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I\BSTRACT
Gamma rays 30 and 40 Grays with 0'2% of the chemical mutagen

Ethyl mr:thane sulfonate (EMS) and their combinations were used on the
rlry seeds of both Ekwadelgi and Kebrisii broad bcan cultivars. As a result
of recultivation of M1-M3 generations in the same field, heavy wilt
incidencr: was observed on M3 progeny. The most pathogenic wilt causal

ugent (F'usarium avenacium) was identified and rused for soil infestation
during I\{4-M6 generations. The selected mutant lines from M6 progeny

were thoroughly evaluated for productivity and some agronomic traits
during liIT-M9 generations. Two mutants namely K162 and E357 were

developed to new broad bean cull.ivars (Tuwaitha and Taqa 357

respectively). The second cultivar was characterizcd by having terrninated
growth (.Topless inflorescence). The productivity of these new cultivars
rvas invt:stigated in Ml l-Ml4 in comparison trails with the registered

cultivar (Babil) and the local cultivar. Results indicated that Tuwaitha was

surpasse,rl Babil cultivar. Holever, both Babil :rnd Tuwaitha cultivars
rvere outyielded the local cultivar and were surpatised the local cultivar in
many agronomic traits such as weight of 100 seeds, number of podsiplant,
pod leng,ths and wilt resistance. Both cultivars were registered by The

National Committee of Registration and Release of Agricultural Cultivars
in lraq/l\Iirristry of Agriculture (No. 16 on 101612001.)

INTRODUCTION
Although broad bean (Vicia fabae L.) is verS' important legume crop

in lraq, rlhis crop has not been considered for alorng time in any breeding
program for crop improvement. Yield potential and yield instability of
broad bean could represent a limiting factor for acreage and cultivated
areas in the world (9). In Iraq, this crop is annually suffered from many
agents particularly the causal agents of wilt and root rot diseases which
characterrized by difficult control (5). Due to the absence of any resistance

source in lraq, using physical and or chemical rnutagens to create host
diversity could offer a good chance for crop improvement (14, 18),

M,[tation induction programs in different field crops reported
numerous successful achievements in developing mrany induced mutants to
new cultiivars in different countries (14 and l5). Statistical reports of The
International Agency of Atomic Energy (IAEA), mentioned that more than
30 legumLe cultivars had been developed from induced mutants either by
gamma rays or and chemical mutagens (15)' The nuclear techniques also

offered good opportunities for screening and selectjion programs.
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Numer,ous variants in broad bean V. faba var. minor were selected

followir, g seed treatment with different mutagens and one of them has a

resistant reaction to stem blight (Sclerotinia sclerotiorum) (12). Other but
limiting successful resutts were achieved in soybean against mosaic disease

(13), and against bacterial blight and leaf rust in bean (8 and 19).

In lraq, one induced mutant in broad bean was developed to new

cultivar (Babil), which was registered and rele:Nsed ia 1994 (3). Similar
achievement was reported in soybean (7),

T'his report represented a part of crop improvement program in
broad bean aimed to induce useful mutants in broad bean by gamma rays
and ENIS.

MATERIALS AND METIIODS
Dry seeds of Ekwadelgi and Kebrisii broad bean cultivars were

treated with 30 and 40 Grays of gamma rays and 0.2'h of Ethyl methane
sulfonate (EMS) alone and in combinations. Treated and non-treated seeds

(800 se eds/treatment) were planted in the lield in 2m rows with 70 and
15cm apart between the rows and the seeds respectively. Seeds of the first
three porls from each survival Ml plant were obtained and planted in the
same fieltl for M2 geueration. During M2 season, many plants from
differerrt treatments were excluded due to wilt symptoms. The same field
was ag;lin used for M3 genenation. A.ll M3 plants were screened for wilt
disease. which was in a high incidence. Wilt causing fungi from all diseased

M3 plants wene isolated and tested for their pathogenicities (4). The
survival plants were selected and coded as lines in the following
generations,

Sieeds of selected M3 plants were planted in new field, which had
never been planted with any vegetable or legume crop. The seeds were
planted in lines with 40cm apart inside 4X6 m field plots. In order to
create liavorable conditiohs for wilt disease, the seeds of selected plants
were planted early (Sept. 15th) instead of October 20th. Spore Suspension
(4x10t) of Fusarium avenacium was used for soil infestation at sowing time.
Twenty days later, the crown region of each plant was injected with 20 ml.
of F, at enaciuzr suspension. The second challenge was conducted to avoid
any' disease escape phenomenon which is a very common in soil borne
disease:i.

'l'he same procedures were also applied in M5 and M6 seasons.

During the three mentioned seasons' the plants rvere thoroughly screened
for wilt resistance. Thereforeo the selected plants from M4 were only raised
in M5 and M6 respectively.

I'he selected plants from M6 progeny were introduced in a

comparison tbst with their origins and the French broad bean cultivar
(Long l3rain Ekwadelgi) in M7. The productivity (gm. seeds/plant/line)
and na'[urat incidences of both mosaic and wilt diseases were included in
the test,, However the productivity and agronomic traits were investigated
during tn,o consecutive a generations (M8 and M9). Wilt resistance under
artificiaLl soil infestation in a greenhouse was evaluated in M9 selected



Productivity of the selected mutants was investigated in four
consecurlive generations (Mll-M14). Two selected mutants were applied

for registration and released by The National Committee of Registration

ancl Rel:ase of Agricultural Cultivars/lVlinistry of Agriculture'

RESULTS AND DISCUSSiION
Regardless of germination percentages or number of survival plants

in NIl gineration, ieeds of the first three por s of every plant were

harvestrld and used for M2 generation, Slight wilt incidence was observed

on M2 plants, therefore diseased and abnormttl plants were excluded

during the season. Due to recultivation of M3 progeny in the same fieldo an

epideiri,c rvilt disease was dominated M3 plants because of inocula

accuinulation of wilt causing fungi in the soil" Isolation, purification'

identification and pathogenicity teit of all wilt-causing fiingi from M3

diseased plants indicatedlhat Fusarium avenacium proved to be the most

dominani, virulent atrd aggressive causal *gent (4)'
'Ihe epiphytotic foim of wilt disease occurr'ed on M3 plants create a

good opporiunity fo, preliminary selection' Off 1067 of Ekwadelgi and

?rOSo iriunt. of Ketriiii, 593 and 304 plants w'ere individually selected

..sp.ct'i'r*ly (Table 1). Thus all the selected plants showed wilt resistance

or having disease escaPe trait'

Iable 1: Freliminary selection of M3 broad beanr progeny following seed

treatment with Gamma rays and Ethyl rnethane sulfonate (EMS)
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lines. Protein percentages in the dry
measured.

seeds of all selected lines were also

under natural ,II form of wilt disease

Cultirars 'f reatments Total no. 0f
Plants

No. Selected Plants '

Ekwadelgi 30 Grays of Gamma RaYs 4014 152

40Gravs of Gamma RaY! 1629 80

0.2% EMS 2659 t44

30Gr.+ EMS 1074 68

40Gr. +EMS 1295 149

Total 10671 593

Kebrisii 30 Gravs of Gamma RaYs 2534 12

40 Gravs of Gamma Ra.vs 2904 61

0.2% EMS 2960 65

30Gr.+EMS t665 39

40cr.+f MS 981 61

'I otal 11050 304

""a,-pf "nr"a 
f"t ttt.ea conseculive gcner'tions (Ml-Mf,) in the s'lme n€ld.

1-seeals wer'a planted for three consecutive goneralrcns (lvrr-rvr, rI

2-wilt rosista;ce and or disease-e$c,ped pl&nts were selected only'

In the following three-generations (M4-M6)' sowing the seeds- in

F,avenacium heavy iniested .oll, 
"ornttous 

lines rvere completely lost due

io th" .r.".ptible reaction of these lines' Differen<:es in the number of lost

lines in the three generations were observed with highest irumber in M4

fiuotr, ,nt i"n obliously reflected disease escape phenomenon from the

nutr.uf infested soil during M3 season' This is quite true since few mutant

't ol
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lines.were lost in the second generation. Thus a high level of stabitify in
selection program on M6 progeny was achieved which, reflected the
successfulness of the screening procedure used in this program (Table 2).
In the ernd of M6, 51 and 39 mutants were selected from Ekwadelgi and
Keb risii treatments respectively.

Table 2: Screeniug program for wilt resistance ilr M4-M6 generations of
broad bean under artificial soil infe,station with Fusarium

l-soil was infested,with spo."ffiffittrr" r,rd th"t""t, -"r. "t*inoculated after 20 da)s by injection method.
2-Wilt resistrrnce was considered only in the selection.

During M7, the natural incidence of wilt disease observed on
Ekwadelgi mutants ranged from 1,6 to 6,7Vo compared to 20.7 and, l7,g%o
in the o.igin and in the French curtivar respectivery. For mosaic disease,
the natural incidence ranged from 0.r t, 3,7oh compared to 5.3 and 2,3o/oin the origin and in the French cultivar respectively. Meantime, wilt
incidencr: on Kebrisii mutants ranged from z.t to l.s$a compared to
2l,28oA in the origin and from 0.6 to i,69vo for mosaic incidence in
comparisron to 7.95 in the origin.

The selected mutants were highry surpassed their origins and the
French cultivar' However, the fo[owing agronomic criteria-were highry
considerr:d in selection program at the harvesting time of M7:
1- Good agronomic traits,
2-Growth uniformify.
3- Wilt resistance.
4- Lodging resistance (Erect growth).
5- High number of branches/plant.
6- Pod Quality.
7- Number of seeds/pod.

Using these above mentioned selection criteria, 30 promising
mutants w,ere successfully chosen. These selected
yield potential during M8 and M9 seasons
percentaiges in the dry seeds of many mutants
resistance u,as confirmed at growth room under

mutants approved their
(Table 3). The prorein
exceeded 30%o. The witt
artificial Soil infestation

I oo

avenacium (l
Cultiya rs Treatments Selected Numbels ot\\,itr ReGta;aM;ra;ts t;7

M3 M4 M5 M6
Ekrvadelgi 30 Crays 152 22 tl

40 Grays 80 25 I,l t1
0.29'" B,MS t 4,t 22 l4 ll
30Cr.+EMS 68 6 6 6
40Gr.+EMS 149 l6 9 9
Total 593 9t 54 5l

Kcbrisii 30 Gra5 s 72 t0 1 7
40 Grays 67 23 l8 t8
0.2%EMS 65 3 I I
30Gr.+EMS 39 t
40Gr.r'EMS 6l 22 l8 t3
Total 304 59 44 J9
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and favorable conditions for infection establishment and development

(Table4).

Table3: Productivity limits of broad bean induced mutants during M7-M9

IThl.ty ,rr-tt tn.." selected from Il7 generation'

z-woights of dry seeds p." plrnt ,.piu,'*i"J tht 
""n' 

of 30 plants in 3 replicates during M8 and M7

gencralir)ns.

Table 4l: Protein percentages in dry seeds and wilt incidences of broad

t-&tutants werc setected from M7 generstion'

2-Protein viar mersured in th€ whole dry se€ds of each mutallt'
j-i.irli,-."",r, 

"i"r.l ,rrtrnt *"re pt"riiiii i-usartu oueno"tufl infested soil urder greenhouse conditioos.

Readingi tvere tnken after 60 davs'

Although most nrutants were outyielded their origins and the

French cultivar' two mutants namely K7 62 and Il 357 were selected' Forty

Affi; rf ;;rnu ."y. was used to induce K762 from Kgbrisii :{ltl"i
while the second mutant (E357) was induced from Ekwadelgi by 0'2% of

EMS. llhe second muta;t characterized by harving terminated growth

ai;;i".; inflorescence; that might be suitable for mcchanical harvestation'

The two mutants ,r... nr-"d' as Tuwaitha an, Taqa 357 respectively'

Yieldtrailsofthetwopromisingselectedmutantsduringfourconsecutive
seasons (M11-N114) revealed that Tuwaitha cultivar (K762) was

,ignin""nify surpassed Babil, Local, and Taqa 357 (E375) cultivars

(Table li)'

'\ oe

Cultivar Treatments
Weigtrt of Ory SeeOs/Plant (gm) ln

M?' Mtl M9,

Ekwadelgi 30 Gravs of Gamma RaYs 99.2-161.8 114.0-111.2 , 120.0-169.8

40 Gravs of Gamma RaYs 91.0-152.8 140.0-156.9 138.0-150.2

0.2"/o EMS 151.8 121.2 129.3

JIGr. +EMS 94.0-196.0 137.3- 145.0 r29.5-153.0

40Gr. +EMS 98.3-141.9 129.2-17 i.2 131.6- 169.5

Cortrol 98.5 90.1 92.3

Kebrisii 30 Cravs of Gamma RaYs 96.0-182.7 103.0-152.4 t 18.9-t 48.9

40 Gravs of Gamma BqJ!- 119.0-190.1 103.2-162.0 126.0-157.3

l0Gr.+EMS I10.0-158.7 E2.3-163.8 117.3-152.1

Control 83.4 80.3 84.5

trean mutants selected from M7
Cultivars Treatments No. of Mutantsl Protein 7o ' Wilt Yo '
Ekwrdelgi 30 Gravs of Gamma !4P- 3 26.5-30.7 . 6-10

40 Gravs of Gamma RaYs 4 23.6-21.0 4-20

0.2% EMS t 25.0 t2

30Gr.+EMS 2 22.4,28.0 12.14

40Gr.+EMS 5 21.4-31.5 6-t2

Colltrol 25.5 54

Kebrisii 30 Grays of Gamma-RaYs 4 24.s-31.0 t2-20

40 CraYs of Gamma RBls I 24.5-32.9 4-12

40Cr.+EMS 1t 2r.0-28.4 4-12

C0ntrol 25.5 40
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'lable 5: Yield trails of the induced broad bean cultivars (Tuwaitha and
I'aqa 357) in four consecutive generations compared with Babil
and local cultivars

generations
respectively.

2-ToplOss inllorescence cultivar.
3-Babil cultivor (registered lnd releaeed in 1994) wrs dcveloped from the mutant El9l,,

Drta of yield trails were signilicantly confirmed the yield potential
of T'urvaiitha cultivar, which significantly surpassed Babil in many seasons.
Meantime, Taqa 357 significantly surpassed the local cultivar. The two
new cullivars howevero surpassed the local cultirrar in many agronomic
traits su,ch as branches/plant, pods/plantn seeds/pod, pod lengths, protein
percentages in the dry seeds, and finally wilt resistance (Tahle 6), Weights
of 100 sr:eds of Tuwaitha and Taqa 357 cultivars were 175 and 167 gm
respectively compared to 109.2 gm in the local cultivar.

Table 6: Evaluations of many agronomic traits in broad bean deduced
cultivars Tuwaitha and Taqa 357a

Agronomic Traits
Broad besn Cultivars

Tuwaitha Taqa
357

Babil Local

Plart HeiEihts (cm.) 120 80 100 135

_4eight of rthe :lirst pod above the ground (cm) 23 60 20 60
Branch€s/Plsnt l0 t3 9 6-12
Pods/Plan t 35 50 2a r 6-18
Seeds/Plarrt 4-5 5 6 1-4
Pod Lengths (cgl 20-23 l9 26 6-12
Weight of 100 Dry Seeds (gm) 175 167 t13.4 109.2
lfqtql % in l.)ry Seeds 31.5 26.2 30.5 24.5
Wilt Incidence under soil infestation conditions I 4.0 9 8 51

Jield (1'onsrh of Dly.seeds) in 4 Seasons (Mll-MI,4). 3.42 2.15 2.95 t.65
l-Seeds were planted in Fusa um avenaclum infested soil afgrowl.tr room conaiiionJ.

The successfulness of both screening and setection procedures
adapted for wilt resistance in this program could be attributed to many
factors sruch as soil infestation, plant inoculations, viable inoculum unita,
and favorable conditions for establishment and development of
1'. svenaciam infection. The outcome of this projecrt rev€aled. that mutation
induction tnend might be very helpful to create host diversity in any crop,
if there is no other mean for crop improvement (l,l). The reports of IAEA
doculnented numerous successful results on broad bean. In Egypt, many
broad brean mutants induced from Geiza I anrd 2 showing resistant
reactions to brown leaf spot disease and having many agronomic traits
were selected (6). Early mature and high proteirrr content mutants were

Cultivars Tons/h. of Dry seeds in !

Means Tons/h.Mll Mr2 MI3 M14
Tuwaitha 3.12 b 3.35 b 3.65 a 3.59 a 3.42

Taqa 35 / ? 2.32 e 2.42 de 2.51 cde 2.56 cde 2.45
Bahil r 2.68 cd 2.75 c 3.14 b 3.22 b ')..95

Local t.64 f t.64 f 1.60 f t.1t t t.65
l-Means of three replicates of 250, 450, 1000 rnd 1000.rl."pfi"ale l, the coniecutir-e



Al-Hanr'dany M. A. at el'

obtainerd following gamma irradiation on the seeds of broad bean cultivar
Kornbcrger Kleinliornige (small seed group) (16)' Yield increment in

broad bean cultivar Geiza 2 following gamma irradiation ranged from -13

to +54'Yo in M4 and from 0 to 40Vo in M5 based on their origin were

observr:d (l). Protein improvement in ntany broad bean induced mutants

was reported (2, 10 and l1). In Soybean' using up to 250 Grays of gamma

rays rjsulted in selection different variants havirrg remarkable increments

in oil contents (17).
Binally, since the relationship between protein quallifJ Tq

productivity in broad bean was not clear enough (1, 11 and 16)' high yield

potentiat trait must be highly considered as priority factor in any selection

program.
The two new culdvars were registered by The National Committee

of Registration and Released of Agricultural Cultivars / Ministry of

Agriculture, in 2001(No. 16, on 10/6/2001).
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