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INTRODUCTION

Faba bean (Vicia faba L..) crop is one
of the most cultivated pulses in the Arabian
region, Total cultivated area was approached
25 million hectares with 18.4 million tones of
seed yield production in the world (FAQ,
2004). In Egypt and North Africa, faba bean
together with lentils and chickpea provide an
mexpensive source of high quality protein in
the diets of people with low and middle
incomes. Faba bean has been known, for
many years, as the principal meal for more
than 75% of the Egyptian familics. Faba bean
is subject to many biotic and abiotic stresses,
which reduce yicld and affect yield stability.
{(Various stresses also affect the pollinators of
this food legume). Most of conducted research
has been directed towards developing
resistance to biotic stresses (Nuessly er al,
2004). In the Mediterranean region, the most
important biotic stress on faba bean is caused
by broomrape (Orobanche crenata Forsk).
This is an obligate parasitic weed which
severely stresses faba bean plants, often
leading to complete crop loss. The extent of
the damage caused by Orobanche is often
hidden because many farmers who bave lost
their crop in the past simply stop growing faba
bean. Therefore, the most important factor
limiting faba bean production throughout the
Mediterranean region is broomrape (O.
crenata) (Grenz ef al., 2005). The distribution
rate of these pathogens is so high and it
became as the most important constrains in
Nile delta and the actual area of faba bean
cultivation decreased by 30% in one decade
(between 1968 and 1978) because of .
crenafa infestations (Sauerborn 1991), In the
last few years, plant breeders have tried to

identify and select resistant or tolerant plant to
broomrape. Different parameters have been
used by different authors to evaluate the sus-
ceptibility/resistance of Vicia faba and other
crop plants to Orobanche spp. (Boorsma,
1980; Perrino ef al, 1988, Radwan et al,
1988 and Perez-de-Luque et al., 2005a). Elec-
trophoretic techniques offer an exceptional
opportunity to study the substructure diffe-
rences in protein among different genotypes.
Nevertheless, SDS-PAGE was used to diffe-
rentiate between V. faba cultivars (Stegemann
et al., 1983) and to identify inbred lines (Gates
and Boulter 1979). On the other hand, several
rescarchers have found a greater amount of
vanation in seed storage protein fractions,
legumin and vicilin (Gatehouse ef al., 1980).
Histological studies have revealed that initial
vascular connections are established and
tubercles develop, but they then become dark
and the parasite dies at an early developmental
stage (Dorr ef al, 1994; Pe'rez-de-Luque et
al., 2005b). The presence of substances inside
host vessels has been associated with the
darkening of broomrape tubercles (Labrousse
et al., 2001; Zehhar et al, 2003; Pe'rez-de-
Luque ef al., 2005b) and it is possible that
these substances block the vessels and inter-
fere with the nutrient flux between host and
parasite (Pe'rez-de-Luque er al,, 2005b). In
this study, histological aspects related to the
resistance of some faba bean genotypes to
Orobanche crenata have been investigated in
order to determine which types of resistance
responses are involved in the unsuccessful
penetration of O. crenata which reflect on the
type of defense mechanism,

MATERIALS AND METHODS

Field exprement was carried out
during 1* November 2006/2007 and 5™
November 2007/08 growing seasons at Sakha
Agricultural Research Station. The seeds of

ten faba bean genotypes included three check
cultivars, Misrl, Giza 843 and Nubaria 1
{Table 1) were design with three replication of
cach genotype. Each sown under natural
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infested soil with Orobanche crenata using a
randomized complete block design with three
replicationis of each genotype. Each plot
consisted of 3 ridges, three meters long with
60 cm apart (plot sizz =54 m®. Reco-
mmended cultural practices for growing faba
bean were followed Data recorded in each

scason included plant height (cm), no. of
branches/plant, no. of pods/plant, no, of seeds/
plant, seed yield/plant(g), 100-seed weight(g),
no. of seeds/pod, seed yield/plot (g) and
reaction to Orobanche (no. of Orobanche
spikes/plot and spikes dry weight(g)).

zree, sources and some features of the faba bean genotypes.

Pedigree

Some features
Reaction to Orobanche

Misr 1 x G.843

tolerant

1.383

tolerant

enotype

Egyptian variety originated
and selected from Spanish

susceptible

C.1675

tolerant

Misr | x Nubaria

tolerant

C. 957/501

tolerant

(123A/45/76 x G 3) x
(Romixhabashi)

tolerant

(G.674 x G.429)

tolerant

Giza 843 x G.674

tolerant

Data for the two growing seasons
were Statistically analyzed using Mstatc Com-
puter Program, 1994). The combined analysis
of variance was carried out according to Steel
and Torrie (1980). Broad sense heritability
(") was estimated by using variance com-

Table (2): Expectation of mean squares (M.S)
ombined analysi

Cross 461 % Cross 361

tolerant

ponents method (Fehr, 1987) as shown in
Table (2). The genotypic and phenatypic
variances (5° g and §° ph) were calculated
from the partiioning mean squares
expectation (Table 2) as follows:

for the analysis of variance for separate and

Expectation of MS |

' Source of variation | Degree of freedom Sq
Separate
Replications (r-1) M, &+,
Genotypes (a-1) M. 5,
Error (r-1) a- M.
Combined
Season (S) -0
Reps/season. S(r-1)
Genotypes (a-1) M., § 8t 8
GxS &1 (S-) M, Fotd g
Error r-1) (a-1) M, &,

&g =(Ma—-Me)rand & ph=(3"g+ & e/r, where 8° ¢ = Me However, those over seasons is
calculated from the pertinent mean squares expectation (Table 2) as follows:
5" g = (Ma — Mas)/rs, and 8° ph = (8" g + & gs/r + 5° e/rs, where 5% ¢ = Me . Broad sense
heritability (h? B) was calculated as follows: h* B = (5% g/ 8" ph) "100

ARA)
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Data regarding the above mentianed
traits were averaged and subjected to analysis
of variance (Panse and Sukhatme, 1984). The
genotypic and phenotypic coefficients of
variation (GCV and PCV) for cach character
were calculated by using the following for-
mula:

V&,

GCV= x 100 and

X
Vo,

PCV = ——x 100

X
Where:
o, = the genotypic variance.
o’ = the phenotypic variance, and
X = the grand mean of the trait

Biochemical identification:

SDS-Polyacrylamide Gel
Electrophoresis  (SDS-PAGE) Total seed
proteins were extracted from the ten Vicia
Jaba genotypes. These protemn extractions
were analyzed using SDS-PAGE according to
the method of Laemmii (1970),
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Anatomical structure:

A minimum of 20 samples of each
genotype was taken at random. The sampled
material was fixed in FAA (50 % ethanol + 5
% formaldehyde + 10 % glacial acetic acid in
water) for 48 h. Fixed samples were then
dehydrated in an ethanol series (50 %, 80 %,
95 %, 100 %, 100 %; 12 k each) and trans-
ferred to an embedding solvent(through a .
xylene—cthanol series 30 %, 50 %, 80 %, 100
%, 100 %; 12 h each) and finally saturated
with paraffin Sections {10 um) were cut with a
rotary microtome. After removal of paraffin
with xylene (20 min twice} and rehydration
with an ethanol-water series (100 %, 100 %,
935 %, 70 %, 50 %, 30 %, 0 %: 20 min each),
sections were  stained with alcian green—
safranin (AGS) (Joe, 1983). With this staining
method, carbohydrates (including cell walls
and mucilage) appeared green, yellow or blue,
while lignified, cutinized and suberized walls,
as well as tannin and lipid material inside cells
appeared red. Sections were observed using a
transmission microscope magnification 100 fo
400 and photographed using a digital camera.

RESULTS AND DISCUSSION

The purpose of the present investi-
gation also aimed to study genetically, bio-
chemical, and histological traits on faba bean
plants grown under broomrape parasitism, to
use them not only in classical plant breeding
programs but also to make them more
amenable to genetic engineering techniques.
The significance mean squares of ten geno-
types for studied traits are presented in Table
(3). The results cleared the presence of highly
significant differences were recorded among
all genotypes (seven lines and three checks)
for all studied traits in two scasons. This
finding indicated the existence of genetic
variability among studied genotypes, particu-
larly for reaction to Orobanche. Similar
results were obtained by Darwish ef al. (1999)
Kalia and Sood (2004) and El-Rodeny (2006).

The analyses of parameters of
vanability (Table 4) showed little difference

between GCV and PCV for no.of pod per
plant, no. of branches/plant, seed yield /plant
and traits of Orobanche reaction, no. of
Orobanche spikes/plot and spikes dry weight
indicating a negligible environmental effect on
these characters. However, PCV was higher
than GCV for seed yield/plot and no. of
seeds/pod, suggesting a significant environ-
mental effect, which is not unexpected for
such agronomic characters. Heritability in
broad sense ranged from (59.0 , 67.6%) for
plani height to (98.9, 96.4% ) for spikes dry
weight in the first and second seasoms,
respectively. High heritability estimates for
Orobanche reaction no. of Orobanche
spikes/plot (92.3, 97.2%) and (h'bs=98.9%,
96.4) for spikes dry weight and no. of pods/
plant (97.2, 91.6%) indicate an additive gene
action i its inheritance.
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Table (3): Significance of mean squares duet to different source of variation for all studied
traits in 2006/07, 2007/08 & combined over them,

, Significant at 0.05 and 0.01 levels of probability respectively.
Parameters of variability and heritability (%) for agronomic traits of ten faba bean genotypes are

presented in Table (4)

2006/2007 - 2007/2008
ource of variation df Genotypes - Error Genotypes Error
Plant height (cm) 127.22 23.91 492.53 67.74
o. of branches/ plant 8.61 0.08 6.97 0.19
0. of pods/plant 21.81 0.92 69.79 2.08
0. of seeds/plant 249 42 3.68 629.15 8.27
yield / plant(gm) 137.14 2.25 476.84 0.86
100-seed weight(gm) 190.39 14.75 242.68 17.92
0. of seeds/Pod 0.79 0.07 044 0.07
yield / plot (gm) 130326.30 17431.85 263016.30 | 1214407
o. of Orobanche spikes/plot 192.67 5.19 570.52 539
pikes dry weight{gm) 10363.39 38.86 5073.84 62.11
Combined
ource of variation df Season(S) | Genotypes(G) SxG Error
lant_height (cm) 416.59 344 .46 275.34 45.80
0. of branches/ plant 2.60 12.59 2.99 0.13
0. of pods/plant 133.80 61.44 30.14 1.49
o. of seeds/plant 227797 558.70. 319.97 5.98
Seed yield / plant(gm) 1991.81 398.62 215.33 6.06
100-seed weight(gm) 462.04 361.46 71.64 16.32
0. of seeds/Pod _ 2.13 0.60 9.27 0.07
yield / plot (gm) 543401.67 343744.63 49597 96 14787 96
0. of Orobanche spikes/plot 135.00 685.90 65.74 5.28
ikes dry weight(gm) 135.00 14898.56 538.67 45.82

Table (4): Estimate of parameters of variability and heritability for agronomic traits of ten
faba bean e

es during season 2006/07 and 2007/68

No. of branches/ plant
No. of pods/plant

| No. of seeds/plant

| Seed yield / plant(gm)

100-seed weight(gm)

| Seed yield / plot (gm)

ﬁ No of Ombanche §p|kesiplot

(h’) = heritability

Vio

= Genotypnc coeﬂiclent of variation and PCV= henotyplc ooefﬁcimt of variation and
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The results indicated that selection for
higher vield under heavy infestation with
Orobanche ‘is probably the most feasible
approach for developing Orobanche-resistant
faba bean genotypes. The relationship
between seed yield and its components would
be of considerable value to breeders for scree-
ning breeding materials and selecting donor
parents for breeding programs. These results
are in agreement with those of Mahmoud et
al. (1984), Kumar and Dubey (2001},
Ramgiry (1997), El-Sayed ef al. (2003), El-
Rodeny (2006) and AL-Ghamdi (2007).
Seven lincs of faba bean derived from
hybridization between resistant cuitivars to
broomrape (Misr 1, Misr 2, Giza 843, Giza
429 and Giza 674) with resistant cultivar for

foliar diseases Nubanal. The crosses were

selected according to their high performance
in seed yield under heavy natural infestation
with Orobanche. The selected lines compared
with three checks Misrl, Giza 843 and
Nubarial were evaluated for Orobanche
resistance and seed vield under heavy natural
infestations with Orobanche for two years,
These results confinned the potential value of
seiected lines in reducing the damage to yield
caused by Orobanche and quantify of
herbicide needed (Saber et @, 1999). It could
be concluded that the recurrent selection is the
proper way for selecting resistant faba bean
types to Orobanche, infestation.

Mean performance of genotypes for
the studied traits are presented in Table (5).
Significant differences were observed among
most genotypes for measured traits. Judging
by the level of yield and its components, the
studied genotypes compared with resistant
check (Misrl& Giza 843)could be arranged
into three groups. The first group, contains the
genotypes of linel, line6 and line7, which
considered to be the most tolerant group to
Orobanche. These genotypes accompanied
with high yielding (28.07, 35.75 and 32.22g,
respectively.), and least number of Orobanche
(11.17, 9.667 and 9.167g, respectively) in the
combined data The second group of parents,
includes line2, line3, line4 and line5 is partial
tolerant to Orobanche which parasitized by
moderate levels of Orobanche and accom-
panied with medium seed yield/plant (21.88,
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1572, 26.17 and 24.43, respectively.) and
small seeds size in the combined analysis.
These two groups of genotypes exhibited high
percentage of podded plants accompanied by
reliable characters of the individuals in
addition to lower rate of Orobanche infesta-
tion (as number of spikes per plant) reflected
in a better seed yield per plant compared to the
other genotypes. Third group includes Nubaria
I which may be considered as susceptible
parents. This group is parasitized by high
number of Orobanche accompanied with low
yielding stocks (7.683), with high number of
branches, large seeds and highly susceptible to
Orobanche. The low parasitism is gencrally
accompanied by relatively better host growth,
a higher percentage of fruiting plants and
higher seed yield as reported by Abdalla and
Darwish (1996).

The phenotypic (1) correlations were
determined and .are presented in Table (6).
The results showed that the magnitudes of
phenotypic correlations for the reaction fo
Orobanche which represented by Orobanche
spikes and spikes dry weight appeared to be
and phenotypically negative correlated with
yield and its components. These results in
agreement with the results obtained by many
investigator, among them Abdalla and
Darwish (1994), Ahmad et al (2001) and
Belen et al. (2002).

SDS-PAGE Electrophoresis of storage seed
proteins:

SDS-PAGE studies using seed stor-
age protein pattems i different genotypes
revealed wide variation among them. Electro-
phoresis and other techniques have been
widely used to group and identify cultivars,
Identification of the seven lines and three
checks under study was carried out using
SDS-PAGE. Figure 1 represents the protein
banding patterns of ten faba bean genotypes,
while Table 7 & 8 shows the presence and/or
absence of bands and their molecular weight,
the protein fractions gave a total of 24 bands.
The protein zymogram of all parental geno-
types revealed that these bands had molecular
weight ranged from 24 to 176 kilo Daltons
{Table 7).



Table (5), Mean performance of tew faba bean genoaypes for studied waits daring 2006107, 208708and combined data.

Plant height {cm) Ho, of branches/ plant Ho. of pods/plant Ko. of seedsiplant Seed yield i plantigm)
Genotypes LE Zed Comb. 1%t 2ed Comb  1st 2ed Comb. 1st 2ed Comb, 1st 2ed  Comb
Line 1 WEAB MO AB WGRARC 35 B 37T B 36 B W4 BLC WIA 1B 230 C 4763 B %% BC 1833 BC FWWCD &W C
Line 2 MG AE M0 B 6o ABC 12 D 12 E 12 D W2TA 8667 E NG C RWEB 2503 D0 2882 E 2BWA BETF 138 EF
Nubariz 1 M8 AE 9683 C 9530 D €B A& 60 A 534 4ETE  JE00 F 4083 O W3 F 683 E 7883 G 9BOODE  GRETG TERY M
Line } Wo C M2AB WS C W D 200D 1B D W OD N4 C WA C HAF WP C OB OF THTE BHFF B G!
Live d HAE AR W92 AB WS AB 38 B 15 DE 27 C 97: C R BC figv C 2900 BU 3800 C 3350 D 2003 B 3230 DE 2617 CD}
Line 5 W3 A8 @33 A 2434 10 D13 DE 12 D 1202 B 4687 DE W8S C M A 2587 D AN DE A A HETF 2443 DE!
Misr { M4 B 26IAE 1204 A 3B B 40B BB N80 BC KIAB NS B 208 D 5 B 3420 CO W3 C 409BC 287 CI
Line 6 22 h BB AE WMOA 25 C 28 C 2y C uwv B 1B00A 58 A 2847 C  BIRA 4030 A M3 4 657 A BT A }
Line 7 W35 C 1WPHAB W5 BC 12 D 388 24 C W00 BC WA W3IBAB 2900 BC #333AB NIV AB 243 B 4300 AB 5222 B‘l
Giza 343 MIAB 248 108A 13 D 40 B 27 C 3413 C U83CO 1083 C ®4 E WW C 253 F N7 D NBE 0% F !l
Season [5) ng ' = - - !
Genotypes [1E) " ng bl " i
S ] G i g L1 b4 k1

100-seed weight{gm) No. of seedsiFod Seed yield ¢ plot (gm} No. of frodasche spikes Spikes dry weight{gm}
Genotypes 1 st. 2 ed Comb. 1st. Zed Comb. 1st. 2ed Comb. 15t Zed Comb. 15t 2 ed Comb.
Line § Tt DE 7880 CD 7435 E 2500 C 2767 A 2B33ABC 83 C 1383 C 1288 E 1033 COE 1200 CD W7 EF 3000 CO 30338C0 J0I7 B
Ling 2 7181 CD 757 D 7625 DEZ2267 CD 2333 A 2600ABC 1367 BC 158 € #38 COE 433 BC 1367 CD W00 OE 2832 D 2667 CD 2750 B
Nubatia 1 234 WMOA YIE3 A 2200CD1700 B 1380 E 8367 D 727 D M7 F /0D A 5631 & 4567 A M3 A WO A 1687 A
Line 3 750 DEEBSZ EGS)Y  F 1533 E 2600 A 2067 DE 1393 ABC %03 BC M9 BCD WAoo B M7 C B CO 2833 0 NBECD 8383 B
Line 4 B&3) E B4S0 BC 7857 DEZOIABR 2733 A 2883 A 137 BC 130 € WX CDE #®O0 B 167 B B3I BC 487 B 2967BCD 367 B
Line & 522 DEB3430 BU 7907 CDE 3966 A 2567 A 2883 &4 %23 o 1580. BC 602 AB 1267 CD M00 €0 3% DE 3833 BC R EC 2083 Bi
Mizt 1 8207 BC 8477 BC 2242 BC 1300 DE 2933 A 2417 BC 167 C 17 C 1387 DE W67 CDE 1233 CD #50 EF 2500 DE 87 BCO 283 B
Line & el B 9720 B 9740 B 2367 CD 2800 A 2583 ABC 133 BC 1760 AR 547 ABC 9000 DE N33 CD S&67 F %67 E 2600 D 283 B
Line 7 A7 DE 8713 B %065 CD 2600BC 2800 A 2700 AB 1950, AR 1803 A ®¥7.0A B33 E WO D KT F 2857 DE B D 280 B
Gira 843 63T COV8520 BC BO7H CO 1667 E 2000 A 2233 CD 183 © W8 C #B% E w0 8 23 B B 8 23 D #1B B BB B
Season {S) T = o r g |
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Tabie (6): Correlation coefficients among studied traits of faba bean genotypes (Combined

data).

Traits

{ Plant height (cm)

| No. of branches/
b plant

| No. of pods/plant

| No. of seeds/plant

I No. of seedsPod

Seed yield / piot
gm)

Figure (1): Elecirophoretic patterns of SDS-PAGE for total soluble protein of Vicia faba

for ten genotypes.

There were distinct differences in
seed protein  banding pattens between
different genotypes. The band noc. 1& 2 with
molecular weight 167.0 and 163.5 kd was
present in the resistant cultivar Giza 843 and it
was absent in the rest of genotypes. The
analysis of seed proteins by SDS-PAGE
revealed that the heterotic effect in the Fj
protein banding pattern in the two lines; line 1
(20 bands) and line 4(22 bands) which exceed
than the common parent Misr 1(18 bands). It
could be identify the faba bean variety as
following, seeds of line 5 characterized by
protein molecular weight ranged from 141.6

to 24.0kd. n addition, protein detection in line
2 was ranged from 115.2 to 24.0 while, the
susceptible cultivar Nubaria 1 which had 23
bands ranged from 141.6 to 25.02 kd. the

in fractions in line 3 gave 22 bands
ranged from 141.6 to 28.6. On the other hand
the high yielding and resistant line; line 7 to
Orobanche showed a little number of bands
(19) ranged from 119.7 to 29.0kd was most
similarly to resistant cultivar Misrl i both
number of bands and molecular weight as
well. This finding indicates clearly that the
electrophoretic analysis is an important tool
for the identification of faba bean varities.
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These observations are compatible with those
by Sammour (1992), Abd El-Halim, (1994),
Zimaniak and Przybyiska (1995) and Angeles
et al. (2004) reported that the changes in the
carbohydrate and nitrogen metabolism an
induction of defense proteins in response to
broomrape parasitism. Biometrical and total
protein analysis on the importance of heterosis

and 1ts usefulness in the improvement of Vicia
faba Abd EL-Maksoud ef al (2007). Total
protein analysis content of the studied geno-
types revealed obvious differences in the
various protein fractions. It may be concluded
that the protein electrophoresis may be useful
for identifying V. faba accessions.

Table (7): Molecular weight of protein banding patterns by SDS-PAGE for total soluble

protein of Vicia faba for ten genoty

AR !
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Table (8): Analysis of protein banding patterns by SDS-PAGE for total

Vicia faba for ten peno

Annals Of Agric. Sc., Moshtohor, Vol. 46(3), 2008

soluble protein of

o LMY | o g lscl 9l 3|8 |5 | 8] % (8
NANECEEREREL IE-EE-RE-BE NIRRT
an

1 176.00 - - - - - - - N N T

2 163.53 - - . - - - - ¥

3 141.61 - - + . - - - -

4 13537 + - - - - - - - - -

5 123797 - - - - - . - - - T

¢ 11532 + - + + + - + ¥ T

7 114,98 + - + + + - - - - -

8 111.68 + - + + + + “ + + +

9 109.20 + + - - - + + + - +

10 107,52 - - + + - + - - - -

i1 104 40 + + + + + + + + +

12 100.80 - - - - + + - + - +

13 97.40 - - + - - - - + - .

14 92.70 + + - + + + - + +

15 85.40 + + + - - - - + + +

16 79.13 + + - + + - - + - +

17 71,40 - + - + + - + + + +

18 66,70 + + + + + + + + + +

19 63.50 + + + + + + + + + +

20 6080 | + + + + + + + + + +

21 58.50 + + + + + - - + o - +

22 49 40 + + + + - - - + - -

23 41.80 + - - - - - e - +

24 35.00 + - - - + + ¥ n T

25 317 + + + + - + - + - +

26 24.01 - + - - + - - - - -
Total 17 1 13 : 14 | 15 [ 15 ; 11 9 17 ; 10 | 19

Histological behavior of some selected faba
bean genotypes under Orobanche infes-
tation:

In the present work there are
differences in resistance to broomrape bet-
ween faba bean genotypes line3, Misr } and
ling7. Analysis of fig.1&2 show that histo-
logical studies were performed on sections of
infected roots of faba bean genotypes. These
sections demonstrated that, accumulation of a
brown substance was observed around the
penetration pathway of abortive haustoria in
both the cortex and the central cylinder of the
host root Fig.2A and Fig.2B. The substance
covered the whole tissue and looked dark
brown, almost black in thick sections, resem-
bling the appearance of necrotic tissue, These

results were in agreement with Pe'rez-de-
Luque ef ai., 2005b who found that resistance
does not necessatily include the death of host
cells or tissues. The data point to a different
mechanism and it is suggested that the dark-
ening of the tissue is a secondary symptom,; it
developed as a result of the operation of a
different type of resistance mechanism that
stopped the development of the parasite. A
more detailed observation during the income-
patible interaction of O. cremata with the
resistant faba bean geno-types (line3, Misr 1
and line7), the intrusive cells of the parasite
are stopped in the host cortex, before reaching
the endodermis {Fig. 2A). In some cases, the
parasite is scarcely able to pierce the
epidermis  (Fig.1B) Lignification of host
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pericycle and endodermis has been observed
in incompatible interactions between faba
bean and O. crenata, which seems to prevent
penetration of the parasite to the root
vascular cylinder thercfore, the parasite died
before a tubercle had formed. (Fig. 2
(A.B,C )). In contrast, on the roots of the
susceptible faba bean accession, the infection
developed normally, with the intrusive cells
reaching the central cylinder and the host
vascular tissues(Fig.2D). Previous reports
described lignification of host cortex and
xylem elements (Dorr ef al., 1994and Pérez-
de-Luque ef al., 2006) This may explain why,
in some cases, the haustorium developed in
the cortex around the vascular cylinder but

could not penetrate the cylinder itself as was
previously shown in the O. gegyptiaca-Vicia
spp. interaction (Goldwasser er al, 1999).
Cross-sections of incompatible (A-B-C) show
the blue arrow indicate Lignification of endo-
dermal and pericycle host cells seems to
prevent parasite intrusion imto the root
vascular cylinder at early infection stages
HC:host cortex, VC: host vascular cvlinder,
Pic: Parasite. The secretion found in wvessel
glements was of two kinds, one stained red
alcian dyes one substance, possibly a
carbohydrate (mucilage), as it stained with
alcian green, accumulated inside host vessels
away from the core of the haustorium.

o

Fig. (2): Cross-sections of incompatible (A-B-C) and compatible (D) interactions of
broomrape on faba bean stained with AGS. Incompatible interactions were
collected on C.1657, Misrland Giza 843x G.674 and compatible interactions
Nubaria 1 (resistant and susceptible faba bean, respectively). Arrows indicate
(A) AGS staining showing how the parasite is stopped after penetrating the
cortex and before reaching the endodermis. (B) AGS staining showing parasite
arrest just after piercing the epidermis. (D) AGS staining showing a successful

penetration attempt on Nubaria 1.

Yo
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The other substance that stained red
with safranin was usually present close to the
haustorium, within xylem vessels and also in
intercellular spaces and cell walls in the
central cylinder of the root. the host cells in
contact with the - parasite intrusive cells
presented a thickening of their walls that
reddish coloration was also observed at the
intercellular spaces. All this indicated the pre-
sence of polyphenols, pectins, and lignins.
(Fig. 3 AB ) substance was only found in
vessel elements, and only away from the
haustorium, not in the host—parasite interface
itself, one may suppose that this carbohydrate
15 derived from the host. It may be possible
that the presence of forcign substances inside
the host vessels activates the release of the
carbohydrate into the infected vessels, an
additional defense mechanism, similar to that
known to be associated with wilt diseases.
Vascular sealing of similar type prevented
other pathogens from further spread along the
plant (Beckman, 2000). Accumulation of
substances inside host tissues have been
reported by authors in the case of various
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parasitic plants: Dorr er al (1994),
Goldwasser ef al. (1999). Usually these subs-
tances are regarded as defensive materials
from the host, but it would be paossible to
differentiate  several substances m the
Orobanche—faba bean interaction that may
play different roles and seem to originate from
both the host and the parasite. In conclusion,
the death of O. cremata seedlings during
resistant faba bean cannot be attributed to cell
death in the host. [t seems to be associated
with lignification of host endodermis and
pericycle cells at the penetration site. mucilage
production can be considered as a quantitative
defensive reaction taking place against O.
crenata in faba bean, and probably also in
other legumes (Pe'rez-de-Luque ef ol., 20035a)
and plants (Labrousse ef al,, 2001; Zehhar er
al., 2003). It seems to be activated by the
presence of foreign substances (i.e. parasite
secretions) and host-degraded products (ie.
carbohydrates from cell walls) inside host
vessels, and leads to the obstruction of the
parasite supply channel and to the death of
established Orobanche tubercles.

Fig. {3 Detailed cross-section of & vesistmst
fiba bemn roor (A-8B) The serew indicates
scammlstion of -staining carbohydrates
and hesd spvowme gocumnlumion of sad
; !Mﬂganb;%mﬁaxa;d Slenyents, zlzo
wills i the
; mﬁdqhmgmmlfg;ﬁﬂﬂﬁCMtu
md&wm 2 bean voot

te bauntozhan of 2 healdw n&ﬁ
mm;mﬂmw socunadmion of vad
wiaming substance mzide vessel dleaents, zlzo
in  mrercaliuiyy md oofl walls n the
camtrel <ylimder, s syl veasal
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