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ABSTRACT

Ten promising Orobanche tolerant faba bean genotypes were evaluated with
Misr 1 and Giza 843 (tolerant) and Giza 40 (susceptible) under free and highly
Orobanche infested fields at Giza Research Station from 2005/06 to 2007/08 growing
seasons. The same materials were evaluated under farmers’ fields in Behera and Sharkia
Governorates during 2008/09 season under free and natural infested soils.
Demonstration plots were conducted at Behera and Sharkia in Orobanche heavy infested
farmers’ fields to demonstrate to the farmers the level of resistance in the new tolerant
genotype. At Giza Research Station, the promising genotype X-1722 exceeded the other
genotypes by an average of 2-80 % for seed yield/plant. For seed yield /fed. results
indicated that X-1722, X-1714 and Misr 1 could be considered tolerant to Orobanche
compared with the susceptible check. In on farm trials, X-1722 seed yield exceeded Misr
1 and Giza 843 by 4 and 30%. The promising X-1722 seed yield exceeded the
recommended tolerant cultivar Giza 843 by 19.5—- 31.5% at Sharkia and by 26.2— 34.0%
at Behera in season 2011, and has been released as a new variety in 2011 season with the
name of Misr 3.
Key words: Faba bean, Orobanche tolerance, Newly released variety.

INTRODUCTION

In Egypt faba bean is considered the most important food legume
that provides adequate amount of protein supply in the diet. In addition, the
dry seeds contain about 58% carbohydrates, which considered as a good
source of energy. Besides its contribution to soil nitrogen fertility through
N2-fixation. The cultivated area across the last five years (2008 — 2012) was
61000 fedan with an average yield of 8.87 ard/fed. Broomrape (Orobanche
crenata, Forsk) is known to be the highly damaging parasite plant affecting
faba bean production in Egypt. When infestation levels are high, there can
be complete failure of the crop.

Various control methods have been proposed, ranging from cultural
practices such as hand weeding, solarization, trap and catch crops, delayed
sowing dates and crop rotation, to use of chemical and biological control
methods. However, no single method has provided satisfactory control
(Parker 1994 and Rubiales et al 2002). Little success has been achieved in
breeding legumes for broomrape resistance due to the scarcity of sources of
resistance and the complex inheritance of those available so far (Cubero et



al 1994 and Rubiales 2003). Thus, there is a great need for development of
resistant cultivars and for better understanding of inheritance of resistance
(Sillero et al 2005).

Several resistant lines and cultivars have been described in the last
few decades such as VF-172, Baraka, ILB437, ILB4357 and 1LB4360
breeding lines (Cubero 1973, Cubero et al 1992 and Khalil et al 2004).

In Egypt, plant breeders developed family 402 as the first source for
resistance to Orobanche crenata (Nassib et al 1979). An intensive breeding
program started utilizing the resistant germplasm accessions, breeding lines,
landraces and recommended cultivars through hybridization and selection.
This program resulted in releasing three cultivars (Giza 429, Giza 674 and
Giza 843) having high level of resistance to Orobanche and became
available to the Egyptian farmers (Khalil et al 1994, Attia 1998 and Saber et
al 1999). The promising genotype 667/153/87 has been released as new
cultivar under the name Misr 1 in 2001 (Saber et al 2002).

At the Faculty of Agriculture, Cairo University they succeeded to
develop three tolerant genotypes; Cairo 241, Cairo 1 and Cairo 2, (Darwish
and Abdalla, 1994 and Abdalla and Darwish 1996 a and b 2004). Recently
three Orobanche tolerant faba bean varieties have been released under the
names: Cairo 4, Cairo 5 and Cairo 25 (Abdallah and Darwish 2008).

The objective of this work was to evaluate the newly developed faba
bean cultivar (Misr 3) as a new source for Orobanche resistance, which may
be useful genetic stock in food legume breeding programs in Egypt under
natural infestation in farmer fields.

MATERIALS AND METHODS

A diallel mating design was performed among eight faba bean
genotypes (Attia 1998). Five F> populations were promising for Orobanche
tolerance and rehybridization took place with both L-667 (Misr 1), and L-
101 from Faculty of Agriculture, Cairo University in 1999. Ten genotypes
(Table 1) were established and evaluated with Misr 1 and Giza 843
(tolerant), and the highly susceptible cultivar Giza 40 under heavy infested
field with Orobanche at Giza Research Station, ARC, Egypt from 2000 to
2004 seasons and all plants that have tolerance and low dry weight of
Orobanche were selected and bulked. A randomized complete block design
with three replications was used. Each genotype was represented by three
ridges, 3m long and 60 cm apart with single seeded hills at one side of the
ridge and 20cm between hills.

The previous genotypes were evaluated in farmers’ fields in Behera
and Sharkia Governorates during 2008/09 season under naturally infested
soils with Orobanche. A randomized complete block design with three
replications was used and the plot size was 5.4 m2.

During 2008/09 and 2009/10 seasons, eight demonstration plots
were conducted in Behera and Sharkia Governorates (each 0.5 fed) in heavy
Orobanche infested farmers’ fields to demonstrate to the farmers the level
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of resistance in the new cultivar “Misr 3”. The data were analyzed using
randomized complete block design as outlined by Gomez and Gomez
(1984).

The reduction due to Orobanche infestation was calculated
according to the formula:

Seed yield of free field - Seed yield of infested field %

Reduction% = Seed yield of free field
Table 1. Pedigree and reaction to Orobanche of thirteen faba bean genotypes.
Genotype Pedigree Reaction to Orobanche
X-1722 (Misr 3) | L-667 X (Cairo241 XG.461) Tolerant
X-1714 L-667 X (G.429 X G.843) Tolerant
X-1715 L-101 X (G.429 X G.843) Tolerant
X-1716 L-667 X (G.674 X BPL536) Tolerant
X-1717 L-101 X (G.674 X BPL536) Tolerant
X-1718 L-667 X (G.843 X Cairo241) Tolerant
X-1719 L-101 X (G.843 X Cair0241) Tolerant
X-1720 L-667 X (G.843 X BPL536) Tolerant
X-1721 L-101 X (G.843 X BPL536) Tolerant
X-1723 L-101 X (Cairo241 X G.461) Tolerant
Misr 1 Giza 3 X 123A/45/76 Tolerant
Giza 843 Cross 461 X Cross 561 Tolerant
Giza 40 Single plant selection from Rebaia 40 | Highly susceptible

All materials were obtained from Field Crops Research Institute (FCRI) except BPL
material was obtained from ICARDA, the parental genotype Cario241 was obtained
from Agronomy Department, Faculty of Agriculture, Cairo University.

Figure (1): summarizes origin of the new variety Misr 3 coupled
with Table 3

GIV%S G |V3A/45/76
X

1999 (Giza 461 x Cairo 241) Misr 1
Disease resistant  Orobanche tolerant Orobanche tolerant
|
2002 F> population
2003-2010 Mass selection under naturally infested soils
|
2011 Released under name Misr 3

Fig 1. Chart of the origin of the newly released Orobanche tolerant faba
bean variety Misr 3
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RESULTS AND DISCUSSION

The data of Misr 3 variety were collected from Giza Research
Station and from on farm and demonstration fields as follows:

Giza Research Station

Data presented in Tables (2, 3, 4 and 5) indicated that all tested
genotypes and the two tolerant check cultivars; Giza 843 and Misr 1
exceeded the susceptible check Giza 40 in seed yield.

For number of pods/plant, X-1714, X-1716 and X-1722 were the
least affected genotypes. X-1714 recorded the least reduction value due to
Orobanche infestation (24.90%), followed by X-1716 (30%) and X-1722
(30.8%). However, Giza 40 recorded the highest reduction value (100%).
Misr 3 was superior in number of pods/plant, and had 29 and 49% relative
increase compared with the check cultivars Giza 843 and Misr 1,
respectively and exceeded the other genotypes by an average of 3-46%
(Table 2).

For seed yield/plant, results presented in Table (3), showed a
significant effect of studied genotypes on seed yield/plant across the three
seasons. The promising genotype Misr 3 exceeded the tolerant check
cultivars Misr 1 and Giza 843 by 4 and 30%, respectively and exceeded the
other genotypes by an average of 2- 80%.

Table 2. Average number of pods/plant of faba bean genotypes evaluated under both

free and infested soils with O. crenata at Giza Research Station (2005/06,
2006/07 and 2007/08 growing seasons).

Genotype 2005/06 2006/07 2007/08 Average [Reduction _ Relative
Free |Infested| Free |Infested| Free | Infested | Free| Infested % increase%o
K122 (M'§;34.3 930 121 {110 BL17 o1 |60 180  j0.8
X-171431.1 [23.0 20.0 [15.9 18.8 |13.5 23.3 |17.5 24.9 03
X-171530.7 |11.0 17.0 |16.4 22.2 [20.8 23.3 [16.1 30.9 12
X-171631.9 [13.3 15.7 |13.7 225 [21.9 23.3 |16.3 30.0 10
X-171737.0 [13.3 13.3 [12.7 241 21.1 24.8 |15.7 36.7 15
X-171826.7 |15.7 20.4 |11.0 211 [17.1 22.7 |14.6 35.7 23
X-171923.8 |09.0 158 [11.7 18.0 |16.9 19.2 [12.5 34.9 44
X-172024.2 |13.7 19.5 [10.3 21.2 [18.0 21.6 [14.0 35.2 29
X-172128.9 (14.3 15.1 [05.7 20.7 [16.9 21.6 |12.3 43.1 46
X-172330.5 |08.0 15.5 109.0 229 [21.6 23.0 |12.9 43.9 40
Misr 126.3 [11.0 146 [10.2 28.4 |15.2 23.1 (12.1 47.6 49
Giza 84335.2 |11.7 20.7 |11.3 27.1 ]19.0 27.7 (14.0 49.5 29
Giza 40(25.7 |00.0 18.4 [00.0 21.6 [00.0 21.9 |00.0 100.0
L.S.D.o.0s 7.9 [7.5 4.1 6.9 55 8.8 - -

For statistical analysis one is added to all numbers but actual values are
tabulated

Seed yield of free field - Seed yield of infested field
Reduction % = Seed yield of free field

Relative increase of Misr 3 over other tested genotypes.
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Table 3. Mean seed yield/plant (g) of faba bean genotypes evaluated under both free
and infested soils with O. crenata at Giza Research Station (2005/06, 2006/07
and 2007/08 growing seasons).

2005/06 2006/07 2007/08 Average Reducti Relative
Genotype Reduction); - rease
Free|Infested|Free|Infested| Free | Infested | Free | Infested % %
K-1722 (M'§;43.0 408 60 227 598 [52.8 1429 1388  [10.0

X-171448.5 [39.2 40.9 35.7 40.3 [36.3 432 371 14.1 105
X-171544.9 [28.6 31.8 26.8 47.9 40.7 415 [32.0 22.9 121
X-171651.3 27.6 33.4 25.5 55.1 [35.9 46.6  [29.7 36.3 131
X-171748.6 [22.7 28.3 24.3 45.1 39.2 40.7  [28.7 29.5 135
X-171844.0 35.0 44.5 22.5 49.6 37.1 46.0 315 31.5 123
X-171943.5 21.0 33.6 22.7 38.7 [30.8 38.6 [24.8 35.8 156
X-1720833.9 [31.6 37.7 21.6 48.9 43.4 402 [32.2 19.9 120
X-172140.1 22.0 30.3 08.5 44.9 40.7 38.4 [23.7 38.3 164
X-172340.7 [15.6 35.3 17.9 50.5 140.8 422 [24.8 41.2 156
Misr 1j31.0 28.8 30.6 24.8 46.5 41.0 36.0 [325 10.0 119
Giza 84349.0 [30.6 29.9 4.7 47.6 140.9 422 32.0 24.2 121
Giza 40|31.7 [00.0 40.2 00.0 44.0 |00.0 38.6 [00.0 100.0
L.S.D.o0s 20.2 [20.0 09.5 [11.0 094 [11.8 -

For statistical analysis one is added to all numbers but actual values are
tabulated.

Table 4. Mean seed yield ard/fed. of faba bean genotypes evaluated under both free
and infested soils with O. crenata at Giza Research Station (2005/06, 2006/07
and 2007/08 growing seasons).

2005/06 2006/07 2007/08 Average . | Relative
Genotype Reduction increase
Free| Infested |Free| Infested |Free| Infested | Free | Infested % %
X-1722 (Misr 3)12.0 [10.0 11.4 [10.3 10.5 9.2 11.3 9.9 12.4
X-1714{12.0 8.6 10.5 [10.2 11.0 [10.3 11.1 9.7 12.6 102
X-171511.8 [7.1 9.7 7.8 9.7 [7.0 10.4 7.3 29.8 136
X-171613.0 8.3 9.4 6.8 10.3 6.9 10.9 7.3 33.0 136
X-17179.5 5.5 10.0 4.6 10.3 6.3 09.9 5.5 44.4 180
X-171810.5 [7.2 10.3 6.5 11.2 6.4 10.7 6.7 37.4 146
X-171910.3 [7.6 10.4 8.0 12.4 5.8 11.0 [7.1 35.5 139
X-17209.6 8.2 10.9 9.6 10.5 [7.3 10.3 8.4 18.4 118
X-1721111.4 [7.6 10.8 6.9 11.0 6.4 11.0 [7.0 36.4 141
X-172310.8 7.0 9.2 6.5 12.0 6.3 10.7 6.9 29.0 143
Misr 111.0 8.3 11.4 9.9 11.3 [10.2 11.2 9.5 15.2 104
Giza 84311.7 [7.1 10.8 [7.5 11.8 8.3 115 7.6 33.9 130
Giza 40(13.0 0.0 11.0 (0.0 10.4 0.0 11.5 0.0 100.0
L.S.D.o.0s 4.76 (1.30 3.07 [1.40 1.23 (0.45 - - -

For statistical analysis one is added to all numbers but actual values are tabulated.

Misr 3 significantly exceeded all genotypes in seed yield per feddan
(Table 4) followed by X-1714 and Misr 1. Reduction in seed vyield of
infested compared with healthy plants for X-1722, Misr 1 and X-1714 were
10%, 15% and 14.1%, respectively. These findings indicated clearly that
Misr 3 could be considered tolerant to Orobanche. Results of seed yield/fed
also, indicated that Misr 3, X-1714 and Misr 1 could be considered tolerant
to Orobanche and Giza 40 was highly susceptible one because all plants of
the latter genotype were completely parasitized. Data presented in Table (5),

147



showed that Orobanche dry weight/m? were significantly affected by
genotype in the three growing seasons. The lowest values of Orobanche dry
weight were recorded on Misr 3 whereas; the highest values were recorded
on Giza 40.

Table 5. Mean dry weight (g/m?) of Orobanche spikes parasitized faba bean genotypes

under infested soils with O. crenata at Giza Research Station (2005/06,
2006/07 and 2007/08 growing seasons).

Genotype 2005/06 2006/07 2007/08
X-1722 (Misr 3) 2.1 6.2 12.4
X-1714 4.4 6.9 12.1
X-1715 2.1 8.7 15.3
X-1716 5.6 9.6 17.6
X-1717 43 8.5 17.0
X-1718 2.1 8.9 10.0
X-1719 6.9 8.9 10.8
X-1720 6.6 7.8 15.0
X-1721 8.6 9.2 16.6
X-1723 7.0 9.0 16.3
Misr 1 9.9 8.2 6.3
Giza 843 9.4 10.4 10.9
Giza 40 13.7 15.7 20.4
L.S.D.0.05 43 2.7 76

Orobanche spikes were collected just when its plants started to death, and their data
were recorded immediately.

On farm trials

Data presented in Tables (6, 7 and 8) indicated that, Misr 3 was the
most tolerant genotype at both Behera and Sharkia Governorates and it had
the lowest reduction in number of pods/plant (29.7%), seed yield/plant
(22.3%), and seed yield/fed (20%).Whereas, the susceptible cultivar Giza 40
had the highest values of reduction (100%). Regarding seed yield/fed, Misr
3 exceeded Misr 1 and Giza 843 by 4 and 30%, respectively and exceeded
all other genotypes by an increase ranging from 13 to 39% (Table 8).

Demonstration fields

Results of demonstration fields at Behera and Sharkia indicated that
seed yield of the new cultivar Misr 3 exceeded the recommended cultivar
Giza 843 by 26.2 — 34.0% and by19.5 — 31.5% at Behera and Sharkia
Governorates during the two seasons 2008/09 and 2009/10, respectively
(Table 9). The Orobanche dry weight (g/m?) of Misr 3 ranged from 71g to
90g at Behera and from 88 to 110g at Sharkia compared with Giza 843
ranged from 120g to 192g at Behera and from 146 to 192g at Sharkia
Governorate.
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Table 6. Average number of pods/plant of faba bean genotypes evaluated under both
free and infested soils with O. crenata in farmers’ fields at Behera and
Sharkia Governorates (2008/09 season).

Behera Sharkia Average Reduction | Relative
Genotype Free |Infested| Free |Infested| Free |Infested % increase%b

X-1722 (Misr 3), 25.5 21.3 445 28.0 35.0 24.6 29.7

X-1714 10.8 8.0 34.0 16.5 224 12.3 45.1 200

X-1715 155 7.8 315 17.0 235 124 47.2 198

X-1716 16.0 6.3 26.8 12.8 21.4 9.5 55.6 259

X-1717 21.3 11.0 31.8 14.3 26.5 12.6 525 195

X-1718 23.3 11.0 320 14.0 26.1 125 52.1 197

X-1719 20.3 9.3 28.3 12.8 24.3 11.0 54.7 224

X-1720 18.0 115 38.3 13.0 28.1 12.3 56.2 200

X-1721 20.2 9.3 35.8 11.8 27.9 105 62.4 234

X-1723 123 6.5 30.3 9.8 215 8.1 62.3 303

Misr 1] 27.0 15.8 285 10.3 27.8 13.0 53.2 189

Giza 843 28.0 13.3 40.3 10.0 34.1 11.6 66.0 212
Giza40| 19.3 0.0 24.3 0.0 21.8 0.0 100.0

L.S.D.o.os 8.23 5.12 9.39 5.18 - - -

For statistical analysis one is added to all numbers but actual values are tabulated.

Table 7. Mean seed yield/plant (g) of faba bean genotypes evaluated under both free
and infested soils with O. crenata in farmers’ fields at Behera and Sharkia
Governorates (2008/09 season).

Behera Sharkia Average .| Relative
Genotype Reduction| increase
Free |Infested| Free |Infested| Free |Infested % %
X-1722 (Misr 3)| 54.4 | 49.6 | 80.7 | 55.0 | 67.3 | 523 22.3
X-1714/ 304 | 19.2 | 80.0 | 40.7 | 55.2 | 29.9 45.8 175
X-1715 304 | 13.0 | 70.6 | 351 | 50.5 | 241 52.3 217
X-1716/ 344 | 127 | 70.6 | 346 | 525 | 236 55.0 222
X-1717)28.1 | 195 | 762 | 328 | 521 | 26.1 49.9 200
X-1718 358 | 22.7 | 818 | 339 | 858 | 283 67.0 185
X-1719 418 | 171 | 714 | 213 | 569 | 19.2 66.3 429
X-1720 56.0 | 245 | 69.2 | 331 | 626 | 288 54.0 182
X-17211 29.7 | 139 | 831 | 26,6 | 564 | 20.2 64.2 259
X-1723 293 | 127 | 738 | 248 | 515 | 187 63.7 280
Misr 1| 565 | 275 | 866 | 174 | 715 | 224 68.7 234
Giza843 615 | 306 | 793 | 204 | 704 | 255 63.8 205
Giza40| 31.8 | 000 | 53.6 | 00.0 | 42.7 | 00.0 100.0
L.S.D.oos 941 | 733 |11.17| 9.61 - - -

For statistical analysis one is added to all numbers but actual values are tabulated.
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Table 8. Mean seed yield/fed (ard) of faba bean genotypes evaluated under both free
and infested soils with O. crenata in farmers’ fields at Behera and Sharkia
Governorates (2008/09 season).

Genotype Behera Sharkia Average Reduction _Relative
Free Infested [Free |Infested |Free |Infested % increase%
X-1722 (Misr 3)| 12.0 9.8 12.0 9.5 12.0 9.6 20.0
X-1714{ 10.8 8.6 11.8 8.3 11.3 8.5 24.8 113
X-1715 11.1 7.9 9.5 8.6 10.3 8.2 20.4 117
X-1716, 10.1 7.6 9.0 7.8 9.5 1.7 18.9 125
X-1717] 11.3 7.0 10.4 7.5 10.8 7.3 32.4 132
X-1718 9.4 7.6 10.0 6.8 9.7 7.2 25.8 133
X-1719 10.7 8.0 9.7 6.0 10.2 7.2 29.4 133
X-17200 11.4 8.3 10.3 8.7 10.9 8.5 22.0 113
X-1721] 10.2 7.3 9.5 6.4 9.8 6.9 30.0 139
X-1723 11.6 8.0 10.3 7.5 11.0 1.7 30.0 125
Misr 1] 11.9 9.3 11.2 8.9 115 9.1 20.9 105
Giza843 12.1 9.3 12.2 8.6 12.1 9.0 25.6 107
Giza 40| 10.8 0.0 10.3 0.0 10.5 0.0 100.0
L.S.D.o.os 3.79 0.91 3.78 0.72 - -

For statistical analysis one is added to all numbers but actual values are tabulated.

Table 9. Mean seed yield of Misr 3 cultivar grown in infested demonstration field at
Behera and Sharkia Governorates (2008/09 and 2009/10 seasons).

Season Location Ggg‘;‘ S(-eed yield a-rd./fed. iriigsi\elg/o _(\)/vr:i%?pcc(g?n??r)y
Misr3 | Giza 843 Misr 3 Giza 843

200809 |-G o |16 es—Tado s 166

200910 |-G T 0t T neT5a T sb0 16— T148
CONCLUSION

1- Breeding efforts to increase Orobanche resistance in faba bean are
limited, despite the fact that Orobanche is the most important yield-
reducing factor in production area in Egypt. However, breeding work
proved effective in generating new source for resistance to Orobanche
that will be also useful genetic stock to be used in crossing program.

2- We hope that more farmers will be able to obtain seed stocks of this

Orobanche tolerant genotype in order to extend faba bean growing to
cover more acreage to retain self sufficiency of this important food crop.
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