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Legume Production »

Legume production for consumption either as fresh pod or grains for food
and feed is worldwide estimated

180 million ha or 12% - 15% of the cultivated area

27% of the
world crop
~ production
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Global Legume Production
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Main grain legumes »»

soybean
peas

y
common bean

faba bean

cowpea
-
spring vetch

lupine
v
peanuts

Al 4
lentils
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Benefits arising from the use of grain legumes in crop

rotations systems

(a) Agronomic benefits

Improved soil structure

Pest and disease break

(b) Cost reduction potential

Supports reduced tillage

WV

P mobilization

N provision

— Biocide savings

Increased gross |~

margins

ZiS

>> Fertilizer savings

(c) Increased revenue

=

(d) Economic
balance

E}> Increased yield

>

Preissel et al., 2015. Field Crops Research, 175, 64-79

—Increased quality
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Plant Genetic Resources for Food and Agriculture

Crop wild relatives
Landraces

Primitive cultivars
Ecotypes

Modern cultivars
Breeding lines
Special genetic stocks

(Stehfest and Bouwman, 2006)

They are heterogeneous
populations

They present local
adaptability

They have been
developed through
nature and farmer’s
selection

They present
homoeostasis and thus
resistance to biotic and

abiotic stresses

They have the tendency
to keep a dynamic
balance

They are an evolving
material

Landraces

>
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Collected Greek Crop Landraces Populations )))
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Direct environmental impacts of biological N, fixation

eambient T

Biological N,-fixation by eambient atmospheric pressure

rhizobia takes place at

*400 - 600 °C \
Industrial N fixation (Haber process): 200 At

eStrong reduction of energy input

Benefits of biological N,- eStrong reduction of CO, emissions

fixation:

>
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Common bean grown on pumice and treated with different N levels in
the supplied nutrient solution

—__\-

61°N Ndfa Total plant N content Biologically-fixed N
NS Treatment (%) (%) (kg ha) (kg ha™)
Full N, -Rt 0.09 - 0.93 -4.8 c 212.2 a -7.9b
Full N, +Rt 0.23-0.85 -2.6¢C 188.4 a -6.2 b
1/3 of full-N, +Rt (-1.15) - (-0.51) 58.1b 93.0b 54.3 a
Zero N, +Rt (193] (1399 10002 48.7 c 49.2 a

Restriction in N supply (1/3 of full N) stimulates biological N,-fixation in bean crops
grown on inert media, when the plants are inoculated with R. tropici.

61°N: Differences between the abundance of *°N in plant and atmospheric N )
Ndfa: proportion of plant N derived from atmospheric N,-fixation
Rt: inoculation with Rhizobium tropici, strain CIAT 899
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Common bean crop (Phaseolus vulgaris L.) grown hydroponically on pumice
and treated with different N levels in the supplied nutrient solution

———\~

Shoottotal N (mg g dry wt.)

30 -

40 -

30 -

20 -

10 -

Similar shoot N levels in plants
treated with full or restricted
(1/3 of the full) N supply and

0

20

40 60
Time (d) after inoculation

inoculated with Rt
N
BNF was able to fully cover
the plant nitrogen
requirements
80 o o )
CIAT899: inoculation with Rhizobium tropici, strain CIAT 899
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Direct environmental impacts of biological N, fixation
r_\-

- Legumes in crop rotations substitute for inorganic N fertilizers in the following crops and
\ . improve soil fertility

The reduced use of chemical nitrogen fertilizers restricts the emissions of nitrous oxide

(N,0), which contributes to the greenhouse effect

Legume species

N,0-Nkg ha
N w N

[S=Y
|

=]

— >

Meadow Other None Cereals Legumes Rice
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(Stehfest and Bouwman, 2006)



“The Greenhg

Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

More heat escapes Less heat escapes

into 5-13'3'55" H into space

Naturally occurring GHGs normally Human activities, e.g burning of fossil fuels,
trap some of the sun’s heat, keeping are increasing GHG levels, leading to an )
the planet from freezing enhanced greenhouse effect
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Impact of climate change

r_\-

eIncrease of average annual T |

eSea lever rise
e(Melting of Polar Ice)

eFrequent storms and floods '

Reduction of greenhouse gas emissions
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Greenhouse Gases

eNatural sources: Plant and Animal breath, decay of organic matter,
volcano

eHuman Activity: Fossil fuel use in transportation, building heating and
cooling and the manufacture of cement and other goods

Natural sources: Wetlands, oceans

sHuman Activity: agriculture, livestock, natural gas distribution
and landfills.

*Natural sources: Oceans, virgin forests, soil bacteria

sHuman Activity: N fertilizers, fossil fuel combustion, industrial
production using N (wastewater)
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Comparative impact of CO,, CH, & N,O to the

greenhouse effect
—____\'

GHG GWP GHG concentration in the air per year
(100 yrs) (ppm )
1800 1900 1950 1995 2008
CO, 1 280 297 311 361 385
CH, 21 0.80 0.87 1.15 1.73 1.80
N,O 298 0.28 0.28 0.29 0.31 0.32

Equal amounts of emissions of GHGs have different

contribution to the greenhouse effect

* GWP = Global Warming Potential & A -~ l: e e
R l:l:IS ORGANIC GREENHOUSE U
\’ ' B|oGQenhg;}e s 11-14 Apkugz-o%%nz RKEY




World GHG Emissions Flow Chart

Sector End UserfActivity Gas

Fomd FE=L
138 .

|

- -

CX .05
_Aal, Ship, & Othes Transpon  2.3%

Aesigdantin Buildegs Es

Deloeastatan
Allorastanon - 1.5%
Aedorastataan 0 5%
Harvesl fdanagemeni

——1 HFCa, PFCR.
=z B SF; 1%

WORLD RESOURCES INSTITLTE




http://www.legumefutures.de/ http://www.eurolegume.com
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b Legume
Futures

Enhan:ing arhgumes;mvﬂrpg in Eurupe roug] ]
EU RQ\LEEGGIP:mE sustainable cropping for protein supply for food and f!edb .
. s FP7 Research Project NY 613781 Bigml Q
f

Legume-supported cropping systems for Europe HEs NEWS & EVENTS
The Legume Futures Book EUROLEGUME
Group picture from

EUROLEGUME (Enhancing of legumes growing in Europe through sustainable EURCILEGUME 3rd project
Wiwiooms BApMI20E Home cropping for protein supply for food and feed) is an international research project  meeting

About EUROLEGUME funded by the 7th Research Framework Programmie of the European Union. gy
Group picture from EURDLEGUME

HEwE The L=gumee Fulures 500K The preparaton of “Lagume in Cropging Systems” fam iz Lagume Fullres Sansarium & naw in fis ind stage
2 o punisher CAS| fs commend 1] TAretng

Research plan 3rd project meeting.

Resaarnn glan THean ""c:»y 5 In agreement with the tight relaton between genotype and environment,
s yEkme Mews B Events rootsystem architecturs (RSA] and development has received an increased amount
of attention due to advances in phenotyping apabilities. However, low focus on EURRLEGUME Db SEATRAEN
Rasutls Intraweb Links belowground characteristics of leguminous plants in plant breeding and afimitsd ??_TEE_NEE
By, Datz and Scientific number of high-yielding cultivars with good resistance to abiotic and biotic stresses 3;.33..34_-_.5
Publications hzs been obtained. Currently, broad diversity of Rhizobia andarbuscular mycorhizal Agricaltural U E
Frecenishons P e o ] fungi iz referred, slthough there is a lack of genotypic evalustion as well as of  the EUROLECUME
e e s fis yaar 13 coiningie Wil e Uniied Natans Meetings efficiency of perticular strains in biclogical nitrogen fixstion in diverse agro-  dissemination.
CASL CASHCanre Iy Agriure 3 Sascienes imemabond]) 5 a0 memaland nob-agraft arganzton Contact us ecological conditions. This situation has allowed to develop = research project
[ =@~$3‘$}>?m§,x;f§:? g -“-"E' 10502 LU0 I 30 J‘ aimed to deliver an updated biochemical, nutritional and morphoiogical  EUROLEGUME meeting field trip
e 0T PN f QUM £905 01 COTITDN 10 3O SReiogeTant description of valuables genotypes, =z well 33 biological methods to emhance iﬂic:ﬂ_ AR
the nutritive value of the residual biomass and the development of new feed e E:"”LEC'_"M: preaeet
Conleat and food products. New formulations for microbizl inoculants, nitrogen avaliability feld t 3 u’?e:e '"r
i to crops and efaborsted growing technologies for sustainable se of legumes will be ik
glso assessad.
The relevance of the prasent wventure iz bazed on the role of legumes in the PARTNERS

human dist and nutrition of animals and farming systems, which iz increasingly
important. Nowadays, 3 signifient number of accessions of localpes, fabs bean and
cowpea germplasm are availzble aoross the

rope, even though the collectons are
not fully eveluated in terms of geno- and phenotyping as well s conceming their
nutritional value. National tradtions and climate conditians are influencing legume
crop consumption and culthation and there dre awvailable loczl genotypes not
collected, evaluated and included in breeding programmaes.




Can organic cultivation of legumes further reduce
greenhouse gas emissions?
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1

N O-N(gha )

1

CO -C(kgha )

2

2

Greenhouse gas emissions per cultivated area unit in a field

CEE——— 2000-

500 ~ :
4oo—§ ' 1500—;
300- = 1000 &= 0-18 Maximizing yield
2004 < ] 8- O-Hs within organic
E 5 ° 2018 systems to benefit
100 ! 3 C-HS y
0 . O +— T from the reduced
— 0 40 80 L
0 Time from sowing (d) U emons
O: Organic LS: Low salinity
C: Conventional HS: high salinity

. . Kontopoulou et al, 2015. Scientia Horticulturae 183, 48-57 )
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N Impact of the use of local legume varieties in crop rotation with
BRI vegetables on greenhouse gas emissions
Measurements
Yield

Biological N, Fixation (Natural abundance method '°N)
Molecular characterization of Indigenous Rhizobium strains
Variations in soil nitrogen over a 3-years rotation experiment
N,O, CO, and CH, emissions over a 3-year rotation experiment

A




ictures from EUROLEGUME experiments

P




eriments




Determination of soil emissions of N,0O, CO, and CH,

usinE static chambers by Gas Chromatography
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of peas in organic and conventional farming systems

Cumulative N,O emissions and production of fresh and dry seeds from local varieties
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Calculated BNF for pea landraces in organic (solid fill) and
conventional (line fill) system
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6 similar to Rhizobium spp.

Rhizobium sp. A6

Rhizobium sp. A7

Rhizobium sp. A8

Rhizobium sp. A3

Rhizobium sp. A10

Rhizobium sp. A11

Rhizobium sp R28

Rhizobium phaseoli NBRC 14894
Rhizobium etli GR&6

Rhizobium etli CIAT 652
Rhizobium pisi DSM30132
Rhizobium lequminosarum VHE06
Rhizobium leguminosarum NBRC14778

Rhizobium etli mimosa Mim-2

4,7 Rhizobium etli CIAT 894 I
12.similar to Bradyrhizobium elkanii

Bradyrhizobium sp. B8
Bradyrhizobium sp. B12
Bradyrhizobium sp. B6
Bradyrhizobium sp. B7
Bradyrhizobium sp. BS
Brady elkanii USDA33
Brady japonicum LMG4277
Brady elkanii USDA 94
Bradyrhizobium sp. B1
Bradyrhizobium sp. B2
Bradyrhizobium sp. B3
Bradyrhizobium sp. B10
Bradyrhizobium sp. B11
Bradyrhizobium sp. B4
Bradyrhizobium sp. B9

Brady elkam 587

100 L Brady elkani USDA 76 (T)

Brady elkanii USDA 3254
Brady elkanii WSM2783A
CGMCC 13531

3

=

Brady yuar
Brady jap USDA 110

' USDA 6 (T)

Brady jap

Nodules of Greek cowpea varieties with rhizobia isolates

Sinorhizobium sp. A1
Sinorhizobium sp. A2
Sinorhizobium sp. A3
Sinorhizobium sp. A4
Sinorhizobium sp. A5
Sinorhizobium sp. A6
57 | Sinorhizobium sp. E3
Sinorhizobium sp. E4
Sinorhizobium sp. E5
Sinorhizobium sp. E6
7| | Sinorhizobium sp. E7

Sinorhizobium sp. E8
Sinorhizobium sp. E9
Ensifer fredii USDA 257
Sino americanum CFNEI156
Ensifer fredii HH103

8 8]

13 similar to Sinorhizobium fredii

Ensifer fredii NGR234

—_— Ensifer medicae WSM419

100 L— Ensifer meliloti 1021

Ensifer adhaerens OV14
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Nodules on the roots of local cowpea varieties in organic or
conventional farming systems

—_—\»

No of nodules per kg of sail

Organic Conventional
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Take home message (1)
—_——\~

High rates of inorganic N supply restrict root
nodulation and biological nitrogen fixation by
-~ rhizobia

eThus, root inoculation of legumes with efficient nodulating
bacteria may enhance biological N, fixation and increase crop
yield and quality, provided that the inorganic N supply is
accordingly low

>
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Take home message (2)
—_——\»

Different genotypes of the same crop species
may exhibit considerable differences in their
— ability to fix N, and reduce GHG emissions

eConsequently, selection of cultivars and landraces characterized
by high N,-fixation efficiency is of paramount importance for
maximizing benefits provided by legumes in legume-supported
cropping systems

>
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Take home message (3)

Organic farming results in significantly lower N,O
emissions than conventional farming in terms of
the overall Global Warming Potential

*N,O emission differences between organic and conventional
systems, highlighting the importance of maximising yield within
organic systems in order to reduce their environmental impact

>
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’ Enhancing of legumes growing in Europe through
Q’ sustainable cropping for protein supply for food and feed www.eu rolegu me.com )))
EUROLEGUME
N\ 2014-2017 Research Project N2 613781

A
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