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ABSTRACT

Four faba bean (Vicia faba L.) cultivars i.e. Giza ¢ Y4, Misr \
(tolerant to Orobanche) and Giza ¢+, Nubaria Y (susceptible to
Orobanche) were evaluated in Orobanche naturally infested soil
and Orobanche free soil at Giza Research Station, Agricultural
Research Center , in Y+«Y+/Y+YY and Y+YY/Y+\Y seasons. Results
revealed the superiority of Giza ¢Y4 in plant height, number of
pods/plant , number of seeds/plant and seed yield/ plant on the
Orobanche - free soil, mean while Misr Y was superior number of
pods and seeds/plant and seed yield/plant on the Orobanche-infested
soil. Giza ¢+ possessed a high level of infestation with the highest
number and dry weight of Orobanche spikes/ m' .The two tolerant
genotypes Giza ¢Y% and Misr Y had the low number of Orobanche
infested soil. Results of chemical compositions revealed significant
differences among cultivars under the two soils. The two cultivars
Giza ¢Y4 and Misr Y gave higher values of protein and
carbohydrates, respectively, while Giza ¢+ gave the lowest values.
The analysis of protein banding pattern is an important tool , where
absence of these bands from total root protein belongs to
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susceptible cultivars could be as a result of the effect of Orobanche
parasitism. Therefore, these polymorphic bands can be considered
as a positive marker for tolerant cultivars under Orobanche
infection. In addition, another difference was found in the
expression profile among the studied cultivars. Where, the intensity
of each band was used as an indicator for its level of protein
expression. The tolerant cultivars, Giza-¢Y4 and Misr-Y, showed
the highest values for protein expression.

ITRODUCTION

Faba bean (Vicia faba L.) is still the backbone of the legume
crops grown in Egypt. It is an important source of high quality and
inexpensive protein supplement for the majority of the Egyptian
population through various popular dishes. Also, it is known as an
efficient atmospheric nitrogen fixer depending on availability of
Rhizobium spp. that colonizes the legume plants which keeping the
Egyptian soil fertile and benefits for the subsequent crop. The average
cultivated area devoted to faba bean during the last three seasons
Yoo A+ — YOV NY represented Y VAYYY feddans with an overage seed
yield equal A." ardab/fed.

Orobanche spp. is root holoparasitic plants causing severe yield
and quality losses in a wide range of dicotyledonous crops. As most
contemporary methods aimed at controlling Orobanche have resulted
in limited success, the search for tolerant genotypes and understanding
the tolerance mechanisms are considered important.

The parasitic weed (Orobanche crenata Forsk) is a major pest
of faba bean (vicia faba L.) in Egypt. For example, in Behera
Governorate (North Delta), Zaitoun et al.(Y44)Y) reported that the
percentage of Orobanche infestation amounted to ¢.°7 of faba bean
cultivated area, with a total yield losses of about Y4,+ «+ tons.

The food legume breeding program, FCRI, ARC resulted in
releasing three cultivars (Giza ¢Y4, Giza A¢Y and Misr V) having a

AV e



Effect of orobanche parasitism on the behavior of four faba bean
cultivars (vicia fabal.)
higher level of resistance to Orobanche (Khalil et al Y44 ¢, Saber et al
V444 and Y+ + V)

The evaluation of tolerant materials under Orobanche -infested
and Orobanche-free infested fields were investigated by Darwish et al
(Y444) Abdalla and Darwish (Y++Y) Morsy and Attia, (Y++Y)EI-
Harty.E.H. (Y++°) Abdalla et al (Y++7) Darwish et al (Y++V) Abbes
et al (Y++A) Abdalla and Darwish (Y++A) and Ashrie et al (Y+) ).
They concluded that there were significant differences among
genotypes in most traits under study.

In fact, breeding for tolerance and identification of genes
responsible for it is one of the most promising methods to increase the
tolerance of Faba bean towards Orobanche parasitism. Biotechnology
tools such as marker-assisted breeding, tissue culture and genetic
engineering can be useful in achieving this goal. However, only limited
success has been gained. So we need to increase our efforts to get more
progress in this area of research.

The current study was aimed to detect proteins involved in the
tolerance of Faba bean for the parasitism of Orobanche spp. using
SDS-PAGE protein analysis.

MATERIALS AND METHODS

The present investigation was conducted at the farm of Giza
Research Station, ARC, Egypt in Y«)Y+/YY and Y+Y)/\Y seasons to
study the performance of four faba bean cultivars (Giza £Y4, Misr
tolerant to Orobanche and Giza¢+, Nubaria VY susceptible to
Orobanche ) under both Orobanche-free and Orobanche-naturally
infested soils. The pedigree and reaction of the materials used to
Orobanche are shown in Table (V).
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Table . Pedigree and reaction to Orobanche of four faba bean
genotypes under study.

from Spanish variety Reina
Blanca

Genotype Pedigree Reaction to Orobanche

Giza ¢ Y9 An individual selected plant Tolerant to Orobanche
from Giza €Y

Misr G.YX YYYA/te/v Tolerant to Orobanche

Giza ¢ - An individual plant selection Susceptible to Orobanche
from Rebaya ¢+

Nubaria An individual selected plant Susceptible to Orobanche

A Randomized Complete Block Design (RCBD) with three
replications was used, in both infested and non infested Orobanche
soils. The experimental plot consisted of three ridges ¥ m long, 1+ cm
apart , with single seeded hills, Y+ cm apart on both sides of ridges.
Cultivation conditions were followed as normally recommendation for
Vicia faba L.. In turn, five random plants were taken from each
replicate every interval time, after ¥+, ¢+ and ©+ days of sowing date,
and inspected for the presence of Orobanche tubercles. At harvest
time, ten guarded plants were taken at random from each experimental
plot. The following data were recorded :-

\ - Agronomic traits:

Plant height (cm), number of branches/plant, number of
pods/plant, number of seeds/plant, seed yield /plant (g), ) * +-seed
weight (g) , number of Orobanche spikes and dry weight of
Orobanche spikes ( g/m Y) were recorded at maturity of faba bean
plants for all accession. The susceptible check variety Giza ¢+ and
Nubaria V.In Giza ¢+ and Nubaria Y, Orobanche spikes were
collected just when its plants started to death, and their data were
recorded immediately.
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Y- Chemical composition analysis:

Protein and carbohydrate percentages were determined according
to the procedures outlined by AOAC, (Y-++). Percentage of protein
was obtained by multiplying nitrogen percentage by 1.Ye as stated by
Sadasiuam and Manickam (Y441).

Y- SDS- PAGE analysis:

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS
— PAGE), was used to investigate different protein banding profiles
among studied cultivars under both infected and non infected
conditions. Analysis of protein banding patterns was performed
according to methods reported by Laemmli (Y4V+) using the Mini-
Protein Electrophoresis Cell, manufactured by Bio-Rad Corporation.

¢-Statistical Analysis

Statistical analyses were performed using the SPSS software

(version V. for windows) and as outlined by Gomez and Gomez
(YaAE),

RESULTS AND DISCUSSION
Agronomic traits

The mean performance of four faba bean cultivars under
Orobanche-infested and free soils is presented in Table (¥). Results
showed significant differences among cultivars for plant height,
number of branches/plant, number of pods/plant, number of
seeds/plant, seed yield /plant, )-+-seed weight. number and dry
weight of Orobanche spikes under infested soil. However, significant
differences were found among cultivars for plant height, number of
branches/plant, number of pods/plant, number of seeds/plant, , and
Y+ +-seed weight were observed under Orobanche- free soil, On the
other hand differences between seed yield /plant of both sides were
insignificant.
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Orobanche- free field

The cultivar Giza ¢Y9 recorded the highest values of plant
height( +1.Y),  number of  pods/plant(Y°.2),  number  of
seeds/plant(V¢.Y) seed vyield /plant (°4.+), Nubaria ' recorded the
highest number of branches/ plant,(¢.¢), and) - «-seed weight () £.¢),
under free soil.

Orobanche- infested field

The tolerant cultivar Misr ) recorded the highest values of
plant height.(} +).A), number of pods/plant, (Y¢.+), number of
seeds/plant,(¥4.2) seed vyield /plant, (¥).Y), followed by Giza
£ YAdunder infested soil .

These findings are clearly supported by those finding obtained
by Darwish et al (Y94%), Abdalla and Darwish (Y++Y), Morsy and
Attia, (Y++Y), El-Harty.E.H. (Y++°) Abdalla et al (Y« +1), Darwish et
al (Y++V), Abbes et al (Y++V), Abdalla and Darwish (Y:+A), and
Ashrie et al (Y+)+) who reported that faba bean genotypes differed
from each other in their yield and yield components regarding
Orobanche infestation.

Number and dry weight of Orobanche spikes/ m'

Results in Table (¥) showed that Nubaria V caltivar possessed
the highest level of infestation with high number and dry weight of
Orobanche spikes/ m' . The two tolerant cultivars Misr ) and Giza £Y4
had the lowest number of Orobanche spikes , and the lowest dry
weight of Orobanche spikes, followed by MisrYand Giza ¢Y4. The
similar results were obtained by Morsy and Attia, (Y++Y) , Abbes et al
(Y++VY)and Ashrieetal (Y+)+).
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Table Y. Performance of the four faba bean genotypes under
Orobanche —infested and - free soils in Y+«Y+/Y+YY and
Y+ VY/Y+ VY seasons.

Plant height (cm) No. of branches /plant
Infested Free Infested Free
- > 3 - > 3 - > 3 - > 3
Genotype| - - c e - c - - e - - e
~ ~ " — ~ ~ - — ~ ~ " — ~ ~ - —
- -— o) - -— o - -— o - -— o
~ . S ~ . S ~ - S ~ ~ S
Giza £ ¥4 VoY Y[ Yo YOy ADY AN Y[V x| oY D ¢ | vy iy D
Misr Yoo o [ AAY Yoy V[Y oY VY Y[V aY Y] g0 €A Y% ¢t Y% Y%
Giza ¢ Yoo [WAY [y v IAY [ 29y | ¢ Yo | YA | ¥A £ YA
Nubaria ¥ | M.V [ YLy [ Y&y [qe [ ac faye [ oy | 1w [ oA [ oy | oV | oo
LSD . ., vora | eve [ voe [ vre [ are [ VoA vy [ ALYy | oyt v Ag Y0y | e
Table Y.Cont.
No. of pods / plant No. of seeds / plant
Infested Free Infested Free
- > 3 - > B - > 3 - > 32
Genotype | = - c - - e - ot e -z bt e
- -— o) - -— o) - -— o) - -— o)
" - S ~ - S ~ ~ S ~ ~ S
Giza £Y4 | )Y [ VDV [ Yo [Yexy [ Y1V [ Yoo [YAY[YY Y [YoA[ VIV [VIiV]Vey
Misr ey [avv vy oYy vy Al e[ ¥ae [y v [ar |y
Giza ¢+ YWY laxy [ Yo [yex vy yox| ¢ [ ¥y [ Yy [Vyr|viv]ve.
Nubaria V| .V Yoo YY [ YEV Yo v [ YEA| o YY | 1Y [eyVY]|oeo .| oYY
LSD ... vyev|vre[vaafesofo v [y ov|[v.yy [t v 1| NS | NS | V.Y
v

Ns: non significant
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Seed yield / plant (g) \ « +-seed weight (g)
Infested Free Infested Free

Genotype - . . =

-— b pes) -— b <5} - > (<5} - > [<5)

-— -— c -— -— c -— -— c -— -— c

~ ~ - — ~ ~ - — ~ ~ 3 ~ ~ - —

- -— o - -— o - - e - -~ o

" ~ 1S " ~ S " ~ S " " S

> > 8 > > 8 > > 8 > > 8
Giza £Y9 FAN | YTV [ YAY | oYY | evy | oA AYY | vaa ) AY | AYY | ALY
Misr PY | FeX [ YYY | sV | gax | gAo | VaE | YWA | YAA | YVY | VA £ | VAY
Giza ¢+ A% YA Y& | goy | g4y | vy [ Wi | ara | e e | tge | g
Nubaria ¥ | °.Y vy SR - -1V i -SRI B o IR R T IR 20 B AT 3 B I 3
LSD ... 1.4 ] ev1 8R4 | NS NS | NS | ey | eye | g0V | YVA | Y.VY | VA4,

Ns: non significant

Table ¥. Mean number and dry weight of Orobanche spikes
under infested soils during Y+VY«/\Y and Y:Y)/)Y

seasons.
Genotype No. of orobanche /m’ Orobanche dry weight(g/m")
AKRRVA YoWYNY | Combined | YeV+/)) Y+YY/VY | Combine

) d
Giza £ ¥4 ALY £YY £ A R YLV V1Yo
Misr vev £) . VA VY ¥ YA . VY
Giza ¢+ YET Yy YUY YAY Y YOy YEY 0
Nubaria ¢ YooV \Yov YYAY YAY.Y YoV AR
LSD ... YYLYe EXE YAy ERY NS TULYA

Chemical analysis
The mean performance of the studied faba bean cultivars under

Orobanche

- infested and Orobanche

- free field conditions

IS

presented in Table £. The results showed significant differences among
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cultivars in protein and carbohydrates. The percentage of protein and

carbohydrates in Giza ¢Y? were higher in the Orobanche - free field

than those in the Orobanche - infested field.

Table ¢. Protein and carbohydrates content of the four studied faba
bean genotypes under Orobanche —infested and —free fields
inY«Y«/¥Yand Y+ YY/V ¥ seasons.

Genotvoe Protein (%) Carbohydrates (%)
yp Infested Free Infested Free
- » 8 - » 8 - > 8 - > 8
- - c - - c - - c < -z c
~ ~ - — ~ ~ - — ~ ~ - — ~ ~ o« —
- o) - o) - feo) - Ko}
-— r' [S -— r. [S -— f' [S -— r. S
Giza £¥4 | Yo.u [ Yue [ ¥y [Ye o[ veo [ Yoy [ ey [Te | nen [ ney [ned] e
Misr YEY | YE o [ YEN [ Yo XY | YoV | Yoo [ TEA MO0 A| MO0y | 1Y [To| 10
Giza ¢ Yoo [ Ye o [ YPA[YFA [ Yex [ yry [ ey [rea ] teo [ vy [Aryv | ave
Nubaria ¥ | Y&.8 | YYY [y [yvexy [ vew [ vey [ teo [ney | nen [ nee [y | ey
LSD ... yorva|eeval oy ye [y arv|ovye | A4y NS [+vee| o vYe| NS ..oy

Ns: non significant

The susceptible cultivar (Giza ¢ +) gave the lowest values for all
studied traits, while the tolerant genotypes (Giza ¢Y? and Misr V) gave
the highest values for protein and carbohydrates, respectively. It could
be concluded that seeds from Orobanche — free field were better than
those of Orobanche — infested field and had higher protein content.

These findings were clearly confirmed by those obtained by

Frejnage et al (Y44Y), Megahed (Y+++), Morsy and Attia (Y++Y) and
Ashrieetal., (Y+)+).

Y- Analysis of Total Root Protein:

Total root protein of the four Vicia faba cultivars Giza- £¢Y1,
Misr-Y, Nubaria-) and Giza-¢+ were determined to indicate the
differences due to Orobanche parasitism. The data shown in Table (°)
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and Figure (V) revealed that infected samples for tolerant cultivars,
Giza-¢Y4 and Misr-) showed two polymorphic bands at v+ and ¢
kDa, whil un-infected plants of the same cultivars were similar to each
other in the protein banding pattern except for Giza-¢+ which missed a
band at ¢ kDa. Absence of these bands from the total root protein
banding patterns is due DNA sequence differences between the studied
cultivars which in turn are transcribed to different peptides which are
involved in certain changes due to the effect Orobanche spp.
parasitism on them (Sakr et al. Y+)+). Therefore, these polymorphic
bands can be considered as a marker for tolerant cultivars under

Orobanche infection (Abd El-maksoud et al. YV and Gadalla et al.
\ERI)

Non Infected Plants Infected Plants
GY Gt Gt
Gt N EY ¢4 q EY NY M
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Figure V: SDS PAGE banding pattern for total root protein of
the four studied Vicia faba L. cultivars.
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Also, another difference was found in the expression profiles
among the studied cultivars. Where, the intensity of each band can be
used as an indicator for its level of protein expression. Both tolerant
cultivars, Giza-£Y% and Misr-), showed the highest values for protein

expression, which are represented in the values indicated for each band
as shown in figure (Y).

Infected Plants Not Infected Plants

el wt 12

1 T3] 3 i i3l

Nukaria t - Nubariaf| ™

Gnd Gizad0 | P

Figure Y: Protein expression profiles among infected and un-infected
plants.
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Table ¢: SDS-PAGE banding pattern for total root proteins of the
four Vicia faba L. Cultivars under infected and un-
infected conditions of Orobanche spp.

Band Total Total Non Infected Plants Infected Plants

# RF MW | Gée [NY | MDY | GEYS | GeYs | MY | NY | Gee
A AR X + + + + + +

Y « X9 ¢ + + + + + +

A\l Y o4 + + + + + + + +
¢ YA oy + + + + + + + +
° L ¢y + + + + + + + +
! .oy ¥4 + + + + + + + +
v Y v + + + + + + + +
A A YA + + + + + + + +
q A Yy + + + + + + + +
Ve A Yo + + + + + + + +
1) «.vA Yy + + + + + + + +
VY CAE Y + + + + + + + +
VY AT Y. + + + + + + + +
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