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Breeding and Genetics

Selection for Seed Yield in Faba Bean
(Vicia faba L.)

Bahy R. Bakheit and Ezzat E. Mahdy
Agronomy Depariment, Faculty of Agriculiure,
Assiut University.

Assiut, EGYPT.

Abstract

Effectiveness of family selection for seed yield was
assessed in two generations of faba bean variety Giza
2. Some of the means of the selected families exceeded
those of the base population (Giza 2) and the check
variety (Giza 402). The C, families possessed
considerable genotypic and phenotypic variability for
all the studied traits, and consequently, estimates of
heritability were high. However, the variability
between C, families was lower for all traits except
plant height, thus reflected in low estimates of
heritability. Genotypic and phenotypic correlations
for various traits showed that pods/plant and plant
height were the traits mainly determining seed yield/
plant. The realized gain in seed yield after two
generations was 24% and 7% over the base population
and check variety, respectively.

Introduction

A program to improve yields of faba bean (Vicia faba
L.) is underway in Egypt where the crop is an important
food in the Egyptian diet, and an essential source for
livestock feed. Theoretically. the program could take
several approaches because faba bean is partially
outcrossed by insect pollinators (Robertson 1983).
Changing the crop to obligate autogamous plants would
make genetic improvement easier (Kambal er al. 1976;
Poulsen 1976: Lawes 1980). Selection to increase the
frequencies of desirable alleles and gene combinations
has been investigated in faba bean by Guen and
Berthelem (1986). who obtained good results with family
selection. Nassib ¢ al. (1979) described populations
set up for recurrent selection in faba bean but later
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reported that the populations gave few lines with good
performance (Nassib and Khalil 1982). Brinkhorst-Van
der Swan and De Vries (1986) compared three selection
procedures, i.e., direct selection for seed yield,
index selection, and independent culling for yield
index and high protein content. They found that index
selection seemed to be slightly superior to direct
selection for yield and direct selection for yield
superior to selection for independent culling levels.

The objective of this study was to investigate the
potential of family selection to improve yields of a
commercial variety (Giza 2) of faba bean. Our aim was
to determine family means, variances, heritability.
response, and correlated response to selection for
yield and other traits.

Materials and Methods

In 1984/85, at the Experimental Farm of Assiut
University. seeds of Giza 2 (commercial variety) were
sown in 160 rows (80 subplots), 4 m long, 60 cm wide,
with 20 cm between hills. Seedlings were thinned to one
plant per hill and the plots were kept weed free, and
were maintained at optimum levels for maximum
productivity.

The best plant in each subplot (80 plants) was
saved. In 1985/86, the base population (Giza 2). check
cultivar (Giza 402), and seeds from each of the 80
selected plants (first cycle of selection; C,) were
evaluated in a randomized complete block design with
three replications. Each family of the base population,
and the check cultivar were sown in single-row plots
2.5m long, 60 cm wide, with 20 cm between hills.
Seedlings were thinned to one plant per hill, and
cultural practices were designed to promote optimal
yields. At maturity, plant height, number of branches,
number of pods, and seed yield/plant were recorded. The
100-seed weight for each test was determined and, the
best eight plants from the best eight families
(combined selection) were saved (second cycle of
selection; C,). In the 1986/87 season, the base
population (Cy). check variety (Giza 402). and
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C,-selected families were evaluated and data were
recorded as in the 1985/86 season. The first cycle (o))
could not be reevaluated in the 1986/87 season because
of insufficient seed.

Analysis of variance was performed, and the
expected mean squares for each trait at each cycle of
selection were calculated as outlined by Miller ¢r al.
(1958). The genotypic ( ¢o“g) and phenotypic ( o?p)
variances were calculated according to Al-Jibouri e/
al. (1958). Phenotypic (PCV) and genotypic (GCV)
coefficients of variability were calculated according
to Burton (1952), and heritability (h?) was estimated
as

W = (g*g/ &p) 100

The predicted response from selection in seed
yield/plant from C, families, the response to selection
of the 10% superior plants in C, families, and the
response of a trait to selection for seed yield/plant
were calculated according to Falconer (1960).

8yl g

320,541y a2
Results and Discussion

Variability among families

Mean squares of the studied traits of the 80 families
revealed significant or highly significant differences
among the families selected during the first cycle
(Table 1). whereas families from the second cycle of
selection differed significantly only in height.

In cycle 2, the overall means for the selected
families cxceeded those for the base population
(Giza 2) and the check variety (Giza 402) in plant
height, pods/plant, seed vyield/plant, and 100-seed
weight (Table 2). Of the 80 families, in cycle 1, 17
surpassed significantly or highly significantly the
base population in seed yield/plant, whereas only 3
families (29, 45, and 46) exceeded the check cultivar
(Giza 402) highly significantly in seed yield/plant
(Table 3).

Table 1. Mean squares of the studied traits in both the first and the second cycles of selection of faba

bean families.

Sources of Selection Plant Number of Number of Seed yield/ 100-seed
variability cycle height branches/ pods/plant plant weight
plant

Replications c, 122,5%* 0.76 19.81%* 202.07** 0.34
c, 84.94 0.18 5.28 17.25 0.43

Families c, 168.01** 0.84* 11.98** 49.53%* 93.43%*
C, 136.26** 0.32 9.50 28.30 24.34

SE + c, 21.67 0.59 3.21 9.29 295
C, 29.53 0.21 6.48 16.03 14.77

*, ** Significant at 5% and 1% level of probability, respectively.

Table 2. Means of the studied traits in Giza 2 (base population), Giza 402 (check variety), and selected

families in first and second cycles of selection.

Item Plant Number of Number of Seed yield/ 100-seed
height branches/ pods/plant plant weight
(cm) plant ® @®
First cycle (C,) 123.44 2.7 13.91 26.32 62.49
Base population 119.67 2.67 12.00 23.77 60.67
Check variety 113.67 3.47 14.40 27.53 61.67
Second cycle (C,) 94.84 2.84 11.44. 25.60 60.50
Base population 89.00 2.60 8.77 20.67 59.33
Check variety 85.70 3.37 10.50 23.97 60.33

BN
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Table 3. Mean seed yields/plant for 80 families in the first cycle of selection (C,).

(Giza 2) and for the check variety (Giza 402).
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for the base population

Family Seed Family Seed Family Seed Family Seed Family Seed Family Seed
yield/ yield/ yield/ yield/ yield/ yield/
plant plant plant plant plant plant

(g) (g (® (g) (g (g

1 17.33 16 30.37%* 31 21.93 46 + +42.33** 61 2343 76 24.50

2 20.77 17 25.27 32 27.13 47 22,27 62 21,27 717 26.47

3 26.93 18 2340 33 22.33 48 22,70 63 32.27%* 718 25.23

4 23.40 19 29.40% 34 22.57 49 22.53 64 2540 79 26.03

5 27.93 20 2693 35 22.03 50 28.47 65 25.97 80 29.97*
6 31.70** 21 24.10 36 26.67 51 22.57 66 2343 G2 23.77

7 31.53%* 22 26.83 37 22.00 52 25.83 67 28.60 G-402 27.53

8 23.17 23 26.07 38 23.27 53 29.77* 68 28.07

9 28.90* 24 2230 39 25.83 54 25.03 69 27.53

10 23.50 25 31.50%* 40 26.67 55 2480 70 30.23

1 27.37 26 23.80 41 22.67 56 2743  7i 28.87*

12 28.10 27 27.20 42 30.77%* 57 26.83 72 21.27

13 21.87 28 28.27 43 24.40 58 26.27 73 21.07

14 23.00 29 ++35.77%* 44 28.10 59 2643 74 26.10

15 26.63 30 31.10%* 45 ++41.13** 60 25.17 75 29.17%*

* *+  Significant at 5% and 1% level of probability, respectively, compared with the base population (Giza 2).
+, + + Significant a1 $% and 1 % level of probability, respectively, compared with the check variety (Giza 402).

Of the cight selected families in cycle 2 (Table 4)
all had yields higher than the base population (Giza 2)
but only three (6, 29 and 45) significantly outyielded
the base population by 134.49, 135.46, and 136.28%,
respectively. Because of the large experimental error
obtained, yields had to "be more than 130% of base
yields to be significant. Six of the selected families
were also superior to the check variety (Giza 402) in
seed vyield/plant (Table 4). We believe that these
should be evaluated in different agroclimatic zones,
and could be useful as a source to improve yielding
ability for well-adapted cultivars. These results are
in general agreement with those reported by Nassib and
Khalil (1982) and Guen and Berthelem (1986).

Geneltic variance components and heritability

The genetic components of variance, genotypic (GCV),
and phenotypic (PCV) coefficients of variability and
the heritability estimates are shown in Table 5. The C,
families  possessed  considerable genotypic and
phenotypic variability for all the studied traits. and
consequently the estimates of heritability for them
were high compared with those for families in cycle 2

ArS52 1988 ol 20 Gueledyis ¢ b

Table 4. Mean seed yiclds/plant of the eight select-
ed families in cycle 2 and their percentages of yield
from the base population and the check variety.

Seed yield
Family Mean Mean as a percentage
() of the yield from

Giza 2 Giza 402
6 27.80* 134.49* 115.98
7 27.00 130.62 112.64
25 25.87 125.17 107.93
29 28.00* 135.46* 116.81
30 21.07 101.94 87.90
45 28.17* 136.28* 117.52
46 25.93 125.45 108.18
63 20.93 101.26 87.32
Giza 2 20.67
Giza 402  23.97
LSD 5% 6.87 33.24 28.66

* Exceeded the base population (Giza 2) at $% level of probability.
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(28.57. 73.51, 81.40, and 96.86% compared with 11.11,
9.27, 28.15, and 50.05% for branches/plant, pods/plant,
seed yield/plant, and 100-seed weight, respectively).
These results were expected because the selected
families in cycle 2 were only eight. Low heritability
in C, families is in agreement with findings by
Brinkhorst-Van Der Swan and De Vries (1986).
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Correlations among traits

Genotypic and phenotypic correlations between pairs of
traits in the C, and C, families are listed in Table 6.
The genotypic correlation between seed yield/plant and
number of pods/plant was high, and the correlation
increased from 0.772 in cycle | to 1.601 in cycle 2.

Table 5. Genotypic (2). phenotypic ( &p) variances, coefficients of variation, and heritability estimates for studied
traits in first (C,) and second (Cz)cycles of selection of faba bean families.

Trait Selection Genotypic Phenotypic h?
cycle

a* Coefficient of . CoefTicient of

variation (%) variation (%)
Plant height C, 48.67 5.65 56.06 6.07 86.82
C, 31.96 5.96 43.46 6.95 73.54
Number of C, 0.08 10.19 0.28 19.07 28.57
branches/plant c, 0.01 3.52 0.09 10.57 11.11
Number of C, 2.97 12.39 4.04 14.45 73.51
pods/plant C, 0.28 4.63 3.02 15.19 9.27
Seed yield/ C, 13.70 14.06 16.83 15.59 81.40
plant C, 2.48 6.15 8.81 11.60 28.15
100-seed Cl 30.88 8.89 31.88 9.04 96.86
weight C2 5.07 3.72 10.13 5.26 50.05

Table 6. Genotypic (above diagonal) and phenotypic (below diagonal) correlations among traits of the first (C,)

and second (C,) cycles of selection of faba bean families.

Trait Selection Plant Number of Number of  Seed yield/ 100-seed
cycle height branches/ pods/ plant weight
plant plant
Plant height C, 0.423 0.321 0.312 -0.035
¢, -0.207 1.450 0.916 0.780
Number of C, 0.164 1.020 0.668 0.148
branches/plant C, -0.130 -1.070 -0.301 -0.571
Number of C, 0.235 0.549 0.772 -0.037
pods/plant C, 0.436 0.272 1.601 0.355
Seed yield/ C, 0.256 0.415 0.751 0.151
plant C, 0.377 0.266 0.841 -0.053
100-seed C, -0.043 0.084 -0.038 0.133
weight c, 0.384 -0.181 -0.142 -0.097
Ené6 FABIS Newsletter 20, April 1988 1988 slaw 20 deledyis ¢ b Arsi
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The phenotypic correlation between these two traits
behaved similarly and was increased from 0.751 in cycle
I to 0.841 in cycle 2. Likewise, the genotypic
correlation between seed yield/plant and plant height
increased from 0.312 in cycle 1 to 0.916 in cycle 2.
The corresponding phenotypic correlations were small
compared to the genotypic ones. This could be because
of the large experimental error for plant height. On
the contrary, correlations between seed yield/plant
with each of 100-seed weight and number of branches/
plant were small and were decreased from cycle 1 to
cycle 2. It could be concluded that both traits, num-
ber of pods/plant and plant height, were the most
important characters affecting seed yield/plant,

These results for correlations generally agreed
with those reported by Abdalla (1976) and Salem (1983).

Expected and realized gains from selection

Expected gains from selection for seed yield/plant were
large in C, families (Table 7) and after two
generations, realized gains for seed yield/plant were
about 24% and 7% over the base population and check
variety. respectively (Table 7). The expected gain from
selection among C, families dropped from 44% to 7%
because the genetic variability among the eight
superior families was much narrower than among the 80

SHORT COMMUNICATIONS
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C, families. The realized gains from selection for seed
yield/plant reached 6% in plant height, 9% in number of
branches/plant, 30% in number of pods/plant, and 2% in
100-seed weight after two generations.

Comparing the results of expected and realized
gains from selection, we noted good agreement between
predicted and realized gains in plant height and number
of pods/plant in both C, and C, families. The
discrepancies between predicted and realized gains for
the other traits could have been caused by the
inflation of the genotypic variance by genotype x
environmental interaction. Byth er al. (1969) concluded
that actual gains computed across environments were the
only accurate criterion when genotype x environmental
interaction exists. Our results support the conclusion
as the estimates of genetic parameters were unreliable
because of environmental effects, i.e., experimental
error. Brim er al. (1959) reported similar resuits for
soybeans, as did Mahdy (1983) for cotton.

The gains we demonstrated, however, could be
quickly reversed, according to Brinkhorst-Van der Swan
and De Vries (1986) because of the extent of
outcrossing. As the most heterozygous plant will be
found in the offspring of cross-fertilized plants,
selection of heterozygotes may render the selection
rather incffective.

Table 7. Expected and realized gains from selection in units of measurement and in percent (%) of the base

population (Giza 2) and check variety (Giza 402).

Trait Selection Expressed gain Realized gain*
cycle Units Base Check Units Base Units Check
variety (%) variety
(%)
Plant height Cl 3.30 2.76 2.90 3.77 3.15 9.77 8.60
C, 4.82 5.42 5.62 5.84 6.56 9.14 10.67
Number of c, 0.29 10.86 8.36 0.10 3.75 -0.70 -20.17
branches/plant G, -0.03 -1.15 -0.89 0.24 9.23 -0.53 -15.73
Number of C| 2.02 16.83 14.03 1.91 15.92 -0.49 -3.40
pods/plant C2 0.79 9.01 7.52 2.67 30.44 0.94 8.95
Seed yield/ CI 10.52 44.39 38.21 2.55 10.73 -1.21 -4.40
plant C2 1.47 7.11 6.13 4.93 23.85 1.63 6.80
100-seed (o8 1.27 2.09 2.06 1.82 3.00 0.82 1.33
weight C2 -0.11 -0.19 -0.18 1.17 1.97 0.17 0.28

* Realized gain was calculated for C; = UG, - CO)ICOI 100; and for Cy =Gy - CO)/COI 100, where
CO = Base population (Giza 2 in Cy) or check variety (Giza 402 in Cz).
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Variation, Correlations, and Path-Coefficient
Analysis for Some Characters in Collections
of Faba Bean (Vicia faba L.)

Bahy R. Bakheit and E.E. Mahdy
Agronomy Depariment,

Faculty of Agriculture,

Assiut University,

Assiul,

EGYPT

Abstract

Nineteen accessions collected from farmers’ fields and
two commercial cultivars (Giza 2 and Giza 402) of faba
beans Vicia faba L. were evaluated during the 1986 and
1987 seasons. Some of the collected accessions were
superior than both commercial cultivars in all the
characters studied. The environmental variance ex-
ceeded the genetic variance for all traits. Heritabil-
ity reached 16.87, 33.33, 44.90, 44.70, and 39.36%
for plant height, number of branches, number of pods/
plant, seed yield/plant, and 100-seed weight, respec-
tively. Both phenotypic and genotypic correlations
among traits showed positive relationship for seed
yield/plant with number of branches and number pods/
plant, and also between plant height and number of
pods/plant. However, seed yield/plant was negatively
correlated with plant height. Path coefficient analysis
revealed that number of pods/plant had the highest
positive direct effect on seed yield/plant, followed
by 100-seed weight and number of seeds/pods.

Introduction

In Egypt, faba bean Vicia faba L. is considered one of
the most important sources of protein. During the past
few years, plant breeders have paid special attention
to world or local collections of different species
including faba bean to maximize genetic variability and
to identify superior genotypes for breeding programs.

The variability in various faba bean plant
characters has been reported by several authors. They
evaluated and characterized the germplasm accessions
that could be utilized in breeding programs (Abdalla
1976; Bianco et al. 1979; Polignano et al. 1979;
Porceddu er al. 1979; Chapman 1981; Polignano and Olita
1981; Polignano and Uggenti 1984). The studies reported
on the association between different traits and
path-coefficient analysis have been very useful in
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determining selection criteria suitable for genetic
improvement of yield (Yassin 1973; Abdalla 1976;
Mahmoud e1 al. 1978; Bianco er al. 1979; De Pace 1979;
Vries 1979; Poulsen and Knudsen 1980; Hebetinek er al.
1982; Salem 1982; Naidu er al. 1985; and Sindhu er al.
1985).

The objective of the present work was to study the
genetic  variability in yield and other important
characteristics in a local collection of faba bean.
Phenotypic and genotypic correlations between pairs of
characters, path-coefficient analysis of seed yield and
its contributing variables were also studied.

Materials and Methods

Nineteen accessions of faba bean Vicia faba L.
collected from farmers, who usually use their own seeds
year after year in Assiut and Sohag governorates.
Egypt, and two commercial cultivars, i.e. Giza 2 and
Giza 402 were evaluated at the Experimental Farm of
Assiut  University during the 1985/86 and 1986/87
seasons. In both seasons, sowing was made during the
second half of November using a randomized complete
block design with three replications. Seeds were sown
in 3-row plots each 3.5 m long, with 60 cm between rows
and 15 cm between hills. After complete emergence,
seedlings were thinned to two plants per hill. The
recommended cultural practices for faba bean production
were adopted throughout the growing season.

In each plot, plant height, number of primary
branches, number of pods/plant, and seed yield/plant
were recorded for 10 randomly selected plants. The
analysis of variance was performed on plot mean basis.

Combined analysis of variance was performed as
outlined by Snedecor and Cochran (1967) and the
genotypic and phenotypic variances were calculated
according to the equations given by Al-Jibouri et al.
(1958).

Phenotypic and  genotyp.c  coefficients  of
variability were calculated and heritability (broad
sense) was estimated according to Burton (1952). The
phenotypic and genotypic correlations were estimated
according to Miller er al. (1958).

Phenotypic path coefficient analysis was carried
out for yield and its components over the two seasons
by solving the simultaneous equations as done by Dewey
and Lu (1959).
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Results and Discussion
Mean, variance, and heritability

The results of the analysis of variance are presented
in Table 1. Combined analysis of variance revealed
significant differences among the accessions for all
the studied traits. The interactions between accessions
and years were significant for plant height,
pods/plant, seed yield/plant, seeds/pod, and 100-seed
weight. This indicates that it is essential to evaluate
such traits for a number of environments (years and
locations). However, number of branches/plant did not
show significant interaction with years, indicating
that years may not affect this trait.

Comparisons between the commercial cultivars and
the other accessions (Table 2) showed that the
accession number 6 was significantly shorter than the
commercial cultivars over two seasons. However, the
accessions number 12, 14, and 16 were significantly
taller than the checks. The genetic variability in
plant height is reported by Porceddu er al. (1979) and
Polignano and Spagnolettizeuli (1985).

With respect to number of pods and seed
yield/plant, only the accession number 9 had
significantly outyielded both the commercial cultivars.
Whereas accession number 7 had significantly heavier
100-seed weight than the checks.

Genotypic and phenotypic variances, their coef-
ficients of variation, and broad sense heritability
are presented in Table 3. The influence of environment
on plant height, number of branches/plant, number of
pods/plant, seed yield/plant, and 100-seed weight was
estimated to be 83.13, 66.67, 55.10, 55.30, and 60.64%,
respectively. In general, phenotypic coefficient of
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variation was higher than genotypic one for all the
characters except for number of seeds/pod. Genotypic
coefficient of variation estimates for each season in
all the characters were markedly higher compared to the
combined estimate obtained over the two seasons. This
could be due to the over estimated genetic variance in
separate analysis which confounded the accession x year
interaction.  Consequently, higher estimates  of
heritability in broad sense were obtained from the
separate analysis compared to that obtained from the
combined analysis.

Heritability was lower for plant height, number of
branches, 100-seed weight, seed yield/plant, and number
of pods/plant indicating that these characters were
largely influenced by the environmental factors.

Scarascia-Mugnozza and De Pace (1979) evaluated
variability for number of pods, seed weight, and seed
yield in a sample of 600 accessions from the Bari Vicia
faba collection and found a wide genetic variability.
Also, Porceddu ef al. (1979) found genetic variability
of seed yield and 1000-seed weight in 158 Italian
accessions of Vicia faba L. Bianco el al. (1979) found
much variation in a collection of faba beans from
many countries. Chapman (1981) has listed the genetic
variation within V. faba which is at present available
to breeders. Recently, results were also reported by
Salem (1982) and Polignano and Spagnolettizeuli (1985)
over genetic variability in faba bean. The great
genetic variability in Vicia foba populations may partly
be due to the fact that its breeding system is inter-
mediate between autogamy and allogamy (Picard 1979).

Phenotypic and genotypic correlations

Phenotypic and genotypic correlation coefficients be-
tween pairs of traits for the 19 accessions and the 2

Table 1. Combined analysis of variance for different traits of 19 accessions and 2 commercial cultivars

of V. faba L. during the 1986-1987 seasons.

Source of d.f. Mean squares
variation
Plant Number of Number of Seed Number of 100-seed
height branches/ pods/ yield/ seeds/ weight
plant plant plant ped
Years 1 18409.00** 1.22 657.37**  1479.80% 0.82 224.00%*
Rep/year 4 90.97 1.82 30.40 156.02 0.23 3.09
Accessions 20 149.03%* 0.71%* 17.67%% 63.35%* 0.28**  108.86%*
Accessions x year 20 123.91** 0.47 9.74%* 35.04%* 0.38** 66.04**
Error 80 26.91 0.35 4.35 15.25 0.07 3.84

», *» significant a1 0.05 und 0.01 levels of probability, respectively.
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Table 3. Heritability estimate (H), genotypic (G) and phenotypic (P) variances and their respective coefficients

of variability (GCV and PCV) from the combined data.

Trait Estimate
P G PCV GCV H
(%) (%) (%)

Plant height 24 .84 4.19 4.82 1.98 16.87
Number of branches/plant 0.12 0.04 12.74 7.35 33.33
Number of pods/plant 2.94 1.32 14.11 9.46 44.90
Seed yield/plant 10.56 4,72 13.60 9.09 44.70
Number of seeds/pod 0.05 6.37

100-seed weight 18.14 7.14 7.47 4.69 39.36

commercial cultivars over the two seasons are presented
in Table 4. Number of branches, and number of
pods/plant had a positive correlation with seed
yield/plant. Positive correlation was also observed
between number of branches/plant and 100-seed weight.
However, number of branches/plant and seed yield/plant
were negatively correlated with plant height. These
results are in line with those reported by Yassin
(1973), Abdalla (1976), Bianco efr al. (1979), De Pace
(1979), Vries (1979), Aristarkhova and Demina (1980),
Poulsen and Knudsen (1980), Salem (1982), Madupuri
et al. (1985), and Sindhu er al. (1985).

Path-coefficient analysis

Path-coefficient analysis was used to determine the
direct and indirect effects of the number of
pods/plant, number of seeds/pod, and 100-seed weight on
seed vyield/plant. The number of pods/plant was the
major component which showed highest direct effect
(1.02) on seed yield (Table S5), followed by 100-seed
weight (0.458) and number of seeds/pod (0.414).

However, the indirect effect of number of pods on seed
yield via number of seeds/pod was negative (-0.12), the
other indirect effect via 100-seed weight was very
small (-0.009). These results reflect the observations
obtained on the phenotypic correlation because, the
number of pods/plant showed high positive correlations
with seed yield/plant and small negative correlations
with each of number of seeds/pod and 100-seed weight.
However, the low negative phenotypic correlation
(-0.11) between seed yield/plant and number of
seeds/pod could be interpreted by the intermediate
direct effect of number of seeds on seed yield (0.414)
which was cancelled by the negative indirect effects
via number of pods (0.296) and via 100-seed weight
(-0.229). Likewise, the low phenotypic correlation
observed between seed yield and 100-seed weight (0.23)
could be duec to the negative indirect effect of
100-seed weight via number of seeds (-0.207) versus
moderate direct effect (0.458) on seed yield.

The residual analysis indicated that 0.9679 of the
variability in seed yield could be attributed to the
direct and indirect effects of the yield components

Table 4. Phenotypic (above) and genotypic (below) diagonal correlation coefficients among different traits
of 19 accessions and 2 commercial cultivars of Vicia faba L. during the 1986 and 1987 seasons.

Trait Plant No. of No. of Seed No. of 100-seed
height branches/ pods/ yield/ seeds/ weight
plant plant plant pod

Plant height -0.38 0.16 -0.13 -0.17 -0.40
Number of branches/plant -1.5 0.51 0.69 -0.13 0.47
Number of pods/plant 0.32 0.09 0.89 -0.29 -0.02
Seed yield/plant -0.93 0.69 0.88 -0.11 0.23
Number of seeds/pod -0.50
100-seed weight -2.50 0.69 -0.59 -0.05
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Table 5. Phenotypic path coefficient analysis of the 19
accessions and the two commercial cultivars of Vicia
Jaba L. during the 1986-1987 seasons.

Path way of association

Seed yield/plant vs. number of pods/plani:

Phenotypic correlation 0.890
Direct effect 1.020
Indirect effect via number of seeds/pod -0.120
Indirect effect via 100-seed weight -0.009
Seed yield/plant vs. number of seeds/pod:

Phenotypic correlation -0.110
Direct effect 0.414
Indirect effect vi number of pods/plant -0.296
Indirect effect via 100-seed weight -0.229
Seed yield/plant vs. 100-seed weighi:

Phenotypic correlation 0.230
Direct effect 0.458
Indirect effect via number of pods/plant -0.020
Indirect effect via number of seeds/pod -0.207
Residual effect 0.179

siudied, whereas the remaining 0.0320 could be
attributed to other factors. These results suggest the
presence of some other important agronomic characters
contributing to yield, which were not included in this
study.
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Inheritance of Dwarf Growth Habit,
Induced in Vicia faba L. var major by
Ethyl Methane Sulphonate (EMS)

Andrea Filippetti
Institute of Plant Breeding,
University of Bari,

Bari,

ITALY

Abstract

The inheritance of dwarf growth habit was studied in a
Vicia faba L. cross. The original variety (Aquadulce,
major type. 100 seed weight = 200 g), the dwarf mutant
and their F, and F, generations were grown at
Valenzano, Bari, Italy in the 1984-86 seasons. The F,
plants were normal and the F, segregated into three
normal phenotypes to one dwarf, indicating that the
dwarfness is controlled by a single recessive gene. Dark
green leal character seemed to be associated with
reduced plant height.

Introduction

Mutagenesis is a ool o increase  genetic  variability
in species where natural variation is not large or, as
often happens. is not composed by phenotypes useful to
pfant breeders because they have disappeared due to their
poor competition ability in natural conditions (Ricciardi
efal. 1982).

Vicia faba L. has been used to study the mutagenic
effect af some chemical compounds (Wolff and Read 1952:
Read 1954: Read and  Kihlman 1956: Read 1961:
Wakoning-Vaartaja and Read 1962: Kumar and Natarajan
1965: Filippetti and De Pace 1986), visible light
(Kilhman 1959). or fast neutrons. and X and gamma rays
(Gray and Scholes 1951: Thoday 1951: Evans et al
1959: Filippetti and De Pace 1983: 1986).

Few studies however. have been undertaken to
experiment with and compare mutagenic agents for their
ability to induce useful new genetic variability in
Vicia faba L. (Sojodin 1971: Abdalla and Hussein 1977).
A review of the new variants induced in Vicia faba L.
for simple inherited characters has been made by

Chapman (1981, 1986). and for quantitative variation by
Abdalla and Hussein (1977). Such studies demonstrate
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the potentiality of mutagenesis in
genetic  variability  in  the
Unfortunately. this practice was limited to  the
botanical ~ group  minor. which prevents the rapid
utilization of those mutants, especially in areas where
cultivars  belonging to the botanical group major are
mainly grown. (i.e., the Mediterrancan region). The
transfer of the useful mutants from one botanical group
to the other through conventional breeding methodology
is a long process. Therefore. a breeding program to
improve Vicia faba var major through mutagenesis was
started in 1978 (Filippetti and De Pace 1981; 1986).
The aim was to induce in the major types the same
spectrum  of genetic variability available in minor

enlarging  the
available seed stocks.

types. and also to identify variants. i.e.. determinate
growth  habit.  new leaf characteristics, drought
tolerance. high and balanced protein content, etc.,

which could be wused for solving specific problems of
the crop in the Mediterranean region. One of the new
mutants induced in Vicia faba L. var major showed dwarf
growth habit (Fig. 1). However, literature shows that
four dwarf mutants have previously been isolated in
Vicia faba var minor: by Bond from var Compacta, gene
dw-1: spontaneous mutant at Svalof, gene dw-2; sponta-
neous mutant from a double restorer line HG 115C at

Fig. 1. Dwarf mutant.
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INRA (France), gene dw-3; X-ray mutant from cv Fribo,
by Dietrich gene dw-4 (Chapman 1986).

This paper reports the agronomic characters of dwarf
mutant and mode of inheritance of the dwarfness.

Materials and Methods

Following the procedure already described by Filippetti
(1986). 3500 seeds of the faba bean cultivar Aquadulce
were treated with ethyl methane sulphonate (EMS). The
progeny from each M, plant was sown in separate rows
with 20 em between seeds and 50 cm between rows. When
the 13.000 M, plants were large enough to distinguish
variation in plant size and growth habit, the mutants
directly visible as aberrant types were selected. One
of these mutants showed dwarf growth habit (Fig. 1).

Table 1 shows the fertility parameters of the M, dwarf
plant progeny in our experiment. The parental plants

Table 1.
evaluation at Valenzano, Italy 1984.

QM\_-GJ'\_'

kol 01

(Aquadulce and the M, dwarf mutant) were grown in the
field at Valenzano. Bari. Italy in the 1984 season and
crossed using the technique described by Bond e¢r al.
(1980).

The F, plants were grown in the 1985 season. The F,
plants ucle grown in the 1986 season and used it
estimate the segregation ratio for dwarf growth. All
material (parents, F,.andF,) was protected from outcros-
sing.

Results and Discussion

The F, plants showed tall growth habit: dominance of
tall over dwarf growth habit was confirmed. The segrega-
tion in the F, generation is shown in Table 2. A signif-
icant 3 tall to | dwarf ratio of segregation was
established. The dwarf character was found to be
monogenic and recessive. Dark green leal character
seemed to be associated with dwarf growth habit.

Performance of dwarf M, progeny plants and the standard tall check (Aquadulce) in preliminary

Mutant Plant Number Number of Number of Number of Seed yield/ Seed
plants height of stems™ pods/plant  seeds/plant  seeds/pod plant weight
(cm) (g) (g)
| 25 2 5 14 2.8 18 1.3
2 25 3 9 21 2:3 29 1.4
3 30 2 5 17 3.4 29 1.7
4 30 3 7 29 4.1 33 Jis
5 25 3 5 13 2.6 18 1.4
6 25 3 5 15 3.0 18 .2
7 25 3 8 26 3.3 38 115
8 25 3 8 27 3.4 34 1.3
9 30 2 7 27 3.9 36 1.3
10 30 3 7 25 3.6 3l .2
11 30 3 6 19 3.2 23 e )
12 30 4 8 22 2.8 26 I::2
13 30 3 6 22 3.7 28 1.3
14 30 2 6 20 3.3 25 1.3
15 30 4 10 48 4.8 60 1.3
16 30 3 9 25 2.8 39 1.6
17 25 3 6 19 3.2 29 1.5
18 25 4 10 25 2.5 32 1.3
19 20 4 12 29 2.4 40 1.4
20 25 4 12 27 2.3 35 13
Mean 2713 3.1 7.6 23.0 3.0 31.1 1.33
Aquadulce 70.4 3.0 15.4 61.6 4.0 123.2 2.0

* Axis + secondary stems
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Table 2. Segregation for dwarf grown habit in F, progenies of cross between Violetta di Policoro
(parental variety) and the dwarf mutant.

Parent/ Field number Observed segregation Expected X2 P
F, and F, of segregating  Tall Dwarf Total genetic value
families  (normal) (mutant) ratio
1. Dwarf mutant 20 20
2. Violetta di Policoro x Dwarf mutant
F, (1985) 32 32
F, (1986) 1 22 13 35 3:1 2.752 0.10-0.05
2 35 6 41 3:1 2.349 0.25-0.10
3 13 7 20 3:1 1.067 0.50-0.25
4 14 6 20 3:1 0.267 0.75-0.50
5 22 i1 33 3:1 1.223 0.50-0.25
6 102 25 127 3:1 1.913 0.25-0.10
7 33 16 49 3:1 1.531 0.25-0.10
8 12 7 19 3:1 1.421 0.25-0.10
9 28 12 40 3:1 0.533 0.50-0.25
10 58 18 76 3:1 0.071 0.90-0.75
11 23 9 32 3:1 0.167 0.75-0.50
12 25 5 30 3:1 1.111 0.50-0.25
13 29 11 40 3:1 0.133 0.75-0.50
14 31 11 42 3:1 0.032 0.90-0.75
15 32 6 38 3:1 1.719 0.25-0.10
16 23 10 33 3:1 0.495 0.50-0.25
17 20 5 25 3:1 0.333 0.75-0.50
18 28 9 37 3:1 0.009 0.95-0.90
19 58 10 68 3:1 3.843 0.05-0.02
20 26 4 30 3:1 2.177 0.25-0.10
21 32 6 38 3:1 1.719 0.25-0.10
22 17 8 25 31 0.653 0.50-0.25
23 19 8 27 3:1 0.309 0.75-0.50
24. 26 8 34 3:1 0.039 0.90-0.75
25 14 4 18 3:1 0.075 0.90-0.75
26 36 1 47 3:1 0.064 0.90-0.75
27 23 8 31 3:1 0.011 0.95-0.90
28 45 15 60 3:1 0.000
29 28 8 36 3:1 0.145 0.75-0.50
30 8 6 14 3:1 2.381 0.25-0.10
31 8 5 13 3:1 1.256 0.50-0.25
32 31 8 39 3:1 0.419 0.75-0.50
Mean of F, 921 296 1217 3:1 0.299 0.75-0.50
References Bond. D.A.. Lawes. D.A. and Poulsen. M.H. 1980.
Broad bean (Faba bean). Pages 203-313 in Hybrid-
Abdalla, M.M_.F. and Hussein. H.A.S. 1977. Effects of ization of Crop Plants. (Walter. R. Fehr and Henry.
single and combined treatments of gamma rays and H. Hadley. eds..). American Society of Agronomy
EMS on M, -quantitative variation in Vicia faba L. and Crop Science Society of America Publishers.
Zeitschrift fuer Pflanzenzuechtung 78: 57-64. Madison. Wisconsin, USA.
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Effect of Stem Termination on Some
Metric Traits in Faba Bean

V.P. Singh and G. Schroeder

Institute of Crop Science and Plant Breeding (FAL),
Braunschweig,

FEDERAL REPUBLIC OF GERMANY

Abstract

One hundred and twenty single plant F, families
originating from 51 crosses between topless and
semitopless or indeterminate genotypes were evaluated
in field for their yield and yield attributes. Topless
plants yielded lowest because of large number of
reproductive branches, lower number of podded nodes,
poor podding, empty poddedness and lower number of
seeds/pod when compared to semitopless and
indeterminate plants. There is a need for further
improvement in productivity of the topless types before
they can be of commercial interest.

Introduction

Considerable interest has been expressed by faba bean
breeders in determining the potential for using stem
termination in varietal improvement. Thus, the present

study was planned with the object of measuring
yield-related traits in faba bean lines that were
topless (determinate), semitopless, and indeterminate

and determining their significance in breeding for
determinate plant type in faba bean.

Materials and Methods

In the 1987 spring-summer season, 120 single plant F,
families, originating from 51 crosses (including some
reciprocals) between topless and semitopless genotypes
on the onc hand and indeterminates on the other were
evaluated in the field. Seeds were sown in single rows
2 m long, with 50 cm between rows and 20 cm between
plants within row. At maturity, the plants were scored
20 weledyls o b

Ar38 1988 oles

(I = poor; 5 = excellent) for pod-bearing ability, and
observations were recorded for: nature of stem
termination, i.e., topless (determinate), semitopless,
and indeterminate; plant height; tillers/plant;
fruiting  nodes/plant;  pods/plant; pods/node; pod
length: seeds/pod; 100-seed weight; and  seed
yield/plant.

Individual families or the plants  within
segregating families were grouped into three classes
according to the nature of stem termination. Average
values of ecach group for different characters were
compared and the significance of the difference was
tested by the Student’s t test.

Results and Discussion

Topless (determinate) plants tended to produce 3 to 5,
and sometimes more, side tillers, and generally had
poor pod filling. especially on the side tillers. Many
of the pods were empty, and often on the side tillers
not even one pod was fully developed. They produced
fewer seeds/pod than did the other two groups, although
the difference was not significant. The topless plants
often had branches rather than basal tillers. Their
flowering and, hence, pod bearing was confined to a
comparatively smaller area -- the upper half of the
canopy. In the semitopless group, the fruiting was
limited to the lower to central part of the canopy,
whereas the indeterminate plants produced pods that
were distributed throughout the canopy.

Topless plants were short; indeterminate tall (some
were more than 150 cm); and semitopless were
intermediate, 90 to 115 cm. Within-family variation for
plant height among the semitopless group was low. Both
topless and semitopless plants were resistant to
lodging, whereas the indeterminate lodged easily (Table
.

The indeterminate plants significantly (P < 0.01)
outyielded the topless and semitopless ones and the
difference between topless and semitopless was also
significant (Table 1). These differences are clearly a
reflection of the number of pods/plant and 100-seed
weight.  Differences for plant height were also
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Table 1. Average performance of topless, semitopless,
and ilndetcrminale faba bean lines for some metric
traits.

Character Topless Semi- Indeter-
topless minate
Plant height (cm) 80.7a 105.2b 125.9¢
Tillers/plant 3.5 2.8 2.7
Nodes/plant 14.2 15.6 21.6
Pods/plant 27.7A 29.1B 40.9¢
Pods/node 1.9 1.9 1.9
Pod bearing score 2.7 29 3.1
Pod length (cm) 5.5 6.6 6.5
Seeds/pod 29 3.2 33

100-seed weight (g) 56.8a 78.4b 68.2¢c
Seed yield/plant (g) 37.2a 64.5b 71.4c

1. Mcans followed by different letter(s) are significantly different at
1% (smalt) and 5% (capitals) levels of probability.

significant. These results agree with those of
Steuckardt er al. (1982), Brimo (1983), Bailey (1984),
Khalid and Nassib (1986), Kittliz (1986), and
Steuckardt and Dietrich (1986). Nevertheless,
determinate plants have frequently been described as
potentially valuable in faba bean breeding programs
(Sjoedin 1971; Nagl 1979; Chapman 1981; Frauen and
Brimo 1983; Filipetti and Marzano 1984). We support
this view for several reasons as discussed below.

Indeterminate growth habit has been cited as one of
the few characters causing comparatively poor yields in
grain legumes including faba bean. It has been stated
that legumes show apical dominance where the vegetative
and reproductive growth phases overlap considerably for
a long period. Thus, part of the energy of the plant is
utilized in unproductive vegetative parts rather than
in the reproductive sink. In highly productive species
like cereals, the transition between vegetative and
reproductive phases of the plant is clearcut and thus
all the plant energy is diverted to produce grain.
Therefore, we expected that the determinate forms of
legumes could be more productive. With this view, the
mutants with different degrees of stem termination have
been isolated. However, none of them so far has been
found as  productive as their indeterminate
counterparts. In contrast, the determinate forms in
tomato, cucumber, soybean, common bean (Phaseolus
vulgaris), cowpea, and pigeonpea have been a
commendable success and now occupy a sizable area in
the cultivation of these crops.

The determinate forms of faba bean are superior to
indeterminates in terms of reduced plant height,
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synchronous maturity, and early ripening. Above all,
they produce a more compact plant canopy than do the
indeterminates and, thus, may respond to increased
plant population -- a possible means of compensating
for. to some extent, their low yields per plant. Also,
because of early maturity, they may be cropped twice in
one season (Chapman 1981) and their per-day yields may
be more than or at par with, those of indeterminates.
Their reduced plant height is desirable as it reduces
lodging, and the genes for stem termination may offer a
good means of manipulating plant height. Finally, their
relative photoinsensitivity may permit flexibility in
sowing time.

The differences for number of fruiting nodes,
sceds/pod and pod length were not statistically
significant in the three groups of plants, but the
values for topless plants were lowest and appear to act
additively to reduce seed yield. From the results of
our study, we conclude that the genetic base of # gene
population should be broadened so that breeders can
develop productive forms of determinate faba beans.
Rigorous selection for productivity in general and for
increased numbers of pods/plant and 100-seed weight in
particular would be a first step in advancing such
populations. Simultaneously, breeders should select for
low number of tillers. The result should be the desired
improvement in determinate faba beans, opening the way
for adoption similar to what has been achieved in other
species.
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Abstract

In a breeding program for improving drought resistance
in Vicia faba the water status of four highly
homozygous genotypes of faba bean was studied in field
in southern Italy, throughout the growing period of the
crop. One of the genotypes was of major type
(Aguaduice) and the other three (Manfredini, Vesuvio
and Maris Bead) were of minor type. Leaf water
potential and diurnal pattern of stomatal resistance
were studied together with stomatal and trichome
anatomic and physiological features. No significant
differences in any of the characters were observed
amongst the varieties and therefore no inferences on
the relationships between water status of plant and
drought tolerance could be drawn.

Introduction

Water stress is one of major factors responsible for
low unstable yield of faba bean in the Mediterranean
region (Hawtin and Hebblethwaite 1983). Therefore, new
breeding strategies are being directed to enable
development of genotypes tolerant or resistant to
drought (Nerkar e¢r al. 1981; van der Wal 1981).

In the Plant Breeding Institute of Bari such
studies were carried out to identify the morphological,
physiological, and biochemical parameters most
sensitive to water stress so that they may help in
selection of genotypes that are resistant to drought.
Parameters which can reflect the variations in the
water status of the plant such as leaf water potential
and stomatal resistance (Hsiao and Acevedo 1974; Elston
et al. 1976; Karamanos 1978), and stomatal and trichome
morphology (Ciha and Brun 1975; Sapra er al. 1975;
Tanzarella er al. 1984) are important in this regard.

This paper reports  variations in  these
characteristics for four field grown genotypes of faba

bean with a view to ascertain differences in their
tolerance to drought.
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Materials and Methods

This field study was carried out at the Agricultural
Plant Breeding Institute, Valenzano (Bari), in 1984,

The soil was well structured sandy-clay, about 50
cm deep. It had a total available water of 13% (on
weight basis) with a bulk density of 1.3 g/cm®. At
sowing (24 Nov 1983) 100 kg/ha of P205 was added to
the soil.

One major (Aguadulce) and three minor (Manfredini,
Vesuvio, and Maris Bead) type genotypes of faba bean
were grown in 32m? plots with a plant density of 10
plants/m?> in a randomized block design with three

replications. The genotypes used were  highly
homozygous.
The variations in the soil water potential were

followed through the gravimetric method. A previously
drawn soil moisture release curve was used to determine
the matric potential.

The diurnal patterns of the leaf water potential
and the stomatal resistance were measured periodically
on the fully expanded leaves at different layers, along
the whole plant height. The leaf water potential was
measured with pressure chamber on six plants per
replication, whereas the stomatal resistance was

aisall LVl Lo oy sall

density was measured. The morphological analysis of the
stomatal apparatus was made by observing optical fields
of 2.56 mm? with a magnification of 100 X. The size of
the stomata was measured by a graduated micrometer with
a magnification of 400 X choosing 5 stomata per optical
field. The stomata were counted in 5 optical fields for
each side of the leaf sampled from 5 plants per
replication.

Weather Conditions

Fig. 1 shows the reference evapotranspiration, estimated
through the class "A” pan, and the thermopluviometric
patterns during the growing cycle of the faba bean.
The minimum temperature with a value of about 5°C, was
recorded in Feb, when the maximum precipitation oc-
curred. The daily average temperature gradually
increased to reach the maximum in June (30°C), whereas
the rainfall during this month was negligible. The total
rainfall (440 mm between Jan and June) had a distribution
typical of the Mediterranean climate. Water
deficit started occurring from late Apr when crop was at
post-flowering stage.

Results and Discussion

The soil water potential remained at about -0.08 MPa

measured on both sides of the leaf with LI-COR 1600  from sowing until early April. Later on, in less than
steady-state  porometer. The stomatal and trichome 20 days, at the end of April, it went down to -0.7 MPa.
110+ 7
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Fig. 1. Ten—day total rainfall, mean maximum and minimum temperatures and evapotranspiration (ETo)

during the faba bean growing season in 1984 at Valenzano.
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Due to a rainfall of about 50 mm, the soil water
potential went up again to -0.035 MPa and then it
continued to go down and reached -0.7 MPa in mid May
and at -1.5 MPa by the end of May.

Because of the great variability in cloudiness
during the crop cycle. the diurnal measurements, at
hourly frequency became impossible. On Mar 28, Apr
9. Apr 26, and May 18, when the sky was open, the
diurnal leaf water potential and the stomatal
resistance were measured. The minimum values of leaf
water potential, measured at the hours of peak
evaporation demand (at about 1:00 P.M. solar time),
ranged on the average from -0.7 to -1.3 MPa.

The average pattern of the leaf water potential
during the day time showed no significant difference
between the faba bean genotypes during both the periods
of high (f»= -0.08 MPa) and low soil water potential
(= -0.7 MPa),

A behaviour parallel 1o that of the leaf water
potential was shown by the stomatal resistance to the
transport of water vapor. Since faba bean leaves have a
rather high stomatal density on both sides, the
stomatal resistance was measured separately on the two
sides trying to detect any difference in their
behaviour. No genotypic differences could be observed.
Moreover, the morphological analysis of leaves for
stomata and trichome density also revealed no
significant differecnce among the above varieties (Table
1). The evaluation of the stomatal resistance and of
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the leaf water potential along the profile of the plant
canopy (subdivided into 4 layers) further confirmed the
absence of significant difference among the varieties.

Although belonging to different botanic varieties
with  clear-cut  morpho-physiological variations in
agronomic characters, the four genotypes did not differ
in their stomatal and transpiration behaviour which
responded according to the dynamic conditions of the
water status within the soil-plant-atmosphere system.
This agrees with the observation of Nerkar (1981) who
also worked with different genotypes but under
controlled environments. Thus, the use of these
parameters for the selection of genotypes resistant to
drought may be of limited use. As for some reproductive
traits and yield of the four genotypes (Table 2), there
were significant differences but no relationship with
the measured leaf parameters was detected. From the
results obtained in this trial, the difficulties in
selecting genotypes resistant, or tolerant, to drought
are quite evident. These difficulties, already stressed
by various authors (Blum 1987; Monti 1987), are to
be related to the lack of easily detectable physiolog-
ical, morphological and/or biochemical parameters that
can be used for early screening of materials. The use
of porometer and pressure chamber is not convenient for
routine work on many genotypes. Moreover, stomatal
resistance, as well as other parameters observed at
leaf level is insufficient to define any resistance to
drought which is the result of several quite complex
factors related to the dynamic availability of the
water. Therefore, in agreement with Dantuma and

Table 1. Leaf morphological analysis of the four faba bean genotypes.

Genotype Leaf Leaf Stomatal No. stomata/ Stomatal Stomatal Trichome No. trichome/

side area densitg leaf length width denslty.‘ leaf

(m) (/mm?) (10000)  (pm) (pm)  (n/mm?)  (1000)

Lower 42.7+2.04 8.60+0.76 54.5+0.77 31.9+0.41 2.86+0.33 6.30+1.17
Aguadulce 20.2+1.62

Upper 348+1.74 6.85+0.55 50.2+0.79 29.4+0.46 5.39+0.41 11.3+1.52

Lower 43.2+1.51 5.8040.36 55.4+0.72 31.6+0.39 2.35+0.19 3.35+0.38
Manfredini 13.8+1.72

Upper 349+090 4.75+0.31 50.2+0.59 28.3+0.48 3.64+0.25 5.22+0.56

Lower 48.1+1.87 8.75+0.69 49.3+0.64 31.1+0.39 2.59+0.23 4.72+0.51
Vesuvio 17.9+1.26

Upper 37.7+1.52 6.77+0.47 45.0+0.84 29.9+0.42 4.66+0.48 8.46+0.95

Lower 51.6+2.05 7.92+0.74 51.6+0.83 31.2+0.43 2.1440.19 3.26+0.37
Maris Bead 15.7+1.51

Upper 37.1+1.13 573+0.52 48.0+0.49 28.4+0.36 4.07+0.41 6.57+0.92
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Table 2. Yield components and yield of the four faba bean genotypes.

Genotype No. pods/ No. seeds/ 100-seed Grain Days from sowing
plant pod weight yield/plant to flowering
(g)
Aguadulce 7.4+2.70 3.54+0.91 173.1+22.7 43.7+17.5 99
Manfredini 159+7.17 2.7+0.42 59.2+9.74 24.9+10.5 107
Vesuvio 17.6+6.17 2.7+0.41 41.6£10.5 20.2+9.81 117
Maris Bead 6.8+3.73 2.0+0.64 41.1+16.1 5.9+3.04 122

Thompson (1983), an integrated analysis of several
parameters should be done and, in future, studies
should deal with the analysis of the whole crop
response to the water availability occurring during the
crop cycle.

Acknowledgments

The authors are grateful to Mr. C.F. Marzano, of the
Plant Breeding Institute, Bari, Italy, and to Mr. C.
Ranieri, of the Mediterranean Agronomic Institute,
Bari, Italy, for their valuable help in this work.

References

Blum, A. 1987. Methods of plant breeding for drought
resistance. Pages 235-254 in Drought Resistance in
Plants, Physiological and Genetic Aspects. (Monti,
L. and Porceddu, E. eds.). Publication EUR 10700
EN. Office for Official Publications of the
European Communities, Luxembourg.

Ciha, A.J. and Brun, W.A. 1975. Stomatal size and
frequency in soybeans. Crop Science 15:309-313.

Dantuma, G. and Thompson, R. 1983. Whole-crop
physiology and yield components. Pages 143-158 in
The Faba Bean (Hebblethwaite, P.D. ed.).
Butterworths, London, England.

Elston, J.F., Karamanos, A.J., Kassam, A.H. and
Wadsworth, R.M. 1976. The water relations of the
ficld bean crop. Philosophical Transactions of the
Royal Society of London B Biological Sciences.

Hawtin, G.C. and Hebblethwaite, P.D. 1983. Background
and history of faba bean production. Pages 3-22 in
The Faba Bean (Hebblethwaite, P.D. ed.).
Butterworths, London, England.

Hsiao. T.C. and Acevedo, E. 1974. Plant response to
water deficits, water-usc efficiency and drought
resistance. Agricultural Meteorology 14:59-84.

Karamanos, A.J. 1978. Water stress and leaf growth of
field beans (Vicia faba L.) in the field: leaf
number and total leaf area. Annals of Botany
42:1393-1402.

En 24 FABIS Newsletter 20, April 1988

Monti, L. 1987. Breeding plants for drought resistance:
the problem and its relevance. Pages 1-8 in Drought
Resistance in Plant. Physiological and Genetic
Aspects. (Monti, L. and Porceddu, E. eds.).
Publication EUR 10700 EN. Office for Official
Publications of the European Communities, Luxem-
bourg.

Nerkar, Y.S., Wilson, D. and Lawes, D.A. 1981. Genetic
variation in stomatal  characteristics and
behaviour, water use and growth of five Vicia faba
L. genotypes under contrasting soil moisture
regimes. Euphytica 30:335-345.

Sapra, V.T.. Hughes, I.L. and Sharma, G.C. 1975.
Frequency, size, and distribution of stomata in
triticale leaves. Crop Science 15:356:358.

Tanzarella, O.A., De Pace, C. and Filippetti, A. 1984.
Stomatal frequency and size in Vicia faba L. Crop
Science 24:1070-1076.

van der Wal, A.F. 1981, Drought tolerance, definitiion
and measurement. Pages 49-54 in Vicia Faba:
Physiology and Breeding (Thompson, R. ed.).
Publication EUR 6895 EN. Martinus Nijhoff, The
Hague, The Netherlands.

Jsdl G sisdl agglie liMusly 3,00l b yeaS
Vicia faba L.

Q:."’Jo

auilyg 5yb dayl b asldl bl aulyo cuws o Jeadl aic
3,5 JMs Way ¢ Lyl Gy Jis 5 Jgddl e s
Aquadulce sl 5hdl ast 6. Jeasad! g

Al iadl LI 5 Maris Bead 3 Vesuvio 4

o 2955 dagliad 5ylesdl basdly 85,001 o (y9a8 uys 3y
2950t iilly Rmplpall plssdl N 2LV
o 51 b bagite ayb Sgmy Bl ply + Basmbdl g3l
raridl oSar ¥ b (3, Gbo¥! e wliadl i
Geg wladl G sl > BNl Jpo olabiaal

o Slisd) alass

1988 oluws 20 dele )i 4wl Ar33



B e g
i ol <LVl Lo ol 5l

Effect of Ethyl Methane Sulphonate (EMS)
and Diethyl Sulphate (DES) on
Germination, Growth, Fertility,

and Yield of Vicia faba L.

Vandana and D.K. Dubey
Department of Botany,
Janata Mahavidyalaya,
Ajitmal (Etawah), 206121
INDIA.

Abstract

Seeds of Vicia faba var minor were (reated with the
solutions of ethyl methane sulphonate (EMS) at
0.05%, 0.125%, and 0.25% and diethyl sulphate (DES)
at 0.25%, 0.50%, and 0.75%. Germination, seedling
growth, pollen fertility, time to maturity, and
survival were adversely affected by both mutagens.
Plant height, branching, number of leaves, pods and
seeds as well as yield per plant showed varying
responses to different concentrations of the mutagens.
However, DES at all doses and EMS only at the
highest dose had adversely affected these traits.
Whereas, the lower doses of EMS had either no effect
or a slight promoting effect.

Introduction

Earlier studies have indicated that experimental
mutagenesis using X-rays, gamma rays, neutrons or
chemical mutagens like ethyl methane sulphonate (EMS),
can be helpful in increasing genetic variability and
inducing mutations in Vicia faba L. (Sjodin 1962; 1971;
Abdalla and Hussein 1977, Filippetti and De Pace 1982;
1983; Filippetti 1986). The present work was initiated
to study the effects of different doses of the chemical
mutagens ethyl methane sulphonate (EMS) and diethyl
sulphate (DES) on a local cultivar of Vicia faba L. var
minor and to find out the mutagen effects induced in
the M, generation.

Materials and Methods

Seeds of a local cultivar of Vicia faba L. var minor
were soaked in distilled water for 6 hrs to initiate
the germination process. Then the seeds werc removed
and soaked for another 6 hrs in solutions containing
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different concentrations of the mutagens ethyl methane
sulphonate (0.05%, 0.125%, and 0.25%) or diethyl
sulphate (0.25%, 0.50%, and 0.75%) after which the
treated seeds were thoroughly washed using tap water.
Two control treatments were also applied in this study
(unsoaked and soaked in distilled water).

Laboratory experiment

Fifty seeds from each treatment were sown in sand in
large petridishes. The data in Table 1 summarize
observations made at two-day intervals on each of the
three ftraits: percentage germination (from 5th day),
seedling height (from 7th day), and leaves/plant (from
1 Ith day).

Field experiment

One hundred and 50 seeds from each treatment were sown
in the field wunder ideal agronomic conditions.
Treatments were arranged in a randomized block design.
Data were rvecorded on various growth and vyield
parameters, including: survival percentage, days to
flowering, pollen sterility, plant height, branches/
plant, leaves/plant, pods/plant, seeds/plant, and seed
yield/plant. All data were statistically analyzed, and
values in terms of percentages of control were calcu-
lated.

Results
Laboratory experiment

Table 1 shows the effect of the different treatments on
percentage germination, seedling height, and number of
leaves/plant under the laboratory conditions.

Percentage germination: Seeds of the unsoaked control
reached maximum germination (100%) seven days from
sowing. There was a slight delay in reaching maximum
germination in seeds of the soaked control and those
treated with different concentrations of EMS and
DES. DES at all concentrations had adversely affected
germination, and the percentage of ungerminated seeds
was increased with increased concentrations of the
mutagen.

Seedling height: The seedlings arising from sceds
pretreated with the mutagen solutions or simply soaked
in distilled water were markedly taller than those
of the unsoaked control. Among the EMS treatments, the
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Table 1. Effects of ethyl methane sulphonate (EMS) and diethyl sulphate (DES) on germination, plant
height, and number of leaves/plant in Vicia faba L. var minor.

Character Days after  Unsoaked Soaked EMS (%) DES (%)
sowing control  control
0.05 0.125 0.25 0.25 0.50 0.75
Germination 5 40 28 24 44 26 16 8 12
(%) 7 100 88 84 94 84 74 58 52
9 100 96 96 96 100 78 76 70
11 100 100 96 96 100 80 80 72
13 100 100 100 100 100 88 80 76
15 100 100 100 100 100 92 82 76
17 100 100 100 100 100 96 82 76
19 100 100 100 100 100 96 82 76
21 100 100 100 100 100 96 82 76
Plant 7 0.6 1.5 1.5 1.5 1.7 1.5 1.0 1.2
height 9 2.6 4.3 4.5 4.8 4.1 5.0 3.1 3.1
(cm) 11 3.5 8.9 9.4 9.9 9.5 9.3 6.1 5.4
13 8.9 14.4 13.3 14.6 14.4 13.2 12.4 12.3
15 12.8 18.1 17.4 18.0 19.9 15.6 13.6 13.1
17 16.0 21.1 19.9 19.9 20.6 17.8 18.5 19.2
19 19.0 224 214 21.0 22.0 18.8 213 21.7
21 19.8 22.6 22.9 222 229 20.9 22.2 22.2
Number of 11 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
leaves/ 13 1.30 1.70 1.82 1.72 1.72 1.58 1.48 1.54
plant 15 1.63 1.87 1.89 1.88 1.82 1.76 1.53 1.82
17 1.77 1.89 1.98 1.89 1.93 1.84 1.80 1.85
19 2.00 2.31 2.14 2.34 2.40 2.14 2.26 2.38
21 2.14 2.51 2.4 2.54 2.51 2.35 2.41 2.47

differences in height of seedlings were negligible, and
they did not differ from the soaked control. However,
the differences in seedling height were more
pronounced among different treatments of DES, but they
did not show any marked variation from that of the
soaked control.

Leaves/plani: Seedlings of the unsoaked control had
fewer number of leaves than all other treatments. None
of the mutagens however, appeared to increase the leaf
number/plant as compared to the soaked control.

Field experiment

Table 2 shows the effect of both mutagens EMS and DES
and the two controls on different plant traits in the
field.
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Survival percentage: Soaking in water as well as in
three different concentrations of EMS did not show
any significant influence on the survival percentage.
On the other hand, the different treatments of DES had
reduced the survival percentage, and the extent of
reduction was proportional to the concentration applied.
However, the amount of reduction was significant only at
the highest two doses of DES (0.50 and 0.75%).

Plant height: The average plant height at maturity
varied among all treatments. Seeds pretreated with
either of the mutagens or soaked in distilled water
produced plants taller than the unsoaked control. EMS
at the level of 0.125% had significantly increased the
average plant height over the unsoaked control, but
at 0.25% the plant height was considerably reduced.
DES at all the three levels of treatment reduced
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Table 2. Effects of ethyl methane sulphonate (EMS) and diethyl sulphate (DES) on survival. growth.
fertility and yield of Vicia faba L. var. minor.!
Treatment Survi- Plant Branches/ Leaves/ Days to  Pollen Pods/ Seeds/ Yield/ 100-
val height plant plant flowering sterility plant plant plant seed
weight
Control
Unsoaked 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Soaked 112.32 101.79 96.55 100.00 100.00 94.32 92,78 96.19 115.76 122.97
EMS (%)
0.05 97.30 106.09 89.65 94.92 100.87 176.14 104.12 112.38 121.21 116.21
0.125 100.99 108.96 89.65 92.83 101.11  203.41 87.63 96.67 110.30 124.32
0.25 110.48 93.91 75.86 75.82 100.99 217.05 75.26 74.29 75.76 114.86
DES (%)
0.25 88.81 85.30 65.50 63.88 101.11  132.95 61.86 59.52 72.12 124.32
0.50 71.81 85.30 79.31 63.88 101.61 202.27 60.83 56.66 64.85 116.21
0.75 66.15 91.76 75.86 70.45 102.11  235.23 74.23 75.71 85.45 114.86
LSD
(5%) 24.72 7.20 14.79 14.02 0.31 43.86 17.78 25.43 27.27 20.13
(1%) 3430 10.02 20.51 19.46 0.43 60.91 24.67 35.29 37.82 27.95

1. Figures for various treatments are expressed as percent of unsoaked control.

plant height significantly over the soaked and unsoaked
controls.

Number of branches/plant: A reduction in the number of
branches/plant was observed in all treatments as com-
pared to the unsoaked control. However, the distilled
water treatment and the two lower doses of EMS (0.05%
and 0.125%) did not significantly reduce the number of
branches/plant. Whereas, the highest dose of EMS
(0.25%) and all the three doses of DES significantly
reduced the number of branches/plant.

Number of leaves/plant: The number of leaves/plant was
adversely affected by both mutagens, and it was
considerably reduced as compared to both controls.
However, the reduction was more pronounced in DES than
in EMS treatments. DES at all the three concentrations
applied and EMS only at the highest concentration
(0.25%) significantly reduced the number of leaves/plant.

Days to flowering: There was no effect of soaking the
seeds in water on days to flowering. However, there was
a slight delay in flowering date induced by both the
mutagens. The days to flowering had increased with
the increase in concentrations applied, and DES brought

Ar30 1988 sl 20 aele iy o b

about greater delay in flowering date as compared with
EMS.

Pollen sterility: Soaking of seeds in distilled water
did not have any pronounced effect on the pollen
sterility. But the six mutagenic treatments induced
varying degrees of pollen sterility in the treated
plants. The extent of pollen sterility was increased
with the increase in concentration applied. A highly
significant increase in pollen sterility was noted at
all EMS treatments and at the highest two concentrations
of DES (0.50 and 0.75%) only.

Number of pods/plant and total number of seeds/plant:
Both the total number of pods and the total number of
sceds/plant were reduced in zll treatments except at
the lowest dose of EMS (0.05%) where a slight increase
was recorded. Among the DES treatments, 0.25% and
0.50% concentrations brought about a highly significant
decrease in the number of seeds/plant. However, among
the EMS treatments only the highest concentration
(0.25%) significantly reduced the number of seeds/
plant,

Yield/plani: Seed yield/plant at the two lower doses of
EMS (0.05 and 0.125%) as well as that of the soaked
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control showed a slight improvement over the unsoaked
control. However, a marked reduction in seed yield was
recorded in the highest dose of EMS and all the three
treatments of DES. The reduction in seed yield over
that of the unsoaked control was significant at 0.25
and 0.75% of DES only. But, when compared with the
soaked control the reduction in yield was highly sig-
nificant in all the three doses of DES and at the
highest dose of EMS (0.25%).

100-seed weight: An increase in the 100-seed weight over
the unsoaked control was recorded among all the
treatments. However, this increase was significant only
at 0.125 and 0.25% of EMS and DES, respectively. The
soaked control also showed an increase in seed weight
over that of the unsoaked control.

Discussion

Chemical and physical mutagens are known to produce
adverse effects on germination, seedling growth, and
plant growth in M, generation. Delayed maturity,
varying degrees of sterility, and reduced survival are
other features recorded in M, generation after mutagen
treatments (Blixit 1960; Sjodin 1962; Nerkar 1970; Goud
1972; Sinha and Godward 1972; Dixit and Dubey 1981).
The above mentioned attributes are generally taken as
an index of the efficiency of various treatments in
inducing mutations. Both the chemical mutagens applied
during the present study produced adverse effects on
germination, seedling growth, pollen fertility,
maturity and survival. Concentrations of DES applied
were more effective than those of EMS in most cases.

Growth and yield parameters including plant height,
branching, leaf number, pod number, seed number, and
yield/plant were affected by EMS and DES in various
ways. DES at all concentrations applied and EMS only at
the highest concentration (0.25%) produced significant
adverse effects on all these traits. On the other hand,
lower concentrations of EMS, slightly promoted these
traits or had no significant influence on them. Growth
promoting effects of mutagens when applied at low doses
have earlier been recorded in a number of crops (Sax
1963; Singh et al. 1978; Venkteshwarlu er al. 1978;
Trivedi and Dubey 1982).

Thus concentrations of DES used in the present
study appeared to have more pronounced effects on
growth and fertility in M, generation than thosc of
EMS. EMS was effective only at the highest
concentration (0.25%). An interesting observation of
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the present study is the increase in seed weight, which
may indicate a possibility of isolating bold seeds in
later generations.
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Abstract

The yield of two cultivars of Vicia faba var major
(Reina Mora and Reina Blanca) were studied for two
consecutive seasons. The effects of two levels of
nitrogen fertilizer applied as ammonium nitrate or
ammonium sulfate and the date of fertilizer application
on yield and protein content was also determined.
Treatment with either source of N resulted in an
increased yield of ¢v Reina Blanca, whereas it reduced
the yield of cv Reina Mora. In contrast with yield, the
protein content was decreased in R. Blanca and
increased in R, Mora seeds.

Introduction

Reports concerning the effect of nitrogen application
on the production and symbiotic nitrogen fixation of
legumes show contradictory results depending on the
experimental conditions. In general, it is accepted
that combined nitrogen inhibits not only the
nitrogenase activity but also the root infection and
nodule development (McEwen e¢f al. 1981). However,
Rigaud (1981) reported a positive response to N
fertilizer of several legumes (increased nodulation and
N fixation) when adequate amounts of N fertilizer were
supplied. Roughley et al. (1983) found that faba bean
could tolerate high levels of mineral N,

This work aimed to determine the optimum level and
time of N application to improve the production and
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protein content of two faba bean cvs Reina Mora and
Reina Blanca. Two N applications were tested; the first
at the beginning of the intense vegetative growth phase
and the second during the pod filling stage. Both
periods correspond to maximum N demand by the plant.

Materials and Methods

Plants of the two faba bean cultivars Reina Mora and
Reina Blanca were selected for this test. The
experimental field was located at Barcelona. Two trials
were conducted for two consecutive seasons (1983-1984)
on a mollic xerofluvents soil with a sandy loam texture
and a soil pH of 7.8 (Fransi er al. 1986).

Seeds of each cultivar were sown on 31 Jan 1983 in
8 plots (10 x 0.8 m) in rows 50 cm apart. A randomised
block design was used with two replicates. After
emergence, 12 plants were kept in each plot. Four
treatments with ammonium nitrate were used: (0 and 70
kg N/ha applied after 33 days from sowing, 70 kg/ha
applied 97 days from sowing, and 140 kg N/ha applied in
two equal split doses at 33 and 97 days after sowing).
On day 33 plant height was 17 +2cm, corresponding to the
beginning of the intense vegetative growth phase, and
on day 97 the plant height was 70+5 cm and pods had
appeared. At the 97 day the plants of R. Blanca were
more vigorous than those of R. Mora but R. Mora showed
larger pods and some of them were completely formed.

During the second season (1983/84) the field was
divided into 56 randomized plots 3 m? each (4.3x0.7 m)
and seven treatments with two different sources of N
(ammonium nitrate and ammonium sulfate) were used.
Eight plots (four for each cultivar) were used as
control with O N. Of the remaining 48 plots each 24
plots were supplicd with 180 kg N/ha of either NH NO,
or (NH)), in one dose at 54 or 103 days aﬂcr
sowing, and in two equal split doses at 54 and 103 days
after sowing. On day 54 faba bean plants were at the
vegetative phase (plant height was 2545 cm) and on day
103 at the pod filling stage.

Production was expressed in dry weight. For dry
matter determination, plant tissues were oven dried
(105°C) to constant weight. Protein was assayed by the
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Kjeldahl method, which measures total-N. The factor
6.25 was used to convert N to its crude protein
equivalent.

Results
Pod and seed production

The two faba bean cvs Reina Mora and Reina Blanca
responded differently to N applications during the two
seasons (Tables 1 and 2).

In the first experiment, Reina Mora produced the
highest yield of pods when 70 kg N/ha was supplied at
the beginning of the intense vegetative growth (33 days
after sowing), whereas lower yields were obtained when
the same level of N was applied during the grain
filling stage (97 days after sowing). However, higher
percentages of seeds/pod (82.6+ 1.2) were obtained when
N fertilizer was applied late in the season (Table 1)
indicating that the late applied N was mainly used for
seed filling.

Of the four treatments assayed in experiment 1, the
nitrogen fertilizer did not increase seed production of
R. Mora plants. The highest values were recorded in the
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control plots, which produced 3842433 kg/ha of dry
seeds. whereas plants supplied with 140 kg of
N/fertilizer had the lowest seed yield (3418+147
kg/ha). However, in Reina Blanca, pod and seed
production were increased with increasing rates of N
fertilizer. When 140 kg N/ha was applied the dry
weights of pods and seeds were 6997 +293 and 5668 + 352
kg/ha, respectively. This represents 10% increase in
pod and seed production as compared with the control
(Table 1).

The results obtained during the second year of
experimentation were similar to those of the first one
(Table 2). Reina Mora did not show any response to N
fertilization and its yields of pods and secds were
lower than the control, whereas R. Blanca yielded 22%
to 31% higher than the control.

Protein content

Table | shows that seeds of ¢cv Reina Mora, obtained
from fertilized plots. where higher in their protein
content than those of the control. However, the highest
content of crude protein (23.8+2.1%) was reached when
70 kg of N/ha was applied 33 days after sowing and the
lowest (20.8) when no N was supplied, whereas. in Reina
Blanca, the highest content of crude protein

Table 1. Effect of level of N fertilizer, date of application (early and late fertilization correspond to
fertilizer applied 33 and 97 days after sowing, respectively), and cultivar, on yield and % crude protein

of faba bean cvs Reina Mora and Reina Blanca.

Trait Cultivar 0 kg N/ha 70 kg N/ha 70 kg N/ha 140 kg/ha
(control) (early) (late) (early and late)
Pod yield R. Mora 4487 + 3982 4773+373 4641 +181 4557 +101
(kg DW/ha) R. Blanca 6236 +413 6389+ 285 6225+ 800 6997 +293
% Dry weight R. Mora 84.1+6.8 88.1+1.5 82.7+3.0 86.8+2.5
R. Blanca 89.9+1.1 83.9+2.9 86.2+2.9 85.7+4.8
Seed yield R. Mora 3842+330 3561+362 3836+ 189 3418+ 147
(kg DW/ha) R. Blanca 5092 +237 4656 + 451 5057 +340 5668 + 352
% Seed:pod R. Mora 85.6+6.9 74.6+1.8 82.6+1.2 75.0+4.9
R. Blanca 81.6+0.2 72.842.3 81.2+5.5 81.0+1.6
% Crude protein R. Mora 20.8+0.0 23.8+2.1 22.1+0.7 22.9+0.1
in seeds R. Blanca 23.1+0.7 22.1+2.0 21.3+0.6 21.1+1.4
Protein yield R. Mora 799 + 800 847 + 164 848+710 783 +390
(kg DW/ha) R. Blanca 1176 £310 1029 +500 1077 +400 1196 + 158

a. Each figure represents the mean of two plots (24 plants) + SE.
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Table 2. Effect of source of N (ammonium nitrate and ammonium sulphate) and date of application (early

and late fertilization correspond to fertilizer applied 54 and 103 days after sowing),

on pod and seed

productions of faba bean cvs Reina Mora and Reina Blanca.

Trait Cultivar 0 kg N/ha 180 kg N/ha 180 kg N/ha (90 + 90) kg N/ha
(control) (early) (late (early and late
application) application) applications)

A/N A/S AIN A/S AIN AlS
Pod yield R. Mora 6370+317% 58041308 5875282 5053+311 6347+378 5656+406 5939+ 155
(kg DW/ha) R. Blanca 55864614 70891490 6932+502 69294365 6588+730 68191401 71414340
Seed yield R. Mora 51154254 4772+227 4707+196 4051+280 51434219 4556+323 4721+118
(kg DW/ha) R. Blanca 4476+470 5803+385 5578+428 571414322 54764613 54904354 58674292
% Seed:pod R. Mora 80.3+£1.0 82.2+09 80.1+0.6 80.2+1.4 81.0+1.5 80.5+09 79.54£0.3
R. Blanca 80.1+0.8 81.84+1.6 80.5+1.5 825+0.6 83.1+09 80.5+1.2 82.1+04

a. Each figure represents the mean of four plots (24 plants) + SE.
A/N = Ammonium nitrate,
A/S = Ammonium sulphate.

(23.1+0.7%) was found in the untreated control and
increased levels of N fertilization reduced the protein
content. At 140 kg N/ha the protein conient was lowest
21.1£1.4%).

Our results suggest a negative correlation between
seed production and seed protein content.

Discussion

From the results of the two experiments. it is evident
that Reina Mora produced lower yields of pods and seeds
than those of Reina Blanca. However. it is an early
cultivar and therefore it produces higher econoniic
benefits.

Reina Blanca responded  positively to N
fertilization especially when 180 kg N/ha was applied.
Thus, it did not derive sufficient N from symbiotic
fixation.

Ammonium sulphate gave the best results when 180
kg/ha was supplied in two split doses 90 kg each.
However. single application (180 kg/ha) reduced root
and shoot development, possibly by affecting soil pH.
Similar results were obtained by Joseph ¢/ al. (1976)
in soybean.

The protein content of R. Mora seeds was increased
by all N applications. In contrast, the protein content
of R. Blanca seeds was not affected by additions of N.
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This is probably because of the dilution effect
produced by the increase in dry matter production.
However. crude protein yields were always higher in cv
R. Blanca than in cv R. Mora.
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Effect of Time of Harvest on Physical and
Chemical Compositions, Cookability, and
Yield of Faba Bean

A.A. El Mubarak', F.A. Salih?, N. El Huda Abdel
Galiel' and A.M. Ghorashi’

!. Food Research Center,

P.0. Box 213. Khartoum North, SUDAN

2. Shambat Research Station,

P.0. Box 30, Khartoum North, SUDAN

3. New Halfa Research Station,

P.0. Box 17, New Halfa. SUDAN

Abstract

Studies were carried out at Shambat and New Halfa
locations in Sudan. The effect of time of harvest on
seed yield and its components was highly significant.
Seed yield increased as the harvesting was delayed. The
seed size increased progressively till it reached the
maximum at 110-120 days and started to decrease
gradually till 140 days. At Shambat locality plants at
120 days gave seeds of larger size, higher hydration
coefficient, good cookability, and lower percentage of
non-soakers. The same results were obtained at New
Halfa from plants at 110 days. The most convenient and
practical method for reducing non-soakers is to soak
the faba beans in hot water, or to immerse them in
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boiling water for 5 min, or to steam the beans for 5
min before soaking, The chemical composition did not
offer an explanation for the difference in the per-
centage of non-soakers at the different plant ages.

Introduction

In Sudan, farmers tend to harvest the faba bean crop
before full maturity to benefit from the relatively
high prices at a time when supplies are short. However,
this practice may adversely affect seed vyield and
quality.

Reports show that optimum time to harvest varies
from one location to another. Ageeb (1980) and Salih
(1983) found that harvesting the crop at 110-120 days
after sowing gave maximum yield, and delaying harvest
to 130-140 days from sowing reduced the yield by 10%.
However, Salih and Ali (1986) obtained maximum yield
from 100-day old plants and harvesting the crop at 110
and 120 days from sowing, reduced yield by 6.8% and
16.8% . respectively.

In Sudan, faba bean is mainly grown for human
consumption, so the incidence of hard seed adversely
affects cooking quality and therefore, the marketing
value of the product (Salih ef al. 1986). Ageeb (1980)
reported that faba bean can be produced economically in
the new areas south of Khartoum, but the quality is
poor. because many of the seeds are hard.

The present work was undertaken to study the effect
of time of harvest on faba bean sced yield and quality
at two different locations, i.e. Shambat and New Halfa.
The aim was to determine the optimum time to harvest
for maximum yield and better seed quality. Different
methods to overcome the problem of hard seed were
evaluated. and the physico-chemical composition of
seeds was determined.

Materials and Methods

Seeds of the faba bean variety BF 2/2 were planted by
hand on 27 and 30 Oct 1986 at Shambat and New Halfa
Research farms, respectively. Treatments of time of
harvest were arranged in a randomized block design with
four replicates. Harvesting was done at 90, 100. 110,
120, 130, and 140 days after sowing. Total seed yield
was recorded for each plot. Pods/plant and seeds/pod
were determined from 20 randomly selected plants/plot.
The seed quality characteristics studied were
percentage non-soakers, hydration coefficient (HC).
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cooking quality, and chemical composition. For each
plant age, 1000 seceds were sclected at random and
soaked in tap water at a ratio of 1 part of seed to 4
parts of water for 16 h. The hard seeds (non-soakers)
were counted and recorded as percentage.

The hydration coefficient (HC) was calculated from
the equation:

Weight of soaked beans

HC (%) = X 100

Initial weight

To test cooking quality, the samples from each
plant age were cooked, using Labconco apparatus, for 30
min in 200 ml of water. The cooking quality was
assessed as the increased weight after processing (IWP)
and was calculated from the equation:

Weight of beans after cooking

IWP (%) = X 100

Weight of beans before cooking

Samples of each plant age were ground and analyzed
for their total ash, calcium, magnesium, and crude
fiber content according to Pearson (1970). Protein
content was determined by the Kjeldahl method. Tannic
acid content was determined according to Ranganna
(1977). Phytic acid content was carried out by Wheeler
and Ferrel (1971) method as modified by Hussein (1986).

To investigate whether the hard seededness could be
corrected, various seed soaking treatments were
investigated. The hard seeds were either treated with
hot or cold water or soaked in boiling water or steamed
for various lengths of time (5, 10, and 15 min) before
immersing them in cold water for 16 h, or treated with

Table 1. Mean effect of plant age on seed quality.
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0.2 % sodium bicarbonate solution for 16 h. After these
treatments, percentage of seeds that imbibed water was
calculated.

Results and Discussion

The effect of time of harvest on grain yield and its
components at Shambat and New Halfa was significant, At
both locations, grain yield increased significantly by
delaying harvest from 90 to 120 days after sowing.

Seed quality

The plant age showed a highly significant (P < 0.01)
effect on seed size (Table 1). In both locations, the
seed size progressively increased as harvest was
delayed from 90-120 days from sowing, then it started
to decrease gradually and reached the minimum at 140
days. These results are in agreement with the findings
of Salih and Ali (1986). In general, seed size was
larger in Shambat at all plant ages than in New Halfa.

In Dboth localities, there were no significant
differences between harvesting dates for hard seed
(non-soakers) percentage (Table 1), However, the
highest value was recorded from seeds harvested at 90
days from sowing. Then there was a gradual decrease as
harvest was delayed from 90-120 days from sowing. The
percentage of non-soakers seeds was generally lower in
New Halfa.

In both locations, the highest hydration
coefficient, and the best cookability, were obtained
from plants which were 120 days old (Table 1).

It is evident from the above that plant age has a
significant effect on seed quality of faba bean.

1000 seed weight (g) Non-soakers (%) Hydration coefficient (%) IWP (%)

Plant age
(days) Shambat New Halfa Shambat New Halfa Shambat New Halfa Shambat New Halfa

90 318.3 331.3 28.3 12.2 185.0 195.4 20.0 115
100 382.0 330.0 20.9 8.0 185.7 198.1 23.0 13.5
110 403.0 354.7 18.1 8.0 184.7 196.4 33.0 22.0
120 414.3 363.3 12.7 3.5 187.2 202.6 33.5 23.5
130 403.4 362.0 15.5 6.1 187.8 201.3 225 15.5
140 312.4 355.3 15.2 6.1 181.4 206.3 30.6 11.5
SE+ 18.5 6.7 23 1.3 0.9 1.7 2.4 2.2
Mean 372.2 349.4 18.5 7.4 185.3 200.0 27.0 163.0
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Harvest at 120 days gave sceds of larger size, lower
percentage  of  non-soakers,  higher  hydration
coefficicnt, and better cookability than harvest at

other stages.

Treatment of hard seededness

Soaking of hard seeds in tap water (cold treatment)
gave a lower percentage of soakable beans than all
other treatments (Table 2). Soaking in hot water gave a
high percentage of soakable beans. The same trend was
obtained when soaking was made in 0.2% sodium
bicarbonate solution. Immersion of hard seed in boiling

Table 2. The efficacy of different treatments in
converting non-soakable beans to soakable ones.

Treatment Soakable beans'
(%)
Tap water 34.0
Hot water (added after boiling) 71.5
Sodium bicarbonate (0.2%)
cold 42.5
hot 75.0
Boiling water
5 min 85.0
10 min 89.0
15 min 89.5
Steaming
5 min 76.0
10 min 76.0
15 min 80.5

1. Percentage of seeds that become soakable after applying differem
treatments on non-soakers.
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water for 5, 10, and 15 min gave a higher percentage of
soakable beans than the steaming treatment. Because the
differences between 5, 10, and 15 min of immersion or
steaming were not significant, we recommended the use
of the 5 min treatment as a practical and economic
method to overcome the problem of hard seed in cooking.

Also, it is possible that storage conditions could
play a role in altering non-soakable beans to soakable
ones. Therefore, further investigations to determine
the effect of storage conditions on the incidence of
hard seeds are needed.

Chemical analysis

Table 3 shows the chemical composition of the different
samples from the two localities.

The variation in phytic acid content among the
different  harvesting dates was not significant in each
locality. But it was significant (P < 0.01) between the
two localitics. Shambat locality showed the highest
phytic acid content at 100 and 110 days (0.08%) and the
lowest (0.02%) at 120 days (Table 3). In contrast, in
New Halfa the highest value (0.06%) was obtained at 120
days. The results of our study show that there is no
definite relationship between phytic acid content and
percentage of non-soakers. This is in agreement with
Herderson and Ankrah (1984) who reported that there is
no relationship between the cookability index and
either phytasc or phytic acid content.

Significant differences in tannic acid content due
to time of harvest were observed in Shambat but not in
New Halfa (Table 3).

At the plant age of 110 and 120 days. the
percentage  of non-soakers in both localities was
minimum (Table 2). This may indicate that there may be

Table 3. Approximate chemical analysis of whole seeds of Vicia faba. Mean value expressed on dry weight basis and the standard error of

mean.
Time of Protein (%) Phytic acid Tannic acid Ash Crude fiber
harvest (%) (%) (%) (%)
from Shambat New Halfa Shambat New Halfa Shambat New Halfa Shambat New Halfa Shambat New Halfa
sowing

90 days 31.2+0.3 32.340.1 0.03+0.03 0.01+00 0.04+0.0 0.05+0.01 3.3+0.03 3.2 8.3+0.2 7.8+0.02
100 days 31.61%1.7 32.1+£2.0 0.08+0.03 0.04+0.02 0.09+0.03 0.05+0.0 0.0+0.01 3.2 7.0+£0.2 7.2+0.01
110 days 32.8+3.6 33.0+0.1 0.08+0.03 0.02+0.0 0.05+0.0 0.03+0.0 2.8+0.02 3.3 6.7+0.3 7.31+0.0l
120 days 33.5+4.1 29.5+2.8 0.02+0.0 0.06£0.03 0.03+0.01 0.05+0.0 2.8+0.05 3.4 7.240.2 7.2+0.01
130 days  32.1+0.1 27.2%+3.7 0.071+0.02 0.0410.02 0.02+0.0 0.05+0.0 3.0+0.04 4.1+0.2 7.640.1 8.0+0.07
140 days 28.5+0.8 28.24+0.1 0.05+0.0 0.02+0.0 0.90+0.01 0.04+0.01 2.9+0.04 3.1+0.01 6.7+0.1 7.7+1.2
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some relationship between non-soakability and tannic
acid content which requires further confirmation.

The difference in ash and phytic acid content in
the two localities was highly significant (P < 0.01),
but these differences did not relate to differences in
the percentage of non-soakers in seeds harvested at the
different plant ages.
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Abstract

The effects of the growth regulator 6-benzylamino
purine (6-BAP) and Dithane M-45 on the development of
chocolate spot disease (Boirytis fabae Sard.) and also
on the growth parameters of faba bean were studied.
Four treatments were employed, of which one was kept
as control and the other three were sprayed four times,
at 10-day intervals, with 6-BAP (20 mg/l), Dithane
M-45 (2.5 g/l), and mixed application of 6-BAP and
Dithane M-45, respectively. A significant reduction
was observed in the severity of B. fabae, judged by
lower lesion grade, slower lesion spread and fewer
spore formations, compared with the control. Of the
plant traits studied, shoot weight/plant was most af-
fected by 6-BAP application. Among all treatments the
differences for nodes/plant, shoot length, root length
and weight were not significant.

Introduction

Several methods have been used to control or reduce the
severity of chocolate spot disease of faba bean
(Botrytis  fabae  Sard.); including breeding for
resistance or tolerance (Abo-blan 1983), application of
fungicides (Mohamed 1982), and biological control,
which showed, under specific conditions, a limited
success (Gullino and Bazzano 1982).

Application of growth regulators has been reported
to decrease severity of some pathogens (Moore and Leach

Ar 20

1968; Tani er al. 1971). The inhibitory action was
cither direct on the pathogen or through changing the
host's metabolism process. However, growth regulators
failed to inhibit development of some other pathogens
(Bailiss er al. 1977).

Several factors may affect the efficacy of growth
regulators; applying dosage (Selman 1964), time of
application (Aldwinckle 1975), plant age (Fletcher et
al. 1968), and environmental conditions (Keller and
Bellucci 1983).

In general, the aim of applying growth regulators
to faba bean plants is to improve the quantity and
quality of grain yield. Keller and Bellucci (1983)
claimed that seed germination, root growth, shoot
growth, yield components (pod set/node, number of
nodes, and seeds/pod), photosynthetic activity, and
protein content might be affected by growth regulator
application. Recently, Standish (personal communica-
tion) claimed that applications of the growth regulator
6-BAP had improved the yield performance of faba bean.
However, reports concerning the role of exogenously
supplied growth regulators on faba bean plants have
been contradictory (McEwen 1970; Diethlem er al. 1986).

The present work was undertaken to study the effect
of the growth regulator 6-benzylamino purine (6-BAP)
alone, or in combination with the fungicide Dithane
M-45 on the development of chocolate spot disease and
also on the growth parameters of faba bean plants.

Materials and Methods

In the 1986/87 season, seeds of the faba bean cv Giza 2
were sown in 30-cm pots containing clay soil at Bahtim
Agricultural Research Station, Egypt. At the beginning
of flowering stage, four similar 60-day old plants were
selected and kept in each pot for further studies. Each
trcatment was replicated five times, and plants were
sprayed four times, at 10-day intervals as follows:

1) untreated (control), 2) sprayed with 6-benzylamino
purine (20 mg/l) mixed with 2 ml/l of tween-20,
3) sprayed with Dithane M-45 (2.5 g/l), and 4) mixed
application of 6 - BAP and Dithane M-45 using the same
doses.
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Ten days after the last application, intact leaves
from each treatment were excised, and immediately
transferred to the laboratory for the detached leaves
test. The cut ends of the leaves were wrapped in wet
absorbent cotton, and placed inside sterilized
petridishes (15 cm in diameter) with close-fitting
lids. The petridishes were previously lined with wetted
tissue paper and covered with plastic mesh, to provide
suitable environment for fungal development, and also
to prevent direct contact between the leaves and
moistened tissue paper.

Droplets (10 )‘-‘ ) of B. fabae conidial suspension
were placed on the abaxial surface of the leaves using
an "Agla" micrometer syringe. Four drops were applied
to each leaflet, 2 on each side. Inoculated leaves were
incubated at 20+ 3°C, and development of B. fabae was
assessed according to the key of Mansfield and Deverall
(1974):

Infection grade

Represents the percentage of browning or blackening of
the abaxial leaf surface beneath the inoculum droplets
one and three days after inoculation.

Lesion spread

Represents the spreading beyond the inoculum droplets
towards the uninoculated tissue recorded from the
infection site seven days after inoculation.

Sporulation

Graded according to density of sporulation 0, +, ++,
and + + + representing nil, few, moderate, and dense
sporulation, respectively.

Plant growth parameters

The following plant growth parameters were measured 20
days after the last application of 6 BAP and/or Dithane
M-45; number of nodes, shoot length (from stem base to
the top of the youngest leaf), shoot fresh weight,
shoot dry weight (after drying at 70°C), length of the
root (from root tip to the stem base), and root fresh
and dry weights.

Results

Faba bean leaves pretreated with 6-benzylamino purine
and/or Dithane M-45 showed less susceptibility to B.
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Jabae than untreated leaves (Table 1 and Fig.1).
Differences in infection grades were noticed one day
after inoculation, but after three days they became
more evident, Treatments with 6-BAP and/or Dithane M-45
prevented sporulation of the fungus, and also limited
the spread of lesions (Table 1).

Table 2 shows the effect of 6-benzylamino purine
and/or Dithane M-45 on faba bean growth parameters. It
is clear that shoot length, root length, and root fresh
and dry weights did not differ from the check. However,
the fresh shoot weight of plants treated with the
growth regulator (6-BAP) was increased and their leaves
were thicker and slightly rougher than plants which had
received other treatments.

Discussion

Pretreating with the growth regulator 6-benzylamino
purine and/or Dithane M-45 had significantly reduced
the severity of chocolate spot disease. However, the
mechanism by which the growth regulator 6-BAP affects
the development of chocolate spot disease s
complicated. Nevertheless, some researchers have
attributed the inhibitory effect of 6-BAP to different
mechanisms--physiological changes (Moore and Leach
1968: Omar er al. 1986), increased phytoalixin
concentration (Mukhopadhyay and Purkayastha 1981,
Mansfield 1982), decreased levels of sugars and amino
acids (Omar 1984), and increased Ca* ™ ion in the leaf
tissue (Deverall and Wood 1981). From our results, the
leaf thickness observed in 6-BAP-treated plants may
have partially retarded the spores of B. fabac from
penetrating and growing within leaf tissue.

Fig. 1. Effect of 6—benzylamino purine and/or Dithane
M—45: 1) 6—BAP, 2) control, 3) 6—BAP+Dithane M--45,
and 4) Dithane M—45 on Botrytis fabae development.
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Table 1. The effect of 6-benzylamino purine (6-BAP) and Dithane M-45, alone or in combination, on the
development of chocolate spot (B. fabae Sard.) disease on faba bean cv Giza 2.

Treatment! Lesions grades2 Lesions spread Sporulation3
(mm)
1 day after 3 days after 7 days after 10 days after
inoculation inoculation inoculation inoculation
6-BAP (20 mg/l) 2.5 13.2 0.1 0
Dithane M-45 (2.5 g/l) 0.5 5.6 0.0 0
6-BAP (20 g/I) +
Dithane M-45 (2.5 g/l 1.8 8.7 0.1 0
Untreated control 8.5 71.5 3.1 +++
LSD (5%) 1.3 7.2 0.03

1. Each treaunent was applied tour times, at 10-day intervals.
2. Values are mean of 40 inoculum sites.

3.0, +, ++, +++, = nil, few, moderate, and dense sporulation, respectively.

Table 2. The effect of 6-benzylamino purine (6-BAP) and/or Dithane M-45 on the different growth parameters

of faba bean cv Giza 2 plants.

Treatment! Number’ Shoot Shoot fresh Shoot dry Root Root fresh Root dry
of nodes/ length weight/plant weight/plant  length  weight/plant weight/plant
plant (cm) (®) () (cm) ® (g
6-BAP (20 mg/l) 17.9 549 10.8 3.3 17.1 4.5 1.0
Dithane M-45 (2.5 g/l) 17.3 48.2 8.2 2.7 17.2 4.5 1.1
6-BAP (20 mg/l) +
Dithane M-45 2.5 g/l) 17.2 51.5 8.4 3.0 17.4 4.4 1.0
Untreated control 18.3 49.1 7.1 2.1 17.0 4.0 0.8
LSD (5%) NS NS 1.5 NS NS NS NS

1. Each treatment was applied four times, at 10-day intervals.
2. Values arc mean of 20 replicates.

Further experiments should be planned to study the
inhibitory effect of the growth regulator 6-BAP against
pathogens other than B. fabae. and also to study its
effect on yield performance of faba bean crop.
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Evaluation for Tolerance to Broomrape in a
Germplasm Collection of Vicia faba L.

P. Perrino, M.S. Pace and G.B. Polignano
Germplasm Institute, CNR,

Via Amendola, 165/A, Bari,

ITALY.

Abstract

Populations of faba bean (Vicia faba L.) of different
origin were tested for their tolerance to broomrape
(Orobanche crenata Forsk.). Evaluation was carried out
at Valenzano (Bari) for two years in naturally infested
field plots. During growth, traits concerning host
plant and parasite were recorded. Tolerant accessions
and highly tolerant plants within accessions were
identified.
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Introduction

In Southern Italy, especially in Sicily, broomrape
(Orobanche crenaia Forsk.) frequently limits yields of
faba bean and sometimes completely destroys the crop
(Polignano 1979). Seed yield reduction caused by
competition with broomrape at different densities has
been reported by Mesa Garcia and Garcia Torres (1982).

As control measures, Cubero and Moreno (1979)
recommended growing faba bean on new fields not
previously planted to this crop, using trap crops and
germination-stimulating substances, and sowing tolerant
and early cultivars. Similarly Ciccarone and Piglionica
(1979) call for the use of tolerant cultivars pointing
out that so far faba bean has not been sufficiently
studied by pathologists and breeders. Fumigants
(Ciccarone er al. 1962; Piglionica 1973, 1975) have
been shown to be highly effective against broomrape,
however they are costly, and the government has
restricted the use of some of their active ingredients.
Much the same can be said of some herbicides
(glyphosate, pronamide) that can control Orobanche in
faba bean (Zahran et al. 1981; Abdalla er al. 1983;
Nassib er al. 1985; Miccolis and Bianco 1984, 1986).

In the last few years, plant breeders have been
trying to identify and breed plants resistant or
tolerant to broomrape. To reach the objective they must
screen large collections (Cubero and Moreno 1979).
Hernandez er al. (1984), analysing populations from
inbred lines, and segregating generations, found that
there is no dominance for the genetic control of
resistance and that Orobanche reduces seeds yield of
faba bean/plant, through pods/plant rather than through
seeds/pod.

Recently Kukula and Masri (1985) developed a
greenhouse technique for screening a large number of
faba bean genotypes. As an alternative, we recommend
screening on fields where Orobanche seeds are dense.
Our experience suggests it is an inexpensive and
practical method for identifying tolerance in large
collections. The objective of this paper is to present
and discuss the results of field screening of several
accessions selected from a world collection of V. faba L.

Malterials and Methods

At Valenzano (Bari) during 1984/85, plants of 24
accessions of Vicia faba L. (19 of different origin, 1
cultivar, and 4 local varieties) were grown in a field
naturally infested with broomrape. The next season
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(1985/86), a different set of 23 accessions was grown
in the same field. The local variety Locale di
Castellana was included in both years as a check. Each
year 100 kg P,O,/ha was applied at sowing in November.

The experimental design was a randomized block with
three replicates. Thirty plants were grown per plot (50
cm between rows and 40 cm between plants within row).
In both years a field free of broomrape was planted
with the same experimental material for an indication
of potential yield. The criterion for tolerance to
broomrape was arbitrarily chosen -- number of faba bean
seeds per infested plot. When fewer than 10
seeds/infested plot were harvested, the accession was
considered to be highly susceptible (S); when 10 - 100,
susceptible but with probable tolerance (t); and when
more than 100, tolerant (T).

During growth, data were recorded on agronomic
traits of faba bean plants (host) and some features of
broomrape, including: 100 - seed weight (g) before
seeding (SW); number of host plants at emergence
(NHPE); number of host plants at flowering time (NHPF);
days to flowering of host plants (FTHP); height (cm) of
host plants at flowering (HHPF); number of spikes of
broomrape at flowering of host plants (NSBF); number of
spikes of broomrape at harvesting time of host plants
(NSBH); height (cm) of spikes of broomrape at
harvesting time of host plants (HSBH); number of host
plants at harvesting time/infested plot (NHIP); number
of pods at harvesting time/infested plot (NPIP); number
of faba bean seeds/infested plot (NSIP); number of faba
bean sceds/uninfested plot (NSSP).

The data related to agronomic traits recorded
during growth were statistically analyzed.

Results and Discussion

Among the 24 accessions studied in 1984/85 seed weight
ranged from 60 to 238 g (Table 1), host plants at
emergence ranged from 28 to 30 plants/plot and at
flowering from 27 to 30 plants/plot. Flowering time was
125 - 135 days, and height of host plants at flowering
was 31 - 57 cm. There were no spikes of broomrape at
flowering time but, at harvest, the number of spikes
varied from 26 to 164 and spike height from 13 to 29
cm. The number of host plants, pods, and seeds per
infested plot ranged from 0 to 13, 0 to 47, and 0 to
147, respectively (Table 1).

Among the 23 accessions tested in 1985/86 seed
weight ranged from 37 to 201 g (Table 1) and, as with
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the first set of accessions, host plants at emergence
and at flowering varied little, ranging from 24 10 29
plants/plot. Flowering time was at 104 - 107 days and
was much shorter than for the group of the previous
year (125 - 135 days). The height of host plants ranged
from 17 to 31 cm. As in the previous year there were no
spikes of broomrape at flowering time but by harvest
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time, their numbers ranged from 7 to 51 and their
heights from 6 to 21 cm. The number of host plants,
pods, and seeds per infested plot ranged from 0 to 24,
0 to 156, and O to 453, respectively (Table 1).

During the second year, climatic conditions must
have accelerated the life cycle of all the genotypes

Table 1. Effect of broomrape (Orobanche crenaia Forsk.) on different traits of faba bean accessions during two years of experimentation.

Accession Origin sw NHPE NHPF FTHP HHPF NSBF NSBH NSBH NHIP  NPIP NSIP  NSSP Host
No. reaction®
to
broomrape
1984/85
MG 106963 Greece 165 30+ 23 135+ 7 0 26- 13- 0- 0- 0- 1120 S
MG 106861 . 150 30 29 135 kY 0 70 21 1 | | 1047 S
MG 106815 - 114 30 29 126 37 0 95 17 1 2 4 1201 S
MG 106808 " 148 29 29 135 39 0 110 26 2 10 30 824 t
MG 106827 " 176 30 29 125- 45 0 74 18 0 0 ] 824 S
MG 109746 Egypt 68 29 29 125 34 0 76 23 2 12 26 1157 t
MG 109758 " 5 29 28 125 31- 0 67 22 1 7 15 1333 t
MG 109751 . 141 30 29 128 43 0 98 17 2 6 14 789- t
MG 107142 Spain 150 29 29 130 41 0 115 25 2 5 11 1339 t
MG 107168 - 114 29 27- 125 35 (4] 46 14 1 1 4 1067 S
MG 107116 - 60- 29 28 132 31 0 72 21 | 0 0 1694 s
MG 107141 - 70 29 28 134 36 0 5 19 0 0 0 1236 S
MG 107140 - 72 30 29 134 37 0 107 29+ 0 (1] 0 1714 S
MG 107172 " 62 30 29 131 38 0 124 19 1 7 18 1432 1
MG 106865 Italy 210 30 30+ 133 46 0 51 16 1 2 5 2133 S
MG 106650 " 104 30 29 125 a8 0 116 20 3 15 34 2097 t
MG 106951 " 180 30 29 130 4] 0 108 20 0 0 0 1830 S
MG 106609 " 148 30 28 125 45 0 139 26 1 2 5 2058 S
MG 106549 . 116 28- 28 125 42 0 131 27 3 16 38 2604+ t
Loc. Putignano - 162 30 29 131 47 0 132 25 0 0 0 969 S
Aguadulce " 167 29 29 130 40 0 54 13 0 0 0 800 S
Loc. di Bari " 158 29 28 128 42 0 141 23 i 2 10 1010 t
"  * Castellana ~ 238+ 30 29 135 57+ 0 164 + 22 13+ 47+ 147+ 792 T
" " Gaudiano - 142 29 28 133 33 0 75 18 1 2 7 903 S
1985/86
MG 103475  Ethiopia 47 29+ 28 105 21 0 25 13 5 27 49 773- t
MG 103476 ” 38 25 25 107+ 19 1) 7- 6- 1 5 9 780 S
MG 103477 - 43 27 27 107 22 0 7 8 1 4 ? 907 S
MG 103480 - 48 27 26 104- 24 ] 18 10 4 27 56 879 t
MG 103514 - 37- 24- 24- 105 17- 0] 8 9 6 39 68 1020 t
MG 106364 Algeria 88 27 27 107 27 0 20 12 3 8 21 1742 t
MG 106367 . 103 28 27 105 24 0 38 14 7 32 55 1426 t
MG 106377 - 126 27 26 106 27 0 41 4] 2 16 3 1680 t
MG 106378 o 124 28 28 107 30 0 42 13 4 11 20 1862 t
MG 106383 " 129 27 27 106 28 0 44 18 2 6 13 2484 + |
MG 106669 Tunisia 134 29 28 105 26 0 30 1 2 7 17 1352 t
MG 106678 . 144 27 27 104 28 0 10 12 0- 0- 0- 1280 S
MG 106680 " 9N 28 28 106 28 0 30 14 4 14 24 1730 t
MG 106681 " 106 29 29+ 104 26 0 21 10 0 0 0 1325 S
MG 106686 . 141 28 28 105 27 0 21 13 t 5 1 1460 t
MG 106817 Greece 123 27 27 105 25 0 13 12 5 22 67 1553 t
MG 106829 " 115 25 25 107 25 0 St 12 4 21 34 1489 t
MG 106844 . 107 27 27 105 23 0 37 15 5 20 41 1667 i
MG 106848 . 130 26 26 105 26 0 28 15 5 16 24 1o t
MG 106858 o 104 28 28 106 23 0 43 13 5 20 45 1760 t
MG 106863 laly 171 26 26 105 26 0 28 10 6 34 56 1100 t
MG 106864 " 144 26 26 106 25 0 17 14 | 2 5 988 s
MG 106865 " 133 25 25 105 28 0 16 12 2 6 10 775 t
Loc. di Castellana 201 + 27 27 104 3+ 0 43 21+ 244+ 156+ 453+ 824 T
*§ = highly susceptible; ¢ = moderately susceptible; T =
- @ minimum value; + = maximum value,
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and, as a consequence, flowering time came 25 days
earlier, host plants were 15 cm shorter, spikes of
broomrape were fewer and shorter, and all components
for yield were higher than the first year.

In both years, the maximal values for the most
variable traits were observed in Locale di Castellana.
Despite being the most heavily infested with broomrape
(164 spikes in 1984/85; 48 in 1985/86), this variety
was the highest yielder in infested plots (147 seeds in
1984/85: 453 in 1985/86). In uninfested plots, however,
its yield was much less than that recorded for others.
Hence this variety was rated as the most tolerant among
all accessions tested. In 1984/85 an accession (MG
106549) from Italy had the highest yield (2604 seeds)
in uninfested soil, while, in 1985/86, another

Table 2. Correlation coefficients among traits observed in accessions of faba bean
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accession (MG 106383) from Algeria was the highest
yielder (2484 seeds). However, in infested plots,
competition with broomrape, devastated both these
crops. with a yield of 38 seeds for the former and 13
for the later (Table 1).

In 1984/85 the most significant correlations (Table
2) were those for seed yield per infested plot (NSIP)
with height of host plants at flowering (HHPP; r =
0.57). number of spikes of broomrape at harvesting
(NSBH; r = 0.53), number of host plants (NHIP; r =
0.98), and number of pods per infested plot (NPIP; r =
0.99). From these correlations it seems that the only
trait that may forecast tolerance to broomrape is
height of host plants at flowering: the taller the host
plants at flowering the higher the tolerance to

screened for tolerance

to broomrape (Orobanche crenata Forsk.) during the 1984/85 season.

Trait Sw NHPE NHPF FTHP HHPF NSBF NSBH HSBH NHIP NPIP
SwW

NHPE 0.32

NHPF 0.34 0.51%

FTHP 0.24 0.20 0.24

HHPF 0.77%* (.38* 0.42* 0.11

NSBF 0.00 0.00 0.00 0.00 0.00

NSBH 0.14 0.08 0.16 -0.08 0.57** 0.00

HSBH -0.19 -0.18 0.06 -0.01 0.14 0.00 0.68+%%*

NHIP 0.37 0.04 0.12 0.13 0.58** 0.00 0.50 0.17

NPIP 0.27 -0.01 0.15 0.05 0.53%* 0.00 0.52%* 0.23 0.97%%+

NSIP 0.34 0.01 0.13 0.12 0.57** 0.00 0.53%* 0.20 0.98%x* (. 99*x*
* =P < 0.05 *»* =P < 001 s2x = P < 0.009

Table 3. Correlation coefficients among traits observed in accessions of faba bean screened for tolerance
to broomrape (Orobanche crenata Forsk.) during the 1985/86 season.

Traits Sw NHPE NHPF FTHP HHPF NSBF NSBH HSBH NHIP NPIP
SwW

NHPE 0.09

NHPF 0.17 0.95%**

FTHP  -0.29 -0.20 -0.14

HHPF 0.78%** 0.31 0.38* -0.12

NSBF 0.00 0.00 0.00 0.00 0.00

NSBH 0.46 0.25 0.23 0.11 0.45* 0.00

HSBH 0.61 0.22 0.28 -0.24 0.59**  0.00 0.64***

NHIP 0.37 -0.03 -0.03 -0.30 0.22 0.00 0.44*  0.60**

NPIP 0.35 -0.06 -0.07 -0.35 0.19 0.00 0.37%  0.53%* (.98%*

NSIP 0.39 -0.02 -0.01 -0.34 0.26 0.00 0.35*%  0.56%* 0.96%+* (.99***
* =P< 005 ** =P <00 sss = P < 0.001
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broomrape. The positive correlation (r = 0.53; P <
0.01) between seed yield per infested plot (NSIP) and
number of spikes of broomrape (NSBH) suggests tolerance
rather than resistance, among the host plants.

In 1985-86 the most significant correlations were
those for seed vyield per infested plot (NSIP) with
height of spikes of broomrape at harvesting (HSBH; r =
0.56). number of host plants (NHIP; r = 0.96), and
number of pods/plot (NPIP; r = 0.99) (Table 3).

Seed weight of the accessions sown in the first
year was higher (132 g) than those used in the second
one (109 g), but, as already reported, this trait
correlated only with height of host plants at flowering
(Table 3).

Conclusions

Among the 42 accessions analyzed during the 2 years,
not one accession was found to be as tolerant as Locale
di Castellana. On the other hand a large variability
was observed within accessions. Single tolerant plants
were identified and will be used for further tests.

Climatic conditions may increase or decrease
tolerance to broomrape by reducing or prolonging the
life cycle of the crop. A simple delay in sowing time
may help in escaping or inducing tolerance. Despite
this limitation, screening of germplasm for tolerance

to broomrape in naturally infested fields can be
non-destructive, practical, and not so expensive
technique.
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Contributors™ Style Guide

Policy

The aim of FABIS Newsletter is to publish quickly the results of recent research on faba beans.
Articles should normally be brief, confined to a single subject, good quality, and of primary
interest to research, extension, and production workers, and administrators and policy makers.

Style

Articles should have an abstract (maximum 250 words) and whenever possible the following
sections:introduction, materials and methods, and results and discussion. Authors should refer to
recent issues of FABIS for guidance on format. Articles will be edited to maintain uniform style but
substantial editing will be referred to the author for his/her approval; occasionally, papers may be
returned for revision.

Disclaimers

The views expressed and the results presented in the newsletter are those of the author(s) and not
the responsibility of ICARDA. Similarly, the use of trade names does not constitute endorsement of
or discrimination against any product by ICARDA.

Manuscript
Articles should be typed double-spaced on one side of the page only. The original and two other
legible copies should be submitted. The contributor should include his name and initials, title,
program or department, institute, postal address. and telex number if available. Figures should be
drawn in India ink: send original artwork, not photocopies. Define in footnotes or legends any
unusual abbreviations or symbols used in a figure or table. Good quality black and white photographs
are acceptable for publication. Photographs and figures should preferably be 8.5 cm or 17.4 cm wide.
Units of measurement are to be in the metric system; e.g. t/ha, kg, g m, km, ml
(= milliliter), m*.
The numbers one to nine should be written as words except in combination with units of
measure: all other numbers should be written as numerals; e.g.. nine plants, 10 leaves, 9 g, ninth,
10th, 0700 hr.

Examples of common expressions and abbreviations

3 g. 18 mm; 300 m?; 4 Mar 1983; 27%; 50 five-day old plants; 1.6 million; 23 ug; 5°C: 1980/8] season:
1980-82 seasons; Fig.; No.; FAO;USA. Fertilizers: 1 kg N or P,0O, or K,O/ha.

Mon. Tues. Wed, Thurs, Fri, Sat. Sun; Jan, Feb, Mar, Apr, May, June, July, Aug, Sept, Oct, Nov, Dec.
Versus = vs, least significant difference = LSD, standard error = SE +, coefficient(s) of variation =
CV(s). Probability: Use asterisks to denote probability * = P<0.05; ** = P<0.01; **" = P<0.001.

Botanical: Include the authority name at the first mention of scientific names. Cultivar(s) =
cv(s), varicty = var(s). species = sp./spp.. subspecies = subsp., subgenus = subg.. forma = f., forma
specialis = f. sp.

References
Journal articles: Khalil, S. A. and Harrison, J.G. 1981. Methods of evaluating faba bean materials
for chocolate spot. FABIS No. 3: 51-52.

Books: Witcombe, J. R. and Erskine, W. (eds.). 1984. Genetic resources and their
exploitation-chickpea, faba beans, and lentils. Advances in Agricultural Biotechnology. Martinus
Nijhoff/Dr. W. Junk Publishers, The Hague, The Netherlands, 256 pp..s 1;Articles from books: Hawtin,
G. C. and Hebblethwaite, P. D. 1983. Background and history of faba bean production. Pages 3-22 in
The Faba Bean (Vicia faba L.) (Hebblethwaite, P.D., ed.). Butterworths, London, England.

Papers in Proceedings: Hawtin, G. C. 1982. The genetic improvement of faba bean. Pages 15-32 in
Faba Bean Improvement:  Proceedings of the Faba Bean Conference (Hawtin, G. and Webb, C., eds.),
ICARDA/IFAD Nile Valley Project, 7-11 Mar 1981, Cairo. Egypt.

Submission of articles
Coatributions should be seat to FABIS, ICARDA, P.O. Box 5466, Aleppo, Syria.
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German National List of Faba Bean Cultivars as at April 1988
Variety Breeder and address On the list since
Faba bean for animal consumption
1. Alfred Cebeco-Handelsraad, Postfach 182 1983
AD Rotterdam, The Netherlands
2. Avanii Kurt Behm GmbH, Kl. Johannisstrasse 20 1986
2000 Hamburg 11, FRG
3. Bolero Same as 2 1985
4. Boss Norddeutsche Pflanzenzucht, Hans-Georg 1987
Lembke KG, Hohenlieth, 2331 Holtsee, FRG
5. Cargo Dansk Planteforaedling A/S, Boelshoej, 1986
Hoejerupvej 31, DK-4660 Store Heddinge
6. Diana Otto Breustedt GmbH, Postfach 26 1969
3342 Schladen, FRG
7. Hedin Dr. Peter Franck, Pflanzenzucht Oberlimpurg, 1986
7170 Schwaebisch Hall, FRG
8. Herra Same as 7 1973
9. Herz Freya Michael Herz, Babenhauserstrasse 18, before 1953
8941 Niederrieden, FRG
10. Hiverna* Harald Littmann, Tannenhof, 2427 Timmdorf, FRG 1986
11. Krisnall F. von Lochow-Petkus GmbH, Postfach 1311, 1973
3103 Bergen 1, FRG
12. Picollo Same as 4 1987
13. Topas Same as 11 1986
14. Kleine Thueringer F. Gersdorf, Dunsen, 3211 Eime 4, FRG

For export only

15. Francks Ackerperle Same as 7 before 1953
16. Nabor Same as 14 1984

Faba bean for human consumption (vegetable beans)

17. Hedosa Rijk Zwaan Samenzucht und Samenhandlung,
Postfach 34, 4777 Welver, FRG
18. Osnabruecker Markt Osnabruecker Zentralstelle, L. Stahn

& Finke GmbH, Postfach 3820,
4500 Osnabrueck, FRG
19. Osnaweiss Same as 17

* Winter bean

Contributed by Dr. E. Ebmeyer
F. von Lochow-Petkus GmbH
Federal Republic of Germany
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Progress in EEC Joint Faba Bean Trials

The following is an interim report on the EEC faba bean
trial series 1985-87. Results for 1985 were reported by
Dr. E. Ebmeyer in Vortraege fuer Pflanzenzuechtung 11:
151-157. In 1986 yields were generally lighter but 100
seed weights heavier than in 1985.

Nearly all the characters recorded showed a
significant effect of years, locations, varieties and
interactions between them. Heaviest mecan yields were
obtained from Alfred, Minica, F, hybrids, and synthetic
varieties. Lightest yields were from inbred lines
except that MS.1 yielded as much as Minica. the variety

NEWS
Announcementis

from which it was derived. There was a strong positive
correlation between harvest index (HI) and yield, heavy
yielding varicties having high HIs. Exception was Troy
having high HI but low yields (93% of the controls)
because of lodging. Determinate varieties had low HlIs
and yielded 76-80% of controls. There were remarkable
differences among locations in protein content,
Nottingham (23 %) contrasting with Wageningen (31.3%).
Alfred and Troy were significantly lower in protein than
control varieties.

Contributed by Drs. E. Ebmeyer (Goettingen) and D.A. Bond
(Cambridge).

If you have any

* faba bean news

* announcements of meetings
* book reviews

* new research interests

* suggestions

Please send them to:

FABIS
ICARDA, Box 5466
Aleppo, SYRIA
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Forthcoming Events

The First International Symposium on Integrated
Pest Management in Tropical and Subtropical
Cropping Systems

This Symposium, organized by the German Agricultural
Society (DLG) in cooperation with the German Council
for Tropical and Subtropical Agricultural Research
(ATSAF), the Federal Biological Research Center (BBA),
the Technical Center for Agricultural and Rural Co-
operation (CTA), the German Foundation for Internation-
al Development (DSE), the German Agency for Technical
Cooperation (GTZ), and the German Agrochemicals Asso-
ciation (IPS), will be held in Bad Duerkheim, Federal
Republic of Germany, 8-15 Feb 1989. The prime objective
of the symposium will be the exchange of experience:
between plant protection experts from North and South;
between experts from (ropical and subtropical coun-
tries; and between research, extension and practice.
Topics of special interest are: chemical pest control,
applied integrated and biological pest control programs
(case studies), applied research in the tropics and
subtropics (case studies), training and extension (case
studies), and specialized application equipment (papers).
There will be a 2-day field trip to present institutes
and state plant protection offices, research facilities
and experimental units of the industry, as well as pro-
duction works of agricultural machinery manufacturers.

For more information write to;

International DLG Symposium

Deutsche Landwirtschafts-Gesellschaft e.V .,
Zimmerweg 16,

D-6000 Frankfurt a.M.1,

Federal Republic of Germany
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NEWS
Forthcoming Events

4l IR

XIIth EUCARPIA Congress on Science
for Plant Breeding

The congress. organized by the European Association for
Research on Plant Breeding, will be held in Goettingen,
Federal Republic of Germany, 27 Feb -4 March 1989. The
topics of the congress will cover the whole field of
plant breeding. Emphasis will be given to the progress
in breeding methods by applications of biotechnology
and genetic manipulations, and their implications for
varietal improvement will be evalvated. There will be
symposia on: breeding methods. genome structure, muta-
genesis,  breeding for disease resistance, plant
legislation and breeders’ rights, low-input varieties,
genetic mechanisms for hybrid breeding, and applica-
tions of biotechnology. Also, there will be workshops
and group meetings on specific topics as well as busi-
ness sessions of EUCARPIA Sections. Posters on
scientific or technical aspects of plant breeding and
related fields will be exhibited and introduced in
groups during Poster Sessions.

For further information write to:

Secretariat

XIIth EUCARPIA Congress,

Institut fuer Pflanzenbau and Pflanzenzuechtung,
Georg-August-Universitaet,

Von-Siebold-Str. 8,

D-3400 Goettingen,

Federal Republic of Germany.
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Drought Tolerance in Winter Cereals

Edited by J.P. Srivastava, E. Porceddu, E. Acevedo,
and S. Varma

Published by John Wiley and Sons, Chichester, UK
ISBN 0 471 91650 1

387pp.

This book is the proceedings of an Interntional
Symposium on  Improving Winter Cereals in
Moisture-limiting Areas, held in Capri, Italy. The aim
of the symposium was to create a common focus, among
scientists belonging to different disciplines, on how
the disciplines in which they work could contribute to
improving food production in those crop growing
environments where availability of water, or rather the
shortage of it, is the major constraint.

The book is divided into four sections. Section I
deals with the role of agroclimatology and of
agroecological models in developing a meaningful
approach for crop improvement. Section II reviews and
compares the efficiency of current breeding methods and
presents some new approaches. Section III deals with
research for drought avoidance and tolerance and its
implication in breeding programs and section IV with
plant characteristics required for improved performance
in dry environments. Recommendations for action in the
short and medium terms are also given.

The Chickpea

Edited by M.C. Saxena and K.B. Singh

Published by CAB International, Wallingford, Oxon, UK
ISBN 0 85198 571 8

Hardcover price £ 38.50

409pp.

Chickpea is the second most important pulse crop in the
world and is a major food legume in the Indo-Pakistan
subcontinent, East Africa, the Mediterranean, and the
Americas.

Despite the importance of the crop, there was no
standard work on the chickpea. This book was compiled
to provide an authoritative reference for all those
interested in chickpea production.
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Nematodes Parasitic to Cereals and Legumes
in Temperate Semi-Arid Regions

Edited by M.C. Saxena, R.A. Sikora and J.P. Srivastava
Published by ICARDA, Aleppo, Syria
217pp.

Plant parasitic nematodes are a severe constraint to
agricultural  production in tropical and semi-tropical
developing countries. Their effects are aggravated
when coupled with other abiotic stresses such as
drought, heat, poor crop management. and low nutrient
availability-common features of the ICARDA region.

The book is the proceedings of a workshop organized
by ICARDA (Aleppo, Syria) and held 1-5 Mar 1987 in
Larnaca, Cyprus. The workshop aimed to review and
highlight the nematodes problems on wheat, barley,
chickpea, faba bean, and forage legumes in the
temperate region of West Asia and North Africa. The
meeting also examined the current knowledge and control
methods being employed in other countries in the light
of its usage in the region. And, also identified were
priority research activities and areas of cooperation
among ICARDA, national programs, and other centers of
excellence to develop and deploy the most effective
control methods against plant parasitic nematodes.

The proceedings reflect the contributions of 25

NEWS
Book Reviews

ICARDA-138 En

NEMATODES PARASITIC TO
CEREALS AND LEGUMES IN
TEMPERATE SEMI-ARID REGIONS

B, 4 of & Worksh

i P held at
Larnaca, Cyprus, 1-5 March 1987

scientists  from  both  developed and developing Copies of the proceedings are available from STIP,
countries, ICARDA.
DOCUMENT COLLECTION
With the financial support of the International Development Research Centre (IDRC),
ICARDA is building up its document collection on faba bean. The collection will be
used to supply needed documents to scientists in developing countries.
We would be grateful if readers who have any relevant documents would send them to:
FABIS
ICARDA
Box 5466
Aleppo, Syria
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Nitrogen Fixation by Legumes in
Mediterranean Agriculture

Edited by D.P. Beck and L.A. Materon
Published by Martinus Nijhoff Publishers,
The Netherlands

ISBN 90 247 3624 2

379 pp.

In the traditional cereal/fallow rotations of West Asia
and North Africa, one of the most promising options for
increasing agricultural production is replacement of
fallow with a food, pasture, or forage legume. Such
crops are able to fix enough atmospheric nitrogen to
supply their own needs and to contribute to soil
fertility, while providing protein-rich food in the
form of seeds or animal products. Nitrogen fixation by
bacteria of the genus Rhizobium in symbiosis with
legumes is central to this process.

This book is the proceedings for a workshop organiz-
ed by ICARDA at Aleppo, Syria and sponsored by UNDP.
The aim was to examine the scope for regional research
and development of biological nitrogen fixation (BNF)
in food, forage, and pasture legumes in  semi-arid
Mediterranean agriculture.

This book, which contains 36 papers by authorities
in the field and regional scientists, is divided into
the following sections: biological nitrogen fixation in
the Mediterranean region, genetic and physiological
aspects of legumes and rhizobia, ecology of Rhizobium
and inoculation, and nitrogen fixation limitation and

Nitrogen Fixation by

gumes in Med;
AercuIture il

ranean

The text emphasizes the relevance of BNF research
and development for the region. It also includes a
section with panel recommendations on improvement of
economic yields and optimization of nitrogen inputs into

potential. the agricultural systems of the ICARDA region.
ARE YOU MOVING ?
If you are moving, please let us know your new address as soon as possible.
Send it to:
FABIS
ICARDA
Box 5466
Aleppo, Syria
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Need More Information on
ICARDA Publications and Services ?

Free Catalog of ICARDA Publications

Request your list of all currently available
publications from the Scientific and Technical Infor-
mation Program (STIP).

ICARDA Information Brochure

ICARDA’s historical background and research
objectives are outlined in English and Arabic. For your
copy. contact STIP.

LENS (Lentil Newsletter)

This newsletter is produced twice a year at ICARDA.
Short research articles are published and comprehensive
reviews are invited regularly on specific areas of
lentil research. The newsletter also includes book
reviews, key abstracts on lentils, and recent lentil
references. For further information write LENS.

RACHIS (Barley, and Wheat Newsletter)

This ICARDA service is aimed at cereals researchers in
the Near East and North Africa region and
Mediterranean-type environments. It publishes up-to-
the-minute  short scientific papers on the latest re-
search results and news items. RACHIS seeks to contrib-
ute to improved barley and durum wheat production in
the region; to report results, achievements, and new
ideas; and to discuss research problems. For further
information, write RACHIS.

Field Guide to Major Insect Pests of Faba Bean in the
Nile Valley (English and Arabic)

This pocket ficld guide for research and extension
workers explains how to identify and control the main
insect pests of faba bean in Egypt and Sudan. The
distribution, description, and biological
characteristics are given for each insect, along with
the type of injury, assessment of damage, and
recommended control measures. A key to injuries is
included. Insects and the damage they cause on faba
beans are illustrated with 41 color photos. For your
copy. write FLIP.

Ar4 1988 olaws 20 Gaede 3,00 o wb

Field Manual of Common Faba Bean Diseases in the
Nile Valiey (English and Arabic)

This pocket field manual is a tool for field workers to
diagnose and control diseases of faba beans in Egypt
and Sudan. Symptoms, development, and control of
various diseases are discussed, and symptoms are
illustrated with 38 color photos. Also included are
rating scales for disease resistance in faba bean lines
and a glossary of basic phyto-pathological terms. For
your copy, write FLIP.

Field Guide to Major Insect Pests of Wheat and Barley
(Arabic)

This field guide in Arabic covers fungal, bacterial,
viral, and physiological diseases, as well as insects
and nematodes, that attack wheat and barley crops in
the Middle East and North Africa. Forty-four insects
and diseases arc discussed and illustrated with 72
color photos. For your copy. write Cereals Improvement
Program.

Introduction to Food Legume Physiology

This comprehensive 105-page technical manual s
designed for food legume scientists and their support
staff. It covers several arcas of food legume
physiology in a practical way. with examples whenever
possible. The book contains four chapters covering the
following: plant structure and physiological functions;
mineral nutrition: photoperiodism, vernalization, crop
canopy and radiation, and growth analysis: and
physiology and crop improvement.

ICARDA'’s Food Legume Improvement Program

In English and Arabic, the 24-page illustrated
information brochure briefly describes research
projects on lentil, faba bean, and chickpea treated
either as single crops or as a group. For your copy,
write FLIP.

Screening Chickpeas for Resistance to Ascochyta Blight
A Slide-tape Audio-tutorial Module

This slide-tape audio-tutorial module is the first in
the food legume training series. It is designed for
the use of legume trainees during the training courses
at ICARDA as well as for scientists and their support
staff in the various national programs. This module is
also useful educational material for universities and

FABIS Newsletter 20, April 1988 En 53



NEWS
Need More Information ?

training departments in national research systems. For
your copy of this publication or package, write
Training Department,

Checklist of Journal Articles from ICARDA 1978 - 1987
This checklist, compiled to bring information to the
attention of the scientific community, consists of
references of articles by ICARDA research scientists
submitted to refereed scientific journals as of 1978.
Each reference includes within year of publication:
author, primary title, volume number, issue number,
pagination, language code of the article and/or summary
when necessary, and AGRIS reference number. For your
copy write: STIP,

Opportunities for Field Research at ICARDA

This brochure is intended primarily to assist Master of
Science candidates, who are enrolled at national univer-
sities within ICARDA region and selected for the Grad-

Lo

uate Research Training Program. It explains to them the
opportunity they have to conduct their thesis research
work at ICARDA research sites under the supervision of
distinguished international scientists. For your copy,
write GRI Program, Training Coordination Unit.

Opportunities for Training and Post-Graduate
Research at ICARDA

ICARDA has active training courses on the development
and improvement of food legumes, cereals, and forages
with ICARDA'’s research scientists, trained instructors,
and proven programs. For a complete brochure of the
training opportunities at ICARDA, write Training
Department.

TO OBTAIN PUBLICATIONS:

Address requests for publications to the specific
department or service cited above, at: ICARDA, P.O. Box
5466, Aleppo, Syria.
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