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ABSTRACT KEYWORDS
Successful production of faba bean crops under severe conditionsand in Faba bean;
the presence of a wide range of disease-causing fungi, parasitic weeds, Pests and diseases,
nematodes, insects, mites and other pests depends on the integration of Induced mutations;
genetic resistance, hygienic management, monitoring of the target organ- Integrated crop protection;
isms and timely application of appropriate chemical and biological treat- Genetic diversity;
ments. This paper reviews the strategies devel oped to enhance growth of Gammaray.

faba bean, the limits and possible solutions. Control methods are being
developed that comprise agronomical management techniques, chemical
and biological control methods, genetic and induced resistance. How-
ever, the main concern is that to date, no single method of control pro-
vides complete protection against these pathogens and parasites. For
that reason, an integrated approach is needed in which a variety of such
techniques are combined, in order to maintain faba bean production un-
der severe conditions. For inducing genetic diversity the use of ionizing
radiation especially gammarays, is well established. Induced mutations
have been used to improve major cropswhich are seed propagated. Since
the establishment of the Joint FAO/IAEA Division of the Nuclear Tech-
niques in Agriculture, more than 1800 cultivars obtained either as direct
mutants or derived from their crosses have been rel eased worldwidein 50
countries. In the presence of regression of faba bean culture in the world
caused by selection pressure on the pathogens and pests, creating new
varieties, continued breeding for novel resistance genes, devel opment of
new selective chemicals, screening for new biocontrol agents and the
design of new management strategies will all be necessary.
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INTRODUCTION

Fababeaniswiddy used inthe Mediterraneanre-
gion assourceof proteinin both human and animal nu-
trition®!. Thenutritiona valueof field bean hasbeen
traditiondly attributed toit high protein content(?4. Itis
also agood source of sugars, mineralsand vitamins.
Thus, thechemica andysisof thislegumereved sa50-
60% content of carbohydrate, whichismainly consti-
tuted by starch, whilethe proportion of lipidsisrela-
tively low at about I-2.5% with oleicand linoleic acids
representing about 75% of fats. Fababean also con-
tributestofarmer’s income and improves the soil fertil-
ity throughbiologica nitrogenfixation.

Despitedll these beneficial aspects, theareaand
the production of legumesin Tunisahavenot increased
inthelast years. Diseases and pestshave been reported
asrecurrent problemsin Tunisd®. Thiswashighlighted
during many seasons, wherethe magjority of fababean
crop was devastated by chocolate spot incited by
Botrytisfubae. Nematode (Ditylenchusdipsuci), rust
(Urorrzyces fubue) virus diseases and root rot
(Rhizoctoniu spp.) were d so present!®57, Chocolate
spot wasidentifiedin amost all the areas covered by
thesurvey including the semi-arid and arid areas of the
centra and southern parts of the country wherethecli-
matic conditionsare normally not conducivefor dis-
ease devel opment. Aphidsand othersinsectssuch as
Stona spp. and stem borer (Lixusalgirus) cause some
damage to faba bean®. The presence of Orobanche
spp. in somefababean growing areasisconsidered as
alimiting factor to the expansion of the crop!™.

Geneticresistanceisconsidered themost desirable
control method sinceit ismore cost effective and envi-
ronment friendly than theuse of chemicals. Gammair-
radiation wasfound to increase plant productivity. In
this connection, Jaywardenaand Peirig> stated that
gammaraysrepresent one of theimportant physical
agentsused toimprovethe charactersand productivity
of many plants (e.g. rice, maize, bean, cowpea and
potato). Gammaraysbelong toionizing radiation and
interact to atomsor moleculesto producefreeradicas
in cells. Theseradicals can damage or modify impor-
tant componentsof plant cellsand have been reported
to affect differentially the morphol ogy, anatomy, bio-
chemistry, and physiology of plants depending onthe
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irradiation level. Theseeffectsinclude changesinthe
plant cellular structure and metabolism, e.g., dilation of
thylakoid membranes, ateration in photosynthesis,
modul ation of the antioxidative system, and accumula
tion of phenolic compounds®63114, Radiation medi-
ated in vitro mutagenesi s and sel ection has been suc-
cessfully used toimproveagronomictraitssuch assa
linity and drought tolerance in different crop
plantg-3389119 agvocating that tissue culture sdection
isuseful to select stress-tolerant clones. Severa works
have shown that mutagenesiswith gammarayscan be
successfully used to devel op new linesuseful for breed-
ing, such Sweetpotato, Grass pea®, Cocoyam
Xanthosoma sagittifoliuni*?. A major amfor any crop
breeding programisthe devel opment of good quality
lineswith an adegquateres stance/tolerancetoyield-re-
ducing stresses.

The combination of genetic res stance, hygieneand
monitoring of cropsfor threshold level sof infestation,
alowsthemost economic and effectiveuseof chemica
controls with the result that economic yields can be
maximized. Inthispaper wereview strategiesfor faba
bean improvement growth under severeconditionsand
inthepresenceof awiderangeof disease-causingfungi,
parasitic weeds, nematodes, insects, mitesand other
pests.

BIOTIC STRESS

Water and salinity stress

Growth of faba bean is very sensitive to water
stresd™, That sengitivity isaresult of itsmaximum depth
of rooting isrelatively shallow, approximately 0.9 m,
and itsdisability to adjust osmoticaly towater stresg®!.
Furthermore, water stress hasadeterminant effect on
fababean vegetative growth, aswell asreproductive
growth™. Theearly podding stage of development was
themost sensitiveto water stress, caused areductionin
fababean yield by 50%/82.

Sdinity isaworldwideprobleminirrigated areas™!.
Inthe Mediterranean area, the percentage of irrigated
soilsaffected by salinity amountsto about 20%, vary-
ing from country to country between 7 and 40%(%" .
Al-Tahir and Al-Ab dulsalam“ resultsindicated that
fababean wasmoresengtiveto sdinity during theveg-
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etative stage and lesssensitive at later stages. Infaba
bean water sdlinity significantly reduced thegrainyield
and grain number but did not affect grainweight. Sdin-
ity significantly reduced the dry weightsof both faba
bean’s shoots and roots, shoots appeared to be more
sengitiveto salinity than rootg?.

Nitrogen deficiency

Fababean deliver animportant ecosystem service
to cropping systemsviaitsability to symbiotically fix
amospheric N,/ Dykeand Prew!*! reported that faba
bean roots and stubbl e contributed 44-50 kg N/ha to
therequirementsof thefollowing cropin atemperate
climate. Provided the soil contains sufficient popul a
tionsof effectiverhizobiafababean can accumulateni-
trogen both from soil and theatmosphere. Therelative
contribution from each sourceto satisfying fababean’s
nitrogen requirementsfor growth will beheavily influ-
enced by the concentrationsof availablesoil mineral N
intherooting zone™,

Agronomic management methods

Inregionswhereterminal droughtisaregular oc-
currence, thelength of the critical growing period may
be minimized by selection of varietieswith an gppropri-
ate phenol ogy or by adoption of appropriate fababean
management strategies. Thesestrategiesof drought es-
cape are not as successful when transient drought oc-
curs, with unpredictabletiming, earlier inthegrowing
season. Early sowing and vigorous growth reduces soil
evaporation so, by sowing earlier, thetimeto flowering
and pod fill may lessen, thereby reducing the effect of
termina drought(>®!,

Chemical and biological methods

Concerning drought and salt tol erance, this char-
acter reported in severa genotypes of fababean may
beimportant in some Mediterranean zones. It hasbeen
congdered by afew physiologistsinrelationto thetol-
erance of the plant-Rhi zobium symbiosi§2+*1 but not
specifically by breeders.

Biotic and abiotic stressesare not controlled effec-
tively by traditiona control strategies, and usudly the
used control methodisenvironmentally hazardous. The
control of these stresses has been the aim of many re-
search programs, but success has beenlimited. A few
varietiesof cropshaveaninherent tolerance.

—=—— Review

Thebest long-term strategy for controlling stresses
isthrough the breeding of resistant genotypes. Little
work has been doneon resistant varieties. For the her-
bicidesthey are of little use with parasitic mistletoes,
and few host species show significant resi stance useful
inabreeding program. Despitemany yearsof hardwork
by plant breeders, resi stant cultivars of most cropsare
not available: breeding for parasitic plant resistanceis
very difficult. Development of effective genetic engi-
neering strategiesfor resistanceto parasiticweedsre-
quireidentification of 1 geneswhoseproductsare se-
lectively toxic and inhibit parasitegrowth and 2 pro-
moter sequencesthat optimize expression of suchtox-
ins

FUNGI

Many fungi have been described, although only a
few haverea economicimportance3+%l,

Rust (Uromycesviciae-fabae (Pers.) Shroet.)

Rust caused by Uromyces viciae fabae pers.
Schroet, isone of themost widdly distributed diseases
of fababean around the world*. Rustsattack aerial
organs, especially leavesand stems, producing typica
red-brownish powdery lesions. Itiswidespread, but is
important only in some humid and warm regions. In
general, rust appearslatein the season and causesan
estimated 20% |l oss in faba bean production!”. Rust
occursmostly latein the season and therefore, chemi-
cal control may not be economical. However, when
rust occurs with chocolate spot in the same field,
Mancozeb (Dithane-M45) can be used™. Remova of
infected plant debrig®, destruction of other host spe-
cies and rotating faba bean with non-host crops??,
should play animportant rolein reducing chances of
surviva and primary infectionsinthefied.

Ascochyta (Ascochytafabae Speg.)

Leaves, stems, and pods exhibit symptoms. On
leaves, lesonsaredark brown, circular todliptic, some-
what sunkeninthegreentissue. Theexpansononthe
leaf changesto anirregular shapeandisgrayishinthe
center, with picnidia(afruiting body containing spores
foundincertainfungi) becoming goparent. Onthestems,
spotsare smilar to those on theleavesbut more elon-
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gated. Rotations help in decreas ng theimportance of
thedisease.

Chocolate spot (Botrytisfabae Sardiiia)

Lossesoccurred by chocol ate spot forced several
fababean growersto abandon their crops®. Thedis-
ease occurs anywhere faba bean is grown. Losses
caused by chocolate spot are due mainly to adecreased
number of pods per plant™2. However, stem, flower
and pod tissues may a so becomeinfected. Although
stems, pods, and even flowers can show symptoms of
chocolate spot under theright conditions, themost af-
fectedtissueisthefoliar one.

Mildew (Peronosporaviciae (Berk.) Caspary)

Symptomsarevisibleinleaf margins, which later
dry out!™. Crop rotation and destroying crop residuals
dleviatethepresence of mildew.

Agronomic management methods

Fababeanissusceptibleto severd pathogenicfungi.
The use of host plant resistance isthe best means of
disease control, given that management practicesare
not dwayseffective enough and fungicidesare costly
(bothin economic and environmental terms). Several
means are empl oyed to agronomic fungi management
infababeans. Croprotationisacritica part of control
of al of themgor diseasesand therotation period needs
to takeinto account the other host species. The use of
clean, unblemished and preferably certified seedisvita
for minimizing the spread of Ascochyta blight asthe
pathogen can be carried under the seed coat’®!. Re-
ducing relative humidity next to the plant surfaceisan
effectiveway to hinder theinfection process. In addi-
tiontotheir requirementsfor high humidity and damp
leaf surfaces, each of these diseases has an optimum
temperaturerange. Finaly, any factor that diminishes
plant vigour promotesthe devel opment of the disease.
Therefore, nutrient deficienciessuch asphosphorusor
potassium should be avoided, the sameaswith high
weed infestation; equaly agood soil drainagehasto be
maintained, thus preventing water logging. Frost dam-
age also increases susceptibility to chocol ate spoti“Y,
S0 sowing date should be chosen accordingly.

Chemical and biological methods
Disease control with fungicideisfocused onfoliar
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sprays. Fungicidesareregularly employed to prevent
further progress of chocolate spot disease in fields
around theworld, and have been tested in different stud-
ieg57°97, Many compounds have beenreported ashelp-
ful in controlling chocolate spot: benzimidazoles
(benomyl, carbendazim), dicarboximides (procymidone,
iprodione, vinclozolin), dithiocarbamates (mancozeb),
aromatics (chlorothaonil), conazol es (tebuconazole,
cyproconazole, metconazole) and strobilurins
(azoxystrobin, pyraclastrobin). Chlorothalonil and
mancozeb are also recommended for controlling
Ascochytablight'®!, and chlorotha onil and carbendazim
control Cercosporaleaf spot although neitherisregis-
tered. Mancozeb, chlorotha onil, copper and triadimefon
with propineb have been recommended against rust.

VIRUSES

Upto now, neither viruses nor bacteriahave been
considered major diseases, except locally in some
cases'18, No bacteria diseases are worth mention-
ing®®. Important virus diseases of fababean arebean
yellow mosaic virus (BYMV), bean leafroll virus
(BLRV) and broad bean stain virus (BBSV)[14101.109

Bean leafroll virus(BLRV)

BLRV isthemost important virusknown to infect
fababean. It wasfirst isolated from fababean by Quantz
and Vol k® in Germany. Themain symptoms produced
by thevirusareinterveind chlorosis, yelowing, stunt-
ing, leaf rolling, reddening and thickening of theleaves,
suppression of flowering and pod setting.

Bean yelow mosaicvirusgenuspotyvirus(BYMV)

BYMV was reported in fababean by Boning*® in
Germany. Thenumber of fid dsinfected withBYMV can
vary greatly amonglocations. A highincidence, up to
100%, has been noted in someregions of Egypt, Iraq
and Sudan. Two of these countries (Egypt and Sudan)
areknownfor their rl atively warmwinters which favour
increased aphid popul ationsand movement. Theeffect
of BYMV onyidd depends, to agreeat extent, onthetime
of infectionand onthestrain of thevirus.

Beet western yellows virus genus polerovirus
(BWYV)

BWYV wasfirstisolated by Duffus® in California
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Synonymsfor BWYV areMdvaye lowsvirusand Tur-
nip mildyellowsvirus. Themain symptoms produced
uponinfectionwithBWY'V areyelowingand stunting
with brown phloem discol oration.

Broad bean mottle virus genus bromovirus
(BBMV)

The symptomsproducedin fababean are, mainly,
mottling, marbling or diffusemosaic, whichisoften as-
sodaed withleaf maformeation and sometimeswith plant
stunting. A fababean | 0ss 35-55%, depending ontime
of BBMV infection has been reported®”. Thevirushas
been found to reach high levelsof incidencein faba
bean fieldsin Morocco, Sudan and Tunisia®26" &,

Faba bean nectroticyelowsvirusgenusnanavirus
(FBNYV)

FBNYV was first isolated from faba bean near
Lattakia, Syrid®. Theviruscan bevery damagingin
thoseyearsin which an epidemic occurs, as happened
inMiddle Egypteduring 1992, 1997 and 1998 and in
Tunisiain 2001/%, Oneweek ol d fababean plants show
retarded growth asearly asfivedaysafter inoculation.
At two weeksafter infection, theplantsareusually se-
verdy stunted. Theleavesbecomethick and brittleand
show interveind chlorotic blotches, which beginat the
leaf margins. Thoseyoungleavesremanvery smdl and
are cupped upwards, whereas older leavesarerolled
downward. New shoots, leaves and flowersdevelop
poorly. About 3-4 weeksafter infection, interveind chlo-
rogsusudly turnsnectroticandinfected plantsdiewithin
5-7 weeks after infectionl®.

Agronomic management methods

Therearemoderatelevel sof resistanceto viruses
ingenera and particularly for Bean Leaf Roll Virusand
Bean Yellow MosaicVirusbut damageistoo small to
be considered by breeders.

Chemical and biological methods

Many chemical shave been reported asvirus’s re-
sstanceinducersin plants'®. Among thesechemicals,
salicylicacid (SA) isconsidered one of the key com-
ponentsof defencesigna transduction, whichinduces
afull set of systemic acquired resistance geneg6:59,
SA may have an effect on plant defence mechanisms
againgt harmful diseases. SA can generally control both
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biotic and abiotic defence programmes*6°7. Radwan
et d.®¥ reported the use of SA to induce resistance in
fababean plants against BYMV.

NEMATODES

Nematodes are seriouspestsin someregions, a-
though they are al so spread in many regions without
chdlenging theyid d®. Stem nematode (Ditylenchus
dipsaci Filipjev) isthemost important to fababeans,
especially incold regions. Young stemsthicken, and
thisthickeninglater affectsthe adult stem, which be-
comesreddish brown at the beginning and endsup a -
most black. Petiolesand ledfletsaretypicaly deformed.
Theinfection can passto the podsand seeds. Thepara-
sitecan persistinthesoil for severa years, even with-
out thehost presence®.

Sem nematode (Ditylenchus dipsaci (Kuhn)
Filipjev)

Thestem nematodeD. dipsaci isadestructive seed
and soil-borne pathogen of fababean in many parts of
thetemperate region*-4047, Infested seedsplay anim-
portant rolein the surviva and di ssemination®” of the
nematode. Thisisprobably why D. dipsaci hasavery
widegeographica distribution“l. Although severd bio-
logical raceshave been reported in stem nematode™®?,
the ‘giant race’ is generally more common in the Medi-
terranean region*¥40% compared to the ‘oat race’ in
Europd*d. The‘giant race’ is responsible for more dam-
age and greater percentage of infested seeds, compared
tothe ‘oat race’™. Yiddlossesashigh as67.8%, with
20% of the seedsinfested have been reported from ex-
perimentd plots, with 650 larvae of the ‘giant race’ per
100 cc sail, in Syrid®. Thefirst sign of infectionisa
dight swelling of theyoung semand ditortion and twis-
ing of petiolesand leaves. Astheplant matures theswollen
areasonthestem enlarge and turn dark brown to black.

Agronomic management methods

Chemical treatment of the seeds stained by stem
nematodeinfestation seldom destroysthe populaion, so
clean (certified) seedisthebest formof prevention. Smi-
larly, transfer of infected straw and plant debrisisto be
avoided and somenematodesininfected seedscan even
urvivepassagethrough amonogagtric or ruminant mam-
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mal®!, Thusincinerationisgtill consdered themost &f-
fectivemethod of destroyinginfected materid.

Chemical and biological methods

Chemicd control of nematodesisdifficult. Thepow-
erful insecticide Aldicarb was considered effective
against Pratylenchus, Meloidogyne and Ditylenchus
species, but it has been banned within the European
Union and in someother regions. Oxamyl isconsid-
ered effective against root-knot nematodes. Solariza-
tion wasfound effective against severd speciesinclud-
ing P. thornei when thetemperature under the plastic
cover reached 55°C1,

PESTS

The insect pests are largely the most important
ones’®,

Bruchus(BruchusrufimanusBoheman)

Thefemaesaseggsinddethegrainat young stages
of thepod. Thelarvaefeed ins dethe seeds, destroying
them either when still inthefield or later, after they are
harvested. Theadults overwinter inthegranariesand
migratetothefieldinthespring.

Sitona (SitonalineatusL .)

Adultsof sitona attack theleaves, eating the | eaf
marginswithaset of typica semi drcularincisons Lar-
veelivebe ow the ground, damaging therootsand, es-
pecidly, the Rhizobiumnodul esthat areether destroyed
or diminishedintheir activity™,
Lixus(LixusalgirusL.)

Lixusaredistributed specially intheNorth Africa
and theWest Asia. Lixusareborersthat grow within
the stems, drying out the plant at the vegetative stage’™.
Aphids(Aphisfabael .)

Aphidsare polyphagous, especially Aphisfabae,
awel-known enemy of many plants??. They are suck-
ers, living inthe uppermost parts of stemsandinthe
buds, deformingthe plant shapeand stoppingitsgrowth
if not controlled.

Agronomic management methods
Cultura techniquesthat include siteselection, crop
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rotation, cultivar and seed selection, preferential sow-
ing dates, row spacing and plant density, weed control
and morerecently stubbleretention areal usedtore-
duceinsect pest popul ationg®85475.110],

Chemical and biological methods

Pest management in fababeans depend heavily on
broadspectrum insecticides, which dueto their low cost
are often used prophylactically, particularly to control
aphids. However strategies to minimize the use of
broad-spectrum insecticidesarewiddy used and when
required they arewhere possi ble substituted with more
sdlectivechemicasor bio-pesticides. The dependence
of fababean on beesfor pollination necessitates par-
ticular careinthe choiceof chemical andtiming of in-
secticidetreatments. Traps utilizing insect sex and ag-
gregation pheromonesand feed baits, i.e., poultry mash
to attract snailsand seed baitsfor wireworms, are used
to monitor pest presence 074,

PARASITICPLANTS

Weedsin general and the parasitic weedsin par-
ticular aremajor constraintsto the fababean produc-
tion. Parasites are the most destructive weeds
known®%_ Parasitic weeds adopt different formsto
invade host plants. Someinvade agria parts, whereas
othersinvade the underground roots such Orobanche
and Srigal™. Parasitic plantsvary widdly intheir de-
gree of host dependence. Parasitic weeds such as
Orobancheand Sriga aredifficult to control because
they are closely associated with the host root and are
concealed underground for most of their lifecycle. The
main difficultiesthat currently limit the devel opment of
successful control measuresarethe ability of the para-
siteto produce atremendous number of seedsthat may
remainviableinthe soil for morethan 15 years and the
intimate physiological interaction of the parasitewith
host plants. Wewill now discuss the four most eco-
nomically sgnificant higher plant parasitegroups.

Orobanche

The broomrape (Orobanche) is one of the most
important limiting factors in faba bean production
throughout the M editerranean region®! including coun-
triesin Europeand North Africaand othersinthe Near
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East. The damage caused by the parasites Orobanche
onfababeanfiedissignificant, themain congtraint for
itscultivationintheMediterranean areaspecificdly the
species O.crenata, O. foetida and Phelipanche
aegyptiaca (formerly O. aegyptiaca)! 629,
Broomrapes (0. sp.) are holophrastic weedsthat
depend wholly ontheir hostsfor nutrition. For instance,
O. crenata can cause yield reductions of faba bean
(Miciafaba L.) ranging from 5 to 100 percent depend-
ing ontheseverity of infestation’®, Efficiency of broom-
rapes, asparasites, pertainsto their ability to germinate
upon stimulation*d, penetrateinto host tissue®, de-
velop haustoriumi?®, establish connection through xy-
lem fusion?¥, useavailablefood™3, then grow, repro-
duce, and persist in the soil asdormant seeds.
Orobancheis, however, considered an important
agricultura parasteinfababeanin Bgaregion of Tuni-
sd®. Themain Orobanche speciesin Tunisiainclude
O.crenata, O.foetida and O.ramosg®ll. The estimated
levelsof Orobancheincidencewasindicated that about
5000 ha out of 70 000ha planted to food legumes might
have Orobancheinfestation and Yield lossesare ap-
proximate from 20 to 80 percent. O. foetida iscom-
mon in the Northern partsonlarge and small seeded
fababean beside other speciesof different families.
Researchresultsindicatethat thereisagreat poten-
tid forimprovingthe productivity andyid d sability if the
biotic and abiotic stressfactorsareeffectivey controlled
andtheinherentyied potentid of thecultivarsisimproved.

Sriga

Sriga spp. areobligateroot hemiparasitesand in-
fest an estimated two-thirds of the ceredl sand legumes
in Sub-Saharan Africa®®Y. Several speciesof Sriga
attack themgjor cered cropsinAfrica(e.g., fababean,
maize, sorghum, millet, andrice). Sriga constitutesa
major biotic constraint to the production of fababean
crop andisconsdered to bethemost devastating para-
siteingrainproductioninAfricad®.

Cuscuta

Cuscuta spp. haveyd low-to-orange, rootless, legf-
lessvinesthat attach to the shoots of host plants. They
areobligatehol oparasites, typically exhibiting broad host
ranges, andinflict seriousdamageto many crops. Seeds
of Cuscuta spp. have been transported worldwidein
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contaminated shipmentsof crop plant seeds. It’s com-
monly known as dodder, areimportant weedsin Eu-
rope, the Middle East, Africa, North and South
Americd®. Cuscuta are obligate parasitic plantswith
approximately 170 different speciesthroughout the
world“. All speciesof the genus Cuscuta areobligate
parasitesthat attack ssemsand leavesof awidevariety
of host species, including forage cropsand vegetables
such fababean.

Agronomic management methods

Thereisno singletechnology to control parasitic
plants. Theeffectivenessof conventiona control meth-
odsislimited dueto numerousfactors, in particular the
complex nature of the parasites, their tiny and long-
lived seeds, and the difficulty of diagnosisbeforethe
cropisirreversbly damaged. Theintimate connection
between host and parasite hindersefficient control by
herbicides. Preventionisof great importance. Onalo-
cal level, the sources of infestation can be reduced by
controlling theuse of contaminated seedlots, or smply
by destroying heavily infested crops™. Seedbank de-
mise can beefficiently achieved by fumigation or solar-
ization, but thisisnot economicalyfeasibleinrdativey
low valueand low-input cropslikefababean. Some
biologicd control agents have shown promisein man-
aging broomrape, but the technology isnot ready yet
for commercial application®. Early plantings of faba
bean areoften more severdly infected so delayed sow-
ingisarguably the best-documented traditiona method.
Manua weedingisuseful just to avoid spreading of the
seeds and further increases of the seed bank at the be-
ginning of theinfestationinfield, but itisnot economic
inindustridized agriculture. Crop rotationisof limited
vaueduetothelong viahility of the seedsand the broad
host range.

Chemical and biological methods

Broomrape on fababean can be effectively con-
trolled by glyphosate, but when the herbicideisapplied
too early, not enough attachments are controlled. So,
broomrape control normally requiresiower foliar her-
bicide application ratesthan those applied for control
of autotrophicweeds. Concerning thebiol ogical means,
numerous microorganisms that might be useful for
biocontrol of broomrape species have been isolated
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and reported in the past, but none has been used
widely®*3, However, thetechnology isnot ready yet
for commercid gpplication

ENGINEERINGAPPROACHES

Significant geneticvariationfor dl thesetraitsof in-
terest existswithin numerousfababean germplasmlines
maintained, providing an excellent resourcefor plant
breeders?. Fast and reliable screening methods have
been adjustedtofulfil theneedsof breeding programmes
both for funga diseases*®1%l, parasitic weeds® and
abiotic stresses™™, Many of thesetraitsof interest have
aready been incorporated into modern cultivars but
severa others, many of which arecontrolled quantita-
tively by multiple genes, havebeen moredifficult toma-
nipulate. Successful application of biotechnology tore-
sstance breedingin fababean will require bothagood
biological knowledgeof fababean andthemechanisms
underlying resistance. Although relevant progresshas
been madeintissue cultureand genetic transformation,
fababeanisdtill far from other cropsin biotechnologi-
cd achievements. Smilarly, evenwhensgnificant QTL
(Quantitative Trait Loci) studiesarebeingidentified,
thisisdill insufficent toefficiently goply marker-asssted
breeding. Thelimited saturation of thegenomicregions
bearing putative QTLs makesit difficult to identify the
most tightly linked markers and to determinethe accu-
ratepositionof QTLs. Breeding effectivenessmight soon
increase with the adoption of thenew improvementsin
marker technol ogy together with theintegration of com-
parative mapping and functional genomicg?*4. Mu-
tagenesisisone of themost critical stepsfor genetic
variation aswell asselective breeding. Successful mu-
tant isolation largely relieson the use of efficient mu-
tagens.

Chemically induced mutation

Chemicd mutagensaredefined asthose compounds
that increasethefrequency of sometypesof mutations.
Chemical mutagens can be divided into two classes
those mutagenswhi ch can cause mutationsto both rep-
licating and nonreplicating DNA, arecalled asclass|
mutagens, those chemical s, which affect replicating
nucleic acidsarecalled asclass|l mutagens.

Themoleculesof dassIl mutagenslook likenucleic

inogecﬁtzofo_qy C—

acid; hencethey areincorporated into thereplicating
DNA molecule. Themost promi nent mutagenic mem-
bersof thisclassare baseand ogsand dyes (dkylators).

In plant research, the most popul ar chemical mu-
tagen, ethylmethane sulfonate (EM S), has been com-
monly used for thispurpose. Although thismutagen can
be handled easily and applied to any plant, it primarily
produces single base substitutions, but not drastic mu-
tationssuch aslargegenomic deetions.

Physically induced mutation

Theability to induce mutati ons has been amajor
drivingforcein geneticsfor the past 75 years (Muller
1930). Theuse of nuclear techniquesin plant breeding
has been mostly directed for inducing mutations. Since
thediscovery of X-raysabout one hundred years ago,
theuse of ionizing radiation, such as X-rays, gamma
raysand neutronsfor inducing variation, has become
an established technol ogy. Induced mutationshavebeen
used intheimprovement of mgor cropssuch aswhedt,
rice, barley, cotton, peanuts, beans, which are seed
propagated®. During the past seventy years, world-
widemorethan 2250 varieties have been rel eased that
have been derived either asdirect mutantsor fromtheir
progenies™. Induction of mutationswith radiation has
been the most frequently used method for directly de-
veloped mutant varieties. Sincethe establishment of the
Joint FAO/IAEA Divison of theNuclear Techniquesin
Agriculture, morethan 1800 cultivars obtained either
asdirect mutants or derived from their crosses have
been rel eased worl dwidein 50 countries™.

Theionizingradiation (IR) causesavariety of DNA
damages, including base and sugar dterations, forma
tion of DNA-DNA and DNA—protein cross-links, as
well assingle-strand breaks (SSBs) and double-strand
breaks(DSBS). Itis, however, generally accepted that
the DSBsarethemain, if not the only type of damage
that |eadsto thecell death®!.

Induced mutationswill continueto haveanincress-
ingroleincregting crop varietieswithtraitssuch asmodi-
fied ail, protein and starch qudity, enhanced uptake of
specific meta's, degper rooting system, and resi stance
to drought, diseasesand sdinity asamajor component
of theenvironmentally sustainableagriculture.

Futureresearch oninduced mutationswould aso
beimportant in thefunctiona genomicsof many food
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crops. Most mutant varietieswerereleased in China
(26.8%), India(11.5%), USSR and Russia(9.3%), the
Netherlands (7.8%), USA (5.7%) and Japan (5.3%).
Many induced mutantswererel eased directly asnew
varieties; others were used as parentsto derive new
varieties. For example, of the 2,252 varieties, 1,585
(70%) wererdeased asdirect mutants, i.e. from direct
multiplication of aselected mutant and its subsequent
releaseasanew variety. Inrice, themajority of mutant
varieties were devel oped as direct mutants sel ected
from mutated populations. Theremaining 667 crop va-
rietieswerederived through crosseswith induced mu-
tants. Mutation induction with radiation wasthe most
frequently used method to devel op direct mutant vari-
eties (89%).

CONCLUSION

Ineach country or region thefababean (Mciafaba
L.) isgrownwidely under arangeof climétic conditions
from temperateto subtropical andit hostsawidevari-
ety of regional, native and exotic cosmopolitan insect
pests, fungd pathogensand virusesaswell asparaditic
weeds so ageneralized integrated management strat-
egy isunlikely to beredlized. Chemicd, agronomicand
biologica methodsdeve oped hepin management some
payhogensbut can not immunethefababean against dl
severeconditionsand pest. Genetic resistanceisavail-
ablebut for somefungi, nematodes and broomrapes,
and cultivarswith singleresistancesare not onthe mar-
ket in many countries. High yield and resistance/tol er-
anceto both biotic and abiotic stressesare the prime
objectives across faba bean breeding programmes.
M utation breeding using physical mutagensfor evolv-
ing new genotypes has been used inrecent yearsasa
valuablesupplement to themethod of plant breedingin
the devel opment of better crop cultivarg*1°42,
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