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1. BIOECONOMY: organic/regenerative farming, towards zero pollution. Possibility
to combine with aquaculture. Socioeconomic added value.

2. BIODIVERSITY: wildlife-friendy rice farming, compatible with rice production.
Pest control by natural predators.

3. ECOSYSTEM SERVICES: the rice field as a green filter to improve water quality.
Recreation and tourism, environmental education.

4. CLIMATE RESILIENCE: mitigation by reducing methane emissions and adaptation
by reducing water use and increasing sediment inputs.
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* Rice fields occupy about 9% of the world's cropland and their soils play an important role in the carbon cycle.

* Present rice cropping systems show a low resilience against climate impacts such as drought and at the same
time contribute to global warming due to significant greenhouse gas emissions, since they contribute to circa
10% of the global CH, emissions.

* The high productivity of rice and the flooding conditions of the crop promote carbon storage in the soil, but
they can also produce greenhouse gas emissions, such as carbon dioxide, methane, and nitrous oxide.

* The introduction of more sustainable practices is of paramount importance to make the crop more climate-
resilient and contribute to climate mitigation. Practices such as the alternate wetting and drying can achieve
significant water savings and reduce up to 90% the methane emissions during the growing season.

 However, in temperate rice fields it has been shown that most of the methane emissions may occur in the post-
harvest period, and in this case the management of water and straw is very important to reduce the global
warming potential of the crop.

e At the same time, the change of farming practices can be the base to develop carbon farming and agri-
environmental schemes to economically support rice farmers to carry out the transition towards a climate-
resilient rice production.

Methane has accounted for roughly 30 per cent of global warming since pre-industrial times and is proliferating
faster than at any other time since record keeping began in the 1980s

The Global Methane Pledge announced today at COP26 in Glasgow, UK, commits signatories to reducing their
overall emissions by 30 per cent by 2030, compared with 2020 levels. 3
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Neglecting the fallow season can significantly
underestimate annual methane emissions in
Mediterranean rice fields

Maite Martinez-Eixarch'*, Carles Alcaraz', Marc Vifias?, Joan Noguerol?, Xavier Aranda®,
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Mar Catala®, Carles Ibafiez'
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Plant Soil Fig. 3 Mecan monthly CH; emissions rates in nice ficlds in Ebre

Delta over the growing (Junc to September) and flooded fallow

(October to December) seasons in years 2015 and 2016. Columns

REGULAR ARTICLE indicate monthly mean emissions within cach year and line repre-

sent the two-year monthly emission rates. Blue shaded area repre-

sents water level (monthly means across rice ficlds and years).

Solid arrow represent harvest (September) and dashed arrow straw

The main drivers of methane emissions differ incorporation (in carly October). Ficlds are sown from late April to
in the growing and flooded fallow seasons in Mediterranean carly May (not represented in the Figure)

rice fields
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Main conclusions: two thirds of the CHa4 is emitted in the fallow

Maite Martinez-Eixarch() + Carles Alcaraz - Marc Viiias - Joan Noguerol - season. Edaphic factors exert more influence during the growing

Xavier Aranda « Frances-Xavier Prenafeta-Bolda - Mar Catala-Forner « . . . .

RE. Slobia Bulkaity - Cacls halax season whereas agronomic factors have a higher impact in the
fallow.
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Main conclusions: AWD significantly reduced CH4 emissions and the GWP by 90% being
such a large mitigation capacity explained by the negligible N20 emissions found in

both water treatments.

Table 5

Marginal means ( + standard error) of the seasonal CHa, N0, C0z and GWP in both water treatments, AWD and PFL, in Gleva cultivar in the two years of the study
(2016 - 2017) and ANOVA of the effect of water management (WM), year (Y) and their interaction (WM x ¥). The asterisks indicate significance of the factor at 0.05

(*), 0.010**) and 0,001 (**7) levels.

Year WM CHalg m™ %)
16 FFL 1.85 + (.66
AWD 0.17 + 001
017 PFL 6.98 + 1.05
AWD 032 = 0L16
ANOVA
Factor Fin
Year 17.68 *
W 4434 5 =
¥ x WM 1576« +

Mzg m™ %)
0007 + 0.006
0003 + 0.003
0001 £ 0.000
0003 £ 0.003
FI.I
3.40
0.7%
0.030

COdg m™)
101.70 + 12.90
4291 £ 1290
161.08 + 26.76
90,73 = 2B.75

F:I.l
6.13*
8.89*
[T

GWP(g COZ2eq m )
53.66 + 16.86

5.50 + 056

195.11 + 29,53
B.OZ £ 4.94

Fin
1755+ *
46.86 * =+
16.35 = *

Main conclusions: avoiding winter flooding greatly reduced CH4 emissions in the post-
harvest and next growing seasons, while delaying straw incorporation prevented CH4 and
CO2 emissions during post-harvest. None of the treatments increased N20 emissions.

Plant Soil

Table 5 Annual characteristics of rice yield, GHG emissions, net GWP and GHG intensity (GHGI) under different post-harvest

managements

Treatments Grain yield Annual Fluxes (kg ha™") GWPs (kg CO,eq ha™ yr™") Net GWP (kg GHGI (kg
(kg grain  — - — COeqha™  CO,eq
ha ") CH, N,O NECE CH, N,O NECB :.'r"] :.-'J'Eld"]

WFL-ESI 5158.2a 2589ab  -102a 10954a 72494ab -2709a 40165a 2961.2b 0.57h

WFL-LSI 5571.3a 2043b  -053a 14242a 82394b  -1405a 52219a 28T69b 0.52b

NWF-ESI 5370.1 a 1532a 048a 13770a 42908a 127 8a 50489a  -630.4ab -0.12 ab

NWF-LSI 48942 a 1558a -1.25a 19734a 4361.1a -3304a T72357a -32dda 065 a

Flooding (F) ns - ns ns " ns ns * *

Incorporation (I} ns ns ns ns ns ns ns ns ns

Fxl ns ns ns ns ns ns ns ns ns

“#" Represents significant difference at P < (105, "ns" represents no significant. Different letters mean significative differences (P <
.05) between treatments. WFL-ESI, winter flooding and early straw incorporation; WFL-LSI, winter flooding and late straw incor-
poration; NWF-ESL non-winter flooding and early straw incorporation; NWF-LSL non-winter flooding and late straw incorporation



Developing a carbon farming scheme for Spanish eurecal-
I‘ice fields and beyond Centre Tecnolgic de Catalunya

* The project BIORESILMED aims to start the first carbon farming scheme in Spanish (and European) rice
fields.

* The first phase will be implemented in the Ebro Delta (21.125 ha, 19% of rice production in Spain).

* Total emissions in the Ebro Delta rice fields: 262.6 Kg CHs/ha-yr (7.35 Mt eCO2/ha = 155,269 Mt eCO2/yr).

* The scheme aims to reduce CH4 emissions both in the growing (AWD) and post-harvest season (straw and
water management).

* The scheme has the potential to reduce the GHG emissions by half (at least).

* The main barriers for their success can be the price of the carbon credit from the voluntary market. If too
low the farmers will not have an incentive to change the management of the rice field.

* There are also some technical/agronomic barriers such as the potential yield decline when AWD is applied
to rice fields with saline soils.

* This type of scheme is potentially replicable to all European rice fields.

e These carbon farming schemes are starting to be implemented in Asia and United States too.

* The application of these schemes have other benefits, such as water saving and the reduction of Arsenic
content in the rice grain, for instance. The potential impacts of changing the flooding regime on
biodiversity must be investigated.
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Rice fields can deliver many ecosystem services to humans:

e Climate regulation: towards a negative global warming potential.

* Water quality: towards net zero pollution, the rice fields as green filters.

* Recreation: rice fields as semi-natural landscapes for leisure, ecotourism and education.
* Food provisioning: rice and other food items (fish, crayfish, etc.).

* Fiber: crop residues as materials for many uses.

* Coastal protection: sediment deposition to offset sea-level rise.
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Rice fields as green filters eurecat
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The role of rice fields and constructed wetlands as a source and a sink of )
pesticides and contaminants of emerging concern: Full-scale evaluation iy

a, N R b e . - |
V. Matamoros™, Nuno Caiola”, Victoria Rosales’, Oliver Hernandez", Carles Ibanez”
* Deportment of Environmentol Chemistry, IAEA-CSIC, o/ Jordi Girone, 15-26, E-08034 Barcelona, Spain
bIRT.I‘L. Muorine & Continentol Waters Program, 43540 Sant Cardes de Lo Rapito, Cotodonia, Spoin
© Aquombiente S AU {Swex Spain), Cistet de [Afuo, Pesseip Zona Fronca 48, 08038 Borcelona, Spain

ARTICLE INFO ABSTRACT

Eeywords: Urban, industrial, and agriculiural development in river basins has resulted in the pollution of estuarine and
Rice feld coastal ecosystems with a great amount of organic microcontaminants (OMCs) such as pesticides and con-
Comstructed wetland taminants of emerging concern (CECs). This study takes the Ebro Delta as a case study to assess the increase or
PE“':"'H i reduction of 25 OMCs in rice fields and one 86 ha constructed wetland (CW). Bentazone and MCPA were the
L most abundant pesticides in the rice-field drainage water, with a peak concentration of 21, 318 and 938 ng/L

Rizk assessmen
' respectively, whereas the greatest CEC concentrations were found for caffeine, benzotriazoles, and bisphenol A

[20-71 ng/L, on average] in the rice irrgation water. Pesticide concentration increased after the irrigation water
passed throwgh the rice fields (from 102 to 1973 ng/L, on average), but CECs present in the irrigation water
decreased by 37% (from 14 to 10 ng/L, on average]. A mass balance study showed that the CW was capable of
reducing OMCs by 67%. Risk assessment analysis showed that the cumulative hazard quotient for Daphnda
magna, green algae, and fish was greater than 1 during several sampling campaigns for the rice-field drainage
waater, but the CW was capable of reducing it by 60-63%, resulting in values below 1, which indicates that the
risk was not significant. The results thus indicate that rice fields reduce CECs, but increase pesticides, whereas
the wse of CWs seems to be a feasible nature-based solution to reduce the discharge of OMCs into estuaring and
coastal areas. 9
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Fig. 2. Temporal trend of the concentration of pesticides (a) and CECs (b) in the RIW, RFDW and CW effluent. The pie chart shows the average abundance of

pesticides (a) and CECs in each of the three sections. Pesticide chart shows 3 concentration periods, whereas concentration of pesticides in periods A and C was Low, it
increased in period B, following the pestcide treatments.
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L'Embut green filter

% Efficiency % Efficiency % Efficiency % Efficiency % Efficiency % Efficiency % Efficiency % Efficiency % Efficiency % Efficiency
NO, NO, NH, PO, si0, NO, NO, NH, PO, sio,
2015 2015
Cl 81.254£3.5 86.71+£1.3 80.08+2.7 12.45x14.6 26.99+2.6 C1 71.21+6.8 72.69+10.0 84.10+4.9 50.8445.9 15.11+1.9
C2 57.55+10.5 41.05+6.9 36.12+20.7 56.25+6.46 39.9145.3 c2 59.39+13.8 55.93+6.1 -43.10+71.2 27.30£11.0 57.15+12.0
c3 55.17+10.7 63.66+6.3 55.80+13.2 74.21+3.8 72.3048.5 C3 -48.08+42.6 -4,85++31.0 -71.08+49.9 48.05+10.6 10.70+15.8
Total 96.59+0.8 97.25+0.6 96.16+1.3 90.95+1.8 88.03+3.6 Total 85.79+7.1 89.844.4 63.34+ 78.36x8.0 69.40+9.8
2016 2016
Cl 77.8649.5 88.38+3.2 65.62+10.4 16.20+20.7 Ccl 74.00+9.3 80.79+5.5 74.33+10.7 50.44+11.8 -8.67+16.1
C2 28.89+33.7 12.22+20.1 -36.72+17.6 22.23+19.7 25.35£11.9 Cc2 31.19+16.8 46.82+13.3 23.81+20.5 20.28+12.6 41.70+£10.8
C3 9.66+25.2 25.09+16.0 -58.,28+27.2 48.87+33.5 36.15+£25.3 C3 -8.70£22.5 -56.70+63.6 -7.06£19. 9.37+21.4 36.9615.0
Total 93.89+1.6 92.76+3.1 25.52+22.6 49,38+17.9 67.27+12.7 Total 75.6315.8 79.66+9.6 84.27+5.3 76.04+5.9 61.27+7.9
2017 2017
C1 87.96+4.7 95.2749.1 85.1549.2 55.19+7.8 14.18+9.9 C1 69.96+23.3 87.93+3.0 33.47+13.8 65.08+9.8 -8.23+14.8
C2 24.40+17.3 -4.50+32.1 -56.03+32.1 -50.39+61.0 23.03+8.7 C2 47.55+16.7 33.51+19.1 68.2648.5 25.40+14.1 28.3346.3
c3 13.85+13.1 23.57+£20.0 10.82+20.0 19.77+17.7 -4.33+£26.5 C3 19.46+£18.3 28.89+8.4 28.82+9.5 17.30+£2.9 31.38+7.3
Total 82.2949.4 95.82+45.2 89.3545.2 63.72+11.3 38.78+£10.8 Total 92.18+5.7 95.79+1.3 87.61+2.9 81.56+3.7 47.36+8.3
TOTAL 90.92:3.9 95.28:1.9 70.3419.7 68.02+:10.4 64.69+8.9 TOTAL 84.53:4.8 88.43:x4.7 78.41+7.6 78.65%1.6 59.34+6.4
-
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Rice fields as biodiversity hotspots eureca.l'
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Influence on Birds of Rice Field Management Practices during the 3
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Growing Season: A Review and an Experiment -. s
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*Corresponding author; E-mail: carles.ibanez@@ina.cat L =tserEEn
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Abstract.—Most literature on birds and rice {(Oryza sativa) focuses on the non-growing period and linle is known =8 A== R .
about the influence of management practices during cultivation. A review found that the main faciors affecting spe-
cies composition and abundance in rice fields during the growing season were water level, flooding period, rice DENSIDAD
plant structure and size, and pesticide use. Highest bird density and diversity ocowrmed at intermediate water levels a0
{ 10-20 ). Early flooding and late drying favored waterbivd density and diversity, and the stopover of migranng
species. Taller planis, at higher densities, reduced prey availability to most waterbirds but favored smaller species.
Pesticides and herbicides have been shown to be toxic to birds and reduce food resources. A case study is presenied wa
for the Ebro delia, Spain. Three management schemes were compared: organic, agri-cnvironmental and conven- - ‘ .
tional. Bird density, biomass and diversity throughout the growing and non-growing seasons were determined in F'g“::l ::dsdt:.dy area location and detall of the experi- &
three consecutive years. Bird biomass, density and diversity averaged higher in the organic rice fields, but only bio-
mass was significantly different. The higher biomass reflects the presence of a higher biomass of prey items (fish, 3 o
invertebrates and macrophyies) in the organic rce ficlds, likely due o the lack of pesticides. Funther research =2 %
should focus on a quantitative assessment of the effects of specific management praciices. Feeeived 22 Ovtober 2007, g
aceepiea 15 fune 2004, 0 o
Key words.—agri-cnvironmental scheme, biomass, density, diversity, growing season, Management practices, or-
ganic farming, rice fields, waterbirds.
e e s L e . EL
Waterbirds 53 (Special Publication 1): 167-180, 2010 T afgesd o
- [ #1005, Err.
ECO AGR COM 0 Me
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Conclusions: towards CR-NBS rice farming
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CLIMATE
RESILIENCE

BIODIVERSITY

ECOSYSTEM
SERVICES

BIOECONOMY

Rice significantly contributes to
global warming and is
vulnerable to climate change
impacts (drought, etc.).

Intensification is leading to a
decline in biodiversity.

Intensification is leading to a
decline in ecosystem services.

Decreasing economic revenues
for farmers.

Rice significantly contributes to
global cooling and is better
adapted to climate change
impacts.

Environmentally-friendly
schemes help to recover
biodiversity (birds, fish, etc.).

Environmentally-friendly
schemes help to recover
ecosystem services (water
quality, food, fiber, etc.).

Increasing revenues by
diversification and higher
added value of rice.

Carbon farming schemes:
Alternate wetting & drying,
post-harvest management,
sediment inputs, etc.

Wildlife-friendly rice farming,
agri-environmental schemes.
Consumer commitment.

Research on the benefits of CR-
NBS rice farming for humans.
Payment for the provided
services.

Organic farming, circular
economy, ecotourism, etc.
Public & private funding.
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