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CARTE BLANCHE

fter decades of  neglect, there is growing interest in the 
reintroduction of  faba beans into farming systems due 
to their enormous potential to contribute to sustainable 

agriculture and protein security. We need to produce more natural 
nitrogen, more sustainable plant-based proteins, and less atmospheric 
carbon.  Cultivating faba beans could assist us in achieving all of  those 
goals. The latest protein shortage happened in the 1970s and created a short-term emphasis on 
faba bean research after which many programs were frozen or even terminated in quite some 
countries. However, this time faba bean is here to stay. Societal concerns on environmental issues 
is driving to a regained attention to reintroduction of  more legumes in cropping systems, with a 
special interest on faba bean. This can only be achieved through an integrative approach leading to 
the adjustment of  cropping practices and the development of  more adapted and productive quality 
cultivars. A number of  national and international projects are now covering faba bean research, 
so agronomy, genetic, and genomic development are now moving rapidly in concert. Germplasm 
collections are being characterized and breeding programs re-launched. The giant diploid faba 

bean reference genome has recently been decoded and is being 
expanded to pan-genomes. These valuable resources now enable 
us to propel faba bean into the genomics-based breeding era to 
address resilience, sustainability, and quality traits. 

A

diego.rubiales@ias.csic.es
Institute for Sustainable Agriculture, CSIC

		  Córdoba, Spain

hamid.khazaei@luke.fi	
Natural Resources Institute (Luke)
Helsinki, Finland
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Abstract: Faba bean (Vicia faba L.) is an impor-
tant cool season legume grown in diverse en-
vironments. ICARDA improvement program 
developed more than 75 cultivars in collabora-
tion with National research institutes in target 
countries. Focused products profiles were de-
signed with NARS partners and new tools for 
crop improvement were adopted such as short-
ening breeding cycle and developing efficient 
phenotyping and molecular tools. Kompetitive 
Allele Specific PCR genotyping system (KASP) 
markers for most traits with economic impor-
tance like drought, heat, herbicide tolerance and 
phenological and agronomic traits were recently 
identified. These tools will allow to increase ge-
netic gain and improve faba bean productivity to 
meet the demand of  the population growth and 
in target counties.
Key words: Faba bean, speed breeding, genetic 
gains, modernization of  breeding program, bi-
otic and abiotic stresses

Faba bean is an important cool season food 
legume grown for its dry and green seeds in 65 
countries with total area of  3.05 million ha glob-
ally in 2021 [1]. Dry grains occupy approximate-
ly 90% of  the total world faba bean area. The 
total production of  dry faba bean grains was 5.9 
million tons in 2021 which is 25% higher than 
the first reported value in 1961. The total green 
production is currently around 2.7 million tons. 
The dry grains productivity per hectare has in-
creased from 0.9 tons to 2.2 tons over the same 
period. This increase was due to efforts made 
in crop improvement and in agronomy research. 
The top faba bean producer countries are China, 
Ethiopia, Egypt, Sudan, United Kingdom, 
Australia, Germany, France, and Morocco.

Faba bean is a highly nutritious crop rich in 
protein, fibers, vitamins, minerals, and especial-
ly essential amino acids [2,3] which make it an 

essential crop for human diet and animal feed-
ing. However, the crop is threatened by various 
biotic and abiotic stresses [4,5]. The major bi-
otic stresses affecting faba bean production in 
various regions are Orobanche crenata, chocolate 
spot, gall disease and ascochyta blight and faba 
bean necrotic yellow viruses. Parasitic weeds are 
a major constraint that can lead to significant re-
duction of  area and productivity [6,7]. Orobanche 
crenata extended in the last decade in Ethiopia 
and Sudan, while chocolate spot and rust be-
came the most important diseases worldwide. 
Viruses were one of  the major enemies of  this 
crops mainly faba bean leaf  roll virus (FBLRV) 
and faba beam necrotic yellow virus (FBNYV). 
On the other hand, the major abiotic stresses are 
heat and drought occurring mainly during repro-
ductive phase [5].

ICARDA has global mandate for faba bean 

Faba bean breeding for global mandate: 
Status and future progress

by Fouad MAALOUF*, Lynn Abou KHATER

1 International Center for Agricultural Research in 
Dry Areas (ICARDA), Terbol, Lebanon
* f.maalouf@cgiar.org

Figure 1. Era genetic gains of resistant lines to orobanche-Terbol 2022
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improvement and conserves more than 32% 
(> 10000 accessions) of  the global collection 
with unique materials collected from 71 coun-
tries. Genetic resources are very valuable for 
any breeding program to develop breeding lines 
that are resistant to biotic and tolerant to abi-
otic stresses. More than 2500 faba lines were 
screened for disease resistance, conducting to 
the identification of  more than 100 lines with re-
sistance to chocolate spot, ascochyta blight and/
or rust [8] and sources for heat [9], herbicide 
[10] and drought tolerance. These useful genet-
ic resources were used in the breeding program 
to improve the resistance of  faba bean crop in 
North and East Africa and to develop multipar-
ent MAGIC (multiparent advanced eneration in-
ter-cross) lines (2400 RILs) constructed by inter-
crossing eight diverse parents, generation chal-
lenge program diverse set (GCP set), diversity 
panels constructed with 300 diverse lines and 
Focused Identification of  Germplasm Strategy 
(FIGS sets) for drought [11], heat and cold toler-
ance. As a result of  the efforts made, 75 varieties 
were released over the last five decades in col-
laboration with National Agricultural Research 
System (NARS) in Egypt, Sudan, Ethiopia, 
China, Tunisia, Syria, Morocco, and Lebanon. 
These released varieties ensured sustainable in-
crease of  the yield as it is reported in Ethiopia 
[12] and in Egypt (Figure 1).

Currently ICARDA developed breeding prod-
uct profiles for different target countries to align 
the program with excellence in breeding plat-
form and worked jointly with NARS breeding 
programs to define product profile to breed bet-
ter and targeted cultivars. These product profiles 
have been prioritized to increase the production 
in farmers’ fields in North and East Africa based 
on the following agro-ecologies: (a) wheat based 
irrigation system in Egypt and in Sudan (b) ce-
real based rainfed targeting in North Africa and 
West Asia, and (c) cereal based high rainfed sys-
tem (Table 1).

In addition to the mentioned product profiles, 
ICARDA collaborates with Chinese partners to 
develop cultivars with large seeds and pods and 
with Indian Center for Agricultural Research 
(ICAR) to develop low vicine-convicine faba 
bean lines for human consumption.

To accelerate genetic gains, shuttle faba bean 
breeding with two generations per year using 

winter and summer seasons, was established at 
Terbol station since 2012 with different photo-
period and temperature extremes. Speed breed-
ing is also applied to faba bean breeding to ad-
vance breeding materials from F1 to F5 us-
ing the ICARDA breeding facility at Rabat 
Morocco. At this platform, four cycles are suc-
cessfully completed per year (Figure 2). This is 
essential to reduce breeding cycle and ensure 

higher genetic gains in faba beans. ICARDA 
also developed phenotyping tools at ICARDA 
Marchouch, Morocco, with a phenomobile sys-
tem (PhenoBuggy). This technique applied to 
faba bean allows to record different useful traits 
such as vegetation index, green fraction, green 
area index, fraction of  intercepted radiation, 
average leaf  inclination angle, canopy and leaf  
chlorophyll content, steam and ear density, plant 

Ecosystem Countries Varieties to 
be replaced

Areas 
(ha)

Must have 
economic traits

Other 
desirable 

traits
West Asia and North Africa

Low rainfall 
Cool

Morocco, 
Tunisia, 
Algeria, 

Syria

Aguadulce, 
Najah, 
Hama2

277000

Orobanche, 
disease 

resistance, 
cooking time, 

herbicide 
tolerance

Large seed 
and pods size, 

Small seed 
size, Cooking 

time, Stem 
borer

East Africa

High Rainfall Ethiopia, 
Eritrea

Walkie, 
Gelebcho, 

Tumsa
500000

Earliness, 
Orobanche, 

foliar diseases

High biomass, 
Large seed 

size 

Nile Valley

Irrigated 
environments 

Egypt, 
Sudan

Giza843, 
Eddamer 100000 Orobanche, heat 

stress, Earliness

Large seeds 
and pods size, 
Cooking time

Table 1. Details of product profiles developed for target countries.

Figure 2. Advancement of F3 faba bean lines under Speed breeding facility at Rabat Morocco during 
2023 season.



6

LEGUME PERSPECTIVES Issue 24 • December 2023

RESEARCH

density and stem diameter (Figure 3).
Moreover, efforts were made towards the ap-

plications of  molecular breeding. Recently 192 
Kompetitive Allele Specific PCR genotyping 
system (KASPs markers) were designed for 
drought, heat and herbicide tolerance and oth-
er traits such crop phenology, grain yield and its 
components [4,9]. Validations of  the results will 
allow the implementation of  genomic selection 
in the faba bean international breeding program.

Figure 3. Phenomobile system working in faba bean field.
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Europe and much of  the world urgently needs 
its own sufficient sources of  plant-based food 
and feed protein. World consumption of  meat 
and dairy products have risen dramatically since 
1960, first in the West and recently in newly af-
fluent parts of  the developing world, made pos-
sible by the parallel growth in plant productivity 
driven by nitrogen fertilizers. Worldwide, ~1.3% 
of  CO2 emissions arise from conversion of  
methane to ammonia, in addition to the energy 
used in the process [1]. 

While protein consumption has risen world-
wide, many parts of  the world nevertheless suf-
fer from a deficit in local plant protein produc-
tion, relying on imports subject to trade disrup-
tion and to the environmental consequences of  
rainforest and tropical woodland clearance for 
fields in the countries of  export. Europe (EU-
27+3), for example, imported 33.5 Mt of  soy-
beans and soy meal in 2021 and produced about 

2.7 Mt itself  [2]. The import of  soy into the EU 
represented about 10% of  the total world soy 
production and required about 13 Mha of  land 
[2]. Given the strong stratification of  Europe 
into climatic zones [3], neither soy nor any other 
single protein crop can provide a complete solu-
tion for protein production in Europe. In sum, 
continual growth in feed protein harvests, made 
possible by fossil-fuel-based fertilizers, in order 
to produce sufficient protein for growing popu-
lations and consumption is not sustainable; al-
ternatives need to be found [4,5].  Legume-based 
protein sources are one key, and many species 
are available for the different agroclimatic zones.

Having an average protein content of  29%, 
faba bean (Vicia faba L.) is a widely adapted pro-
tein crop that could substantially improve pro-
tein sovereignty and security, for both food and 
feed. It is well suited to regions worldwide where 
it is a traditional, staple food. Its range of  climat-
ic adaptation is complementary to soy, which is 
adapted to warm regions and does poorly where 
faba bean does well.  Moreover, it is highly ef-
ficient at capturing nitrogen from the air, fixes 
~60 kg of  N, taking up 20 kg from soil, leaving 
40 kg behind, and incorporating 40 kg into the 
grain per ton of  grain, at the top end for com-
mon legume crops [6]. Faba bean fixes N effi-
ciently even if  the soil already contains N, unlike 
soy [6,7]. Increasing the use of  nitrogen-fixing 
faba bean could thus enormously contribute to 
closing the N cycle and reducing fossil fuel use 
in temperate and cool regions worldwide.

Faba bean, like other crops, faces challenges 
from the biotic and abiotic stresses made worse 
by climate change. Breeders need new genetic 
tools to develop sustainable and reliable crops 

more efficiently, with the properties that pro-
cessers need and consumers want, both for feed 
and for both traditional and novel food uses [8]. 
Assembled genome sequences for plants great-
ly aid the development of  these tools, because 
they define the identity and physical position 
of  the genes in a crop, enable association of  a 
specific gene and sequence with a trait of  inter-
est, allow the development of  molecular mark-
ers linked to the particular gene, and unlock the 
search or generation of  new variants for novel 
traits. Assemblies of  varying degrees of  contigu-
ity have been made for the genomes of  at least 
12 other legumes, including pea, common bean, 
and lentil, as well as the model species Medicago 
truncatula and Lotus japonicus. Although these sup-
port interpretation of  the faba bean genome, the 
imperfect correspondence to the gene content 
and organization as well as to the traits of  these 
other genomes mean that they cannot substitute 
for a faba bean genome itself.

The large size of  the faba bean genome (13 
Gbp diploid) had until recently hindered a 
high-quality assembly, but new advances ena-
bled production of  a highly contiguous refer-
ence genome [9]. The reference genome con-
ferred a clear overview of  V. faba genes and 
their regulatory regions as well as the massive re-
petitive component of  the genome, which com-
prises mostly retrotransposons and satellite re-
peats. We were able to show that the faba been 
genome expanded to its current massive size 
through a higher rate of  amplification than loss 
of  retrotransposons and satellite repeats. In con-
trast to large cereal genomes [10], gene densi-
ty and recombination frequency shows no sharp 
telomere to centromere gradient across chromo-

1Institute of  Biotechnology, HiLIFE, University of  
Helsinki, Finland
2Viikki Plant Science Centre (ViPS), University of  
Helsinki, Finland
3Natural Resources Institute Finland (LUKE), 
Helsinki, Finland
4Department of  Agricultural Sciences, University of  
Helsinki, Finland
* alan.schulman@helsinki.fi

A faba bean pan-genome for advancing 
sustainable protein security

by Petri AUVINEN1, Wei CHANG1,2, Liisa HOLM1, Martyn JAMES1, Marko JÄÄSKELÄINEN1,2, 
Hamid KHAZAEI3, Pia K. LAINE1, Lars PAULIN1, Marco SALGADO1, Frederick L. 
STODDARD2,4, Jaakko TANSKANEN2,3, Petri TÖRÖNEN1, Alan H. SCHULMAN1,2,3*



8

LEGUME PERSPECTIVES Issue 24 • December 2023

RESEARCH

somes; the gene space is quite compact consid-
ering the genome size. We were able to put the 
reference genome to practical use through a tar-
geted genotyping assay and a high-resolution ge-
nome-wide association (GWA) analysis to dis-
sect the genetic basis of  seed size and of  hilum 
colour.

Current progress towards a pan-genome
The basis of  control of  key traits including 

disease resistance, abiotic stress response, flow-
ering time, the synthesis and properties of  stor-
age starch and protein, anti-nutrient accumula-
tion, and nitrogen fixation and nutrient use ef-
ficiency, as well as genome structure and evolu-
tion, all require a genomic data. Contiguous and 
complete sequence data is needed not only to 
identify structural variations in the crop’s pro-
teins and the DNA sequences that codes for 
them, but also in the promoters and other re-
gions that control their expression. A reference 
genome, no matter how complete, represents 
only a single facet of  the total diversity space 
of  a species. Hence, we embarked upon assem-
bling a pan-genome for faba bean. The con-
cept of  pan-genomes originates in the bacteri-
al world but was brought to the plants through 
analysis of  the vast genetic differences between 
inbred lines of  maize [11]. The gene comple-
ment shared across a species is called the “core” 
genome, the unique genes the “accessory” ge-
nome, and the total complement of  genes found 
in the species the “pan”-genome. The genomic 
dynamism found in maize is not unique to this 
crop; indeed, pan-genomics has proven its rele-
vance across the plant kingdom [12-15].

In the PanFaba project funded by the Jane and 
Aatos Erkko Foundation of  Finland, we are 
now producing a pan-genome spanning the di-
versity space of  Vicia faba to deliver the insight 
and tools needed for rapid improvement of  
faba bean. We have assembled the genomes of  
five accessions spanning the diversity space of  
V. faba; these will be complemented by at least 
16 others by colleagues at other institutions in 
a coordinated international effort. The assem-
blies are complemented by transcriptomics and 
gene annotation. The PanFaba project will ena-
ble the high-resolution linkage of  genotype to 
phenotype that is needed to improve faba bean 
as a protein crop and adapt it to likely future cli-

matic conditions in various regions worldwide. 
Methodologically, the genomes have been se-
quenced by the PacBio HiFi long-read tech-
nology, assembled with Hifiasm, and scaffold-
ed with a hybrid approach using Bionano opti-
cal mapping, Nanopore long-reads, and OmniC 
(HiC) proximity sequencing. Gene models are 
being aided by PacBio long-read RNA sequenc-
ing from several tissues of  the accessions in the 
pan-genome, grown in parallel (Figure 1).

Prospects 
The genome sequence will yield all the faba 

genes and their copy number variation, regula-
tory sequences, and positions, allowing discov-
ery of  the basis for the stress and disease toler-
ance, agronomic traits, and quality in this crop. 
The pan-genome will identify global gene varia-
tion, including presence-absence variation, copy 
number variation, global single-nucleotide var-
iation and small structural variation (insertions 

and deletions) within genes. It will also enable 
discovery, difficult otherwise, of  inversions, that 
interfere with recombination, as well as oth-
er structural variations such as translocations 
(Figure 2). The pan-genome will facilitate devel-
opment of  large numbers of  molecular markers 
with defined physical positions and order, linked 
to genes. This will in turn enable the genotypic 
characterization of  germplasm diversity sets for 
conservation and input to breeding, as well as 
the construction of  high-density genetic maps 
for trait localization. 

 Knowledge of  the identity and map location 
of  agriculturally important genes, together with 
high- density markers derived from genome se-
quencing, form the foundation for parental se-
lection and for genomic breeding methods, in-
cluding marker-assisted selection, marker-as-
sisted backcross selection, “breeding by design” 
(ideotype-based), and genomic selection (GS). 
The application of  GS requires genotypic and 
phenotypic datasets for training populations 
in order to predict the breeding value of  lines. 
Importantly, selection based on sequence allows 
simultaneous and synergistic marker discovery, 
validation, and genotyping. The application of  
GWA is already providing an understanding of  
the molecular basis of  complex traits such as 
flowering time, maturity and yield. High density 
genetic markers derived from the physically or-
dered genes of  the genome sequence are essen-
tial for GWA. 

We look forward to the development of  addi-
tional tools from the genotypes in the pan-ge-
nome, which will facilitate understanding both 
of  gene function and the basis of  useful traits 
in faba bean. These include mutant collections 
and TILLING populations, as well as biparental 
RIL populations, multi-parental MAGIC pop-
ulations, and NAM populations for the assign-
ment of  gene function. The de novo assemblies 
which form the framework of  the pan-genome, 
combined with the genomics tools mentioned 
above, will facilitate the analysis of  genetic di-
versity, which is needed for germplasm manage-
ment, conservation, and exploitation. It will en-
able detection of  signatures of  natural and hu-
man selection in the genome and development 
of  understanding of  the crop’s environmen-
tal adaptation. Given the falling price and ris-
ing efficiency of  short-read sequencing as well 

Figure 1. Faba bean accessions for the pan-
genome grown in parallel, spring 2023, in 
the greenhouse on the Viikki campus of the 
University of Helsinki. The accessions include 
Mélodie/2, ILB 938/2 (IG 12132), NV153 (IG 
12658), RV322 (IG 132238), and Hiverna/2-5. 
Samples were collected of roots, young leaves, 
flowers, expanding pods, and filling seed for 
long-read RNA sequencing.
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as of  long-read technologies such as PacBio and 
Nanopore, we fully expect the number of  acces-
sions in the faba bean pan-genome to expand to 
by an order of  magnitude over the next several 
years, increasing its utility for understanding and 
improving this crop.

Genome and gene sequence data is essential 
for the design and deployment of  genome ed-
iting technology, in order to direct edits to the 
relevant members of  gene families and to min-
imize off-target effects. In parallel to the de-
velopment of  the pan-genome, we and several 
other labs are working to develop gene editing 
methods for V. faba. We expect that the pan-ge-
nome, together with populations for genetics, 
genetically characterized diversity sets, and gene 
editing tools will facilitate collaborative research 
on agronomically important genes and traits in 
faba bean, increase interest in this crop within 

the scientific community, and thereby accelerate 
its improvement in breeding programs world-
wide, leading to increased productivity and relia-
bility of  the crop and its role in providing plant-
based protein.
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Abstract: Faba bean (Vicia faba L.) is an im-
portant rotational crop in Australia provid-
ing $50-$100/ha indirect benefit to growers 
through break in disease cycle, change of  weed 
spectrum and the nitrogen fixation. It is pri-
marily grown as an export commodity to the 
Middle eastern countries, mainly Egypt, Saudi 
Arabia and United Arab Emirates. Its produc-
tion in sub-tropical region is constrained by rust 
(Uromyces viciae-fabae (Pers.) Schroet.), chocolate 
spot (Botrytis fabae Sard.) and certain viral diseas-
es, but sufficient resistance has been developed 
in new varieties to combat these constraints. 
Likewise, successful breeding has been carried 
out for better seed quality, tolerance to certain 
herbicides, heat and drought stresses.
Key words: breeding, disease resistance, faba 
bean, herbicide tolerance, protein quality

Challenges for faba 
bean production in sub-
tropical Australia

Foliar diseases
Faba bean rust (Uromyces viciae-fabae (Pers.) 

Schroet.) can cause moderate to high yield losses 
in North Africa, Ethiopia and Australia. Up to 
70% yield losses have been reported in Australia 
[1]. The disease is found throughout the faba 
bean growing areas in the world except North 
America. Several sources of  resistance have 
been reported [1,2], but the level of  resistance 
is only partial. Newer Australian varieties, such 
as PBA Warda, PBA Nasma and PBA Nanu 
have moderate level of  resistance to the disease 
and require only limited fungicidal sprays. In the 
breeding program, new genotypes with rust re-
sistance, viz. Ac1866#15013, Ac1231#14905, 
Ac1653#14919, Doza#12034 and Ac1655, have 
been identified. Doza#12034 and Ac1655 have 
been already characterised for rust resistance; 
they possess single dominant genes which are in-
dependent to each other [1]. The resistance gene 
in Doza#12034 is named as Uvf-2 and locat-
ed in Chromosome III and the gene in Ac1655 
as Uvf-3 and located in chromosome V for 
which KASP markers Vf_0703 and Ac×F165 
for Uvf-2 and Uvf-3, respectively are availa-
ble [3]. The resistant genes in Ac1231#14905, 
Ac1866#15013 and Ac1653#14919 are yet to 
be characterised. Our preliminary results indi-
cated that Ac1866#15013 may have adult plant 
resistance gene.

Chocolate spot (Botrytis fabae Sard.) can be the 
most damaging disease of  faba bean when con-
ditions are conducive for the disease develop-

ment as observed in 2016 in Australia. A high 
level of  resistance to the disease has not been 
found and the resistance is believed to be con-
trolled by multiple genes. Recently, Gela et al. [4] 
reported identification of  five quantitative trait 
loci contributing to the resistance on chromo-
some 1 and 6. Some sources of  resistance to 
the disease are available in Australia and recent-
ly a variety, PBA Amberley, has been released in 
Australia with a significant improvement to the 
disease. 

Although ascochyta blight (Ascochyta fabae Speg) 
is a devastating disease causing up to 90% yield 
losses, it is not a problem in sub-tropical region 
of  Australia. Stemphylium blight (Stemphylium 
spp) occurs occasionally, but no significant loss-
es have been reported from this disease.

Soil-borne diseases
Aphanomyces root rot is one of  the concern 

root diseases in Australia, but it has not yet be-
come a major issue. However, it has been re-
ported frequently where the crop rotation is 
short. Genetic variation for resistance to the 
host has been reported [5], but no genetic stud-
ies have been done yet. Due to a wide crop ro-
tation, the disease might have been controlled.  
This has been demonstrated by widespread oc-
currence of  the pathogen in insect-proof  enclo-
sures in our breeding program when faba bean 
is alternated by cereal crops for just one season.

Viruses
Faba bean is infected by many viral pathogens, 

but most important viruses in Australia are: 
bean leaf  roll virus (BLRV), bean yellow mosa-
ic virus (BYMV) and pea seed borne mosaic vi-
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rus (PsbMV) causing sporadic losses [6]. Some 
of  the viruses are transmitted through infect-
ed seeds and others through vectors like aphids. 
Seed transmission of  virus in Australia is almost 
absent except for PsbMV. Because of  the un-
certainty of  virus epidemics and the lack of  ef-
fective control options, growers can perceive vi-
ruses as a higher risk than fungal diseases. In 
2020, BYMV losses up to 70% were reported in 
northern New South Wales and no reliable re-
sistance has been found, but there is a high level 
of  resistance in our breeding program for BLRV 
and all new varieties are resistance to it.

Insects-pests
Cowpea aphid (Aphis craccivora Koch), black 

bean aphid (A. fabae Scopoli) and green peach 
aphid (Myzus persicae (Sulzer) damage faba 
bean by sucking as well as transmitting virus-
es. Recently, a new species of  aphid, Megoura 
crassicauda, has been found active among faba 
bean and vetch crops in northern NSW. These 
aphids survive on other pasture legumes, such 
as lucerne and sub-clover making it persistent all 
year around.  The most damaging insect pests 
is Australia are Heliothis armigera and H. punctig-
era. H. punctigera is native to Australia and is the 
major insect pest of  faba bean. Green mirids 
(Creontiades dilutus, C. pacificus), which is mainly 
a mung bean pest feeding on immature green 
pods, is becoming a faba bean pest in sub-trop-
ical Australia. No resistance to these pests has 
been identified and the chemical method of  
control has been widely adopted.

Abiotic stress tolerance

Frost tolerance
Faba bean is vulnerable to frost, particularly in 

the flowering, early pod formation and pod-fill-
ing stages. Variation exists in the breeding ger-
mplasm for frost tolerance at the vegetative 
stage ranging from almost no damage to 60% 
stem collapse. The newer varieties of  faba bean 
are more tolerant than the older varieties, such 
as Fiord and Fiesta. A gradual improvement 
was observed on the tolerance level from PBA 
Nanu to Fiord in the order of  PBA Nanu>PBA 
Warda>Doza>Cairo>Fiord. The level of  toler-

ance found in the germplasm is strong enough 
to withstand the severe frost in the northern 
region. However, little variation was found at 
flowering and pod development stage which are 
the most damaging phases. Frost tolerance at 
the vegetative stage has been continuously im-
proved by including newly identified germplasm 
in the breeding program. 

The severely damaged pods turn black and 
abort (Figure1). The less damaged pods have 
fewer seeds which are not fully developed and 

stained resulting not only substantial yield loss, 
but also reduced seed quality. Plants become 
more susceptible to frost at the reproductive 
stage than at the vegetative stage. Young pods 
were the most sensitive to cold temperatures 
and the flowers were much hardier [7]. Although 
no comparative studies are conducted on frost 
damage in Australia, our experience indicates 
20-30% yield loss would be common in older 
varieties, such as Fiord. In severe cases the loss-
es can be as high as 60% (Figure1). Frost dam-

Figure 1. Frost damaged faba bean pods (left) and immature and dead seeds (right) from such pods.

Figure 2. Effect of residual phenoxy herbicides at seedling stage (left) and spray drift at adult stage 
(right) in faba bean.
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age will be higher in the moisture limited condi-
tions. Therefore, drought can aggravate the ef-
fect of  frost.

Heat and drought tolerance
Faba bean is mostly grown as a rainfed crop 

and suffers from lack of  moisture and increased 
heat stress towards the later part of  growing sea-
son. Only limited research has been conducted 
on these aspects. It has been shown that carbon 
isotope discrimination at leaf  level can be used 
to measure water use efficiency and this tech-
nique can be used as a selection criterion for im-
proving drought tolerance in faba bean [8]. We 
also found a wide variation in faba bean root 
length that might be associated with drought 
tolerance.

Early flowering trait has been used as an es-
cape mechanism to avoid heat stress. Yield loss-
es as high as 62% were observed due to heat 
stress and yield reduction started when the mean 
temperature increased from 22ºC. Podding and 
grain filling were the most sensitive develop-
mental stages to heat stress. Early research in-
dicated the existence of  genetic variability and 
tolerant genotypes. Genotypes 11NF014b-14, 
13NF433b 2, PBA Nasma, and 13NF439c-1 
were identified as more tolerant to heat stress 
than others. Some of  these lines are included in 
the crossing program to increase the heat tol-
erance.

Herbicide tolerance
Faba bean has better ability to compete weeds 

compared to chickpea and lentil because of  its 
early vigor and larger canopy. Effective control 
can be achieved by pre-emergence herbicides as 
post-emergence herbicides are available only for 
grassy weed species. Weed control, however, is 
now becoming more difficult due to widespread 
evolution of  herbicide-resistant weed biotypes. 
Therefore, continuous spraying with the same 
group of  herbicides for a long time should be 
avoided by adopting crop rotations using differ-

ent herbicides. Faba bean is sensitive to phenoxy 
herbicides containing endogenous plant hor-
mones, such as MCPA, 2,4-dichlorophenoxy-
acetic acid (2,4-D) and 2,4,5-trichlorophenoxy-
acetic acid (2,4,5-T). Residual effect and chem-
ical drift from such herbicidal sprays can travel 
long distances causing severe damage (Figure 2). 
Integrated weed management involving crop ro-
tations, rotation of  herbicide groups, and com-
bination of  both chemical and non-chemical 
methods are recommended for weed control.   

Extensive research is carried out to develop 
faba bean varieties with resistance to certain 
group of  herbicides. PBA Bendoc has been re-
leased with tolerance to imidazolinone (Imi) 
(Group B) herbicide and several lines have been 
identified with tolerance to metribuzin (Group 
C). Recently a molecular marker linked to Imi 
tolerance has been identified and this marker has 
been used regularly for selection. Once such va-
rieties are available it will make easier to control 
in-crop weeds in faba bean.

Breeding for better seed quality

Faba bean protein content is relatively higher 
(24 to 35%) on dry basis than other cool season 
legumes. However, its grain contains two β-glu-
cosides (up to 2% in dry weight basis): vicine 
and convicine (vc) which can cause favism to 
people lacking glucose-6-phosphate dehydroge-
nase (G6PD) enzyme in their body system. This 
can cause acute haemolysis, causing death in the 
absence of  a proper medical care.

A single recessive gene, designated as vc-, con-
trols the vc content. Although light hilum in the 

seed cotyledon is linked to low vc content [9], 
this linkage is loose and it cannot be reliably 
used as a selection criteria. Recently, molecular 
markers are available for detecting its presence/
absence [10]. We are employing molecular mark-
ers for selecting low vc lines in the breeding pro-
gram and such lines will be commercially availa-
ble for cultivation in the near future.
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Already in the early 20th century, farmers and 
gardeners in Sweden began to abandon their 
traditional varieties of  cereals and legumes and 
replace them with modern varieties produced 
by plant breeding [1]. Thus, when the Nordic 
gene bank was inaugurated in the 1970s, ef-
forts to gather local varieties and landraces from 
farms and market gardens were met with lim-
ited success. As suggested by Galluzzi et al. [2] 
an alternative source of  plant genetic resourc-
es are small-scale home gardens where tradition-
al crops have been preserved for other reasons 
than maximized harvests.

Since the 1990s, the Nordic Gene bank, the 
National program for diversity of  cultivated 
plants and different NGOs, have launched sev-
eral calls and inventories directed to home gar-
dens [3]. These have been particularly successful 
in finding local material of  grain legumes, main-
ly peas (Pisum sativum), but also beans (Phaseolus 
vulgaris) and faba beans (Vicia faba). 

In total, 35 accessions of  faba beans were 
found in Sweden and are today preserved at the 
Nordic gene bank – NordGen. Geographically, 
most accessions originated in the southern part 
of  Sweden, but not in the regions with the high-

Vicia faba plant genetic resources preserved 
in home gardens in Sweden

by Matti W. LEINO1, 2*

1 AFL, Stockholm University, Stockholm, Sweden
2 Grain legume working group, NordGen, Alnarp, 
Sweden
* matti.leino@arklab.su.se

Figure 1. Pods from 22 of the 35 Swedish local cultivars. The material display large variation in 
earliness, seed and pod size.

Abstract: Plant genetic resources of  cultivated 
plants have rarely been preserved in commercial 
agriculture and horticulture in Sweden. Instead, 
many local cultivars have been found in home 
gardens. Over the last decades many, and 
variable, accessions of  faba bean (Vicia faba) 
have been gathered and are now preserved at 
the Nordic gene bank – NordGen.
Keywords: ethnobotany, gene bank, in situ 
conservation, landrace, local cultivars.
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est average temperatures or longest growing 
seasons. In these regions, common beans were 
instead more abundant. Broad beans dominat-
ed among the finds, but some accessions were 
smaller seeded faba beans and some were inter-
mediate in shape. Most accessions are clear gar-
den types, but some had originally been cultivat-
ed in field scale and were more recently trans-
ferred to and preserved in gardens.

Many accessions had been preserved as family 
heirlooms, associated with family or culinary tra-
ditions, typically various kinds of  bean porridge. 
In many cases, their history could be traced back 
one hundred years or more. A special case are 
several accessions from the western archipelago. 
Here, the local varieties of  faba beans were used 

as a supporting crop for tall-stemmed field peas. 
In some other locations, faba beans had been in-
tercropped with potatoes.

Test cultivation of  the accessions reveal large 
morphological variation (Figure 1). The traits of  
the material and its potential use in breeding re-
mains to be fully evaluated, but some accessions 
have already proved valuable. For example, the 
local cultivar ‘Gubbestad’, proved to have the 
highest protein content in a characterisation of  
North European modern and landrace cultivars 
[4]. Other putatively interesting traits could be 
related to climate adaptation, such as earliness 
and day light response. The material is freely 
available for research and breeding at NordGen 
(www.nordgen.org).
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Abstract: Faba bean yields are often lower than 
they could be if  appropriate interventions were 
taken. We surveyed literature on quantitative im-
pacts of  management choices related to region 
of  adaptation, soil and water management, ni-
trogen nutrition and pollination. At least six ad-
aptation classes can be resolved, differing in au-
tumn vs spring sowing and maturity time. The 
crop is very responsive to alleviation of  drought, 
soil compaction, soil acidity and waterlogging. 
The crops dependence on bee-mediated polli-
nation is well known, but there are no guidelines 
on the adequacy of  pollination in a commer-
cial crop. Recognition of  stress symptoms and 
the application of  appropriate inputs can enable 
farmers to greatly increase crop yields.
Key words: Vicia faba, pollination, irrigation, 
adaptation, phenology, drought

Faba bean (Vicia faba L.) was one of  the orig-
inal crops domesticated in the Fertile Crescent 
about 10,000 years ago. It is grown on all inhab-
ited continents, with about 4 million tonnes pro-
duced each year. Of  the starch-containing leg-
umes, it has the highest protein content, the 
global average being 29% of  dry matter and its 
global average yield is 2.0 t/ha, equal to that of  
pea [1], so its potential protein yield per hectare 
is high. In favourable conditions, its yields ex-
ceed 5 t/ha, and there is a competition in the 
UK for the first 10 t/ha crop. Yield is, however, 
constrained by many biotic and abiotic stress-
es, some of  which can be ameliorated by on-
farm practices. In the recent ERANET SusCrop 
project ‘LegumeGap’, we reviewed the poten-
tial for crop management factors to affect yield 
of  faba bean, with the main focus on Europe. 
Data points were extracted from 256 articles and 
some of  the key quantitative outcomes are giv-
en here.

Classes of adaptation

Appropriate phenology is necessary for op-
timum yield. The germplasm of  this crop falls 
into a handful of  discrete adaptation classes, 
based on the combination of  adaptation anal-
yses and agro-climatic maps. The crop needs to 
flower when there is no risk of  frost and mature 
when conditions are suitable for harvest, neither 
too wet nor too hot.

Mediterranean-adapted cultivars are sown in 
the autumn under shortening days and harvest-
ed in the spring under lengthening days, before 

conditions become too hot and dry. Time of  
flowering, soon after the winter solstice, is a crit-
ical trait [2]. In the oceanic climate of  northwest-
ern Europe, winter-hardy cultivars have a grow-
ing season of  up to 11 months, with a vernali-
zation requirement that prevents flowering until 
spring [3]. Spring-sown material showed sepa-
rate adaptation into continental and oceanic ad-
aptation classes [4], and more recent experience 
shows that sub-Boreal material, with its shorter 
growing season, forms a third class. Germplasm 
in South America and Australia is largely derived 
from Mediterranean material, while that in cen-
tral North America is primarily of  European 
continental origins with some admixture from 
China. Ethiopian highland germplasm is distinc-
tive, being adapted to moderate day-length and 
high rainfall. In China, faba bean is grown in as 
wide a range of  climates as in Europe.

Seed size is a critical factor for both mar-
kets and adaptation. In the sub-boreal climates 
of  northern Europe and central Canada, small 
seeds (< 350 mg) are preferred because of  the 
necessity for rapid seed-filling and post-harvest 
drying. Even smaller seeds (150–200 mg) are 
typical of  Nepalese and Bangladeshi cultivars 
that have a very short growing season between 
other crops. Large seeds (> 1 g) are preferred for 
food use in the Mediterranean basin and west-
ern Asia, in spite of  their long seed-filling period 
and low multiplication rate. Some of  these ac-
cessions have massive root systems that explore 
the soil volume for water and nutrients, which 
may be an adaptive advantage in these low-rain-
fall regions [5].

1 Department of  Geosciences and Geography, 
University of  Helsinki, Finland
2 Department of  Agricultural Sciences, University of  
Helsinki, Finland
3 Länsi-Uudenmaan vesi ja ympäristö, Lohja, Finland
4 Department of  Agriculture, Horticulture and 
Engineering Sciences, Scotland’s Rural College, 
Edinburgh, UK
5 Rural Land Use Department, Scotland’s Rural 
College, Aberdeen, UK
6 Department of  Crop Production Ecology, Swedish 
University of  Agricultural Sciences, Uppsala, Sweden
*  frederick.stoddard@helsinki.fi

Management factors affecting faba bean yield

by Kiflemariam Y. BELACHEW1,2, Annika SÖDERHOLM-EMAS2,3, Cairistiona F.E. TOPP4, 
Christine A. WATSON5,6, Frederick L. STODDARD2,6*



16

LEGUME PERSPECTIVES Issue 24 • December 2023

RESEARCH

Soil and water management

Faba bean is recognized as a drought-sensi-
tive crop and in most climates it performs best 
on a moisture-retentive clay-rich loam with a 
pH near neutral. The lower rainfall limit for its 
growth in rainfed agriculture is about 400 mm 
[6]. It survives waterlogging (Figure 1) and soil 
compaction better than some other crops, but 
yield losses are still large; in nine comparisons, 
yield losses due to soil compaction were 10 to 
50%, averaging 28%. 

Irrigation brought yield benefits in about 75% 
of  cases, but there was a risk of  providing too 
much water (Figure 2). The average yield ben-
efit was 33% when the amount of  irrigation 
water was calculated from the measured mois-
ture deficits, and 53% at drier sites where the 
amounts of  required water were simply estimat-
ed. The largest effects, up to 3-fold, were seen 
when water was supplied during and after flow-
ering in Mediterranean climates of  western Asia 
and southern Australia. Nevertheless, in north-
ern Europe, the yields of  rainfed field experi-
ments track the amount of  growing season rain-
fall closely [7] and national average yield fig-
ures clearly show the effects of  drought years. 

Irrigation should be more widely used on this 
crop. 

It is well known that soil acidity restricts faba 
bean growth both directly due to pH and indi-
rectly due to solubilization of  Al3+ ions. We have 
found no reports of  experiments titrating re-
sponses to rootzone pH across a range of  val-
ues, so one is in progress at SRUC. A soil pH 
value below 5.5 requires correction. In field ex-
periments in Ethiopia, plots at an uncorrected 
soil pH of  4.2 died during the flowering stage, 
but those limed to a pH of  6.0 produced a har-
vestable yield of  3 tonnes/hectare (Figure 1 c 
and d). 

Zero tillage almost always showed a yield ad-
vantage over conventional, where the soil is 
turned to a depth of  20–25 cm (Figure 2). The 
average benefit was 25%, with the greatest val-
ues from experiments in Spanish vertisols where 
the benefits included moisture retention, main-
tenance of  soil organic matter, aggregate sta-
bility, and agrochemical control of  the parasit-
ic weed, broomrape [8]. Other modified tillage 
systems, whether shallow or deep, had little ef-
fect on crop yield compared with conventional 
tillage (Figure 2).

Is there enough biological 
nitrogen fixation?

The bacterium responsible for biological ni-
trogen fixation in symbiosis with faba bean, 
Rhizobium leguminosarum biovar viciae, is wide-
spread in arable soils, so it may be asked wheth-
er it is worth inoculating the seeds with an ef-
fective race before sowing. Our dataset suggests 
that it is (Figure 2). In no case was there a signif-
icant detriment from inoculation and even when 
it was only one year since a related crop had 
been grown, there was, on average, a 19% yield 
benefit from inoculation. The mean benefit was 
33% when the interval since the previous relat-
ed legume was two years and 60% when there 
was no history of  legumes in the field. More 
than half  of  the data points came from papers 
where there was no mention of  previous histo-
ry of  legumes in the field, and the mean bene-
fit from inoculation was 41%. Inoculation costs 
the farmer time, so the economic threshold for 
benefit is several percent above the statistically 
significant threshold.

On average across 140 studies, 71% of  ni-
trogen was derived from atmosphere [9]. How 
much N fertilizer does a faba bean crop need? 
Our review found little evidence of  yield bene-
fits across a range from 50 kg/ha to 600 kg/ha 
of  applied N. Starter N at 20 – 40 kg/ha is wide-
ly recommended by advisory agronomists, but 
there is little scientific evidence for or against it. 

Pollination: beans need bees

Much work has been done on the mixed 
breeding system of  faba bean, to define the pro-
portion of  flowers that can pollinate themselves 
in the absence of  bee activity (autofertility) and 
how that varies between cultivars and environ-
ments. Other work has evaluated the relative 
importance of  honeybees and various wild bee 
species as effective pollinators (Figure 1 e and 
f), and measured the impact of  bee activity on 
the growth and vigour of  the subsequent crop. 
Honeybees and short-tongued bumblebees col-
lect only pollen from the front of  the flowers 
during pollinating visits and collect nectar from 
holes bitten at the base of  the flower (note black 

Figure 1. Faba bean plots in Finland suffering from (a) drought and (b) waterlogging; plots in Ethiopia 
(c) at pH 4.2 and (d) limed to pH 6.0; flowers in Finland being pollinated by (e) a honeybee and (f) a 
bumblebee.
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mark in Figure 1 e). Long-tongued bees collect 
both pollen and nectar in pollinating visits. The 
average yield reduction without insect-medi-
ated pollination was 33%, and it was 80% cer-
tain that pollination would result in a higher 
yield [10]. In terms of  crop management, how-
ever, the most important question for a farmer 
is: How much of  that 33% of  yield is my crop 
in danger of  losing, given its current bee pop-
ulation? Is my crop getting enough pollination, 
or should I bring in hives of  honeybees? The 
question is hard to answer because of  hetero-
geneity between and within fields, cultivars and 
seasons. Surveys of  British crops found that as 
little as 25% of  early flowers on autumn-sown 
(winter) beans were pollinated in some fields at 
the same time as nearly 75% were in others [11]. 
Even so, that minimum equated to two flowers 
per raceme, which is a typical load for a healthy 
plant. By quantifying criteria such as the number 
of  effective visits per minute and the number of  
flowers per square metre, it would be possible to 
develop a rule of  thumb on the number of  hon-
eybees per square metre needed for full pollina-
tion of  a crop.

Conclusion

National average yields of  faba bean fall 
well short of  what the most productive crops 
achieve. Many of  these shortfalls can be fixed 
by timely decisions and interventions, such 
as relieving soil compaction or liming to raise 
soil pH. Inoculation with Rhizobium and con-
tracts with local beekeepers are low-cost insur-
ance mechanisms for these unpredictable biot-
ic interactions. Water management, especially 
during flowering and early pod-filling, appears 
to be the greatest determinant of  yield, and the 
intervention requiring the greatest investment 
in infrastructure. A survey conducted under 
the LegumeGap project has shown that there 
are substantial gaps in farmer knowledge about 
these important issues (papers in preparation).
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Abstract: Faba bean breeding research at 
Göttingen has been held for over five decades. 
Current projects include studies on freezing 
tolerance, pollinators and reproductive behav-
ior, seed-weight variance, as well as identifying 
highly inbred individuals existing a priori in faba 
bean populations. The focus of  the projects is 
on plant breeding methodology, to improve fu-
ture breeding schemes.
Key words: breeding methodology, inbred lines, 
QTL, synthetics, seed weight, winter hardiness

The grain legume faba bean is cultivat-
ed as both a spring- and autumn-sown crop 
in Europe. While in the Mediterranean Basin, 
faba beans are typically sown in autumn to ex-
ploit the rain-fed winter months, they are main-
ly cultivated as spring crop north of  the Alpes. 
The genuine winter faba bean is only cultivated 
in North-West (NW) Europe. Mild winter con-
ditions favor large-scale winter faba bean pro-
duction in the UK and France, where winter 
beans accounted for approximately 40% (75,000 
ha) and 75% (51,308 ha) of  the respective total 
faba bean cultivation area in 2022 [1]. Despite 
the yield advantage over the spring-type, the cul-
tivation of  winter faba bean remains limited in 
other countries of  NW Europe due to the in-
sufficient winter hardiness of  current cultivars. 
Consequently, breeding for improved winter 
hardiness is of  great importance to facilitate lo-
cal plant protein production in NW European 
countries, like Germany. One substantial aspect 
of  winter hardiness is tolerance against frost 

in winter and against frost in early spring (late-
frost), which occurs in early spring when plants 
have lost their cold acclimation, i.e., are dehard-
ened.

In our ongoing project, we have adapted the 
sophisticated climate chamber frost stress pro-
tocol, initially developed in 2003 and subse-
quently refined [2,3,4], to included late-frost 
treatments on dehardened plants [5]. We test-
ed a broad panel of  inbred lines, most derived 
from the “Göttingen Winter Bean Population” 
plus further diverse types. The lines were ex-
posed to frost in a climate chamber and phe-
notyped. Utilizing recent developments in faba 
bean genomics, such as the 60K Vfaba_v2 
Axiom SNP array [6] and the V. faba reference 
genome, we identified via genome-wide associ-
ations studies (GWAS) multiple validated quan-
titative trait loci (QTL) associated with toler-
ance against frost and late-frost, e.g., for freez-
ing damage (Figure 1) and survival after frost. 
Currently, we are developing genomic prediction 
models for winter-frost and late-frost tolerance 
as well as field-based traits such as yield.

 Faba bean is a partially allogamous species. 
European faba bean cultivars are usually syn-
thetic populations which utilize part of  the het-

Georg-August University Goettingen, Division of  
Plant Breeding Methodology, Germany
* wlink@gwdg.de

Figure 1. Differentiation for frost damage 
among four different winter faba bean inbred 
lines on juvenile potted plants after frost stress 
in a climate chamber experiment. Shown are 
two plants per inbred line and pot corner. Frost 
damage is visible as loss of leaf turgidity and 
loss of color in leaf and stem (blackening of 
tissue).

Current faba bean research at Göttingen, 
Germany

by Lisa BRÜNJES, Wolfgang Ecke, Alex WINDHORST, Henri Laugel, Wolfgang LINK*
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erosis. As yield and yield stability are improved 
in heterozygous and heterogeneous crop stands, 
increasing the share of  heterosis in synthetic 
cultivars is a promising breeding strategy. High 
rates of  cross-fertilization increase the share of  
heterosis realized in synthetic cultivars. Hence, 
the degree of  cross-fertilization is a crucial pa-
rameter in breeders’ yield predictions and used 
to predict inbreeding and share of  heterosis. 
Available yield predictions assume that all gen-
otypes contribute equally to the cross-fertilized 
seeds. We found genotypes to significantly and 
markedly differ in success rates as pollen do-
nors [7]. Yet, allowing such differences in pater-
nal outcrossing success in a population increases 
its inbreeding, thus decreases yield. Hence, dif-
ferences in paternal success should be avoided.

To circumvent expensive paternity assess-
ments, reproductive traits that are easier to as-
sess were estimated for the same sixteen gen-
otypes. Pollen production and pollen viability 
were highly correlated with paternal success in 
inbred lines (Brünjes and Link, under prepara-
tion). Hence, these traits could be used as proxy 

for paternal outcrossing success when selecting 
inbred lines as components of  a synthetic.

As higher degrees of  cross-fertilization im-
prove seed yield in the next generation, we stud-
ied the pollination efficiency of  individual bee 
species to pollinate faba bean. The most effi-
cient pollinator species that enhanced cross-fer-
tilization and seed set was Bombus hortorum, a less 
frequent and more specialized pollinator species 
with long head and long tongue (Figure 2). It ef-
fectuated 45% cross-fertilization, while the oth-
er species including honeybee realized less than 
20% cross-fertilization each [8]. Thus, synthet-
ic populations should be propagated in envi-
ronments with large and vital B. hortorum pop-
ulations, to maximize the genotype-specific de-
gree of  cross-fertilization and realize higher het-
erozygosity in subsequent generations, to better 
manage and exploit heterosis in faba bean.

To compose a synthetic, inbred lines are used. 
To develop them is tedious, as no doubled hap-
loid technique is available, and faba beans need 
manual ‘tripping’ and bee-proof  cages for self-
ing. Yet due to its mixed mating, faba bean pop-

ulations a priori contain individuals with very 
different inbreeding status, including highly in-
bred individuals (expectedly > 5%). We use 
KASP SNP markers and the 60K Vfaba_v2 
Axiom SNP array [6] to investigate and exploit 
this situation within the ‘Göttingen Winter Bean 
Population’. Moreover, Genomic selection will 
be applied to ‘chipped seed’; a non-destructive 
method to extract DNA from faba bean seed 
cotyledons. In the end, the use of  inbred lines in 
both line and population breeding will be facili-
tated to optimize breeding schemes [9].

The huge differences in faba bean’s seed size 
made us analyse this domestication trait. First, 
from a cross of  two lines differing strongly in 
seed weight, ‘HediLin’ (Thousand seed weight 
(TSW) 350 g) × ‘PietraLin’ (TSW 3000 g), we 
developed two near isogenic lines (NILs), one 
small-seeded and one large-seeded. These NILs 
are much more similar in growth and devel-
opment than the initial parents, but still show 
an about two-fold difference in seed weight. 
Crossing these two NILs, we obtained N=180 
recombinant inbred lines that were used to map 

Mapped QTL Effects Confidence intervals 

No. QTL LG Position 
[cM] LOD Add. [mg] Variance 

explained [%]
bLow [cM] bUp [cM] bSize [cM]

1 sw1c.1AB c.1AB 1.40 16.2 -36.2 6.6  0.56  2.24  1.68

2 sw1c.1CDsgl c.1CDsgl 38.93 36.8 -72.6 20.3 38.08 39.49  1.41

3 sw2c.1CDsgl c.1CDsgl 57.49 13.9 -37.2 5.5 56.64 63.00  6.36

4 sw1c.1EF c.1EF 34.33 8.5 -25.2 3.1 28.06 38.82 10.75

5 sw1c.1GHI c.1GHI 5.91 12.2 -30.8 4.7  4.00 7.32  3.32

6 sw2c.1GHI c.1GHI 40.25 7.6 +14.0a 2.8 36.00 44.18  8.18

7 sw1c.2J c.2J 1.00 12.0 -30.6 4.6 0.00  3.40  3.40

8 sw1c.4N c.4N 13.52 19.7 -40.3 8.5 12.39 14.91  2.52

9 sw2c.5RSTU c.5RSTU 4.00 6.6 -25.9 2.4  1.40  6.73  5.33

10 sw1c.5RSTU c.5RSTU 17.98 12.2 -32.9 4.7 15.18 18.83  3.64

Full model - - 79.5 - 87.4 - - -
 
LG: linkage group, c.1 to c.5 indicate the chromosomes to which the linkage groups belong, A to U refer to the 
segments polymorphic between the NIL parents of  the mapping population that make up the linkage groups. 
LOD: logarithm of  the odds showing the statistical probability (10LOD) of  the QTL being real.

a the positive sign indicates that the allele of  the small-seed parent increases seed size; b Low = Lower confidence 
interval, Up = Upper confidence interval, and Size of  LOD 2.0 support intervals for the QTL positions

Table 1. QTL for seed weight in faba bean mapped in our RIL population.
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ten QTLs for seed weight. For nine of  them, 
the allele of  the large-seeded parent ‘PietraLin’ 
increased seed weight, yet, for one QTL (Table 
1), the ‘increase’ allele came from small-seeded 
‘HediLin’. With a model including all 10 QTL, 
we could explain 87.4% of  the phenotypic var-
iance for seed weight in this cross. Hence, our 
QTL mapping captured the majority of  the 
seed-weight loci.

In the past decades, only the Georg-August 
University Göttingen (www.uni-goettingen.de/
de/48273.html) was home to a German ac-
ademic group working on faba bean breed-
ing. Recently, new groups in Germany joined 
faba bean research (University Giessen, JKI 
Quedlinburg, IPK Gatersleben) meaning good 
prospects for progress in research and in farm-
ers’ fields.
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Abstract: Faba bean is a temperate grain legume 
whose cultivation declined largely in Europe af-
ter the onset of  modern agriculture. In Southern 
Europe there is an interest in reintegrating faba 
bean into rain fed farming systems what re-
quires locally adapted cultivars that can satisfy 
the needs of  both the producers and of  the con-
sumers. Germplasm with varying levels of  re-
sistance to some of  the major diseases have been 
identified but are not always readily incorporat-
ed into elite cultivars. A few DNA markers have 
already been developed for key diseases such as 
ascochyta blight, rust and for the parasitic weed 
broomrape although have insufficiently used so 
far in marker assisted selection. Some progress 
has been achieved to identify genotypes with 
tolerance to drought, which will probably be a 
major issue in the near future. Faba bean resist-
ance breeding will undoubtedly speed up with 
the adoption of  rapidly developing genomic re-
sources, complemented with proper phenotyp-
ing and speed breeding techniques.
Key words: genomics, phenomics, resistance, 
diseases, parasitic weeds

State of the art on faba bean breeding for 
stress resistance: Faba bean (Vicia faba L.) is 
an annual grain legume crop with high protein 
that plays a major role in sustainable agriculture. 
Its cultivation in Southern Europe has suffered 
a decline since the middle of  20th century, with 
acreage decreasing from more than 830,000 ha 
in the beginning of  the 1960s to just 109,000 
ha in 2021. There is a growing interest in re-
valorizing the crop globally, but particularly in 
Mediterranean rainfed farming systems, where 
there is a tradition of  use faba bean types for hu-
man food in addition to the most known types 
for animal feed. There is also great potential of  
faba bean crop in organic farming. 

One of  its major challenges is the existence of  
an array of  biotic and abiotic stresses that affect 
the plants and compromise yields. Deployment 
of  genetic resistance against major pests and 
disease is core in any integrated control strategy. 
However, the insufficient understanding of  the 
genetic basis in many instances [1] and the slow 
development of  genomic resources has retarded 
the successful application of  molecular assisted 
selection (MAS) in faba ben breeding programs 
comparing to other legume crops. In recent dec-
ades, however, genomic resources are speedily 
expanding, which will facilitate MAS and gene 
discovery in faba bean.

In Southern Europe, the most widespread fun-
gal diseases, and the better characterized ones, 
are rust, ascochyta blight and chocolate spot. 
There exist also other diseases that may reach 
importance at the local level, such as downy mil-
dew, alternaria blight or cercospora leaf  spot, 
but no doubt the major biotic constraints are 
root parasitic weeds.

Rust is incited by Uromyces viciae-fabae, which pre-
sents host specialization, so that faba bean iso-
lates do not infect well lentil or vetches, and the 
other way around. Races have been suggested 
within the faba bean infecting isolates, but their 
distribution has not been systematically moni-
tored anywhere. Partial resistance not based in 
hypersensitive response is rather common, but 
its inheritance has been insufficiently studied, 
with no QTLs reported so far. Monogenic re-
sistance causing “late acting” hypersensitivity 
(Figure 1) is also known [2]. A number of  ac-
cessions presenting several degrees of  resistance 
to rust have been described in the region, mainly 
in Spain, where the disease was extensively stud-
ied at Córdoba in past decades: V-300, V-313, 
V-1271, V-1272, V-1273, V-1335 2N34, 2N52, 
LPF 120, BPL 710, 132-3, 158-1, and 095-3 
[1, 3]. Registered cvs. Joya and Omeya present 
hypersensitive resistance, while registered cv. 
Borjana shows intermedium levels of  non-hy-
persensitive resistance.

Institute for Sustainable Agriculture, CSIC, Córdoba, 
Spain
* diego.rubiales@ias.csic.es

Figure 1. Rust susceptible accession, with 
well-formed pustules (left), compared with an 
accession displaying incomplete, late action 
hypersensitive response. 

Progress in faba bean breeding for adaptation 
to Southern European rain fed farming systems 
with a focus on stress resistance

by Diego RUBIALES*, Ángel M. VILLEGAS-FERNÁNDEZ
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Ascochyta blight (Figure 2) is a foliar disease 
incited by Didymella fabae (anamorph Ascochyta 
fabae). Spores are carried and distributed by in-
fected seeds and crop debris. Infection can also 
be started by wind dispersed ascospores. Then, 
rain and wind disperse the conidiospores. There 
is no consensus in the definition of  races. Some 
levels of  incomplete resistance are available. In 
Southern Europe the screening for resistance 
has been carried out mainly at Córdoba where 
promising accessions have been identified (i.e., 
L-831818, V-6, V-26, V-255, V-958, V-1020, 
V-1085, and V-1117) [1, 4]. Earlier reports point-
ed towards major gene inheritance, but recent 
studies suggest complex inheritance with some 
QTLs identified [5]. To the far of  our knowl-
edge no cultivars with resistance to ascochyta 
blight have been registered in this area.

Chocolate spot (Figure 3) is incited mainly by 
Botrytis fabae. B. fabae specialization on faba bean 
has been ascribed to its production of  the phy-

totoxins botrytone and regiolone. Variation in 
virulence has been suggested among B. fabae 
isolates but no races have been described so far. 
Accessions with a high degree of  resistance have 
been selected at Córdoba BPL 1763, 135-1, and 
IBL 4726 among others) [1, 3] and some resist-
ant cultivars have been developed, including cvs. 
Arrechana, derived from accession 135-1, and 
cv. Borjana, derived from BPL 710, are moder-
ately resistant. 

Root parasitic weeds like broomrapes are the 
largest problem the Mediterranean Basin and 
Middle East. Orobanche crenata which is the 
most widespread, and the only one problemat-
ic at present in southern Europe although at-
tention should be paid also to O. foetida that 
is problematic in Tunisia and to O. aegyptiaca 
that can be a problem in eastern Mediterranean 
countries. Resistance breeding has been exten-
sive in several Mediterranean programs (Figure 
4). Interestingly, reported resistances use to be 
effective in multiple environments, even against 
both O. foetida and O. crenata or even against 
P. aegyptiaca. Most breeding programs relied on 
the Egyptian G402 as donor of  resistance. In 

addition to this at Córdoba we are incorporat-
ing additional sources of  resistance like the ones 
conferring reduced induction of  broomrape 
seed germination or hampered establishment by 
reinforcement of  cell walls by callose deposition, 
complemented by lignification of  endodermal 
cells [6]. Interestingly, occasional observations 
suggest that the inheritance of  this non-germi-
nation trait in faba bean may be simple, which 
would facilitate resistance breeding and its pyr-
amiding with other resistance mechanisms. Cvs. 
Baraca, Joya, Omeya and Habanita, developed at 
Córdoba are resistant to broomrape.

Abiotic stresses: Southern European climate is 
characterised by mild winters and warm springs, 
with erratic rain concentrated in winter, caus-
ing periodic episodes of  intermittent and termi-
nal drought by the end of  the season. With cli-
mate change, higher temperatures occur earlier 
and droughts become more common, making 
tolerance to heat waves and to drought a priori-
ty in faba bean breeding. Preliminary screenings 
identified drought tolerance in BPL 710, Baraca, 
135-1, V-1020, and V-255.
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Figure 3. Faba bean plant showing chocolate spot 
symptoms.

Figure 2. Leaves and 
stems (left) and pods 
(right) of faba bean 
showing symptoms of 
ascochyta blight.

Figure 4. Genotypes of faba bean resistant 
(left) and susceptible (right) to broomrape in 
experimental fields in Córdoba.
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Status of faba bean in North and East Africa, 
limitations, and prospects

by Lynn ABOU KHATER, Fouad MAALOUF*

Abstract: Being a multi-purpose crop, faba 
bean (Vicia faba L.) is highly valued in North 
and East Africa, however its production is still 
below the demand and its productivity remains 
low in many countries. This is primarily due to 
a combination of  factors including the domi-
nance of  low yielding cultivars, the weak seed 
system in many counties, the susceptibility to 
abiotic and biotic stresses, the lack of  improved 
cultivars and the lack of  extension. These limita-
tions should be addressed by scientists and agri-
cultural policy makers for a more successful and 
promising faba bean production.
Key words: East Africa, faba bean, limitations, 
North Africa, prospects

Faba bean (Vicia faba L.) ranks first among the 
cool season food legumes grown in North and 
East Africa, with production averaging 1.6 and 
0.7 million tons harvested from 0.76 and 0.07 
million ha for dry and green faba bean respec-
tively [1]. The decreasing trend of  faba bean 
acreage in North Africa contradicts with the one 
of  East Arica; however, the production has in-
creased in both regions which can be attribut-
ed to agronomic achievements and breeding ef-
forts, but this production does not seem to meet 
the high consumption of  faba bean.

Not until this year that the green faba bean 
data were included in FAOSTAT which result-
ed in a more accurate estimation of  the total 
production and acreage. Besides being primar-
ily consumed as dry seeds in North and East 
Africa, faba bean green pods and grains have be-
come very popular in many north African coun-
tries like Egypt for example (Table 1) where 
their production has surpassed the one of  dry 
seeds in the recent years as illustrated in Figure 
1. This can be attributed to changes in consumer 
preferences in the Nile Delta, to the opportunity 

of  using the produce as a cash crop and to the 
high yield of  green faba bean compared to the 
one of  dry faba bean grains.

 
Table 1. Production (tons) of dry and green faba 
bean in the main producer countries of North and 
East Africa.

Egypt leads the dry faba bean exports on both 
regional and global levels, whilst Ethiopia leads 
the faba bean production and is the second ma-
jor producer on the global level [1]. But the pro-
ductivity of  faba bean in Ethiopia is still far be-
low its yield potential which prevented the ex-

Production (tons)

Country Dry Green

N
or

th
 A

fr
ic

a Algeria 39629 277353

Egypt 105051.6 190937

Morocco 131208.3 72338

Tunisia 76000 83605.1

E
as

t 
A

fr
ic

a Sudan 176691.7 NA

Ethiopia 1089489 11510.5

Figure 1. Evolution of faba bean 
dry and green productions over 
the years.
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port of  the crop as almost all the production is 
sold in the domestic markets.

Faba bean is a versatile crop; it is of  great val-
ue for both human and animal nutrition. It is 
considered a staple food in the diet of  millions 
of  people in North and East Africa and consid-
ered an affordable source of  protein [2] in many 
low-income countries like Ethiopia, Sudan, and 
Egypt. Although the use of  faba bean as ani-
mal feed has been limited due to its antinutri-
tional components [3], faba bean straw is con-
sidered a cash crop in Egypt and Sudan [4]. In 
addition, faba bean offers many services for the 
agroecosystem [5], However, recent statistics 
suggest that North and East African countries 
are still adopting the cereal monoculture crop-
ping system. The limited inclusion of  faba bean 
in their cropping system might be due to many 
factors like: a) the seasonal prices instability and 
low productivity of  the local cultivars as the dry 
small seeds continues to dominate the total faba 
bean acreage (91% in 2021) [1], b) lack of  ex-
tension and the absence of  a well-functioning 
supply chain that connects farmers to the mar-
ket as the majority of  farmers in the region are 
still growing local landraces that do not meet the 
preferred quality traits of  the domestic and in-
ternational markets, c) the poor cultural practic-
es, d) the weak seed system in many countries re-
sulting in shortage of  improved seeds and e) the 
absence of  modern faba bean cultivars that pre-
sents many farmers desired traits like mechanical 
harvesting and tolerance to different biotic and 
abiotic stresses [6].

Faba bean production in North and East Africa 
is threatened by a number of  abiotic and biotic 
stresses causing growth and performance im-
pairment and season to season yield fluctuations 
[reviewed recently in [7] and [8]]. The most com-
mon and of  economic importance stresses are 
presented in Table 2. Abiotic stresses affect the 
plant-water relationship causing damages. With 
the projected climate change that is anticipated 
to increase the harmful effects of  these stresses 
and the high management cost of  some abiotic 
stresses that the poor farmers cannot afford, the 
development of  tolerant faba bean lines is be-
coming very crucial to ensure yield stability and 
to encourage farmers to further plant faba bean. 
This is the case in Sudan where an increase in the 
faba bean acreage has been observed after the 

release of  heat tolerant faba bean varieties. In 
this framework, the efforts of  the regional faba 
bean breeding programs led to the development 
of  sources for tolerance and to the release of  
tolerant varieties. 

Moreover, biotic stresses like foliar diseas-
es, pests, viruses, and weeds (Table 2) hinder 
faba bean production in the Northern and East 
African regions and can cause complete yield 
loss. Although huge progress was made in im-
proving the detection and management methods 
of  these pests, the projected climate change is 
complicating the timely management and there-
fore the development of  resistant lines is highly 
recommended.

In this end, national research systems in collab-
oration with ICARDA developed and released 
faba bean cultivars that are resistant/tolerant to 
key traits with high yield potential (Table 2), but 
the majority of  these lines provides partial re-
sistance only. Hence, additional efforts are need-
ed to develop varieties with complete and com-
bined resistance.

Although great achievements were made in up-
scaling faba bean traits, additional national and 
scientific efforts are still required to boost both 
production and productivity. The key stakehold-
ers in the region should work together to high-
light the impressive nutritional values of  faba 
bean, to promote its dual consumption (green 
and dry) and the improved varieties, and to en-
sure that the seeds of  the improved faba bean 
varieties are available for farmers by strengthen-
ing the seed delivery system. The extension pro-
grams should raise awareness about sustainable 
agriculture in general and about the economic 
and ecological benefits that will result from in-
cluding faba beans in their cropping system in 
particular. In addition, the faba bean breeding 
programs need to conduct additional research to 
address all the constraints described above and 
develop climate smart, nutritious, and pest-re-
sistant varieties. 
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Stress North 
Africa

East 
Africa Released varieties Sources for resistance

A
bi

ot
ic

 

Heat ü ü 

Basabeer, Ed-Damer, 
Hudeiba-93

VF420, FB2648, IG11908, IG11982, 
IG12110, IG13945, IG99664, 

Vf351, FB2509, IG14026, IG12659, 
IG13958, FB1165, Vf301, VF626

Drought ü ü NA
FLIP06-010FB, Sakha 1, Sakha 

4, Nubariya 1, Nubariya 3

Waterlogging ü ü

Selale, Wayu, Walki, 
Hachalu, Didia, 

Ashebeka, Dagm
NA

Soil acidity   ü NA Dosha, NC 58, Kassa

Soil salinity ü   NA G429, G843, M1

Bi
ot

ic

Ascochyta blight ü   NA
IG72433, IG102181, IG10583, 

IG105860, IG105863, IG106583

Chocolate spot ü ü

Gora, Moti, Gebelcho, 
Obsie, Didea, 
Walki, Dosha

BPL710 and accessions listed 
in Maalouf  et al. [9]

Rust ü ü Dosha BPL710, ILB938

Gall disease ü
Dosha, Tumsa, Walki and 
Hachalu, Degaga, Nc 58

NA

Stem borer ü ü NA IG72498, IG 11561

Sitona weevil ü NA

Black bean aphid ü ü NA NA

Seed weevil ü ü NA NA

Faba bean necrotic 
yellow virus

ü NA
IG159170, IG159165, 
IG159163, IG159162

Bean yellow 
mosaic virus

ü

Selection from BPL 
758, BPL 1311, BPL 

1314, Giza 3
NA

Bean leaf  roll virus ü NA
BPL756, BPL 757, BPL758, 
BPL769, BPL5278, BPL5279

Broomrapes ü ü

Misr 3, Giza 429, 
Giza 674, Giza 843, 
Hashbenge, Baraca

ILB4358

Table 2. Major abiotic and biotic stresses affecting North and East Africa, and the availability of resistance in the region.



26

LEGUME PERSPECTIVES Issue 24 • December 2023

RESEARCH

Abstract: Over the past 15 years, plant breeders 
have developed adapted low vicine-convicine, 
white-flowered, small-seeded, round faba beans 
which are suitable for production in western 
Canada. A considerable expansion of  faba bean 
production is anticipated over the next several 
years. It will help to satisfy the demands of  the 
new and rapidly expanding plant-based protein 
extraction industry in North America.
Key words: Vicia faba, protein industry, breed-
ing, new markets, vegetable-type faba bean

Since the early 1970s, the faba bean industry in 
North America has grown sporadically but has 
not expanded to the extent of  pea and lentil. At 
that time, in Canada, a perceived global shortage 
of  plant protein resulted in the investment and 
establishment of  two full time faba bean breed-
ing programs at the universities of  Manitoba 
and Saskatchewan. Both program efforts dimin-
ished over time, largely because of  the slow pace 
of  export market development for faba bean 
and complete lack of  a domestic market. Both 
faba bean programs were down-sized and then 

evolved to become more focussed on breeding 
of  canola and flax, crops which had better mar-
ket demand. The efforts related to faba bean 
crop development slowly diminished, while em-
phasis was increased on development of  oth-
er grain legumes, especially pea and lentil. Both 
of  these are now mature crops in the northern 
Great Plains of  the USA and the Canadian prai-
rie regions. Since the 1970s, faba bean genet-
ic improvement was maintained at a low level 
in Saskatchewan, and European breeding pro-
grams sporadically introduced white-flowered 

faba bean varieties for potential production in 
the northern third of  the Canadian prairies [1]. 
The production was largely targeted toward 
feeding livestock with small quantities of  tradi-
tional directed toward traditional human mar-
kets in North America and the Middle East.

As concerns increased more recently about 
both prices of  nitrogen fertilizer and environ-
mental contributions to atmospheric carbon di-
oxide, faba bean once again came into focus as a 
potential way to reduce use of  nitrogen fertilizer 
in crop rotations, and to help extend rotations 

of  the pea crop that was increasingly affected 
by Aphanomyces euteiches Drechs., the caus-
al organism of  aphanomyces root rot (ARR). 
Simultaneously, concerted efforts were expand-
ed for in the development of  the plant-based 
protein industry for use in food products, espe-
cially over the past 10 years through investments 
made by Protein Industries Canada. The main 
obstacles to increased production of  faba bean 
was the large seed size and its content of  vi-
cine-convicine (v-c). Interest in investment faba 
bean breeding for the northern great plains of  

Faba bean in North America – Status and 
potential

by Albert VANDENBERG1, Hamid KHAZAEI2

1 Department of  Plant Sciences, University of  
Saskatchewan, Saskatoon, Canada 
bert.vandenberg@usask.ca
2 Natural Resources Institute Finland (Luke), 
Helsinki, Finland 
hamid.khazaei@luke.fi

Figure 1. The direction of breeding for small-seeded round faba beans.
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Canada was re-initiated over the past 15 years 
at the University of  Saskatchewan. The specif-
ic focus was on reducing seed size, improving 
seed shape to round (Figure 1), and altering/im-
proving the seed biochemistry by genetic reduc-
tion of  v-c and tannins in the seed. More re-
cently, leading farmers in the pulse crop industry 
became proponents of  expansion of  faba bean 
production, and seed fractionation companies 
became interested in the higher protein content 
and processing qualities of  faba bean relative to 
pea. 

The discovery of  the genetic marker for the 
low vicine-convicine gene vc1 [2, 3] was an es-
sential and most important step in renewed in-
terest and expansion of  faba bean. Breeding 
programs were able to rapidly develop isolated 
breeding nurseries for low v-c and white flow-
er simultaneously. Using faba bean germplasm 
from central and south Asia, it was possible 
to introgress smaller seed size and improved 
(round) seed shape. This allowed significant po-
tential for reduction in the cost of  seeding and 
improvements in the handling systems at the 
farm level. At the leading edge of  breeding pro-
grams, the shape of  faba bean seeds now is close 
to being round, similar to that of  green and yel-
low pea (Figure 2).

 Interest in expansion of  faba bean in crop 
rotations will continue to increase based on 
demand for plant-based protein, demand for 
longer crop rotations and the incentive to re-
duce the use (and cost) of  nitrogen fertilizer. 
Early results of  nitrogen management research 
indicate that growing a faba bean crop for grain 
in the northern great plains can leave fixed re-
sidual soil nitrogen of  100 kg/ha, and that sub-
sequent nitrogen-requiring crop yields are in-
creased substantially due to the slow release of  
the organic nitrogen throughout the growing 
season. Interest in increased use of  faba bean is 
expanding rapidly as agronomists conduct more 
research on the benefits in crop rotations and in-
tercropping. Significant economic and biological 
rationale exists for reduction of  nitrogen ferti-
lizer use in prairie cropping systems.

The main short-term potential for faba bean is 
its expanding use as a grain crop for plant-based 
protein extraction in North America. Economic 
potential exists for millions of  hectares of  pro-
duction - this would result in expansion of  ni-

trogen fixation benefits in the existing cereal-oil-
seed-legume crop rotations of  the cooler climat-
ic regions where pea and lentil are now used. It 
should be possible to extend crop rotations to 
some extent to include faba bean to help mit-
igate problems with ARR that has become a 
limitation for pea and lentil production. There 
is also increasing potential for using small-seed-
ed faba bean in southern cropping regions as a 
winter green manure in some grain and vegeta-
ble production systems. This could include use 
as a vegetable crop similar to fresh garden pea, 
or even as a stem vegetable for stir frying. Use 
of  faba bean in the seed vegetable form would 
benefit from introduction and expansion of  the 
green cotyledon trait to enhance stable vegeta-
ble colour, similar to green pea. It may also be 
possible to develop faba bean in a form similar 
to that of  the snow or snap pea if  sufficient var-
iation can be discovered or developed for these 

traits. Future research efforts will include deeper 
research into the potential for increased protein 
and improvement in protein quality. In all sce-
narios, the superior nitrogen fixation and crop 
rotation benefits of  faba bean could enhance 
crop rotations and production systems across 
North America.
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Figure 2. From left to right: yellow pea, yellow cotyledon faba bean, green pea, and green cotyledon 
faba bean seeds.
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Prospects of genebank genomics in faba bean

by Hailin ZHANG, Axel HIMMELBACH, Ulrike LOHWASSER, Andreas BÖRNER, Nils 
STEIN, Murukarthick JAYAKODI*

Abstract: Genebanks hold comprehensive 
collections of  cultivars, landraces and crop wild 
relatives, but their detailed characterization has 
so far been applied to major crops. The IPK 
Genebank houses more than 2,000 faba bean 
accessions which can have promising alleles for 
faba bean improvement. However, the lack of  
cost-effective genotyping technology limits the 
characterization of  such germplasm. Here, we 
optimize the cost-effective sequence-based ap-
proach to genotype entire faba bean accessions 
at IPK Genebank. Our efforts will lead to the 
efficient utilization of  genetic diversity for faba 
bean breeding and research.

Keywords: plant genetic resources, genebank 
genomics, genotyping, restriction enzymes, gen-
otyping-by-sequencing

Faba bean (Vicia faba L.) is an important pro-
tein crop in temperate agriculture due to its bet-
ter adaptations. Sequence based characterization 
for faba bean ex situ collections offer opportuni-

ties for sustainable crop improvement and pro-
tein production. However, in the past, genetic 
research in faba bean was limited by the giant 
and complex genome (~13Gb). With interna-

Leibniz Institute of  Plant Genetics and Crop Plant 
Research (IPK) Gatersleben, Seeland, Germany
*  jayakodi@ipk-gatersleben.de

Figure 1. Read depth covering genomic loci distribution in the GBS libraries produced by the various 
restriction enzyme (RE) combinations used to digest faba bean genomic DNA from two accessions (FAB 
6502 and FAB 6477). We have chosen a combination of methylation-sensitive ApeKI and AT-target 
MseI RE for diversity analysis after testing with various single (ApeKI and Msll) and double (ApeKI/
MseI, Pstl/ApeKI, Pstl/Msel, and PstI/MspI) digestion for GBS optimization in faba bean. The number 
of loci in genome region showed a saturating curve shape for four enzyme sets (ApeKI, Pstl/ApeKI, 
Pstl/Msel, and PstI/MspI).
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tional collaborative effort, we generated the first 
high-quality annotated reference genome for 
faba bean [1]. Recently, we further maximized 
the quality of  the reference genome and gene 
annotation using optical map and full-length 
transcripts. Currently, array-based genotyping 
methods are available for faba bean, which is 
expensive in genotyping thousands of  acces-
sions. Thus, a cost-effective genotyping method 
is needed for large germplasm characterization, 
perform genetic studies and identify superior al-
leles for breeding.

We put effort to optimize a cost-effective gen-
otyping-by-sequencing (GBS) [2]. The genome 
fraction captured by GBS depends on the re-
striction enzyme (RE) used. Here, we evaluat-
ed GBS with various REs and found the ap-
propriate combination for faba bean given the 
best library quality, the high number of  genom-
ic loci distributed across chromosomes and high 
enrichment for gene space (Figure 1). With the 
new optimized protocol, we sequence over two 
thousand faba bean accessions from diverse 
sources including genebanks, diversity panels 
and elite lines to understand the faba bean popu-
lation structure and global genetic diversity. This 
study will enable selection of  coresets to study 
important traits, deliver trait-specific novel ge-
netic source and implement genomic selection 
and pan-genomics.
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China has the largest cultivation area of  faba 
beans in the world, with over 800,000 hectares 
harvested annually, being  South China the larg-
er producer, with 90% of  the total Chinese pro-
duction [1]. The sowing time is in Autumn in 
South China and Spring in North China. 

Faba bean is an important crop in China, used 
either as dry seeds, vegetables (fresh seeds or 
fresh pods). Dry seeds are used as human’s food 
or animal’s feeds normally. The dry seeds rep-
resent over 60% in total growth area, and 30% 
are consumed as vegetables in total growth area 
in south. In the North-West China, faba bean 
is planted for food production (dry seeds), and 
only 5% is used for vegetables (fresh seeds or 
pods) only [2]. 

Faba bean is a traditional crop which can also 
be used for green manure and forage, with 
straws being superb feed for livestock consump-
tion because of  their high protein. Faba bean 
is often grown after rice, tobacco, corn, wheat, 
potatoes, and rapeseed crops. Faba bean is the 
most important crop in rotation and short-term 
intercropping in the Chinese agricultural system.

1- The limitations of Chinese 
faba bean industry

a) The faba bean seeds industry is weak, with 
new varieties seldom used. Faba bean is relative-
ly important in southern China, but minor in the 
northern agricultural production system. Any 
case, faba bean is not regarded as a major crop in 
China and has not been supported by key agri-
cultural policies. Still, faba bean has made a great 
progress in breeding. 

b) The labor and modern production tech-
niques are insufficient. The faba bean does grow 
in unsatisfactory farmlands, and farmers require 
to input more costs, like labor and techniques. 
In addition, compared with rice, wheat, corn, 
and other crops, the faba bean is facing critical 
climatic factors, such as cold damage in South 
China, and drought stress in whole faba bean 
production. Unfortunately, modern machinery 
is seldom available to grow faba beans in China. 
This, together with a constant reduction in num-
ber of  farmers is constraining faba bean indus-
try in China.

2- The prospects of Chinese 
faba bean industry

a) There is potential to increase faba bean as 
a food crop as its adaptability is wide, the cold 
and drought tolerance are outstanding relative 
to other cool season crops. Faba bean can be 
used as important measure and supplement for 
planting in some waste fields in winter, in south 
China, which increase the total grain output and  
farmers’ income.

b) Faba bean is a traditional food crop in China, 
used since 2500 years ago.  Faba bean is pretty 
suitable for growing in winter in South China 
because of  the fantastic cold tolerance. The faba 
bean industry does promote the sustainable and 
optimum development of  the agricultural sys-
tem and still supplies an abundant consumption 
option for the population nowadays. 

c) Growing faba beans provides a variety of  
options to deal with the risks of  international 
trade in pulses for China. Faba bean industry is 
an essential measure to ease the dependence on 
importing amount in peas and soybean.
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Join...
up to 400 leading national and international researchers, 
educators and agri-food representatives

		  Share...
		  the latest breakthroughs in legume 
		  genetics and genomics 

		  Shape...
		  global strategies to improve legumes for 		
		  food security without environmental harm

Do not miss the 11th International Conference 
on Legume Genetics and Genomics! 

30 Sep - 3 Oct 

Brisbane/Meanjin, Australia

https://www.iclgg2024.org/

Deadlines:
1 May - Abstract 
submission closes
31Jul - Early bird 
registration closes

Chair: 
Prof Michael Udvardi
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EVENTS

After the amazing ILS4 Granada...

(including another ILS 
Football Cup event with 
blue team emerging 

victorious)

JOIN US AT THE
ILS5 Conference

8-12 June 2026, Dubrovnik, Croatia

Save the date
Save the date
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EVENTS

And do not forget to attend ILS webinars!
The webinars donot require an ILS membership 

and are available to everyone on the ILS website!
2024 calendar:

Jan 9, 4pm CET (UTC+1)

Marion Prudent (INRAE, France)

“Pea resilience to drought”

Feb 6, 4pm CET (UTC+1)

Kristian Holst Laursen (University of Copenhagen, Denmark)

“The impact of plant nutrients on the performance and 
quality of legumes for plant-based foods”

Mar 5, 4pm CET (UTC+1)

Yongfeng Ai (University of Saskatchewan, Saskatoon, Canada)

“Pulse processing and starch utilization”

Abr 2, 12pm CET (UTC+1)

Pei Xu (China Jiliang University, Zhejiang, China)

“Functional phenotyping offers deeper insights into physiology of legume crops”

Mai 7, 4pm CET (UTC+1)

Paolo Annicchiarico (CREA, Italy)

“Breeding forage and grain legumes for intercropping”

Jun 4, 4pm CET (UTC+1)

Jose Carlos Jimenez (CSIC, Spain)

“Nutraceutical properties of lupin (Lupinus angustifolius) seed proteins”
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FOR AUTHORS

Legume Perspectives is an international peer-reviewed 
journal aiming to interest and inform a worldwide multi-
disciplinary readership on the most diverse aspects of  
various research topics and use of  all kinds of  legume 
plants and crops. 
The scope of  Legume Perspectives comprises a vast 
number of  disciplines, including biodiversity, plant evo-
lution, crop history, genetics, genomics, breeding, hu-
man nutrition, animal feeding, non-food uses, health, 
agroecology, beneficial legume-microorganism interac-
tions, agronomy, abiotic and biotic stresses, agroecono-
my, sociology, scientometrics and networking.
The issues of  Legume Perspectives are usually themat-
ic and devoted to specific legume species or crop, re-
search topic or some other issue. They are defined by 
the Editorial Board, led by the Editor-in-Chief  with the 
help from Assistant Editors, who select and invite one 
or more Managing Editors for each issue. Having ac-
cepted the invitation, the Managing Editor agrees with 
the Editorial Board the details, such as the deadline for 
collecting the articles and a list of  the tentative contrib-
utors, from whom he, according to his own and free 
choice, solicit the articles fitting into the defined theme 
of  an issue. A possibility that every member of  the glob-
al legume research community, with a preference of  the 
International Legume Society members or established 
authorities in their field of  interest, may apply to the 
Editorial Board to be a Managing Editor  and suggest a 
theme for his issue is permanently open and can be done 
simply by contacting the Editor-in-Chief  by e-mail, with 
a clearly presented idea, structure and authors of  the po-
tential issue.
Since one of  the main missions of  Legume Perspectives 
is to provide as wide global readership with the insight 
into the most recent and comprehensive achievements in 
legume science and use, the articles published in Legume 
Perspectives are usually concise, clear and up-to-date 
reviews on the topic solicited by the Managing Editor 
from each author. Managing Editor is solely responsible 
for collecting the articles from the authors, anonymous 
peer-review,  communicating with the Technical Editor 
and providing the authors with the proofs of  their man-
uscript prior to the publication.
Apart from review articles, Legume Perspectives is keen 
on publishing original research articles, especially if  they 
present some preliminary results of  an outstanding sig-
nificance for legume research and before they are pub-
lished in their full volume, as well as brief  reports on 
already held and announcements about the forthcom-
ing national and international events relating to legumes, 
descriptions of  the projects on legumes, book reviews, 

short articles on legumes in popular culture or everyday 
life, fiction stories on legumes and obituaries. The au-
thors of  such contributions are advised to contact the 
Editor-in-Chief  first, in order to present the draft of  
their idea first and receive a recommendation if  it is ap-
propriate. 
 Regardless of  the article category, Legume Perspectives 
prefers a clear, simple and comprehensive writing style 
that would make its articles interesting and useful for 
both academic and amateur audience. Your article is ex-
pected to assist in the exchange of  information among 
the experts in various fields of  legume research.
Legume Perspectives welcomes either longer (900-1,100 
words + up to 3 tables, figures or photos + up to 10 
references) or shorter (400-500 words + 1 table, fig-
ure, photograph or drawing + up to 4 references) man-
uscripts. The Editor-in-Chief, depending on the opin-
ion of  the Managing Editor, may allow any variation in 
length or structure, from case to case. 
The manuscripts for Legume Perspectives should be 
prepared in Microsoft Office Word, using Times New 
Roman font, 12 points size and single spacing. Please 
provide each manuscript with a 100-word abstract and 
4-6 key words listed alphabetically. The references 
should follow the style of  the published papers in this 
issue, be given in full and listed alphabetically. The tables 
may be incorporated in the manuscript, while figures, 
photographs or drawings should be submitted separate-
ly as jpg files with a resolution of  at least 600 dpi. The 
authors whose native language is not English are strong-
ly advised to have their manuscripts checked by a native 
English speaker prior to submission and be persistent 
in following only one of  all the variants of  English they 
themselves prefer.
Publishing articles in Legume Perspectives is free.
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