
by the saving in GHG emissions due to the reduction in N,O and CH , emissions.

Conclusions

According O Our review, liming grassla.nds raises soil pH and enhances grass biomass production in acidic
soils. It decreases or has no effect on N,O and CH emissions but increases net CO, emissions. Given
the higher GWP of N, O and CH,, the result of liming will be a negligible effect on net GHG emissions.
Therefore, it makes sense to lime productive, acidic grasslands to increase nutrient-use efficiency within
livestock grazing systems.
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