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Abstract

Evaluation of ten treatments for the control of Orobanche of faba
bean was made in two field experiments carried out at Sids Agricultural
Research Station, Beni-Suef Governorate. The results indicate that the
variety Giza 2 had the highest number of Orobanche plants (53.3
spikes/m?). In contrast, late sowing, glyphosate application, integrated
control, non- chemical integrated control and Giza 429 (Orobanche toler-
ant var.) had the lowest number of Orobanche, which ranged from 5.3 to
10.3 spikes/m?. These five treatments showed areduction in number of
Orobanche/m? relative to Giza 2, of 90, 81, 88, 87 and 87%, respec-
tively. The results indicate also that non- chemical integrated control
treatment gave the highest faba bean seed yield of 1046 kg/fed (6.8
ardab/fed) followed by integrated control treatment (995 kg/fed, i.e
6.4 ardab/fed) with no significant difference. Both treatments produced
seed yield 50 and 48 times greater than Giza 2, respectively. Late sow-
ing ranked as the third highest yield treatment with seed yield of 648
kg/fed (4.9 ardab/fed) that was 37 times the yield of Giza 2, while Giza
429 was the fourth highest yielding treatment. These treatments in gen-
eral, and the two integrated control treatments in particular, had also
the highest yield component characters.

INTRODUCTION

Faba bean (Vicia faba L.) is considered the most important food legume crop in
Egypt. Broomrape (Orobanche sp.) is one of the main constraints to faba bean produc-
tion, in Egypt, and several other regions in the world. Therefore, broomrape control is a

major objective world wide.

Orobanche crenata infestation significantly decreases faba bean plant height,
leaf number and branches number, plant internode number, number of leaves, flowers
and green pods/plant, as well as root and shoot dry weight of faba bean plants. The

parasite also reduces number of seeds and pods/plant and seeds/pod and causes sig-
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nificant yield reduction. The yield losses in infected faba bean were 5-33% in Egypt,
50-100% in Malta, 12-63% in Morocco, 5.4% in Spain and 30-70% in Turkey (Sauer-
born and Saxena, 1986).

Broomrape control methods which include cultural (sowing date and soil flood-
ing), physical (solarization) and chemical methods (glyphosate) as well as integrated
control have been studied individually. High soil moisture content and /or waterlogging
inhibited emergence of Orobanche seeds and reduced broomrape infestation. Keeping
of Orobanche seeds in wet soil for more than 8 weeks before crop sowing, markedly
decreased the infestation of faba bean (Pieterse and Verkleij, 1994). Delayed planting
of faba bean from Nov. 28 to Dec. 19 reduced number of Orobanche shoots from 14.8
to 6.4/4m? under rainfed conditions in north Syria (Kukula et al.,, 1983). Nassib et al.
(1985) observed lower Orobanche shoots/m? when faba bean sown early in Oct. 15,

and its seed yield increased by 19.6% comparing with late sowing of Nov. 15.

Sauerborn and Saxena (1987) in Syria reported that soil solarization for 40 days
led to 90% reduction of emerging Orobanche crenata spikes and caused 50% increase
in yield of faba bean. Seed germination ability of Orobanche cernua seeds decreased
gradually as the period of solarization increased, and it was completely lost by 7 days
of solarization (Krishna-Murty et al., 1994). On the other hand solar heating increased
number and fresh and dry weights of root nodules in faba bean and other legumes
(Fayed et al., 1992).

Several researchers indicated that using glyphosate either at high rate (64 g a.i/
ha) or reduced rate (34 g a.i./ha) is the most effective method for controlling Oro-
banche crenata and increasing the dry weight of faba bean plants (Hussein et al,
1994).

Several broomrape tolerant faba bean cultivars show a high level of tolerance to
Orobanche and exceeded local checks in seed yield, such as Giza 402 (Nassib et al.,
1982), and Giza 429, Giza 674 and Giza 843 (Saber ef al., 1998). Using integrated
packages to control Orobanche, which included Orobanche resistant cultivar Giza 402,
no-tillage system, delayed sowing, high plant population density and fertilizers with or
without glyphosate spray gave the best Orobanche control and high faba bean seed
yield (Nassib et al., 1985).
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Therefore, the present study, evaluates single Orobanche control methods in
faba bean in addition to testing the efficiency of using integrated control treatments.
Faba bean yield losses due to' Orobanche infection and yield gained by using the differ-

ent control methods were also evaluated.

MATERIALS AND METHODS
Field practices and treatments

Two field experiments were carried out at Sids Agricultural Research Station,
Beni-Suef governorate during two successive winter seasons of 1996/97 and 1997/

98. Soil type in the experimental site was clayloam of medium fertility.

The following treatments were applied to control broomrape in faba bean: (T1)
Flooding: soil was water flooded continuously for three weeks before planting, (T2) Soil
solarization: plots were irrigated to stimulate the germination of weed seeds. One week
later, these plots were completely covered with transparent polyethylene (0.2 mm
thickness) for 6 weeks before faba bean planting, and irrigated at 3-4 weeks after
mulching. The polyethylene sheets were removed at planting, (T3) Late planting: sow-
ing was delayed for one month after planting of other treatments (planting date was
on November 22 instead of October 22 in both seasons), (T4) Chemical broomrape
control by using glyphosate herbicide (Round up) 36.4% liquid: N- phosphonomethyl
glycine at the rate of 75 cm®/feddan using CP3 knapsac sprayer with 200 | water. Two
sprays were applied at the beginning of flowering and two weeks after the first spray,
(T5) Integrated control: a package including flooding, late sowing, a broomrape tolerant
variety “Giza 674" (hybrid between Giza 402 and BPL 561), and one spray of glypho-
sate at 75cm/feddan with 200 | water at beginning of faba bean flowering. (T6)
Non-chemical integrated control: same as T5 but without chemical control, (T7) Rhizo-
bium inoculation: faba bean seeds were inoculated with rhizobium as recommended,
(T8) planting the Orobanche tolerant cultivar Giza 674 (hybrid line between Giza 402
and BPL 561), (T9) planting the Orobanche tolerant cultivar Giza 429 (selection from
the Orobanche tolerant old cultivar Giza 402), and (T10) Control treatment: using the
conventional Giza 2 cultivar without any broomrape control treatment. The Orobanche

susceptible variety Giza 2 was used in all treatments, except in T5, T6, T8 and T9.
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The treatments were arranged in a randomized complete block design with four
replications. Planting was on October 22 in both growing seasons, in 4m-long 60 cm
wide ridges, on both sides of the ridge, with intra row spacing of 20cm and 30cm be-
tween rows (33 plams/mz). Each plot consisted of 10 ridges (20 rows). Fertilizer at
30 kg P205/fed, and 15kg N/fed was added to the soil prior to planting in both sea-
sons. An sowing irrigation was given immediately after planting; then five irrigations

were applied monthly starting November 19 in both seasons.

Data recording

Broomrape spikes in the central 2m of the central 2 ridges (4 rows, 2.4m2) in
each plot were counted before harvesting the faba bean plants, and number of broom-
rape spikes/m2 was determined. The following criteria were recorded on faba bean
throughout the growing season: (1) seedling emergence (%) at 21 days after sowing,
(2) plant height (cm) at the late vegetative growth stage (30 days after planting), dur-
ing flowering stage (60 days after planting) and at harvest, (3), days to 50% flower-

ing, (4) number of branches/plant, and (5) days to 90% maturity.

At harvest, faba bean plants in the central 2m of each of the central 8 rows (4.8
m? ) in each plot were harvested together and the remaining plants were discardec' to
avoid the border effects. Harvested faba bean plants were field dried and then
thrashed. The following yield and yield components criteria were estimated on 10 indi-
vidual plants selected at random from each plot: Number of pods/ plant, number of
seeds/pod, number of seeds/plant, seed yield (g)/plant and 100-seed weight (g). Seed

yield per plot was estimated and transformed to seed yield (kg.) per feddan.

Statistical analysis

The plot mean for each character was used for statistical analysis. Data for each
season was statistically analyzed separately. Then the combined data of both seasons
were analyzed together according to the procedures suggested by Gomez and Gomez
(1984). Simple correlation for all studied characters were calculated according to Go-
mez and Gomez (1984).
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RESULTS AND DISCUSSION

The individual statistical analysis of variance for each season showed significant
differences among treatments for all characters, except for seedling emergence, num-
ber of branches/plant and number of seeds/pod in the second season. The combined
analysis of variance of the two seasons indicated significant differences among treat-

ments, for all characters except seedling emergence. .

Effect of broomrape control treatment on number and dry weight
of orobanche

Number of Orobanche spikes/m? Table (1) shows that seasonal and treatment
effects as well as their interaction were highly significant. The overall means of number
of Orobanche in 1996/97 and 1997/98 were 27.7 and 19.1, respectively, indicating
high Orobanche infestation severity in the first experimental season than the second
one. Variation of number of Orobanche/ m? between years was also reported by many
researchers. The average number of Orobanche/ m? observed in the present study is
considered enough to cause considerable damage to faba bean plants. In this respect,
Lopez-Granados and Garica-Torres (1991) reported that the mean of infestation sever-

ity of Orobanche crenata in faba bean was 14 spikes/m?.

The combined data (Table 1) show that, the check treatment (Giza 2) had signif-
icantly the highest number of Orobanche/ m? compared to other treatments except rhi-
zobium inoculation treatment. The high number of Orobanche/ m? found in rhizobium in-
oculation reflected the relation between the presence of soil bacteria and Orobanche
infection. Cezard (1973) slatgd that presence of bacteria is necessary for the germina-
tion of seeds of several Orobanche species. Rhizobium bacteria seem to be essential

for Orobanche attack on faba bean. They may open the door for Orobanche.

Late planting (T3), glyphosate (T4), integrated control (T5), non-chemical inte-
grated control (T6) and the tolerant Giza 429 cultivar showed the lowest mean number
of Orobanchel m? of 5.27, 10.32, 6.20, 7.09 and 7.09 spikes/m?, respectively with no
significant differences between them. The percentage reductions in number of Oro-
banche/ m? gained by the previous treatments over the susceptible check Giza 2 were

90, 80.7, 88.4, 86.7 and 86.7%, respectively, indicating their superiority to control Or-
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obanche in faba bean.

The positive effect of late planting for Orobanche control may be attributed
mainly to the stunting effect of low temperature on seed germination and establish-
ment of Orobanche as reported by Kasasian (1973). He found that the lower and upper
limit for Orobanche seed germination was about 8°C and 30°C, respectively, while the
optimum was about 20°C or slightly higher. Seeds of Orobanche crenata always germi-
nate one week before flowering of faba bean, and the release of the germination stimu-
lant occurs just before and during flowering of faba bean (Zahran, 1982). In the
present study, when faba bean was grown in normal planting date of October 20, flow-
ering started about November 20. The average minimum temperature in November was
11.4 and 11.5°C in the first and the second season, respectively (Table 2). These tem-
peratures were above the lower limit for Orobanche germination as indicated by Kasa-
sian (1973). While, when planting was delayed to November 20, the flowering began
on December 20, when the average minimum temperature was 7.5 and 6.8°C, in the
first and the second season, respectively, and ranged from 3.5 to 7.0°C during the peri-
od from 17 to 25 December in 1997 (Table 2). Therefore, these low temperatures
may negatively affect Orobanche germination and hence, reduce its infection on faba

bean plants.

An alternative explanation to this fact is that root exudates, which stimulate ger-
mination of Orobanche seed, diffuse from the host roots into the soil, but their activity
is restricted to a distance of 10mm. The distance which the procaulome can cover is
limited to 3-4mm (Salle et al., 1984). Hence, at a certain seed density the number of
seedlings that may possibly attach the host root is determined by the extension of the
root system. Therefore, low temperature may not only reduce the attack by decreasing
the number of germinating Orobanche, but it may also affect the host, because the po-

sition and the growth of the root system is influenced.

The superior effect of late planting on Orobanche control obtained in the present

study is in agreement with Kukula et al.(1983).
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Effect of broomrape control treatments on growth of faba bean

Faba bean plants emerged very well in all treatments (Table 3). There were sig-
nificant differences between treatments in plant height at all stages, (30, 60 days af-
ter planting and at harvesting). For example, late sowing gave the shortest plants at all
stages compared with other treatments (Table 3). This effect may be due to the short
growth season of faba bean in late planting. The results indicated also that plant height
increased with reducing Orobanche infestation. The data of number of branches/plant
(Table 8) show that faba bean plants of the following treatments: late planting, glypho-
sate, integrated control, non-chemical integrated control, Giza 674 and Giza 429 mani-
fested the highest number of branches/plant. Meantime, these treatments attained
also the most effective broomrape control values. These treatments also showed high
plant height. Therefore, the results clearly indicate that the treatments which had less
Orobanche infestation showed better growth patterns. These results are in agreement
with previous work showing that Orobanche spikes compete with faba bean plants for

water, nutrients, assimilates and other growth substances.

The overall average of days to 50% flowering was 42 (Table 3). The data of
time to flowering show that late planting as in T3, T5 and T6 treatments delayed 50%
flowering by 20 days for T3 comparing with Giza 2 and by 17.5 and 18.2 days for TS
and T6, respectively comparing with Giza 674. Regarding days to 90% maturity, the
data in Table 3 show that the three treatments, late sowing (T3), integrated control
(T5) and non-chemical integrated control (T6), which were sown late, matured at
about 133 days. These treatments matured earlier than other treatments by about 20
days. That means they had shorter growing season than other treatments applied.
Number of days from planting to 90% maturity for the remaining treatments ranged
from 151.6 to 154.4 days. This narrow range of days to 90% maturity, suggestes that
all applied treatments, except late sowing, had little effect on days to maturity. Similar
results obtained in previous studies where delayed sowing, delayed the time to flower,
but at the same time the period between bud formation and pod development was re-

duced. That means development was quicker when sowing had been delayed.
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Effect of broomrape control treatments on faba bean yield and
yield components

The results of number of pods/plant show that Giza 2 gave the lowest pods/
plant of 3.67 followed by soil flooding (Table 4). Non chemical integrated control along
with Giza 429 and integrated control treatments gave the highest number of pods/
plant. The data of number of seeds/plant, indicated similar trend to number of pods/
plant. Soil flooding, late planting and glyphosate significantly increased number of
seeds/pod than the control (Giza 2). Meanwhile, seeds/pod was not significantly af-
fected by each of integrated control (T5) and non-chemical integrated control (T6)

treatments comparing with Giza 674.

Data indicated that Giza 2 had the lowest 100-seed weight value (51.63 g/100
seeds). Other treatments had various values of 100-seed weight. (80.4 g for non-
chemical integrated control to 68.0 g for soil flooding). However, the treatments T6,
T5, T9, T8, T3 and T4 also had the highest 100-seed weight values, followed by rhizo-
bium inoculation. Seed yield/plant was significantly affected by Orobanche infestation.
Seed yield/plant of all applied Orobanche control treatments exceeded seed yield/plant
of Giza 2 with different extents (Table 4). Non-chemical integrated control along with
integrated control attained the highest values of seed yield/plant and exceeded Giza
674 by 36.4 and 24.6%, respectively. In contrast, these two treatments exceeded
seed yied/plant of Giza 2 by 300 and 280%.

Tabulated data (Table 4) show that the maximum seed yield in this investigation
was obtained from the two integrated Orobanche control treatments (T5 and T6) with
no significant difference between them. Both treatments dramatically increased seed
yield to reach 50 and 48 times the yield of Giza 2, respectively. These two treatments
had also high yield components, as number of pods/plant, number of seeds/plant, and
100-seed weight as indicated above. Also, both treatments had low Orobanche infec-

tion as indicated by low number of Orobanche/ m? as shown in Fig. (1).

Moreover, the superiority of T5 and T6 in seed yield was due to that these treat-
ments combined the successfull agronomic practices such as late sowing, glyphosate
spray and soil flooding with using the tolerant variety Giza 674. When each of these

practices were applied individually, they gave considerable increase in seed yield over
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Giza 2. Therefore when all these practices are combined together as a package, they

maximized yield increase, and gave the greatest seed yields as indicated.

On the other hand, Giza 2 cultivar achieved the lowest value of seed yield. This
conspicuous reduction was mainly attributed to the severe infestation of the broom-
rape parasite which widthdraws water, carbohydrates and nutrients from the host.
Therefore, the heavier the broomrape infestation, the greater the decline befell in faba

bean seed yield as shown in Fig. (1).

Correlation between faba bean seed yield and some of the studied
characters

Data in Table 5 reveal that seed yield (kg/fed) showed a strong negative correla-
tion with number of Orobanche/m? (r= -0.689**) as confirmed by Zaitoun et al.,
(1991). Seed yield was positively correlated with the growth characters of faba bean.
These results confirm the results obtained above, as the treatments which had low Or-
obanche infestation had good growth patterns and hence showed high seed yield. The
correlation between seed yield and each of days to flowering (r = 0.789**) and maturi-
ty (r=-0.634"*) were highly significant and high in magnitude. These relationships con-
firm the results that the highest yielding treatments; late sowing, integrated control
and non-chemical integrated control, which sown late, flowered later and matured earli-
er than other treatments as shown before. Seed yield was correlated positively and sig-
nificantly with all yield component characters, i.e. number of pods (r = 0.587**), and
seeds/plant (r = 0.647**), number of seeds/pod (r = 0.264*), 100-seed weight (r =
0.604"*) and seed yield/plant (r = 0.565"*), indicating that increasing seed yield was

due to the increase of all yield components.
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Table 1. Effect of Orobanche control treatments on number of Orobanche/ m? in 1996/

97 and 1997/98 seasons and their combined analysis.

No. of Orobanche/ m?
No. | Orobanche control treatment
96/97 | 97/98 | Comb.
1 |Soil flooding 54.38 | 29.07 | 41.78
2 |Soil solarization 34.90 | 27.29 | 31.10
3 |Late planting 5.42 5.11 5.27
4 |Glyphosate herbicide 8.75 11.88 | 10.32
5 |integrated control 1.46 10.94 6.20
6 |Non chemical integrated control| 5.73 8.44 7.09
7 |Rhizobium 67.51 26.77 | 47.14
8 |Giza 674 (tolerant) 23.44 | 25.94 | 24.69
9 |Giza 429 (tolerant) 4.27 9.90 7.09
10 |Giza 2 (control) 71.05 | 35.63 | 53.34
Average 27.69 | 19.10 | 23.40
L.S.D.5%: Treatment 13.623| 8.896 | 7.946
Treatment x season 11.23s7

Table 2. Monthly average maximum and minimum air temperature during August — July
in 1996-97 and 1997- 98 seasons.

Month 1996/1997 1997/1998

Max. Min. Max. Min.
August i 36.5 20.2 34.6 20.2
September 34.3 18.3 32.5 18.4
October 317 15.7 31.3 15.4
November 26.7 11.5 25.5 11.4
December 22.1 7.5 19.6 6.8
January 16.6 4.0 19.1 8.5
February 17.0 3.9 20.4 7-5
March 20.1 6.0 21.5 72
April 24.4 9.8 30.0 12.3
May 32.0 14.8 34.0 17.1
June 34.5 18.6 35.7 19.4
July 35.8 20.9 37.3 20.7

Source: Bulletin of Meteorological data, 1996-1998, Ministry of Agriculture
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Table 3. Effect of Orobanche control treatments on faba bean seedling emergence,

plant height at 30 and 60 days after planting and at harvest, no. of branches/

plant and days from planting to 50% flowering and to 90% maturity (com-

bined analysis of 1996/97 and 1997/98 seasons).

No. | Orobanche control £ é, 53 ﬁ;g -‘g, g é Elge g Se g‘
treatment (%g 28| 28| s8¢ 235 |lepgie 2l
@ § © E T| £E® g SE2 e e
K K 5] S «
o o o = = 5
1 |Soil flooding 97.7 242 | 759 | 100.7 | 2.44 | 35.00 |153.38
2 _|Soil_solarization 97.9 24.8 | 78.2 95.5 2.94 | 34.25 [154.38
3 |Late planting 98.5 17.7 | 53.3 95.1 3.12 | 56.38 | 133.38
4 |Glyphosate herbicide 98.6 23.0 | 72.3 | 107.0 | 3.17 | 36.63 [153.63
5 |Integrated control 98.3 19.2 60.8 107.2 | 3.68 57.25 | 133.63
6 Non:cherical 98.9 20.0 61.9 112.5 | 3.37 58.00 | 133.00
integrated control § ' ) ) ) ) )
7 _|Rhizobium 97.7 24.3 70.7 98.6 2.79 37.00 | 151.63
8 |Giza 674 (tolerant) 98.1 26.3 | 89.3 | 139.7 | 3.43 | 39.75 |153.88
9 |Giza 429 (tolerant) 99.0 25.4 | 955 | 133.9 | 8.63 | 41.38 |154.00
10 |Giza 2 (control) 98.5 23.4 | 77.8 90.1 2.47 | 36.38 {152.63
Average 98.32 | 22.83 | 73.57 [108.03 | 3.10 | 43.20 |147.35
L.S.D.5%: Treatment NS 1.239 | 5.455 | 6.052 | 0.472 | 1.470 | 0.747
Treatment x season | 2.043 | 1.752 | 7.714 | 8.559 N.S 2.075 N.S
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Table 4. Effect of Orobanche control treatments on no. of pods/plant, no. of seeds/
plant, no. of seeds/pod, 100-seed/weight, seed yield/plant and seed vyield
(kg/fed) for faba bean (combined analysis of 1996/97 and 1997/98

seasons).

wh |l |<B 1238 E lz=

No. Orobanche control Z % z 2 & % _‘g’ '§ .\:;_ = 2 E

treatment zg P § 2 E S |o g ~ § E,

Q »n » b E > (77 it

1 |Soil flooding 3.96 11.71 2.91 68.00 6.94 118.81
2 |Soil solarization 5.49 14.28 2.63 68.75 11.03 | 235.45
3 |Late planting 6.67 19.68 2.98 74.75 13.37 | 764.77
4 | Glyphosate herbicide 6.13 17.75 2.91 74.13 12.88 | 634.19
5 |Integrated control 7.13 20.65 2.90 77.25 14.82 | 994.95
g |Non chemical integrated | o) | 55553 | 2.86 | 80.38 | 16.22 |1045.4

control

7 | Rhizobium 6.44 15.54 2.47 71.75 11.68 | 139.97
8 |Giza 674 (tolerant) 6.79 19.08 2.83 76.75 11.89 {411.22
9 |Giza 429 (tolerant) 7.42 19.76 2.67 77.25 12.90 {681.38
10 |Giza 2 (control) 3.67 8.34 2.31 51.63 5.24 20.62
Average 6.16 16.93 2.75 72.06 11.70 | 504.68
L.S.D.5%: Treatment 0.878 2.688 0.385 2.351 3.383 [92.979
Treatment x season | 1.242 3.802 | 0.545 | 3.324 3.370 {131.492

Table 5. Correlation coefficient (r) values between seed yield (kg/fed) and some stud-

ied characters in faba bean.

Character r
Number of Orobanche /m? -0.689" "
Plant height at harvest 0.343""
Number of branches/plant 0.582"
Days from planting to 50 flowering 0.789"
Days from planting to 90 maturity -0.634
Number of pods/plant 0.587"
Number of seeds/plant 0.647
Number of seeds/pod 0.264
100-seed weight 0.604
Seed yield/plant (g) 0.565

*,** Significant at 0.05 and 0.01 probability levels, respectively.
tdf =78
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Figure 1. Seed yield (kg/fed.) and number of Orobanche stems/m2 as affected by ap-
plied control treatments.

1200 H T H T T 7 80
mseed yidld (kg/fed) CNo.of Orobanche/m2 - |- ]

3 5

]

2 A

= o

3 ¢

% S

> 3

3 g

a g
%

Treatment



766 PERFORMANCE OF OROBANCHE CONTROL

REFERENCES

1. Cezard, P. 1973. Quelques aspects particuliers de la biologie des orobanches. Pro-
ceeding of Workshop of Biology and Control of Orobanche. Parasitic Weeds Research
Group Wageningen, The Netherlands: 55-67.

2. Fayed, M. T.; S. M. El-Nagar. and H. Fawzy. 1992. Performance of several weed con-
trol programs in peanut (Arachis hypogaea L.). Il- Weed density, growth and nodula-
tion of peanut plants. Proc. 5th Conf. Agron., Zagazig Univ., 2: 1061-1071.

3. Gomez, K. A. and A. A. Gomez. 1984. Statistical Procedures for Agricultural Re-
search. 2nd Ed., USA, John Wiley and Sens, NewYork.

4. Hussein, A. H. A.; M. A. El-Deeb.; M. M. El-Morsy and S. R. Saleib. 1994. Performance
of some chemical herbicides in controlling Orobanche in faba bean fields. J. Agric.
Sci. Mansoura Univ., 19(2): 439-445.

5. Kasasian, L. 1973. Miscellaneous observation on the biology of Orobanche crenata
and Orobanche aegyptiaca. Proceeding 1st Symposium on Parasitic Weeds. The Eu-
ropean Weed Research Council, Parasitic Weeds Research Group, Wagningen, The
Netherlands: 68-75.

6. Krishna-Murty, G. V. G.; C. A. Raju and G. V. G. K. Murty. 1994. Effect of Solarization
on the germinability of broomrape seeds (microplot study). Proceeding of the 3rd
International Workshop on Orobanche and Related Striga Research. Royal Tropical In-
stitute. Amsterdam, The Netherlands: 493-495.

7. Kukula, S.; A. Haddad and H. Masri. 1983. Weed control in lentils, faba bean and
chickpeas. Proceeding of the International Workshop on Faba bean, Kabuli Chickpeas,
and Lentils in the 1980s, ICARDA, Aleppo, Syria: 169-177.

8. Lopez-Granados, F., and L. Garcia-Torres. 1991. Eight years study on population
evaluation of Orobanche crenata in Vicia faba L. Proceeding of the International

Symposium of Parasitic Weeds. Nairobi, Kenya: 352-355.



FAYED,M.T.B. et al. 767

9. Nassib, A. A.; A. A. Ibrahim and S. A. Khalil. 1982. Breeding for resistance to Oro-

10.

11.

12

13.

14.

15.

16.

banche. Faba bean Improvement. Matinus Nijhaff publishers, The Hague, The Nether-
lands: 199-206.

Nassib, A. M.; A. H. A. Hussein and F. M. El-Rayes. 1985. Effect of variety, chemical
control, sowing date and tillage on Orobanche spp. infestation and faba bean yield.
The 10th 1nterﬁalional Cong. for Statistical Computer Sci., Social and Demographic
Res., Ain Shams Univ., Cairo, Egypt: 247-263.

Pieterse, A. H. and J. A. C. Verkleij. 1994. Germination ecology of Striga and Oro-
banche an overview. Proceedings of the 3rd international Workshop on Orobanche
and Related Striga Research. Royal Tropical Institute, Amsterdam, The Netherlands:
36-48.

Saber, H. A.; M. M. El-hady.; M. A. Omar.; Samia. A. Mahmoud; M. A. El-Deeb and M.
M. Radi. 1998. A new Egyptian source for Orobanche resistance in faba bean. The
4th International Workshop on Orobanche. Institute for Wheat and Sunflower, Do-

broudja, Bulgaria: 287-290.

Salle, G.; M. Aber and S. Lecoz. 1984. Comparative histo-physiological study of the
germination and establishment of three major parasites: Viscum, Orobanche and
Cuscuta. Proceeding 3rd International Symposium of Parasitic Weeds, Aleppo, Syria,
ICARDA Aleppo, Syria: 10-21.

Sauerborn, J. and M. C. Saxena. 1986. A review on agronomy in relation to Oro-
banche problems in faba bean (Vicia faba L.). Proceeding of a Workshop on Biology

and Control of Orobanche. Lh/vpo. Wageningen, the Netherlands: 160-165.

Sauerborn, J. and M. C. Saxena. 1987. Effect of soil solarization on Orobanche spp.
Infestation and other pests in faba bean and lentil. Proceeding of the 4th Interna-
tional Symposium on Parasitic Flowering Plants. Philipps Univ., Marburg Germany:
733-744.

Zahran, M. K.. 1982. Weed and Orobanche control in Egypt. Faba Bean Improve-
ment Martinus Nijhoff publishers. The Hague. The Netherlands: 191-198.



768 PERFORMANCE OF OROBANCHE CONTROL

17. Zaitoun, F. M. F.; O. A. Al-Menoufi and H. C. Weber. 1991. Susceptibility of five va-
rieties of Vicia faba to infection with Orobanche crenata. Proceedings of the 5th In-

ternational Symposium of Parasitic Weeds. Nairobi Kenya: 208-216.



FAYED, M. T.B. et al. 769

@bl Jsill Jpuans b el pllell 1adlSa calolas ol slu
'ol_.u.ﬁmlva‘,‘.u L.IJLMI -"ém Saad «‘.\._.Li._-...?...! _,.DLL Jdoana

sl Basal = Bl A Pl a5
el ) B pandl S 50 = Josolall agas — Tl sdul] Jalall geols 4o ¥

D s Ao Wsbas pusn Lael 50l g all Uaae glidia Lo, 25 oy al
335 galell Jsill Jpuano 5 ool TablSl odlolas V. a3l (RA/NAY AV/NARY) aiise
Cibeall Ll AT Ll Alalass 6 Tp/E et OF, Y SIS el sdleld sue Llei o gilasdl o jLad
e gdatally il el 50 alass Huals s sl @dlalas Lainy el pllgll Sulawall Y530
£Y4 330 Jaaill Citiall Tel )55 LiloaaSII jad Ul Lol Sl I ALalSal 2a sl
edlaladloda o yel wSy. Ya/Elad VLY 10T G 2l 5 o dlel] e jlais e s J3T cibaci
ole el das o b Al 8 el Sl sae (AR Al ! (5 150K L8585 Guadll
JAVAAVAAA (AVA L X 83an Lo EL Cibaan D055 (s yall

/oS Vi el LSlaaSIl 5 WLlSEL Aa 3t Walass 5 I La] gilaad] sy
058 Ygeana oiba A LAL e I ALLISEE Lo slSU Aalans T ylaa (lad/ca,i VLAY olad
ole oaslalall IS w8585 5 copilalall ons Lasias Gusd Oaaa (O1a8/0u,l 1o E) Slad/ea 440
Lol (B eelad el 30 slae 53 Ualase Lol il £A-0. Jlgay Jouanll L5 Y550n
Sl ¥ 330n e elliy Bpita (Glad/ usl €,4) olad/aas VA dda d,.aall;‘ji_‘ul_’ul
ells yanas elli g oJ geanll 3 Lol 20,0 8 £Y8 350n Ciiall Ualas cels Loty Liaua YV
el il b dlalad] Judil Tuals ay UalSll Laal<Ul Slabas y Lole Lisay dlolall
LSy Jsaall Lalasl by



