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Among the environmental challenges to face, we must take into 
account:

1. To address start, duration and end of cereal growing seasons 
resulting from Climate Change;4

2. To adopt agricultural practices to face hydric excess and drought 
periods and

3. To decrease the level of agricultural GHG emissions.3

The approach of Climate-Smart Agriculture5,6 seems to be the key 
response to these challenges, through the enhancing of agricultural 
productivity, the adaptation to Climate Change and the mitigation of 
its effects by reduction of greenhouse gases (GHG) emissions.

Agricultural productivity has increased in Argentina, with cereals 
yield going from 1.4 to 4.8 tonnes grain ha-1 during the period 1961-
2014.6 However, in the Province of Buenos Aires, cereals production 
has changed its composition during the period 2006 - 2016, with wheat 
production decreasing from approx.9 mill. to 5 mill. of tonnes and 
corn production going from 6.1 to 10. 1 mill. Tonnes.7,8 The reasons 
for such change may be found in:

a. changes in the planted area based on market and economics 
circumstances of agribusiness8,9 and

b. An increase of agro climatic vulnerability of the crops, due to 
a combination of increased climate variability10,11 and strong 
dependence of external inputs.9,12

This same pattern replicated in the South Eastern Pampas (SEP), 
an important region for cereals production in Argentina. The region 
of SEP is located at the South East of the Buenos Aires Province 
(37º-38.5º S , 57.5º-59.5º W) , comprising the parties of Balcarce, 
General Alvarado, General Pueyrredon, Loberia, Necochea and 
Tandil (total surface area = 21402 km2). Climate of SEP is classified 
as subhumid-humid mesothermal (Thornwaite, 1948) with a mean 
annual temperature of 13.9 ºC, and a median annual rain of 921 mm. 
During the period 2001-2016, physical environment of SEP changed 

in agreement with Climate Change, since mean annual temperature 
increased slightly above 1ºC, and annual precipitation median 
decreased a gross 8 %, compared to the period 1971-1986.

Given this environmental change, a climate-smart approach for 
farmers to cope with thermic and hydric perturbations may include:

a. A new probabilistic calculation for the frost free period;

b. To define planting dates based on daily or decadial probabilities 
for hydric deficit or excess,13 and

c. To select cultivars or hybrids according to the calculated duration 
of the growing season10,14–16 Most of farmers with technical 
advisoring use to apply such techniques, but a thoroughly revision 
of practices is needed under the context of Climate Change.

Climate Change also altered the water cycles in SEP, particularly 
during La Niña events, resulting in hydric excesses for wheat and 
severe droughts for corn growing seasons, respectively.17 For wheat, 
a revised selection of cultivars according to growth season duration 
change and hydric excess probability along the year may lead to a 
climate-smart practice.14 For corn, an intelligent strategy from the 
point of view of CSA would be to “save” water through no-tillage 
or including cover crops. On one hand, no-tillage has been broadly 
adopted in Argentina, due mainly to that it offers a simplified 
management system, very attractive to argentine farmers and to 
agribusiness;9 however, although no-tillage system is carbon-, water- 
and energy-smart according CSA4,5 its effect on GHG emissions 
maybe not that clear, considering the high volume of residues left 
in the field and given that crop residues are an important source of 
GHG emissions in Argentina.5 On the other hand, the inclusion of 
cover crops in a corn rotation is a promising practice for Argentine 
Pampas due to the ecosystemic services provided to the following 
crop, mainly through the improvement of soil organic carbon, water 
infiltration, penetration resistance, and structural stability;18 however, 
no local experiences have been found evaluating cover crops from 
the point of view of GHG emissions. Thus, the CSA approach 
offers an opportunity to improve or validate the global perception of 
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Climate Change has triggered environmental signals that are every 

year more consistent, evolving dramatic changes in the environment 
worldwide such as increase of the global mean annual temperature, 
reduction in snow and ice glaciers, rise in the sea level and occurrence 
of droughts, floods and heat waves.1 Agricultural production has 
been affected in many ways by these signals through shortening of 
the growing seasons and yield losses by droughts or floods, revealing 
a threat to food security at local, regional and global scale.2 The 
agricultural system will face profound environmental challenges due 
to climate change, having to adapt to changing weather patterns and 
contribute towards greenhouse gases (GHG) emission reductions.3
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conservation practices such as no-tillage and cover crops, including 
GHG emissions in the environmental evaluation.

Agricultural greenhouse gases emissions in Argentina are lower 
compared to other countries, with a contribution of 2 % to world 
total agricultural emissions,19 but growing in importance. According 
to the last update of the National Gases Inventory, the agricultural 
sector contributes with 39 % of emissions to the national total, being 
agricultural soils a major source with a share of 28.3 % within the 
agricultural sector total.20 Several research projects are seeking to 
improve emissions database to add robustness to the estimation 
of agricultural greenhouse gases, backed by agricultural-bound 
institutions (INTA, Minagro, and agricultural colleges); although, to 
generate emissions data is costly, so that there is a delay to release data 
to contrast measured GHG emissions values with the estimations of 
the IPCC21 Tier I methodology. Nonetheless, the latter methodology is 
a useful tool to contextualize commonly adopted agricultural practices 
under the CSA framework, particularly for high input demanding 
crops such as cereals. Overall, SEP mean yields for wheat and corn 
increased, going from 2.09 and 2.85 t grain ha-1 during the period 
1969-1983 to 4.1 and 6.1 t grain ha-1 during 2001-2015, respectively.7 
The annual yield improvement for wheat and corn was sustained by the 
genetic improvement22,23 but also by a high consumption of synthetic 
N-fertilizers,12 mainly urea (46 % N). In terms of GHG emissions 
(mainly N2O emissions), these additional tonnes of grain meant to 
emit at least 456 and 539 kg CO2 eq ha-1 yr-1 to attain yield values 
around those of the regional means, assuming (i) mean N rates of 154 
and 182 kg N ha-1 for wheat and corn, (ii) an N2O emission factor 
= 1%, and (iii) a global warming potential = 296 for N2O emitted 
from fertilizers.21 However, emissions may be two-fold in wheat if 
the emission factor calculated by Piccone et al. is applied for the SEP 
region. This disagreement regarding GHG emissions reveals the need 
to count with robust regional or zonal emission factors.24

The data and indicators mentioned above suggest that a revision 
is needed for the cereals agricultural systems in SEP under the 
framework of CSA, considering the environmental challenges 
already mentioned. To conduct such revision will take an effort in 
both the analytical and the practical field. Analyses of agricultural 
systems of SEP will require a profound understanding of temperature 
and precipitation new trends, and how these variables couple with 
crop phenology requirements. For the practical field, conservation 
perceived practices such as no-tillage and cover crops need to be 
experimentally evaluated since the point of view of GHG emissions in 
the SEP environment. Finally, studies contrasting measured emission 
factors against IPCC Tier I (2006) methodology are needed, with a 
robustness based on more gas sampling dates per year.
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