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Research Articles

Breeding and Genetics

Studies on Mutations Induced by EMS
and DES in Faba Bean. II. Vital
Mutations Affecting Vegetative Organs

Vandana
Department of Botany
J.M.V. Ajitmal
Etowah, V.P. 206121, INDIA

Abstract

The frequency of different mutations induced by varying
doses of EMS and DES affecting vegetative plant parts
in Vida lobo L. was determined. DES was more effective
than EMS. Mutations affecting shape and size of
cotyledonary leaves, plant height, branching, leaves,
bristle color and texture of plant surface and their M)
breeding behavior are described here. A dose-dependent
increase in the frequency of such mutations was noted
for buIlt mutagens,

Introduction

Induction of mutations is of considerable value in
comprehending evaluation and accelerating the process of
plant improvement. In a study on mutagenesis in Vicia
[aba L. following treatment with varying doses of ethyl
methane sulphonate (EMS) and diethyl sulphate (DES),
a wide spectrum of mutations was isolated (Vandana
1990). The mutants isolated could be grouped into three
categories, i.c., chloromutants, sterile mutants and vital
mutants. Frequency and spectrum of chlorophyll
mutations and sterile mutations have been reported
elsewhere (Vandana 1991). The vital mutations could be
further grouped into those affecting vegetative organs and
those affecting reproductive organs. This paper describes
the mutants affecting vegetative organs.
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Materials and Methods

Details of seed treatment with mutagens and layout of M
1

and M2 experiments were reported earlier (Vandana
1991). The M2 populations were screened for mutations
at regular intervals from seedling stage until maturity of
the crop. Various macromutants were identified and
tagged for separate harvesting. The frequencies of those
mutants affecting vegetative organs were determined in
terms of mutants per 1000 M2 plants. Seeds of isolated
mutants were sown in separate rows to raise the M

3
families. The M) breeding behavior of selected mutants
was studied.

Results

The frequencies of various mutations affecting vegetative
parts of the plants isolated in various mutagenic
treatments are summarized in Table 1. The total
frequency of such mutations in the EMS treatments
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Table 1. Frequency (per 1000 Mz plants) of mutations arrec:ting vegetative parts in Mz generation of mutagen-
treated faba bean.

Treatment

EMS (%) DES (%)

Mutant t)"pe 0.05 0.125 0.25 0.25 0.50 0.75

Sl'edling

Large cotyl. leaves 1.05

Small cetyl. leaves 1.01 2.06 3.63 2.06 3.67 4.89

Height

Stunted 3.03 4.13 4.84 4.21 6.10 7.34

Very dwarf 5.06 7.22 18.15 9.49 13.43 30.60

Dwarf 2.02 1.03 2.42 1.05 1.22 3.67

Tall 1.01 1.21 1.05

Very tall 1.01 2.06 1.21 1.05 12.21 1.22

Giant 1.01 2.06 3.63 3.16 3.66 13.49

Branching

Unbranched 1.01 1.05

Bushy dwarf 6.32 10.99 19.58

Bushy tall 4.04 4.21 1.22

Bushy very tall 9.10 8.25 5.47 3.16 7.33 6.12

Lellf

Hcxafoliate 3.63 7.38

Small 1.01 1.03 1.21 1.22

Oval 6.07

Curled 5.15 7.33

Ilristle

Enlarged 3.03

Reduced 1.03 2.42 3.67 4.84

Plant color and texture

Hairy 3.03 11.35 16.94 7.38 6.10 4.89

Pale green 2.02 9.28 13.11 4.21 13.43 12.24

Leathery 2.44 2.45

Dark green 1.01 1.03 1.21 1.05 3.67 3.64

Total frequency 44.47 55.68 82.28 57.89 96.47 116.14
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ranged from 44.5 to 82.3 per tOOO M2 plants among the
EMS treatments. DES treatments induced much higher
mutation frequencies, ranging from 57.9 to 116.1 per tOOO
M2 plants. The mutation frequencies increased with an
increase in the concentration of each mutagen. Vegetative
mutations were grouped into six categories.

Seedling mutants

Viable mutants showing alterations in the size and color
of cotyledonary leaves on the seedlings were induced
under this category. These included the 'large
cotyledonary leaf and 'reduced cotyledonary leaf mutants.
The cotyledonary leaves in the former were remarkably
large and dark green, whereas in the latter they were
smaller than the control and pale green. Among the
seedling mutants, all the large cotyledonary leaf mutants
bred true for the character in the MJ generation; the
reduced cotyledonary leaf mutants segregated into normal
and mutated types.

Height mutants

The plant height in the control variety ranged from 19 to
29 ern, Mutants showing remarkable variation from the
normal plant height could be grouped into the following
categories: stunted mutants, not exceeding 5 cm; very
dwarf mutants, 5-10 cm; dwarf mutants, 10-18 cm; tall
mutants, 30-35 cm; very tall mutants, 35-50 em, and
giant mutants, exceeding 50 em. Plant height mutants of
all six types bred true to their types in the MJ generation.

Branching mutants

In the parent variety two to three branches arise from the
base of the plant only and no secondary branching occurs
above this level. Among the treated M2 progenies,
'unbranched' mutants showing no branching at all as well
as those showing an increased number of basal branches
leading to a bushy appearance of the plants were
recovered. The bushy mutants could be further
categorized as 'bushy dwarf,' 'bushy tall' and 'bushy very
tall,' depending upon the plant height. Among the
branching mutants, all three bushy types bred true in the
MJ generation while the unbranched mutants segregated
into normal and unbranched types.

Leaf mutants

The leaf in faba bean is compound with the number of
leaflets varying from two to five. Among the M2 progenies
there were remarkable variations in the shape, size and
number of leaflets, The isolated mutants included the
hcxafoliatc, small leaf, oval leaf and curled leaf types.
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Different leaf mutants did not show a similar trend of
inheritance in the MJ generation. Hexafoliate, curled and
oval leaf mutants produced chimeric progenies, while the
small leaf mutants bred true to their type.

Bristle mutants

Normally, in the leaf of faba bean the tip of the rachis
extends beyond the level of insertion of the last leaflet in
the form of a thin, tender, bristle-like structure, 0.5 to 1.0
cm long. The enlarged-bristle mutants had bristles 2-3
em long, which in some cases were ribbed, whereas
bristles in the reduced-bristle mutants were only
rudimentary. Both bristle mutants bred true in the M)
generation.

Mutants for plant color and texture

Mutations causing alterations in the texture of plant
surface and color of plant body were included in this
category. These included hairy mutants characterized by
conspicuous epidermal hairs on the surfaces of leaves and
stems; leathery mutants with thick and leathery leaves;
pale green mutants, lacking proper chlorophyll content,
and dark green mutants apparently rich in chlorophyll
content. All the mutants for plant color and texture
maintained their mutated characteristics in the M,
generation.

Discussion

Enhancement of the frequency and spectrum of mutation
in a predictable manner and consequent achievement of
desirable plant characteristics is an important goal of
current mutation research (Gustafsson 1941, 1947, 1955;
Auroback 1967; Swaminathan 1969). Spectra of vital
mutations are the most important considerations for
isolating desirable mutant types. Although high seed yield
is often the ultimate goal for legume breeders, yield is a
composite character and therefore can be manipulated
through the various components characteristics. Thus
manipulation of plant structural components to induce
desirable alterations in the yield components provides
invaluable material for the breeders.

In V. lobo a limited range of variation for some
characters and little prospect of introduction of new
variations from other species have led to many attempts
at mutagenesis. Among these, dwarf mutants isolated bv
Filippelli and Marzano (1984) and mutants affecting
leaves, stems and floral parts induced by EI-Shouny and
EI-Hosary (1983) deserve special mention. A wide range
of vital mutations was induced in the present study,

5
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several of which are useful from a breeder's point of view
because of their high yield capacity. With increases in the
concentration, the two mutagens induced increasing
frequencies of mutations. DES was more effective than
EMS.

Among the mutants for plant height the tall, very tall
and giant types have better yield potential because of their
greater number of nodes and consequently an increased
number of fruits and seeds. Similarly, different categories
of bushy tall mutants characterized by increased branching
also hold promise, as do .hexafoliate mutants with
increased leaf area and resultant better photosynthesizing
ability.

Besides the desirable mutations mentioned above, a
number of mutants of academic interest were induced,
such as those showing variation in cotyledonary leaf size,
stunted or dwarf characteristics, small or curled leaf and
variations in bristle size and plant texture. Further
cytogenetical analysis of these mutants is expected to
throw new light on the genetics of the traits involved in
these mutations.
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Studies on Mutations Induced by EMS
and DES in Faba Bean. III. Vital
Mutations Affecting Maturity Period
and Reproductive Parts

Vandana
Department of Botany
J.M.V. Ajitmal
Etawah, V.P. 206121, INDIA

Abstract

The frequency of different mutations affecting maturity
period and floral and seed characterlstics induced by
varying doses of EMS and DES in VU:W fabo L. was
determined. Mutations affecting days to flower, size,
color and Dumber of flowers per node; shape, size and
texture of pods and seeds, and their M) breeding
behavior are reported. A dose-dependent increase in the
frequency of such mutations was observed for both
mutagens,

Introduction

In a study on mutagenesis in Vida faba L. following
treatment with various doses of ethyl methane sulphonate
(EMS) and diethyl sulphate (DES), a wide spectrum of
mutations was isolated. The frequency and spectrum of
chloromutations and sterile mutations as well as vital
mutations affecting vegetative organs have been reported
elsewhere (Vandana 1991; Vandana 1992). This paper
describes the mutants affecting maturity period and floral
and seed characteristics.

Materials and Methods

Details of seed treatment with mutagens and layout of M.
and M2 experiments were reported earlier (Vandana
1991). The M2 populations were screened for mutations
at regular intervals from first flowering until maturity of
the crop. Mutants for maturity period and floral and seed
characteristics were tagged for separate harvesting. The
frequencies of various mutants isolated were determined
in terms of mutants per 1000 M2 plants. The isolated
mutants were carried to M) generation to study the
breeding behavior of mutated characteristics.
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Results and Discussion

The frequencies of various mutations affecting maturity
period and reproductive parts of the plants, isolated in
different mutagenic treatments, arc summarized in Table
1. The total frequency of such mutations in EMS
treatments ranged from 19.2 to 43.6 per 1000 M2 plants,
whereas in the three DES treatments it ranged from 23.2
to 45.3 per 1000 M2 plants. Within each mutagen, the
mutation frequency increased with an increase in the
concentration. DES induced higher mutation frequencies
than EMS. The various mutants isolated are described
here briefly.

Mutants for maturity period

Days taken to flower were taken as an index of maturity
because variations in actual time to maturity are obscured
by high temperature-induced crop drying at the end of the
crop season. Plants in the control flowered 79-83 days
after sowing (DAS). Remarkable variations in time taken
to flower were induced among the M2 populations. Based
on DAS to flower, three distinct categories of mutants
were isolated. These included 'early flowering mutants'
blooming 75-78 DAS, 'late flowering mutants' flowering
84-89 DAS and 'very. late flowering mutants' flowering
90-93 DAS. The vanous mutants for maturity period
bred true in the M) generation.

7
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Floral mutants

The flowers in the control plants had a typical
papilionaceous corolla with standard, white keel petals;
the two wing petals had a black blotch toward the tip.
Normally only two flowers were borne at each node.
Mutants showing alterations in size, color and number of
flowers per node were isolated. These included the 'small
flowered,' 'brown flowered,' 'yellowish-white flowered' and
'trifloratc' mutants. The small-flower mutants had reduced
size of various floral parts. In the brown-flower mutants,
the blotches on the wing petals were brown instead of
dark black, whereas in the yellowish-flower mutant the
normally white portions of the corolla were light yellow
and the blotches on the wings were the normal black.
Triflorate mutants had three flowers per node instead of
the normal two; all three flowers blossomed normally and
developed into healthy fruits. The brown and yellowish-

white floral mutants segregated into mutated and normal
progenies in the M) generation, but trifloratc mutants
produced chimeric progenies.

Pod mutants

The mature pods in control plants prior to drying were
shiny green, 2 to 4 cm in length, with one to four seeds.
The mutants for pod characteristics included the 'leathery
pod,' 'small pod' and 'large pod.' The fruit wall in the
leathery pod mutants was thick, leathery and dark green.
The size of the pod was slightly reduced. Pod length in
the small pod mutants was only 2.0 to 2.5 em with one
seed per pod. Pod length in the 'large pod mutants'
ranged from 4.0 to 5.5 em, and the number of seeds per
pod varied from three to five. These mutants showed
luxuriant growth with broad leaves and bold seeds. The
various pod mutants bred true in the M) generation.

Table 1. Frequency (per 1000 M2 plants) of mutations affecting reproductive parts in M2 generation of mutagen-treated faba
bean.

Treatment

EMS (%) DES (%)

Mutant type 0.05 0.125 0.25 0.25 0.50 0.75

Floral
Small flowered 2.44
Brown flowered 1.01 1.03
Yellowish flowered 1.21
Triflorate 6.07 5.15 7.26 4.21 7.33 4.89

Maturity period
4.89Early flowering 4.04 4.13 1.21 3.16 3.66

Late flowering 2.44 2.45

Vcry late flowering 3.03 4.13 4.84 4.21 4.88 3.67

Pod
3.67Leathery 3.63

Small 1.01 1.03 3.63 1.05 4.88 3.67

1.03 7.38 1.22
Large

Seed 6.12
Dark brown 3.10 4.84

1.01 3.10 4.84 4.89
Light brown
Brown, wrinkled 4.84 1.22

1.05 1.22 1.22
Small, round 1.01 1.01 1.21

2.02 4.13 6.05 2.11 4.88 8.57
Black, wrinkled

19.20 27.84 43.56 23.17 32.95 45.26
Total frequency

8



Seed mutants

The seeds in the control plants were dark black with a
somewhat cylindrical shape, compressed at the ends and
on the sides. The seed coat was smooth and seed length
varied from 5to 7 mm. Among the various seed mutants,
remarkable variations in shape, size and color were
observed. The five prominent seed mutants were 'dark
brown seeded,' 'brown seeded,' 'black wrinkled seeded,'
'brown wrinkled seeded' and 'small round seeded' types.
Seed size and shape were normal in the dark brown and
brown seed mutants. The small round seed mutants had
normal black seeds with a reduced length (4.0 to 4.5 mm)
and appeared to be somewhat round in shape because
they were less compressed. The seed coat in both the
wrinkled mutants was conspicuously wrinkled and the
length of the seeds was only 3 to 4 mm, The 'dark brown',
'small round' and 'black wrinkled' mutants were true
breeding whereas the 'light brown' and 'brown wrinkled'
types segregated into normal and mutated types in the MJ

generation.

Some of the mutants reported here hold promise for
breeders. Trifloratc mutants are of considerable value as
their increased sink size will have a direct bearing on
yielding ability. Similar multifloratc mutants were
recorded earlier in lentil by Sharma and Sharma (1977,
1980) and Dixit and Dubey (1983, 1984). Mutants with
early maturity and large pod were the other promising
types obtained in this study.
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Genetical Studies of some Egyptian
and Imported Varieties of Faba Bean

Baby R. Bakheit
Agronomy Department
Faculty ofAgriculture
Assiut University
Assiut, EGYPT

Abstract

The objectives or this investigation were to study the
genetic behavior or yield and its components and to
furnish Infermatlon on the nature or associations
between pairs or characters in a raba bean seven-parent
diallel cross, without reciprocals. The results showed that
both additive and nonadditive genetic effects controlled
the genetic systems or all the studied traits. Additive
gene effects had the main effect in inheritance or height
to the first pod, but dominance gene effects played the
major role in seed yield/plant. Moreover, epistatic gene
effects were round in the inheritance or plant height,
number or pods/plant and seed yield/plant. The parents
showed unequal frequencles or dominant and recessive
alleles in all traits studied. Narrow-sense heritability
values were 0.41 for seed yield/plant, 0.46 fer height to
the first pod, O.5S ror plant height, 0.52 for number or
pods/plant and 0.85 Ior 100-seed weight. Accordingly,
selection could be effective in the segregating generations
for improving these traits. Correlations among
characters differed according to the population under
consideration. On the other hand, both the parents and
F1 hybrids showed that number or pods/plant gave the
highest genotypic and phenotypic correlations with seed
yield/plant.

Introduction

Faba bean (Vicia [aba L.) is a protein crop for temperate
regions. In Egypt, there is little possibility of increasing
the cultivated area. Therefore, it is important to obtain
higher-yielding varieties through breeding programs.
Selection for increased seed yield from the Egyptian faba
bean varieties alone would not be effective (Ibrahim
1963), but crossing Egyptian and introduced faba bean
varieties could increase genetic variability. The breeder
should know the type of gene action of the quantitative
traits because this is the main determinant in the choice
of selection and breeding procedures. Contradictory
results were obtained by many authors with respect to the
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genetic systems governing yield and its components.
Nassib (1982) stated that the nonadditive genetic variance
was more important than additive genetic variance in
controlling inheritance of pods/plant, whereas the reverse
was true for seed weight. EI-Hosary (1981) found partial
dominance for loo-seed weight and overdominancc for
number of pods/plant. Mahmoud (1968) found
incomplete dominance of lighter over heavier seeds.

This work was carried out to (1) study the genetic
behavior of yield and its components and other important
characteristics, and (2) furnish information on the nature
of the association between pairs of characters of faba
bean in each of the parents and F, hybrids.



Materials and Methods

The work was conducted at Assiut University,
Experimental Farm of the Agronomy Department during
the two successive seasons of 1985/86 and 1986/87. Seven
genotypes of taba bean of diverse origin were. ~scd as
parental lines. The common names and ongm are
presented in Table 1.

Table 1. Name and origin or the parental varieties,

Parent Variety Origin

Reina Blanca Spain
2 Giza 402 Egypt
3 Syria local Syria
4 Rebaya 40 Egypt
5 Lippoi Hungary
6 Kobrosi Cyprus
7 Aquadulce Spain

Diallel crosses among the parents, excluding
reciprocals, were made. In the se~ond season th~ 7
parents and their 21 possible F! hyb~lds were gr~wn.m a
randomized complete block design WIth three replications.
Each entry was represented by a single-row plot 3 m long
with 60 em between rows. Seeds were spaced 15 cm apart
with three seeds/hill. After full emergence the plants were
thinned to one plant/hill. The recommended cultural
practices for faba bean production were ado~~ed

throughout the growing season. At harvest, 10 compcuuve
plants were randomly sampled from each plot to provide
measurements for plant height, height to the first pod,
number of pods/plant, seed yield/plant and tOO-seed
weight.

The data obtained were subjected to genetic analysis
of the diallel table as described by Hayman (1954a, b)
and Mather and Jinks (1971). The phenotypic and
genotypic correlations were estimated according to Miller
et al. (1958).

Results and Discussion

The average plant height, height to the first pod, number
of pods/plant, seed yield/plant and tOO-seed weight for
the seven parents and their FI hybrids are presented in
Table 2. The cultivar Reina Blanca had the lowest
number of pods/plant (31.3) and seed yield/plant (59.3
g). However, the local cultivar Rebaya 40 gave the highest
number of pods/plant (71.0) and seed yield/plant (93.3 g)
and the lightest loo-seed weight (45.7 g) along with the
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other local parent Giza 402 (43.0 g). In general, hybrids
that had Aquadulce as a common parent produced the
heaviest seed weight. Likewise, hybrids with Giza 402 as
a common parent produced the highest grain yield/plant
and the lightest 100-seed weight.

Highly significant differences among the entries were
obtained for all the studied traits (Table 3). Separate
analysis of variance for each of the parents, F1 hybrids
and the two combined showed nonsignificant differences
among the parents and F1 hybrid block interactions.
Therefore, experimental error of the parents could be
considered equal to FI hybrid error, and both equal to the
total block interaction mean square of the parents + FI
hybrids. Consequently, the total block intera~tion mean
square was considered an estimate of the environmental
variance in computing the genetic parameters for all the
studied traits.

The diallel analyses of variance for the studied traits
are given in Table 3. The a and b mean squa~~s were
significant for all traits, indicating th~t the addltl~e and
nonadditive genetic effects were Important in the
inheritance of those traits. These results arc in line with
those reported by Hanna and Hayes (1966), Lawes and
Newaz (1979), El-Hosary (1981,1983), and Abo-EI-Zahab
ct al. (1984).

The mean deviation of the F1s from their midparental
values was small for height to the first pod. This was
confirmed with the nonsignilicance of b, mean square
(Table 3). However, this item was significant for the other
traits indicating the presence of a unidirectional trend of
dominance in these traits. Furthermore, the b2 and b,
mean squares were highly significant for the studied traits.
This indicates unequal frequencies of dominant and
recessive genes among the parents and the existence of
some specific combinations. Similar results were obtained
by Khalil (1969), Mahmoud (1977) and Habetinek (1982).

Diallel-cross analysis suggested by Hayman (1954a,b)
is based on several assumptions. Failure of one or more
of these assumptions invalidates to some degree the
inferences derived by means of the analysis. Therefore,
two tests of the assumptions were employed to screen the
traits for such failures. The first was the analysis of
variance of the quantity (Wr-Vr). This value is expected to
be constant over arrays if the assumptions are valid
(Hayman 1954a,b). The results (Table 4) showed that the
differences between arrays of the (W, +Vr) values for
height to the first pod, number of pods/plant and 100
seed weight were highly significant. These indicate the
presence of nonadditive effects. However, these values

11
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Table 2. Mean plant height, height to the first pod, number of pods/plant, seed yield/plant and IOo-seed weight of the parents
and F I hybrids.

Plant Height to first pod No. podsl Seed yieldl IOD-seed
height (em) (em) plant plant (g) weight (g)

PI (Reina Blanca) 133.3 41.0 31.3 59.3 75.0
PI)( Pz 151.3 35.3 66.0 104.7 55.7
PI)( P3 152.7 37.7 78.7 110.0 60.3
PI )( p. 146.0 40.3 71.3 98.7 64.7
PI)( P, 155.0 35.0 51.7 69.7 52.3
PI)( P6 153.0 35.0 56.0 93.0 70.7
PI )( P7 139.7 33.3 46.7 98.7 89.3

Pz (Giza 402) 140.0 28.7 62.3 70.0 43.0
pz )( P

3 151.0 38.3 79.7 106.3 51.3
pz)( P4 146.3 33.0 66.7 89.3 46.0
pz )( P, 164.3 36.0 80.3 75.3 40.0pz)( P

6 143.3 32.3 65.3 108.0 52.3
Pz x P7 152.0 33.3 53.3 96.0 80.7

P3 (Syria local) 142.0 51.3 37.7 63.7 72.3
P3 )( P4 150.3 39.7 58.0 107.3 72.3
P3 )( P, 157.7 37.7 50.0 73.0 60.0
P3 x P6 144.7 40.0 52.7 95.3 71.7
P3 x P7 130.0 32.0 27.7 55.7 86.7

P4 (Rebaya 40) 145.7 32.7 71.0 93.3 45.7
P4 )( P, 164.0 38.0 60.0 93.3 48.0
p. x P6 147.3 37.7 70.3 103.0 63.3
P4 x P7 142.7 32.3 35.3 62.7 77.3

P, (Lippoi) 158.0 34.7 54.7 60.3 53.3
ps)( P

6 159.3 38.7 63.7 70.0 51.7
P, x P7 143.7 34.7 27.0 48.0 66.7

P6 (Kobrosi) 143.3 29.7 47.3 82.7 93.0
P6 )( P7 141.7 32.7 27.7 56.7 96.0

P7 (Aquadulcc) 132.0 27.7 37.3 73.7 110.3

P 142.1 ± 1.1 35.1 ± 0.6 48.8 ± 1.2 71.9 ± 1.7 70.4 ± 1.1
FI 149.3 ± 0.6 35.9 ± 0.4 56.6 ± 0.9 86.4 ± 1.2 64.6 ± 0.5

Table 3. Mean-squares ol the F1 hybrids for plant height, height to the first pod, number of pods/plant, seed yield/plant and
IOO-seed weight of' the 7-parent diallel cross of faba bean.

Source of Plant Height to first pod No. podsl Seed yieldl IOO-seed
variation df height (em) (em) plant plant (g) weight(g)

Block 2 193.3" 41.4" 73.9 47.0 10.6
Genotypes 27 217.8" 46.4" 791.3" 1108.2" 829.9"
a 6 1103.3" 223.7" 3892.6" 4203.8" 5886.2"
b 21 181.7" 42.1" 693.5" 1331.8" 251.1"

b l 1 932.7" 10.5 1084.5" 3813.6" 597.6"
bz 6 93.9" 90.5" 1055.6" 1708.0" 259.5"
b3 14 165.7" 23.7" 514.9" 993.4" 168.7"
Error 54 19.5 7.7 37.7 82.6 13.3

•• Significant at P~OI.
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Table 4. Analysis of variance for (Wr + Vr) and (Wr - Vr) values for plant height, height to the tirst pod, number of pods/plant,
seed yield/plant and 10Ckeed weight.

Source of Plant Height to tirst No. podsl Seed yieldl 1aO-seed weight

variation df height (cm) pod (cm) plant plant (g) (g)

rw, + Vr)

Block 2 1036.2 529.3 19939.6 2080.5 3425.5

Arrays 6 1393.1 1617.1" 67999.5" 79895.5 73058.9"

Error 12 1356.4 250.9 12170.8 47411.1 4506.6

rw, -Vr)

Block 2 6577.3 198.1 19446.9 12032.6 275.0
Arrays 6 498.7 74.5 21052.0" 48026.3 462.9
Error 12 471.9 70.3 4408.6 32874.5 850.9

•• Significant at P=!O.Ol.

were not significant for plant height and seed yield/plant,
thus failing to confirm the existence of a nonadditive
effect for these two characters. The variation of Wr"V.
over arrays was significant only for number of pods/plant,
indicating that the data do not obey the model for this
character only. The nonsignificancc of W.. Vr is indicative
of the absence of deviation from the basic
dominance/additivity model for the other four characters.

The second test is an analysis of the W on V
regression. This regression provides a geometric
presentation of the degree of dominance. The regression
coefficicnt is expected to deviate significantly from zero
but not from unity if the assumptions arc valid. The
W.lV. graphs (Fig. 1) showed the presence of nonallelic
gene interaction for plant height, number of pods/plant
and seed yield/plant. The slope of the regression lines
was above the origin point for all traits, confirming the
presence of partial dominance.

It should be noted that, in the presence of epistasis, we
cannot test for multiple allelism or gene correlation. The
estimates of the genetic parameters for the characters that
exhibited a partial failure of the assumptions are still
possible, but the estimators are less reliable than when all
the assumptions have been fulfilled (Hayman 1957).

Estimates of the genetic components and their
corresponding standard errors arc presented in Table 5.
The results showed that the magnitude of additive effect
D was significant for plant height, height to the first pod,
number of pods/plant and lOO-seed weight, but
insignificant for grain yield/plant. The HI and H 2

estimates were significant and greater than D, indicating

that the dominance gene effects playa major role in the
inheritance of plant height, number of pods/plant and
seed yield/plant. The H2/ 4H, values were less than 0.25,
indicating unequal distribution of dominant and recessive
alleles among the parents for all traits. The quantities of
(Hi/D)...., a weighted measure of the average degree of
dominance at each locus, were found to be more than
unity for plant height, number of pods/plant and seed
yield/plant, indicating the presence of ovcrdominancc.
This contradicts the conclusion derived from the Wr/Vr
graphs, which indicated partial dominance for all traits.
Hayman (1957) stated that epistasis can decrease or
increase the average degree of dominance. Moreover,
Mather and Jinks (1971) noted that the most important
shortcoming of estimating D and H is that unless u = v
= ~ at each locus, D docs not contain only additive
genetic effects and H contains less than the whole of the
dominance effects, with the consequence that the ratio of
H to D is not a measure of the degree of dominance.
Consequently, the overdominance obtained for plant
height, number of pods/plant and seed yield/plant from
the ratio (H/D) .... is not reliable. Hence, the graphical
analysis which indicated partial dominance for these traits
could be accepted.

Broad- and narrow-sense heritability estimates were
0.78 and 0.55 for plant height, 0.62 and 0.46 for height to
the first pod, 0.88 and 0.57 for number of pods/plant, 0.82
and 0.41 for seed yield/plant and 0.96 and 0.86 for 100
seed weight. Accordingly, selection could be effective in
the segregating generations for improving these traits.
These findings were in agreement with those obtained by
Ibrahim (1972), Yassin (1973), Poulsen (1977) and
Mahmoud and Ibrahim (1978).
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Table S. Estimates of components of genetic variation and their ratios in a 7 x 7 diaUel cross.

Plant Height to No. pods! Seed yield! 100-seed
Components height (em) first pod (em) plant plant (g) weight (g)

D 55.54 ± 13.41 64.08 ± 5.17 174.49 ± 40.98 74.37 ± 111.91 617.38 ± 18.00
F 35.54 ± 32.16 61.03 ± 12.41 38.94 ± 98.31 45.30 ± 268.47 112.88 ± 43.19
HI 90.54 ± 32.28 28.78 ± 12.45 613.38 ± 98.66 1070.50 ± 269.42 169.09 ± 43.34
H2 82.91 ± 28.44 13.03 ± 10.97 390.51 ± 86.93 726.16± 237.39 117.34 ± 38.19
E 19.52 ± 4.74 7.69 ± 1.83 37.69 ± 14.49 82.56 ± 39.57 13.30 ± 6.37

Proportional values

(HJ/D)~ 1.28 0.67 1.88 3.79 0.52

H214H 1 =UV 0.23 0.11 0.16 0.17 0.17

(4D HI)~ + F
5.91 1.13 1.18 1.420.60

(4D HJ)~ - F

Heritability:
0.88 0.82 0.96broad sense 0.78 0.62

narrow sense 0.55 0.46 0.57 0.41 0.86

Table 6. Phenotypic (P) and genotypic (G) correlation coefficients among pairs of characters of the seven parents (above
diagonal) and their F1 hybrids (below diagonal) for the diaUel cross in faba bean.

Plant Height to No. pods! Seed yield! lOo-seed
height first pod plant plant weight

Plant height (em) P 0.02 0.54 0.02 0.99
G 0.05 0.59 -0.01 0.99

Height to first pod P 0.48 -0.45 -0.50 0.03
G 0.59 -0.46 -0.55 0.06

No. pods/plant P 0.57 0.57 0.60 0.54
G 0.59 0.74 0.68 0.59

Seed yieldlplant P 0.19 0.45 0.74 0.01
G 0.22 0.64 0.76 -0.02

loo-sccd weight P -0.69 -0.49 -0.72 -0.27
G -0.72 -0.40 -0.74 -0.25

Phenotypic and genotypic correlation coefficicnts
among pairs of traits for the parents and their F

1
hybrids

are presented in Table 6. Genotypic correlations were in
general slightly higher than phenotypic correlations as
report cd by Singh et al. (1985). This similarity was
probably due to the relatively small error variances and
covarianccs.

Comparing the correlations among characters in the
parents and FI hybrids, it is apparent that the correlation

between any two pairs of characters differed according to
the population under consideration. For example, the
phenotypic correlation coefficients for the parents were
positive between too-sccd weight and each of the
following: plant height, height to the first pod, number of
pods/plant and seed yield/plant. However, in the F,
hybrids the phenotypic and genotypic correlations were
negative between loo-secd weight and each of the other
ones. The observed changes in the genotypic and
phenotypic correlation coefficients could be duc to the
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nature of the two populations studied. Parents are in the
equilibrium state, while the linkage complexes in the
segregating population could be a source of difference in
correlations among characters (Miller and Rawlings
1967). On the other hand, in both parents and F1 hybrids,
the number of pods/plant gave the highest genotypic and
phenotypic correlations with seed yield/plant. Similar
results were concluded by Salem (1982), Huang and Jiang
(1983) and Sindhu et al. (1985). .
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Table 3. Some yield components and seed quality attributes of 12 faba bean genotypes grown in the EI Rahad area in the
1987/88 season.

Total Hydration
Breeding No. podsl IOOo-seed defective Hard seed coeffICient Cookability Tannic acid Crude protein

line plant weight (g) seeds (") (") (") (") (") (")

0071 19.1 443 11.3 10.9 173.9 37.2 0.05 27.35
0070 15.5 413 11.9 11.3 174.4 35.2 0.06 27.78
0075 18.4 417 5.9 4.7 192.5 30.5 0.06 28.00
00656 18.6 413 10.4 9.6 173.4 31.8 0.04 27.13
0072 15.5 423 12.6 11.0 179.2 31.8 0.07 28.06
BF 2/2 18.4 390 13.4 12.7 174.6 27.8 0.07 28.99
007 18.1 407 10.2 9.6 174.4 35.2 0.05 27.93
00633 20.2 424 11.9 10.9 172.2 36.0 0.04 27.83
0035 15.6 420 16.7 16.1 167.4 42.5 0.06 26.18
00634 18.2 415 12.8 12.4 168.0 41.0 0.06 29.40
00532 19.2 395 6.2 6.0 180.0 35.s 0.04 29.00
0080 17.2 433 13.1 12.0 177.7 28.2 0.07 29.99

S.E. ± 1.00 0.93 30.5 2.27 0.00 0.45
Mean 17.8 416 11.4 10.6 175.7 34.4 0.06 28.14

with the other lines, specifically the first and the second
highest seed yielding lines (0071 and 0070, respectively).
Although line 0075 had a lOoo-seed weight of 417 g, less
than that of 0071 by 5.9%, it had the highest percentage
of hydration coefficient and the lowest percentages of
hard seed and defective seeds.

The hard seed percentage in 0075 was low (4.7%)
compared with lines 0071 and 0070. The difference in
hard seed was as high as 6.2 and 6.6% for 0071 and 0070,
respectively. Consequently the effective seed yields of lines
0070 and 0071 were less by 0.133 and 0.136 tfha,
respectively, than that of line 0075.

The hydration coefficient percent showed a very high
value for line 0075 (192.5%) compared with lines 0070
and 0071 (174.4 and 173.9%). The resulting differences in
the yields of 0070 and 0071 amounted to 0.398 and 0.373
tfha, respectively. If the differences in hard seed and
hydration coefficient for lines 0070 and 0071 are
considered as qualities not available for immediate
utilization, then their actual yields will be less than the
seed yield of 0075 by 26.2 and 23.7%, respectively.

Conclusion

Based on the above results and discussions on 6 May
1991, the variety release committee of the Agricultural
Research Corporation approved the release of line 0075
under the name Shambat 75 for the EI Rahad area of the
Sudan.
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Shambat 104, a New Faba Bean
Cultivar for the Gezira, Sudan

Farouk Ahmed Salih
Shambat Research Station
P.O. Box 30
Khartoum North, SUDAN

Abstract

With the extension of faba bean cultivation to central
Sudan, problems were faced with shorter and warmer
growing seasons, which reduced yields and made the
crop more susceptible to disease. Quality, particularly
hardseededness, also was a problem. Line 00104 was
found to have yield advantages of 17.2 to 19.6%over the
local checks BF 2/2 and Hudeiba 72 for the period 1981
to 1990. The line also had acceptable quality traits and
showed a good tolerance to the root rot/wilt complex, the
major disease in the new areas. For this reason, 00104
was released by the Agricultural Research Corporation
of Sudan as Shambat 104 for use in the central region of
Sudan.

Introduction

Faba bean is the most important food legume in the
Sudan. It is increasingly becoming popular with many of
the Sudanese people. Recently the demand for this
commodity has outstripped local production and as a
result prices have sharply increased.

Faba bean is traditionally grown on small irrigated
holdings with lift irrigation along the banks of the Nile in
the northern region. Horizontal expansion of faba bean
production in that area is limited by a shortage of suitable
land and irrigation water. In addition, cost of production
is rising because of large increases in cost of agricultural
inputs and marketing facilities.

As part of the efforts of the Nile Valley Project to
make this essential food commodity available to the
consumer at a reasonable price, serious research attempts
have been made during the last 10 years to extend faba
bean cultivation to irrigated schemes of central Sudan
(Gezira, El Rahad and New Haifa) where land, water and
agricultural services arc reasonably adequate.

The extension of faba bean cultivation to central Sudan
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was not without problems. The growing season is shorter
(90·110 days) and warmer and soils (Vertisols) arc
heavier than in traditional areas (Northern Region). The
effect of these factors on faba beans hac; been production
of smaller plants, with fewer pods and inferior quality.
The crop is more susceptible to disease, mainly the root
rot/wilt disease complex, which is enhanced by relatively
warmer climates.

Materials and Methods

The majority of the genotypes included in the executed
trials were bulks of F. crosses made at Hudciba Research
Station between 1968 and 1975. They were evaluated for
seed yield at Shambat Research Station, Gezira, EI Rahad
and New Haifa Schemes for eight seasons in 24 yield
trials. The tested inbred lines were compared with either
or both of the standard varieties Hudeiba 72 and BF 2/2
in a randomized complete block design with four
replicates. Inter- and intra-ridge spacing was 0.6 and 0.2
m, respectively. The trials were planted in the last week
of October or the first week of November.



The attributes measured included seed yield, tOO-seed
weight, number of pods per plant and some quality
characters.

Results and Discussion

Seed yield

In 18 out of 24 experiments, line 00104 was the best in
nine cases, the second in five cases, the third in two cases
and the fifth in two cases. It outyielded BF 2/2 or
Hudeiba 72, the traditionally grown varieties (Table 1),
with yield advantages averaging 17.2 to 19.6%. Line 00104
has given comparatively high, consistent and stable yields
throughout the 8 years of testing. It also has proved to be
an early flowering and early maturity genotype which fits
well with the short growing period of the new areas south
of Khartoum, and has fairly good tolerance to the root
rot/wilt complex.

Quality assessment

This was done only once for the seven genotypes included
in the national verification trial in 1989/90. Line 00104
gave the third lowest percentage of hard seed (unsoaked
seeds), the lowest percentage of defective seeds and the
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Table I. Line 00104 and mean of lIudeiba 72 and BF 2/2
(checks) yields in different experiments and seasons (kg/ha).

Genotype

Seasonf 00104 Checks Increase (Ok)

t981/82 1831 1070 + 71.1
1982/83 3183 2456 + 29.6
t983/84t 2679 2214 + 21.0
1983/84t 1761 1550 + 13.6
1984/85 1308 1389 - 6:1
1986/87 2079 1709 + 21'.6
1987/88 2073 1942 + 6.3
1988/89 3245 3054 + 6.7
1989/90 3183 2825 + 12.7

Mean 2371 2023 + 17.~19.6

t Results from 1985/86 not available.
:I: Two separate trials were executed in 1983/84. one at

Shambat, the other at Wad Medani. In both trials, the
genotypes were different except for a few common genotypes.

lowest percentage of toxic acid content inthe seed (Table
2). It also showed the second highest percentage of
cookability and the third highest percentage of hydration
coefficient. Line 00104 had the third largest seed size and
this renders it more preferable for consumers than the
small-seeded types like BF 2/2 and BF 2/2/8/1.

Table 2. Faba bean, some yield components and some seed quality attributes of the genotypes included in the national
verification trial, 1989/90 season.

Testa Defective liard
Breeding fraction seeds seeds Tannic Cookability No. pods/ 100-sl't'd Crude

line (%) (%) (%) acid (%) II.C. (%)t (%) plant we~ht (g) protein (%)

00104 t3.4 2.2 7.63 0.11 181.8 33.7 15.0 46.0 33.94

H.72/7 12.4 2.8 7.30 0.15 189.3 33.7 15.1 48.1 31.83

00654 13.1 2.5 11.00 0.13 176.4 30.4 17.5 44.3 28.70

00634 13.0 3.4 10.20 0.13 178.6 32.8 16.2 43.3 32.84

Sm·L 12.7 5.4 2.28 0.13 199.4 27.7 14.9 66.6 34.40

SF 2/2 13.5 4.3 8.30 0.12 181.1 30.8 16.9 41.4 22.94

SF 212/8/1 12.7 5.2 3.50 0.15 201.8 35.6 19.2 41.7 30.87

SE± 0.10 0.49 0.67

Mean J3.0 3.7 7.17 0.13 186.9 32.1 16.4 47.7 30.79

t H.C. = Percentage of hydration coefficient.
All values included in this table arc averages of live locations.
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Conclusion

On 6 May 1991, the variety release committee of the
Agricultural Research Corporation approved the release
of line 00104 as a commercial cultivar for the central
region of Sudan, especially the Gezira, under the name of
Sham bat 104.

Pedigree of cultivar Shambat 104

It is a bulk of an F1 cross, NEB 133.S x NEB 425, made
in Hudeiba Research Station in the 1975/76 season. Both
entries included in the cross were received from the
ALAD Organization. The cross was registered in the
records of the plant breeding section of Shambat
Research Station under the designation 00104.

Description of variety Sbambat 104

The variety has a vigorous growth habit with a tall (90-117
em), indeterminate stem. Stem thickness ranges between
8 and 10 mm. The plants are resistant to lodging and have
basal branching of nearly 3-4 branches per plant. Its leaf
is formed from 4-6 leaflets. The leaflet shape is
intermediate (subelliptic) and of medium size.
Inflorescences are multiflowered and the majority have
three flowers formed in the axils of the leaves. The
flowers have white petals with dark purple spotted wings.
The genotype takes an average of 42 days to flowering
and 105 days to maturity and hence could be classified as
of medium maturity. The mature pods are erect, flattened,
constricted, dark (brownfblack) in color and with a
matted surface. The pod length is about 6.5 em and each
pod has 3-4 seeds. The majority of the pod-bearing nodes
have 2-3 pods. The loo-seed weight ranges from 42 to 48
g. Seeds are angular in shape, mostly with light brown
testa and black hilum.
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Abstract

Seedling emergence in 23 inbred lines of faba bean from
England and Ethiopia was studied across three different
agroecological zones in Ethiopia. The zones - Holetta,
Debre Zeit and Nazreth -differ from each other in soil
texture and temperature regimes. The influences of soil
temperature and soil texture on the rate of seedling
emergence were apparent. The highest seedling
emergence was observed in the sandy clay loam soils of
Nazreth, where the daily mean air and soil temperatures
were relatively higher than at the other two sites. The
rate of seedling emergence at Debre Zeit was second
highest, but not signilicantly higher than that at Holetta.
The best initial plant stand of the three would be
expected at Nazreth.

Introduction

Faba bean (Vicia faba L.) is extensively grown both in the
mid-altitude (Wynadega, 1850-2200 m) and high-altitude
(Dcga, 2200-3000 m) zones of the Ethiopian plateau
(Amare and Beniwal 1988). However, faba bean grain
yield suffers from extreme temperatures prevailing in
these zones. In Wynadega zone, high daytime
temperatures that fluctuate between 25 and 3erC at the
prime morphological and reproductive phases interfere
with normal growth, development and fertilization
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processes. Coupled with moisture stress, this results in
excessive flower drop as observed in the 1987 crop season.

Likewise in the Dcga zone, daytime temperatures from
18 to 22°C and night temperatures from -5 to 5°C
adversely affect normal growth and development of faba
bean with the fertilization process and seed development
suffering the most. For this zone, the situation is very
serious, particularly from early August to early October,
when prevalence of low temperatures is common. To
overcome these difficuhies, a screening program of a
geographically wide diversity of inbred faba bean
genotypes was initiated. The zones selected were Holctta,
representing the Oega zone; Oebre Zeit, representing the
Wynadega zone, and Nazrcth, the lowland zone. The
results of a study on the effect of location environment on
the seedling emergence of 23 faba bean inbred genotypes
arc reported here.
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Materials and Methods

Twenty-three inbred faba bean lines were selected for the
study. These included 9 inbred lines (selfed for eight or
nine generations) from the University of Durham,
England, with origins from a wide geographical diversity,
and 14 Ethiopian selections (selfed for four generations),
some of which were lCARDA-originated selections. All
23 genotypes were planted at Holetta Research Center
(HRC), about 45 km west of Addis Ababa, Debre Zeit
Research Center (DZRC), 45 km southeast of Addis
Ababa and Nazreth Research Center (NRC), 120 km
southeast of Addis Ababa. Soil types were red clay
(Nitosols), silt loam and sandy loam, respectively.

At all three sites, the method of seedbed preparations
was similar. The soil after disc-plowing was immediately
followed by disc-harrowing and leveling. Any large,
leftover soil clods were further broken down manually.
After preparation of a fine seedbed, ridges at 4O-cm
spacing were made. At NRC the ridges were made 60 em
apart with a tractor ridger. The approximate height of the
ridges was 15 em. Just prior to sowing, diammonium
phosphate (DAP) was incorporated into each ridge at the
rate of 100 kg/ha, Also prior to sowing, five seeds from
each genotype were soaked overnight in tap water at
room temperature (24, 26.5 and 26°C at HRC, DZRC
and NRC, respectively).

Seeds were sown by placing them 25 em apart at an
average depth of 3 em. At HRC, sowing was done on 11
November 1987 on the top of ridges; at DZRC and NRC,
seeds were sown along the sides of the ridges on 11
December and 26 November, respectively. Sowing was
immediately followed by irrigation until the top of each
ridge was soaked with water. Irrigation was done every
4th day at DZRC and NRC and once every week at
HRC. Weeding and intercuhivation, done after second
irrigation, prevented undesirable crust formation at the
surface (Kanemasu et al. 1975) and facilitated good water
penetration and normal air circulation. Seedling
emergence was recorded at 10 and 15 days after seeding.

Results and Discussion

A minimum air temperature of _3°C was observed at
Holetta 5 days after seeding, and of 3.9°C at Nazreth 20
days after seeding (Fig. 1). Maximum air temperature of
24.5°C at Holelta was observed at 13 days after seeding,
while at Nazrcth it reached 30.5°C on the first day of
seeding. Soil temperatures at 5 and 10 em depth for
Holetta, and on the surface and at 10-cm depth for
Nazreth did not show much variation (Fig. 1). Relative
humidity at Holetta varied from 37 to 57%, while at
Nazreth it varied from 40 to 64%. A slightly higher
humidity at Nazreth than at Holetta was expected because
of its proximity to the Awash River.
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Fig. I. Trends in temperature and relative humidity from the first day of planting to the last day of emergence count of faha bean
seedflngs, 1987: (a) Heletta Research Center and (h) Nazreth Research Center.
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The seedling emergence was higher at Nazreth
(significant at 5%) than at Holetta and Debre Zeit, where
differences in seedling emergence were nonsignificant
(Table 1). The location differences might be due to
temperature and soil type differences at the three sites
(Singh and Dhaliwal 1972; Kanemasu 1975; Fakorede and
Ojo 1981). The soil is red clay at Holctta, silt clay loam
at Debre Zeit and sandy clay loam at Nazrcth, the latter
known to encourage bettcr crop emergence (Singh and
Dhaliwal 1972). Nazreth also had higher soil and air
temperatures, known to affect crop emergence favorably
(Singh and Dhaliwal 1972).

Table 1. Seedling emergence in two types of inhred Iaha
bean lines at three locations in Ethiopia recorded at 10
days (PI) and 15 days (P~ after seeding, 1987season.

Genu- Genotype
typest IIRC I>ZRC NRC Mean mean

PI 2.6:&: 2.6:&: 3.1 :&: 2.8 3.48
P2 4.6 3.3 4.7 4.2

II PI 2.8 2.3 3.0 2.7 3.37
P2 3.0 4.3 4 4.0

Mean 3.25 3.13 3.9'

t Genotypes in group I are the inbred lines from the
University of Durham; genotypes in group II arc from
Ethiopian selections.

:&: Out of five seeds seeded.
* Significantly different at P<0.05.

The rate of seedling emergence also was significantly
higher at Nazrcth than at the other two sites, which had
similar rates of emergence. This again could be attributed
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to light soils and higher soil and air temperatures at
Nazrcth than at Holetta and Debre Zeit. The mcan
number of seedlings emerged at 10 days was 2.73 and at
15 days 4.15. The difference was significant at 1%
probability level. This is expected because the second
count (period II) is the sum of the first and the second
count. However, the seedling emergence in the first
period was higher (2.75) than that of the second period
(1.35) (Table 1). Differences in the two groups of
genotypes from England and Ethiopia were not apparent.
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Seeding Date Effects on Faba Bean
Yields in Two Agroecological Areas
of Southern Chile

Juan Tay U
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Casilla 426
cuuu« CHILE

Abstract

The effects on faba bean yields of four planting dates,
with and without fungicide protection to control Botrytis
vide fabae, were studied in two agroecological areas of
southern Chile in 1990. In both locations yields of green
pods, dry matter and dry grain were significantly higher
from crops with early winter planting dates. The
increased yields in the early sowingdates were associated
with increased numbers of pods/plant and mean seed
weight.

Introduction

Faba bean (Vida faba var. major) in Chile is used almost
exclusively as green beans for human consumption and
less often is mixed with oats for silage. The area
dedicated to the crop is around 5000 ha, concentrated in
Central and South Chile (Krarup 1984). Recently, Chilean
farmers have demonstrated an interest in the production
of dry grains for external markets. However, information
on sowing dates and other aspects of management is
scarce, especially in the central-south zone where soils
and climate conditions would be suitable for the
development of this crop. For this reason the Food
Legume Program of the Estaci6n Experimental
Quilamapu (INlA), Chile initiated preliminary trials on
the effect of sowing date on yield in 1990. The results of
those experiments arc reported here.

Materials and Methods

Four planting dates with and without fungicide use to
control Botrytis vide [abae, were studied in Yungay, in the
Andes foothiU region (37" 09' S, 72002' W; 530 m a.s.l.)
and at Chillan in the Central Valley region (36003' S, 72°
06' W; 144 m a.s.l.) under rain-fed conditions. Total
rainfall was 518 and 691 mm during the crop period at
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Chillan and Yungay, respectively. The soil type was an
Andept in both locations. In Chillan the soil pH was 6.2
with 6.0% organic matter. At Yungay the soil had a pH
of 5.8 with 8.0% organic matter.

A population of 25 plants/m" was established in 5-row
plots, each 5 m long, with a distance of 40 em between
rows and 10 em between plants. A split-plot design with
four replications was used with planting dates as main
plot and fungicide protection as subplot. BenoymI75%, at
a rate of 50 g/l00 L water plus adherents, was applied in
the subplot as fungicide protection approximately 60 days
after sowing and subsequently every 15 days until pods
filled. To avoid fungicide drift, barley was planted to
separate the subplots. The faba bean cultivar used was
LPH-28, a large-seeded type of unknown origin. In both
locations the trials were fertilized with P20 S as triple
superphosphate at 90 kg/ha and the seed was inoculated
with a Rhizobium sp. One row was sampled to measure
green pod yield and dry matter determination and two
rows were harvested for dry seed yield.

Results and Discussion

In both locations yields of green pods, dry matter and dry
grain were significantly higher in early winter than at later
sowing dates (Tables 1, 2). There were no significant
effects of either the fungicide protection or the interaction
of sowing dates x fungicide protection on yield. The
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Table I. Green pod, dry matter and dry grain yields of faba bean cv, L1)II·28, at different sowing dates, with and without foliar
fungicide protection at Chillan and Yungay,Chile in 1990.

Green podst (Vha) Dry mattert (Vha) Dry graint (Uha)
Sowing date "'F WF Mean FF WF Mean FF WF Mean

Chillan
26 June 19.5 23.3 21.4 8.3 8.3 8.3 5.2 5.2 5.2
19 July 19.4 18.9 19.2 6.1 6.0 6.1 3.4 3.8 3.6
10 August 18.4 19.0 18.7 5.3 5.4 SA 3.5 3.3 3.4
24 August 12.7 21.1 12.4 5.0 4.9 5.0 3.3 3.0 3.2
LSD (0.05) 1.1 0.2 0.4
CV (%) Sowing date 27.8 19.0 19.6

Fungicide 3.0 15.1 14.1

Yungay
26 June 12.1 11.8 12.0 3.6 3.1 3.4 2.3 2.2 2.3
19 July 10.0 9.5 9.8 3.6 3.6 3.6 1.6 1.8 1.7
10 August 7.8 6.6 7.2 2.7 2.3 2.5 1.1 \.0 1.1
24 August 6.1 4.7 5.4 1.8 1.7 1.8 0.7 0.7 0.7
LSD (0.05) 0.5 0.1 0.1
CV (%) Sowing date 26.6 13.2 18.9

Fungicide 14.8 14.4 10.3

FF = foliar fungicide; WF = without fungicide.
t Average of four replications. Significant only for sowing dales at P ~0.01.

Table 2. Pods per plant and IOOO-seed weight of faba bean cv. LPII-28 at different sowing dates, with and without foliar fungicide
protection at Chillan and Yungay,Chile in 1990.

Pods/plant f 1000 seed-weightf(g)
Sowing date FF WF Mean FF WF Mean

Chillan

25 June 4.9 5.1 5.0 199\.4 1915.7 1953.4
15 July 4.2 4.5 4.4 1697.8 1630.7 1664.3
9 August 3.8 3.5 3.7 1665.0 1718.8 169\.9
24 August 3.5 3.3 3.4 1637.0 1543.1 1590.0
LSD (0.05) 0.8 430.0
CV (%) Sowing dale 17.6 7.3

Fungicide 7.1 7.8

Yungay

26 June 2.8 2.5 2.7 1746.4 1703.2 1724.8
19 July 1.8 2.1 2.0 1662.8 1582.0 1622.4
10 August 1.6 1.5 1.6 1430.9 1423.4 1427.1
24 August 1.3 1.3 1.3 1342.8 1254.7 1298.7
LSD (0.05) 0.4 325.3
CV (%) Sowing date 18.9 6.3

Fungicide 5.2 8.6

FF = foliar fungicide; WF = without fungicide.
tAvcrage of four replications. Significant only for sowing dates at P (~0.01).
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incidence of Botrytis disease was very low in both Yungay
and Chillan.

The increase in yields in the early sowing dates was
because of an increased number of pods/plant and higher
mean seed weights (Table 2). The results of these
experiments suggested that, among rain-fed crops in
Central-South Chile, faba bean has a higher yield than
either lentil (1.0-2.5 t/ha at Chillan and 1.0-1.8 t/ha at
Yungay), or pea (2.5-4.0 t/ha at Chillan and 2.0-3.8 t/ha

28

at Yungay). However, improved cultivars need to be
evaluated with different seeding rates in spring sowing,
with irrigation and at different fertilization rates.
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Performance of Faba Bean Varieties at
Different Plant Densities
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Abstract

An experiment to study the effect of variety and plant
density on growth and yield of faba bean was conducted
during the rob; (winter) season of 1980/81 and 1982/83
at the Crop Research Centre of G.B. Pant University of
Agriculture and Technology, Pantnagar. This study
included two varieties (UPS 1 and BS I) and five plant
densities (12.5, 25, SO, 100 and 200 plants/m2

) .

DilTerences in grain yield, number of grains/pod, 100
grafn weight and number of nodes/plant due to variety
and variety x density interaction were not significant.
Grain yield increased with increasing plant density up to
100 plants/m2

• Number of nodes/branch and plant
height increased, but number of pods/bremch,
pods/plant, branches/plant and nodes/plant decreased
with increase in plant density.

Introduction

The response of faba bean to different agronomic inputs
in different areas of India has yet to be investigated.
Among the factors affecting growth and yield, variety and
plant density are of paramount importance. Varieties not
only possess substantially different growth patterns, they
also differ in inherent yield potential. Planting too densely
or too sparsely may result in suboptimal yields. High plant
density, in general, adversely affects the plant's growth
and development. Suboptimal plant density, on the other
hand, results in high yield per plant but lower yield per
unit area. Thus, an experiment was conducted to identify
high-yielding varieties and optimal plant density.

Materials and Methods

A field experiment was conducted during the winter
seasons of 1980/81 and 1982/83 on loam and silty clay
loam soils, respectively, at the Crop Research Centre of
G.B. Pant University of Agriculture and Technology,
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Pant nagar. The experimental soil during 1980/81 was low
in organic carbon and high in available phosphorus and
potassium; in 1982/83 the soil was high in organic carbon
and available potassium and medium in available
phosphorus. Soils of both fields were neutral in reaction.
A uniform basal application of diammonium phosphate
(18% Nand 46% P20S) was made at the rate of 100
kg/ha, The crop was sown during the first week of
November and harvested during the first week of April in
both years.

The treatments, consisting of two varieties (UPS 1 and
as 1) and five plant densities (125, 25, 50, 100 and 200
plantsynr'), were laid out in a randomized block design
with four replications. Seed was placed 5 cm deep in
furrows at a constant spacing of 20 em. Two seeds per hill
were put at a distance of 2.5, 5, 10, 20 and 40 cm and only
one plant/hill was allowed to grow. Data were recorded
on yield and its attributes at maturity.
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Table 1. Characters as affected by variedes and plant densities,

Varietit'S Plant densities (planls/m r)

Characters

Grain yield (kg/ha)

198G-81
1982-83
Pooled

No. pods/plant

198G-81
1982-83

No. grains/pod

198G-81
1982-83

100-grain weight (g)

198G-81
1982-83

Plant height (cm)

1980-81
1982-83

No. branches/plant

198G-81
1982-83

No. nodes/plant

198G-81
1982-83

No. nodes/braneh

198G-81
1982-83

No. pods/branch

198G-81
1982-83

NS = nonsignificant.
t P = 0.05.

UPS 1

3449
3349
3499

18.3
16.7

2.8
2.7

26.4
25.4

107
77

3.5
3.3

37.4
44.5

11.4
14.2

4.3
4.3

US 1

3527
3430
3478

19.0
16.2

2.8
2.7

26.1
26.5

103
79

3.7
3.6

37.7
43.7

11.4
12.9

4.3
3.4

LSDt

NS
NS
NS

0.7
NS

NS
NS

NS
NS

1.0
1.0

NS
0.2

NS
NS

NS
0.3

NS
0.3

12.5

3421
2109
2665

44.3
37.1

2.6
2.5

25.5
25.6

94
69

6.7
6.5

57.0
71.2

8.4
10.9

6.5
4.7

25

3312
3265
3188

25.3
22.8

2.7
2.6

26.0
26.0

101
72

4.7
4.7

48.9
59.3

10.4
12.6

5.2
4.8

so

3765
3593
3679

13.2
13.5

2.8
2.9

26.5
26.3

107
76

3.2
3.2

36.3
43.6

11.3
13.6

4.1
4.2

100

3593
3952
3772

6.8
6.0

2.9
2.8

26.1
26.9

111
81

2.3
1.9

28.9
29.1

12.4
14.7

2.9
3.1

200

3849
4030
3939

3.5
3.1

2.9
2.8

27.2
27.5

113
93

1.1
1.0

16.7
17.2

14.5
15.9

2.9
2.9

I,SIlt

NS
351
163

1.2
0.6

0.05
0.05

1.0
0.4

1.0
1.6

0.3
0.3

2.5
4.1

0.4
0.5

0.3
0.3

Results and Discussion

Varieties

The interaction between varieties and plant densities for
all characters being nonsignificant, main effects of
varieties and plant densities are presented here.
Differences in grain yield/ha due to variety were not
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significant in either year (Table 1). Differences in number
of grains/pod, l00-grain weight and nodes/plant were
unaffected by variety. Average number of grains/pod is a
relatively stable character in faba bean varieties
(Chapman 1981). The most important yield-attributing
characters-number of pods/plant (Table I), which was

higher in BS 1 during the first year, and number of



pods/branch (Table I), which was higher in UPS 1 during
the second year-did not lead to a significantly different
grain yield between varieties. The trend in plant height of
these two varieties was not consistent during 2 years of
experimentation.

Plant densities

Grain yield/ha in both years increased with the
corresponding increase in plant density, although
differences were significant only in 1982/83. Grain yield
increased significantly with increases in plant density up
to 100 plants/m! in 1982/83 and up to 200 plants/m! for
pooled yield. Differences between 100 and 200 plants/m!
were not significant during 1982/83. The increase in yield
on a pooled basis over 12.5 plants/m! was 19,33,36 and
42% with 25, 50, 100 and 200 plant/m", respectively. The
positive effect of plant density in enhancing grain yield of
faba bean has been widely reported (Hodgson and
Blackman 1956; Sprent et al. 1977; Thompson and Taylor
1977).

Yield attributes showed that the number of grains/pod
increased up to 50 plants/m! and l00-grain weight up to
200 plants/m2

, whereas the number of pods/plant
decreased consistently with increasing plant density even
up to 200 plams/nr', Reduction in number of pods/plant
with increasing density confirmed the findings of Hodgson
and Blackman (1956), Kambal (1969) and Salih (1981).
Fewer branches/plant and podsjbranch with increasing
plant density might be responsible for a lower number of
pods/plant at higher plant densities. However, the
decreasing trend of these parameters was well
compensated by the inc~eased plant density (pods per unit
area) up to 100 plants/m' in terms of grain yicld/ha.
There is evidence that populations are largely self
balancing over a range of 5- to 6-fold variation in
population density with respect to yield (Hodgson and
Blackman 1956).

Secondary characters for yield attributes, i.e., number
of nodes/plant and nodes/branch (Table 1), also
significantly influenced yield. Nodes/branch increased
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significantly with increasing density, although
branches/plant decreased with higher plant density,
leading to a net effect of a total reduction in nodes/plant
with increasing plant density. Thompson and Taylor
(1977) reported that yield differences in response to
changes in density were particularly due to changes in the
number of pod-bearing nodes/plant. Plants at increasing
densities were significantly taller in both years. Hodgson
and Blackman (1956), Sprent et al. (1977) and Willy ct al.
(1980) also reported similar observations due to an
increase in internode length, not in the number of
nodes/plant.
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Pests and Diseases

Efficacy of Some Insecticides Used in
Coating Faba Beans to Control Pea
and Bean Weevil tSitona lineatus) and
the Relation between Yield and Attack

A. Ester and G. Jeuring
Research Station for Arable Farming and Field
Production of Vegetables (PAGV)
P.O. Box 430
8200AK Lelystad, NETHERLANDS

Abstract

Pea and bean weevil is a serious pest of Iaba bean in the
Netherlands, causing yield reduction when infestation
reaches >2 larvae or pupae/plant. Eight field
experiments were conducted from 1987 to 1989, at four
locations throughout the country, to determine how
effectively insecticide-coated seed controls adults and
larvae of pea and bean weevil in faba bean crops. The
efficacy of coating seed with different doses of
carbofuran, benfuracarb, furathiocarb, fonofos,
methloearb or teDuthrin was compared with foliar
application of pesticides: parathion (ethyl) at 375 ml
(a.i.)/ha in 1987 and 1988, and deltamethrin at 7.5 ml
(a.L)/ha in 1989. Seed coating either with benluraearb (l
g a.l.), furatbioearb (1 g a.i.) or earbofuran (1 ml a.i.)/kg
seed gave better control than the spray treatment and
resulted in bean yields that were 10-20% higher on
average.

Introduction

Sitona lineatus L. is a threat to many leguminous crops
such as clover, lucerne and common vetch. Pea (Pisum
sativum L.) and faba bean (Vicia faba L.) are the
preferred food plants of the adult and larval stages of S.
tineatus, although clover (Trifolium repensy; lucerne
iMedicaga sativa), common vetch (Vida sativa) and other
leguminous crops also are attacked (Hans 1959). Bardner
ct aI. (1979) and Griffiths et aI. (1986) found that faba
bean yields were 150-500 kg/ha higher when this pest
was controlled.

The need to reduce costs in agriculture and increasing
concern about environmental pollution make it necessary
to use agricultural chemicals more economically and
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efficiently (Karlberg 1976; Ester and Float 1990). Foliar
application of chemicals may be inefficient because of
wastage by dripping from sprayed surfaces and the
exposure of nontarget organisms. If the weevil is
prevented from attacking the plant, the risk of wastage is
reduced. Applying insecticides to the seed is one way of
controlling the pea and bean weevil. This paper describes
experiments on coating seed with insecticides to control
S. lineatus in the faba bean.

Materials and Methods

The experiments were done in three seasons (1987-89) at
four locations in the Netherlands, Two of the locations
(Nieuw-Becrta in Groningen and Colijnsplaat in Zeeland)
have high densities of pea and bean weevils, because the



pest's wintcr host (Iucernc) is grown there; the other two
locations (Valthermond and Rolde, both in Drenthe) have
a lower density of the pest, as lucerne crops are not
grown in those areas. The soil at Nieuw-Beerta and
Colijnsplaat is clay; at Valthermond and Rolde it is sandy
peal. The experiments were randomized in three
replicates, with plots 100 m2

• The control (untreated) plots
consisted of nine replicates in 1987 and 1988, and six
replicates in 1989.

Seed of the field bean cultivar Alfred was sown in
April. The lOOO-kernel weight of the seed was about 572
g and the moisture content was 18.3%. A Miniair sowing
machine was used. The rows were 10 cm apart and the
seeding rate was approximately 20 sceds/m',

The insecticide treatment recommended for Dutch
growers of faba bean was applied to one plot of each
replicate, to provide a benchmark. In 1987 and 1988 this
was parathion (ethyl) sprayed at a rate of 375 ml (a.i.)/ha,
and in 1989 dcltamethrin sprayed at a rate of 7.5 ml
(a.i.)/ha. These treatments were applied after the leaves
had been slightly attacked; immediately afterward, two
tents of polyethylene netting gauge (1.35 x 1.35 mm) with
a floor area of 1 m2 were placed above the crop to
prevent immigration of the pea and bean weevil.

Seed treatments

In 1987 and 1988, the seeds were treated with the
fungicides thiram, carbcndazim and Iosctyl-aluminium at
rates of 1.3,2 and 3.2 g (a.i.)/kg seed, respectively. In
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1989 carbendazim/copperoxychinolate was used at a
standard rate of 0.3 g (a.i.)/kg seed. The 'untreated' seed
used in the control was not coated, or was coated with the
polymer without insecticides in all the years except in
1987 when only 'uncoated' seed was used.

Table 1 shows the insecticides and doses used in 1987,
1988 and 1989. In 1988, in addition to the same doses of
benfuracarb 40% WP, fonofos 250 EC and methiocarb FS
500 used in 1987, half doses of each of these compounds
were tested (Table 1). In addition, furathiocarb 50% OS
(powder for dry seed treatment), carbofuran 500 SC
(suspension concentrate) and tcfluthrin 20% CS (capsule
suspension) were used.

In 1989 the doses of benfuracarb, furathiocarb and
carbofuran were reduced, and the doses of methiocarb
and tcfluthrin were increased.

Assessments

The percentage of leaves attacked was assessed in the last
week of May and the number of larvae on the roots was
determined once between mid-June and the beginning of
July. In 1987 and 1988 the crops were harvested in
September. In 1989 the crops at Nieuw-Becrta and Roldc
were harvested in August; those at Colijnsplaat were
harvested in September.

The crop damage in each plot was assessed by
estimating the percentage of leaves of 45 plants attacked
by adult pea and bean weevils. To do this, the number of
leaves per leaf stage whose edges had been notched by

Table I. Formulation and dosa~e of insecticides used to control pea and bean weevil (Silona 1iMalus) in faba bean.

Insecticide

Untreated, no coating

Untreated, plus coating

Parathion (ethyl)

Dcltamethrin

Benfuracarb

Carbofuran

Fonofos

Furathiocarb

Methiocarb

Tcfluthrin

Formulation

150 giL

15 giL

40% WP

500SC

150 EC

50% DS

FS 500

10% CS

Active ingredient doses in ml or g/kg seed

1987 1988 1989

+ + +
+ +

(375t) (375t)

(7.5*)
4 1 4 1

1 4 I
3.1 1.6 3.1

1 4 1
1.5 1.5 5 5

3 6 3
7.5

t Benchmark 375 ml (a.i.)/ha sprayed on the crop.
:t Benchmark 7.5 ml (a.i.)/ha sprayed on the crop.
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feeding of adult weevils was counted in 20 plants from
each plot and averaged. The number of larvae or pupae
feeding on the roots of the beans, especially on the
nodules, was counted on 5 plants/plot, which were
removed with roots and soil, using a core 12 em long and
12 em in diameter. The resulting rootball was plunged
into a bucket containing about 2 L of a 10% saline
solution. This dislodged most of the larvae and pupae,
which then floated to the surface and were counted.

Results

Percentage of leaves attacked

In the trials at Nieuw-Bccrta and Colijnsplaat a large
percentage of leaves was attacked by the pea and bean
weevil. However, in the trials at the other two locations

the pest population was lower, because lucerne (a wintcr
host) was not grown there.

Table 2 shows thc percentage of leaves/plant attacked
by the pea and bean weevil at the four sites about 5
weeks after sowing. In 1987 at Nieuw-Beerta and
Colijnsplaat the plants grown from seed coated with
benfuracarb 4 g, fonofos 3.1 ml and methiocarb 2.5 g/kg
seed showed less damage than plants that had received a
foliar application of parathion (ethyl) at 375 ml/ha. At
Valthermond there was no difference between the efficacy
of seed treatment and foliar application because the
population of the pea and bean weevil was small. At
Nieuw-Beerta there was no difference in leaf damage
between the plants given a foliar application of parathion
(ethyl) at 375 ml/ha and the plants grown from untreated
seeds, perhaps because the spray was applied too late.

Table 2. Effect of different insecticide treatments on percentages of leaves/plant attacked by the pea and bean weevil,S weeks
liner sowing.

Rate (a.i.)/kg 1987 1988 1989
of seed

Treatment (g or 011) Nw-B C V Nw-B C Nw-B C R

Untreated. no coating Uo 9ge 99d 32b 100d 77ef 91b 99d 99d

Untreated, plus coating Uf 96d 98g 99b 98d 100d

Parathion (ethyl) 250 giL p (37st) 100e 63e 5a 99d 42b

Deltamethrin 25 gIL D (7.5t) 87b 98d 57e

Benfuraearb 40% WP B. 83b 28be 14ab
B2 2 4a la 60a 20ab 5a
84 4 lIa 8a 3a 5a la

Carbofuran 500 SC C1
63a 18a 6a

C2 2 5a la

C4 4 3a la

Fonofos 250 EC F. 1.6 53c 67dc

F) 3.1 19ab 31b Sa 14ab t4a

Furathioearb 50 DS Fa 82b 31e 37bc

F2 2 lIab 3a 57a 19ab 41bc

F4 4 23b 2a

Methioearb FS 500 M2 2.5 24b 43b 6a 69c 45be

Ms 5 58e sged lOOb 93d 93d

M7 7.5 97b 93d 36be

T) 3 99d 93fg 98b 98d 8911
Tcfluthrin 20% CS

T6 6 90d 85fg

Sites: Nw-B = Nieuw-Bcerta; C = Colijnsplaat; R = Rolde; V = Valthermond.
t ml (a.i.)/ha sprayed on the crop (benchmark treatment). . .
Means followed by the same letter are not significantly different at the 5% probability level.
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The lower rate of fonofos (1.6 ml/kg seed) in 1988 and
all rates of methiocarb and tefluthrin in 1988 and 1989
gave insufficient protection to the leaves. Furathiocarb 2
and 4 g, carbofuran 2 and 4 ml and benfuracarb 2 and 4
g/kg seed gave good protection in 1988 and were similar
in their efficacy.

At Nieuw-Beerta, where an extremely high percentage
of leaves had been attacked in preceding years, the doses
of the three successful compounds were halved again in
1989. In that trial only carbofuran (1 mljkg seed) showed
a significant positive effect, similar to that obtained in
1988 with benfuracarb 2 g and furathiocarb 2 g/kg seed.
At Colijnsplaat the three compounds used (benfuracarb
1 and 2 g, carbofuran 1 ml, and furathiocarb 1 and 2 g/kg
seed) resulted in a significantly smaller percentage of
attacked leaves than the foliar application of dc1tamethrin
at 7.5 mljha. For furathiocarb there was a clear effect of
dose: the low dose (1 g{kg seed) was not sufficient.

At Rolde, however, benfuracarb, carbofuran and
Iurathiocarb resulted in significantly lower percentages of
attacked leaves, even at the lowest dose. Tcfluthrin 3 ml
and mcthiocarb 5 and 7.5 g/kg seed gave insufficient
protection.

Number of notches per leaf stage

The average number of notches/leaf was plotted against
the number of leaf stages at Nieuw-Beerta in 1988 (Fig.
la). This figure showed that without insecticide treatment
of seed (treatment Uf) the notching was quite high at the
1st leaf stage and increased up to the 5th leaf stage, after
which it decreased because of the natural mortality of the
adults. In the case of the conventional spray application
with parathion (ethyl) (P) in the 2nd leaf stage, the
number of notches decreased in the next stages. The
fonofos treatment at the higher dose (F3) gave sufficient
control and a low number of notches, while at a lower
dose (Fl) it only controlled until the 4lh leaf stage, after
which the number of notches per leaf stage increased.
The mcthiocarb low-dose treatment (M2) only protected
until the 3rd leaf stage, but the higher dose (M5)
provided better protection, even at later stages.

At Colijnsplaat in 1988, the average number of
notches/leaf was plotted against the number of leaf
stages. Treatment Uf had an average of four notches in
the Ist leaf stage, with the number increasing up to the
5th leaf stage, after which it decreased because of the
natural mortality of the adults (Fig. lb).
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Fig. I. Relation between average number of notches/leaf and number of leaf stages at (a) Nieuw-Reerta and (b) Colijnsplaat, 1988.
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The conventional spraying application (P) had been
applied adequately, which resulted in a low number of
notches per leaf stage. Treatment F3 controlled until the
5th leaf stage, after which the number of notches
increased. The fonofos low-dose treatment (Fl) controlled
until the 3rd leaf stage, and thereafter the number of
notches per leaf stage increased. The methiocarb
treatments (M2 and M5) controlled until the 3rd leaf
stage and there was no dose effect.

Number of larvae or pupae

Table 3 shows the data on average number of larvae or
pupae/5 plants 10 weeks after sowing. In 1987 at Nicuw
Beerta the seed coating with benfuracarb 4 g/kg seed
resulted in satisfactory control of the larvae or pupae 10
weeks after sowing. Foliar application of parathion (ethyl)

375 mljha gave insufficient control of the larvae or pupae.
In 1988 at Nicuw-Bcerta benfuracarb 2 and 4 g,
carbofuran 2 and 4 ml, fonofos 1.6 and 3.1 ml and
furathiocarb 2 and 4 g/kg seed successfully controlled the
larvae or pupae of the pea and bean weevil after 10
weeks. Tcfluthrin 3 and 6 ml and methiocarb 2.5 and 5
g/kg seed gave good control and were significantly more
effective than the foliar application; foliar application of
parathion (ethyl) did not have any significant effect.

In the Colijnsplaat trials in 1987 the untreated plots
had an average of 3 larvae or pupae/plant; foliar spray
had no effect but seed treatment reduced the infestation
significantly. In ]988, untreated plots had an average of 10
larvae or pupae/plant and bcnfuracarb 2 and 4 g,
carbofuran 2 and 4 ml, fonofos 3.1 ml and furathiocarb 2

Table J. Effect of insecticides on average number of larvae or pupae on the roots of five plants 10 weeks after sowing.

Rate (a.i.)/kg 1987 1988 1989
of seed

Insecticide (g or ml) Nw-B C Nw-B C Nw-B C R

Untreated. no coating ISb ISc 38g S2h 24d 17c 10c

Untreated, plus coating 37g S7h 4911 16c 9c

Parathion (ethyl) 250 gIL (37St) 14b 9bc 34fg 16cfg

Dcllamethrin 25 gIL (7.5t) S6d lle Sbe

Bcnfuracarb 40% WP labc Oa Oa

2 Oa 2abcd Oa 2ab Oa

4 Oa Oa Oa labc

Carbofuran 500 SC Oa Oa Oa

2 Oab Oa

4 Oab Oab

Fonofos 250 EC 1.6 2bcd ISfg

3.1 Oa Oa Oab 6cdef

Furathiocarb 50% OS labc Oa Oa

2 Oabc Shcd 2abc Oa 2a

4 labc 5bcde

Methiocarb FS 500 2.5 Oa 2ab 2lef 35gh

5 1ge 19f9 6c 5d 2ab

7.5 6c 2c Oa

3 4cd 12def 3bc 2bc la
Tefluthrin 20% CS

6 Sd Sdef

Sites: Nw-B = Nieuw-Beerta; C = Colijnsplaat; R = Roldc.
t ml (a.i.)/ha sprayed on the crop (benchmark treatment). . .
Means followed by the same letter are not significantly different at the 5% probability level.
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and 4 gjkg seed gave the best control of the larvae or
pupae. The average number of larvae or pupae in the
other seed treatments was similar to that of the
conventional foliar application of parathion (375 mljha).
Compared WIth the untreated plots the infestation of
plants that received this foliar application was significantly
lower.

In 1989, the results from all three locations were
virtually identical. The foliar application of dcltamethrin
7.5 mlfha did not have any effect on the number of larvae
or pupae, except some reduction at Rolde. Coating the
seeds with benfuracarb 1 and 2 g, carbofuran 1 ml,
furathiocarb 1 and 2 g and tcfluthrin 3 ml/kg seed
controlled the larvae and pupae. At Roldc, with a small

FABIS Newsletter 30, 1992

population of larvae or pupae, the application of
methiocarb at rates of 5 and 7.5 g/kg seed also gave
sufficient control. At Nieuw-Beerta and Colijnsplaat,
methiocarb applied at 5 and 7.5 gjkg seed resulted in
significantly fewer larvae or pupae compared with the
conventional foliar application, but at Colijnsplaat the
number of larvae or pupae was significantly higher than
with the other carbamates.

Yield or beans

The yield data for the six experiments are presented in
Table 4. In 1987 only the trial at Nieuw-Beerta was
harvested, because at that stage of the research we did
not expect that coating the seed would have such a
marked effect on yield.

1989

Nw-B C R

28.6ab 58.0a 44.0a

29.6ab 57.0a 43.1a

27 62.0b 37.1a
0.7ab

30.9b 67.0c 4O.5a
29.3ab 66.0c 41.5a

31.8b 67.5c 39.9a

Table 4. Effect or insecticides on the yield or Iaba bean (kg/IOO m~.

Rate (a.i.)/kg 1987 1988
or seed

Insecticide (g or ml) Nw-B Nw-B C

Untreated, no coating 27.4a 19.9ab 38.6a

Untreated, plus coating 16.8a 37.5a

Parathion (ethyl) 250 gjL (375t) 27.4a 17.7a 39.6ab

Oeltamethrin 25 gjL (7.5t)

Bcnfuracarb 40% WP 1
2 35.4f 48.4ef
4 36.7b 38.9f 49.2ef

Carbofuran 500 SC 1
2 33.8ef 51.0f
4 38.7f 51.3f

Fonofos 250 EC 1.6 25.1bcd 42.2abc
3.1 34.6ab 26.0cd 41.9abc

Furathiocarb 50% OS 1
2 28.5de 47.1def
4 27.2cd 44.8cde

Methiocarb FS 500 2.5 28.2ab 21.7abc 37.5a
5 25.2bcd 43.0bcd

7.5

Tenuthrin 20% CS 3 18.5a 4O.3abc
6 19.5ab 41.5abc

Sites: Nw-B = Nieuw-Bcerta; C = Colijnsplaat: R = Rolde.
t ml (a.i.)/ha sprayed on the crop (benchmark treatment).
Means followed by the same letter are not significantly different at the 5% probability level.

31.7b
30Aab

30.6ab
26.5a

31.9b

64.0bc
65.0bc

62.0b
61.5b

62.0b

43.3a
oJ7.3a

42.3a
4Ua

38.6a
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In 1987 there were no significant differences in yield
between any of the treatments, except the seed treatment
with benfuracarb 4 g/kg seed, which gave significantly
larger yields than the untreated control and the foliar
application of parathion (375 mljha).

In 1988 there were no significant differences in yield
between the untreated control and the foliar application
of parathion (ethyl) at both Nieuw-Bccrta and
Colijnsplaal. The seed treatment with the compounds
Ionofos 1.6 ml, methiocarb 2.5 and 5 g and tefluthrin 3
and 6 ml/kg seed did not show significant differences in
yield compared with the yields of the untreated control or
foliar application of parathion at both locations.
Benfuracarb 2 and 4 g and carbofuran 2 and 4 mljkg seed
were effective, resulting in significantly higher yields. At
these locations, furathiocarb 2 and 4 g gave a significantly
higher yield than the foliar application and a lower yield
than the seed treatment with benfuracarb and carbofuran.
The same applied for fonofos 3.1 g and methiocarb 5
g/kg seed at Nieuw-Beerta.

In 1989 at Nieuw-Beerta and Rolde there were no
significant differences in yield between the seed
treatments and the foliar application of deltamcthrin, At
Colijnsplaat there was a significant difference in yield
between the control (untreated) and foliar application.
Here too, the yield from the plots where seed had been
treated with benfuracarb 1 and 2 g or carbofuran 1 ml/kg
seed was significantly higher than the yield from plots that
received the foliar application of deltamethrin.

Relation between yield and attack

In Figure 2 the yield ofbeans/l00 m2 at Nieuw-Beerta in
1988 is plotted against the number of larvae or pupae.
This figure shows that the insecticide treatments with an
average of 0.5 larvae/5 plants had a higher yield than
treatments with an average of 5 or more larvae per
sample. If there were more than 5 larvae per sample the
yield did not decrease further.

In Figure 3a the yield of beans/lOO m2 at Nieuw
Beerta in 1988 is plotted against the percentage of leaves
attacked. The higher the percentage of leaves attacked,
the lower the yield, but the decrease in yield became
smaller once the proportion of leaves attacked exceeded
40%.

In Figure 4 the percentage of leaves attacked is plotted
against the number of larvae or pupae per sample. Only
when less than 40% of the leaves were attacked were
there no larvae ncar the roots. When the percentage was
40% or more there were a few larvae (treatment F) or
about 20 larvae (treatments M2 and M5). In Figure 2b
the yield of beans at Colijnsplaat is plotted against the
number of larvae or pupae. This figure shows that yield
decreased markedly with increasing number until there
were 10 larvae or pupae per five plants, then iI leveled
off, regardless of the number of larvae or pupae per
sample. In Figure 3b the yield of beans at Colijnsplaat is
plotted against the percentage of leaves attacked. The
yield decreased sharply when less than 10% of the leaves
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Fig. 2. Relation between bean yields and number of larvae or pupae at (a) Nieuw-Beerta and (b) Colijnsplaat, 1988.(See Table 2

for legend.I
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were attacked, but thereafter it leveled out. In Figure 4b
the percentage of leaves attacked at Colijnsplaat is plotted
against the number of larvae or pupaej5 plants.

Ester 1990) showed that the seed coatings used in this
research are not phytotoxic.

Discussion

Germination trials in the greenhouse (Nijcnstein and

The data obtained on pea and bean weevil damage to
leaves and on the presence of larvae in the root nodules
indicate that coating seed with benfuracarb 1 g,
carbofuran 1 ml or furathiocarb 1 gjkg seed can provide
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good control of adult Sit01l0, thus reducing egg-laying and
subsequent larval attack. (In 1989 the authors conducted
pot experiments with coated seed, the results of which
showed that a coating containing insecticide docs not
control larvae.)

King (1981) showed that in pea a foliar spray of
insecticide is useful only if applied as soon as adult Sitona
are found feeding on leaves. Our own experiments often
have shown no differences between the foliar treatment
and the control (untreated). Once adult Sitona are on the
plants and in the soil it w!1I be diflicult to control them
properly; hence, many adults will escape and continue to
lay eggs, which means a large population of larvae on the
roots later.

Bardner et al. (1983) reported that treating the seed of
spring-sown beans with bendiocarb or phorate reduced
the number of larvae found later. They also noted that
this method is not very practical as it is unlikely that seed
merchants will treat seeds for such a small market, and it
might be hazardous for growers to treat their own seed.
In conformity with this, only precoated seeds were used
in these experiments to minimize the risk to the growers
(Ester 1990). The advantage of coating is that it provides
the seed with a total package of pesticides or biological
compounds (Ester and Neuvcl 1990). Bacon and Clayton
(1986) discovered a film coating that has promise for usc
on nonhorticultural crops and is economically attractive.

In experiments at the locations with clay soil, large
populations of adult 5it01l0 were present; as a result,
nearly 100% of the leaves were attacked. Fonofos at the
lowest dose and mcthiocarb and tcfluthrin at both doses
gave insufficient protection against leaf allack by larvae or
pupae in 1988 and 1989. However, Crowell (1975)
reported that treating garden pea with methiocarb 1 g
(a.L)/kg seed reduced infestation with the larvae of the

pea weevil.

In these experiments coating seed with benfuracarb 1
g, carbofuran 1 011 or Iurathiocarb 1 g/kg see~ gave
excellent control of adults, larvae and pupae of 5. lineatus
(Table 3). Vulstckc and Seutin (1985) achieved similar
results. The seed treatment prevented the weevil from
laying eggs, therefore no larvae infested .the roots and the
plants were protected against the we~vl1 an.d ~he larvae.
Vulstekc and Bockstaele (1984) obtained Similar results

using Curathiocarb on pea seeds.

Bardner and Fletcher (1979) found that the usc of
insecticides nearly always increased yields, the mean
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increase for all treatments being 0.15 t/ha, although a
maximum yield increment of >0.5 t/ha was achieved.
Oschmann (1984) also found a yield increase of 8-31 %
when faba bean seed was treated.

The trial in 1987 with the insecticide benfuracarb 40%
WP 4 g/kg seed boosted yield by nearly 34%/ha. In 1988
the average yield at Nicuw-Bccrta achieved by using
benfuracarb 2 g, carbofuran 2 ml or furathiocarb 2 g/kg
seed was 83% higher than that of the foliar treatment.
and in Colijnsplaat these insecticides resulted in an
average of 23% higher yield than that of the foliar
treatment.

From these experiments, it is clear that Iaba bean
seeds coated with bcnfuracarb (40% WP) 1 g. carbofuran
(SOD SC) 1 011 and Curathiocarb (50% DS) 1 g/kg seed
are well protected against the weevil and larvae of S.
lineatus. The relationship between larvae/pupae
populations ami yield has shown that 2 larvae or
pupae/plant arc sufficient to cause maximum yield
reduction. The conventional insecticide spraying always
resulted in more than 2 larvae or pupae/plant, so the
yield was always the same as in the untreated plots.
Coating the seeds of field beans (J~ Jabo) with an
insecticide is a better alternative than foliar application of
parathion (ethyl) or deltamethrin for controlling adult and
larval Sitona, and decreasing the amounts of insecticide
used benefits the environment.

Acknowledgements

The authors wish to thank their colleagues Dr G.E.I..
Borm and Dr J.G. Lamers for their critical comments on
the draft of the manuscript. We thank Ccntraal
Bewerkingshedrijf Zaaizadcn (CBZ) at Vlijmen for
coating the seed, and the seed company Ccbcco
Agrochcmic BY for supplying batches of hean seed.

References

Bacon, J.R. and P.B. Clayton. 19860 Protection for seeds:
a new filrncoating technique. Span 29(2):54-56.

Bardner R. and K.E. Fletcher. 1979. Larvae of the pea
and bean weevil, Sitona lineatus, and the yield of licld
beans. Journal of Agricultural Science, Cambridge

92:109-112.
Bardner, R., K.E. Fletcher and DoC. Griffiths, 197~0

Problems in the control of the pea and bean weevil
(Sitona lineatuss. Proceedings 1979 BCPe. Pests and

Diseases:223-229.



Bardner R., K.E. Fletcher and D.C. Griffiths. 1983.
Chemical control of the pea and bean weevil, Sitona
lincatus L., and subsequent effects on the yield of field
beans Vida [aba L. Journal of Agricultural Science,
Cambridge 101:71-80.

Crowell, H.H. 1975. Reduction of pea leaf weevil feeding
injury by means of methiocarb seed treatments. Journal
of Economic Entomology 68(2):275-276.

Ester A. 1990. Filmcoating bespaart middel en gccft
vroege bescherming. Boerderii/Akkerbouw, 20 februari
75:12-15.

Ester A. and H.W.G. Flool. 1990. Bladrandkevcr
bcstrijding door middel van zaadcoating bij veldbonen.
Prophyta 5:112-115.

Ester A. and J. Neuvel. 1990. Protecting carrots against
carrot root Ily larvae (Psila rosaeF.) by filrncoating the
seeds with insecticides. Proceedings o[ Experimentat
and Applied Entomology, N.E. V. Amsterdam 1:49-55.

Griffiths, D.C., R. Bardner and J. Bater. 1986. Control of
damage by Sitona lineatus in autumn-sown faba beans.
FABIS Newsietter 14:30-33.

Hans, H. 1959. Bcitragc zur Biologic von Sitona lineatus
(L.). Zeitscluift filer Angewandte Entomologie
44:343-386.

FABIS Newsletter 30, 1992

Karlberg, S. 1976. Bctningcns fytotoxiska effckter vid
groning av strasad (The phytotoxic effects of some
disinfectants). Meddelanden fron Statens Centrala
Frokontrollanstast 51:43-51.

King, J.M. 1981. Experiments for the control of pea and
bean weevil (Sitona lilleatus) in peas, using granular
and liquid insecticides. Proceedings 1981 BCPC. Pests
and Diseases:327-331.

Nijcnstcin, J.G. and A. Ester. 1990. Method of evaluation
as a factor in the determination of insecticide
phytotoxicity in field beans (Vida [aba L.). Seed
Science and Technology 18:3.

Oschmann, M. 1984. Untersuchungen zur
Ertragsbccinflussung der Ackerbohne (Vicia [aba L.)
durch den Liniierten Blattrandkafcr (Sitona lineatus L.;
Coleoptera, Cureulionidae).ArchivfuerPhytopatJlOlogie
und Pflanzenschutz 20(5):371-381.

Vulstcke, G. and L. Bockstaele. 1984. Bestryding van
bladrandkcver (Sit ana lineatus L.). Erwt-Ondetroek-en
Voorlichtingscentrum \'oor land-entuinbouw-Beitum
Roeselare 135-148.

Vulstckc G. and E. Scutin, 1985. Lutte contrc Ie sitonc du
pois Sitona lineatus L. Med. Fac, Landbouww.
Rijksuniv. Gem. 50/2 b:651-663.

41



FABIS Newsletter 30, 1992

Results of Seed Tests. II. Occurrence
of some Pathogenic Fungi in Plant
Residues on Faba Bean Seeds

Endre I. Simay
IA.Q. Research Centre for Agrobotany
Tapioszele, HUNGARY

Abstract

Seed decay of faba bean (VICio laba) is caused by a
complex of different fungi, some of them able to survive
in plant residues. Material was scraped from seed
surfaces and investigated in droplets of sterilized water
to detect spores and hyphae. Allemorio aItenuzlll was the
predominant fungus in residues represented by both
mycelia and conidia. Botrytis cinerea, B. fabae, Fusarium
oxysporum, Phoma pinodelkl and Stemphylium bOllyosum
also were identified from the investigated plant material,
and their pathogenicity to adult plants tested.

Introduction

Faba bean (Vicia[aba L.) is one of the most important
protein sources in many countries. Productivity of the
crop is affected by a number of different factors, including
seed-transmissible pathogens, and numerous fungi are
known to occur on seeds of faba bean (Agarwal and
Sinclair 1987; Neergaard 1977; Radulescu and Negru
1971; Simay 1991). Some of these fungi are well-known
saprophytic organisms, but a number of other pathogens
also can survive on dead plant materials (Banhegyi et at
1985; Domsch et al. 1980; Ubrizsy 1965). Some fungal
organs were observed in our seed health tests in plant
residues attached to seed surfaces. The aim of the trials
was to identify the fungi and investigate their
pathogenicity.

Materials and Methods

The seeds investigated were harvested from the
experimental plots and the samples were handled as
normal seed. Seeds were stored in paper bags after
cleaning at room temperature; laboratory investigations
were conducted 2 to 4 weeks after the cleaning.

We removed the plant material with a pick to detect
fungal organs that had occurred in the plant tissues and
remained on the seed surface. The preparates were then
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investigated by microscope in droplets of sterilized water.
If typical spores were available, the fungi were identified
from the preparates; otherwise, the fungi were identified
from cultures. The cultures were made by placing the
scraped plant residues onto plates of potato dextrose agar
(PDA) and 2% malt extract agar (MEA). The pure
cultures were typed and their pathogenicity tested from
some representative cultures found either on germinating
seeds or on five-leaved faba beans grown in a greenhouse;
41 preparates were investigated for contaminants. The
identification of fungi was made according to Banhcgyi et
at. (1985), Booth (1971), Domsch ct a1. (1980), Ellis
(1971), and Ellis and Waller (1974 a.b).

Pathogenicity tests were conducted for eight known
pathogens, i.c., Altemariaaltemata (Fr.) Keissler, Botrytis
cinerea Persoon, Botrytis[abae Sard., Fusarium oxysporum
Schlccht.,Peronospora viciae (Bcrk.) Casp., Monatsber. K.
Preuss, Phoma pinodella (L.K. Jones) Morgan-Jones el
Burch, Stemphyiium botryosum Wallr. and Uromyces viciae
[abae (Persoon) Schroeter. Pathogenicity of culturable
conidial fungi was tested by spraying the conidial mass
washed from pure cultures onto faba bean plants grown
in a greenhouse. The conidial suspension was adjusted to
lOS conidia and the infected plants were covered with
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First Report of Orobanche foetida
Poiret on Faba Bean in Tunisia

M. Kharrar', M.M. Halilal
, K.H. Linke2

and T. Haddar'
t Institut National de la RechercheAgronomique de

Tunisie (lNRA T)
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3 Institut National Agronomique de Tunisie
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1002, Le Belvedere, Tunis, TUNISIA

Abstract

A preliminary survey was conducted in spring 1991 to
delimit the zone of infestation by Orobanche in the main
Iaba bean growing areas of Tunisia. Results revealed that
faba bean was infested by Orobanche [oetido and O.
crenQlQ. Zones infested by O.[oetido were in the triangle
formed by Qued Beja, Amdoun and Bou Salem, whereas
O. crenatII was observed in some areas of the eastern
coast of the country.

Faba bean (Vida faba L.) is the major food legume
crop grown in Tunisia. About 86% of the total faba bean
growing area is in the northern part of the country
(Kharrat et al. 1991). One of the important constraints for
the development of this crop is the infestation in some
areas by Orobanche spp., obligate parasites of numerous
wild and cultivated plants, mainly legumes. Of the
Orobanchaceae family, Orobanche crenata Forsk. is
considered one of the most important parasitic weeds in
the Mediterranean and Middle East region. It prefers
faba bean as a host, but also parasitizes other legumes,
carrots, lettuce, clover, Pelargonium and many wild plants
(Cubero 1983). In Tunisia, this holoparasite was reported
in Tunis, Sousse, Menzel Temime and Kclibia area
[Pottier-Alapetite 1981). However, in the food-legume
belt of northern Tunisia, especially in the Beja area, the
faba bean crop is attacked by a red-flowered Orobancne.
This species was identified as Orobanche[oetida Poiret at
the National Agricullurallnstitute of Tunisia (INAT), the
International Center for Agricultural Research in the Dry
Areas (ICARDA) and the Botanical Garden of the
University of Cordoba. This broomrape normally
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parasitizes Medicago spp., Astragalus iusitanicus, Ononis
natnx L., Ononis viscosa L., Lotus cytlsoides L.,Scorpiurus
muricatus L., SCOrpiUfUS vermiculatus L. and Calycotome
spinosa (L.) Link. (A. Pujadas Salvas, University of
Cordoba, pers. comm.]. In Tunisia, Pottier-Alapetite
(1981) reported the rare occurrence of O. foetida on
various legumes other than faba bean at Bordj Cedria,
Hammam-Lif and in some areas of Korba and Menzel
Temime.

This type of broomrape seems to be highly aggressive.
Lines identified as resistant to O. crenata in Spain, Syria
and Morocco have not shown any tolerance to O. [oetida
in fields infested with this parasite at Beja (Anonymous
1991).

To attempt to delimit the zone of infestation by
Orobancne in the main faba bean growing area, a
preliminary survey was undertaken in 1991. The route
followed is shown in Figure 1. This survey revealed that
O. foetida was present in many parts of Beja governorate.
The infested zones were found in the triangle formed by
Oued Beja, Amdoun and Bou Salem. During the same
survey, O. crenata was observed in the areas of Tunis, Ras
Jebel, Sfax and Cap-Bon. Figure 1 also shows the zones
of infestation by O. foetida and O. crenata. The level of
attack by both Orobanche spp. in infested fields varied
from 1 to 5 on the 0 to 6 scale (Schmitt 1979).

Orobanche[oetida also was seen on winter chickpea
(Cicer anetinum L.), Medicago ciliatis, M. doliata and
Latnysus odoratus L., whereas O. crenata was found on
pea (Pisum sativum L.) and on carrot (Daucus carota L.).
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--Route
::: : Orobanche toetlda
~/Orobanche crenafa

Fig. 1. Route followed during the survey, and Orobont:Ju..
infested zones in northern and central Tunisia.
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Screening of BPLs from the (CARDA gennplasm collection
for resistance to O. foetida was initiated at Bcja in a highly
infested field. Preliminary data resulted in the identification of
a few promising tolerant lines.
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A Classification System for Seeds of
Faba Bean Infected by Ascochyta fabae

A.C. Madeira', J.A. Clark, S. Rossall
and AJ. McArthur
Depanment of Physiology and Environmental Science
University of Nottingham School ofAgriculture
Sutton Bonington, Lougllborough
Leicestershire, UNITED KINGDOM

Abstract

Faba bean seeds produced in a field experiment were
classffled into six categories of infection by Ascochyta
fahoe. The classification was based on visual estimates of
dilTerences in the area of discolored seed coat assumed
to be alTected by the disease. The elTects of seed infection
on seedling emergence and on subsequent plant
development were determined. The growth of plants was
reduced when the area of seed coat assumed to be
infected by the fungus exceeded 25%.

Introduction

Many fungi have a direct impact on seed primordia and
maturing seeds, which results in reduced yields in terms
of both quantity and quality. Yield reductions are related
mainly to seed abortion and reduced seed size as, for
example, in cereals infected by rust or powdery mildew
fungi. Poor quality, in terms of seed discoloration and
necroses produced by some seedborne fungi, may reduce
the commercial value of the seeds for consumption and
for industrial purposes (Neergaard 1977).

Several seed classification systems have been developed
as an aid to evaluate seed quality and the degree of
infection. For example, Bronnimann (1968) adopted a
system with a 9-point scale to evaluate the grain quality in
wheat affected by glume blotch [Seproria nodorum
(Berkj], while Dodd (1971) divided the seeds of bean
(Vicio [aba L.) infected by Ascochyta [abae Speg. into
three categories: uninfected, less than 50% infected and
more than 50% of the seed coat covered with lesions. In
some cases, necroses may be associated with reduced

I Present address: Institute Superior de Agronomia,
Technical University of Lisbon, Tapada da Ajuda, 1399
Lisboa Codex, Portugal.
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germination and emergence capacities of seeds and
reductions in their longevity in storage. For example,
Hewett (1973) found that from 4 to 8% of field bean
seeds infected by A. [abae produced diseased seedlings.

This paper describes an improved disease classification
for seeds of faba bean (V. jabo) infected by A. [abae, a
secdborne disease.

Materials and Methods

Classification of seed infection

The classification procedure was applied to seeds of the
faba bean cv. Ticol, from a field experiment investigating
the effects of disease on the growth and dry matter
production of the crop. Disease treatments in the field
were produced by inoculation with A. [abae at defined
growth stages and compared with a fungicide treatment
and an untreated control by Madeira (1988) and Madeira
ct a1. (1988). The seeds were harvested from all
treatments when their mean water content was
approximately 14%. A subsample of about 5000 seeds was
dried at room temperature and used for the assessment
of seed infection. The discolored area of seed coat, which
was assumed to be due to infection by A. [abae, was
estimated visually and the seeds were c1assilied into six
categories according to the severity of infection. The seeds
were weighed and the mean seed weight per category was
determined.
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•
T he incidence of seeds ca rrying infect ion, in te rms of

numb er of A. [abac colonie s on a seed plate lest, was
assessed by assaying a subsam ple of 25 see ds from each
category. These seeds were surface-ste r ilized in a 10%
so lution of sodium hypochlori te ( 1.5% available chlor ine)
for 5 minutes and then plat ed on V8 juice aga r, live seeds
per petri dish (9 em diam.] . T he seeds were incuba ted
unde r ucur- U V ligh t ( 12-hou r photop e riod ) at room
temperat ure for 7 days fi nd the numbe r of A . [abae
colonies was counted.

EIIIl:rgl'I\l'C ami Sl'l'l llill~ dcn:lullIlll'nl

Seedling emergence was assessed by using 25 seeds (dried
at roo m tem perature) per category of infecti on . Th e seeds
wer e sown in pots (9 ( Ill diam .], 1 seed/ pOl, containing
Joh n Innes No. 2 pott ing compost, wate red and
main tain ed at :1 tem perature of about 16°C. See dling
emergence was dete rmi ned from 8 to 16 days afte r
SOW lIl g,

See dlings were examined eve ry day, a fter the fi r ~t pa ir
of leafl et s unfolded. Five plant s ra ndom ly se lecte d from
each category wer e ha rvested 50 days afte r ~ tlwi l1 g, and
meas ure me nts wer e made of ste m length, number of
leaves, tot al lea f ar ca and dry weight / pl:llll.

Results

1

z

3

4

s

Cla .,s ifk a t iun uf s... ...11 infecttnu

Figure I sbows a visual classification of the see d coat area
assumed to he infected by A. [uhae accnrdin g 10 the ~ i x

cate gories of seed infection (Table 1) . Table 1 shows the
incidence of A .[abne, in te rms of the perc entage:'> {If seeds
showing infection in the aga r plate test and the
cor res ponding mean seed weight s for the six catugorics of
see d, Th e rel atively low incidence uf infection (73%)

Fig , I , Fa ha hl'llllS [rum sh r1:lssifit' ali ml (·<I h'}.:ur il's . illd ifal ing
illr rl'a, ing inft....-tiou h)' A .IC(1<'hyld jahU~,

Tablc l , A.~st'S Slllt' lI t o f A.fn 1C:hy la jaJl<lt! illft"l.'tillll ill sh calt'}.:urit... uf w t"tl.

Uninfcctcd
:! Visible lesions on less than 5 % of the seed coat
3 Lesion a rea 5- :!5 %
~ Lesion MC;l :!5-50%
5 More than 50% of the seed coat with lesions
6 Badly discolored and unders ized seeds , sh rivel led and c racked

t The vetucs in hr arlc ts a rc ~ t<l n oJ a rd e rro r,;

<""r H........1s frum u h ich A, fiwa~

t'u lunit... dt'l't'lU]lt"t.!

o (Om t
36 (.$.0)
.$8 (-! 6)
80 {fl .3)

8~(-! ,0)

73 ( ~ .9 )

509 (9, 5\ '
-!9t (S.3)
-!90 (1 .3)

-!7S (l 3 7)

-!50 \ io.»
::'00 (15, 1)



Fig. 2. Number of days after sowing for seedling emergence of
faba bean plants infected with Ascoclrytafabae.

was due to fewer leaves and smaller areas per leaf. Figure
3 illustrates the visual differences in the development of
plants grown from seed categories I, 4 and 5 at 72 days
after sowing.
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obtained in the seed plate test for category 6 was
probably due to difficully in distinguishing the seed
damage caused by A. [abae infection from that by other
causes. The mean seed weights represent significant
decreases of 6, 12 and 61% for categories 4, 5 and 6,
respectively, compared with that of uninfeeted seeds.

Emergence and seedling development

Figure 2 shows the time courses of seedling emergence
for the six categories of seeds sown. For categories 1, 2
and 3, different numbers of seedlings had emerged by the
8th day after sowing, but 96% had emerged at day 16 in
all three. Fewer seedlings emerged for categories 4 and 5
(72 and 76%, respectively), a marked reduction when
compared with categories 1 to 3. The different
percentages of coat area with lesions in categories 4 and
5 were not accompanied by reductions in emergence.
Emergence of seedlings in category 6 was poor (4%). The
subsequent development of seedlings also showed
pronounced differences among seed categories. At day 25
after sowing, 42% of seedlings from category 5 manifested
the typical symptoms of leaf and pod spot disease on
stems and leaves, compared with 28 and 12% for
categories 4 and 3, respectively. Leaf lesions were circular,
dark brown with a lighter center; the lesions on stems
were elongated, sunken and darker than the leaf lesions.
At this stage, lesions were not visible on seedlings from
seed categories 1 and 2.

100
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Days after sowing

Table 2 shows the stem length, number of leaves, total
leaf area and dry weight/plant at 50 days after sowing.
Measurements were not made on plants from category 6
because only a small number of seeds germinated. The
plants in categories 4 and 5 were significantly smaller and
weaker than the others, as assessed by dry weight and leaf
area; in these categories the lower total leaf area/plant

Discussion

A subjective classification of seeds into six categories was
established, based on visual assessment of the percentage
of coat area assumed to be affected by A. [oboe. This
allowed both discrimination of differences in seed

Table 2. Growth analysis data at SO days after sowing for seedlings grown from seeds given in Table 1.

Mean no. of Mean leaf Mean dry
Stern length leaves/plant area/plant wei~ht/plant

Category (em t S.E.) (t S.E.) (em2 t S.E.) (g :t S.I<:.)

51 (0.9)at 10.2 (0.3)a 344 (4.8)a 1.92 (0.07)a
2 48 (0.9)a 10.0 (O.O)a 361 (22.6)a 1.96 (O.I)a
3 49 (2.3)a 9.5 (0.6)a 292 (30.5)a 1.68 (0.2)a
4 42 (0.9)b 8.6 (O.4)b 175 (l7.4)b 1.07 (0.05)b
5 37 (1.6)b 7.8 (0.3)b 141 (l8.2)b 0.82 (0.08)b
6 -*
t Values with different superscripts are significantly different (P < 0.05) by Dunean's multiple range test.* Insufficient viable seedlings for valid data.
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f.'i~ . •1. Ik n 'klpm t'nt uf ,bCl.chy ta fahat'-inrl1:lt-d (aha bean
111;1111.\ ( r um calt~t l r i l"" I , ~ a nti 5 at 72 da) s aflt'r ~ , }\\ i ll l:.

infe ct ion bet ween fie ld treat men ts and measurement of
the effect o f di ffere nt d q ;r cc:. of infection 0 11 e me rge nce
and subse que nt see dling developm e nt. A :-<. .-I. [oboe is a
r;' ln-spbsh disea se, th e l11 \1sl impo rta nt (" el m s in th e
dispe rsa l of th is fung us ,H C the <1111011 111 a nd inte nsity of
rain fall ing d uring t he l'WP lifetime and the number of
con se cut ive r'li ny lb ys. T he fungu s can adversely af fec t
kaf a re a. cro p growt h and light -usc efficien cy, which
ultima tely reduces the final yield a nd the p rotein co ntent
of Sl'l:d" [Mad cir., 19,\\-,, ).

See d infection reduc ed both eme rge nce and the
subscquc m gn m1h of the seedlings, producing small
pLlIlI~ from the infected seeds. Emergen ce was affected
most in seeds with mor e than 2.'\% (If coa t area ....'ith
lesions. i.c ., cat ego ries a, 5 an d 6. Dodd ( 1971) found tb,u
the ge rmination o f h'l dly infected seeds was reduced to
about 50'd' o f thut of uniorcctcd see ds. In IhC' presen t
wo rk, <I ~ i m i la r va luC' (-15';0 W;I~ oh ta incd for caleg orin
-" and (ltngcther. l ' owc\'C' r, nl(l!i l (If the un~u l"ces"ful ~ced!i

(.... hich did nlll p ro<luec a seed ling) werc from c;tlegor)" 6.
Thi s suggc !<-'" thai additi(ll1al info rmation is o ffe red hy th e
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6 ·e;ltegory scale ado pted her e co mpa red with the 3
cate gor y syste m used hy Dodd ( 1971).

In th e present wor k, alt ho ugh some seed ling-s fro m
ca tcgonc -, 3, .J and 5 man ifested abno rmal development
an d symptoms of disea se. not a ll infected seeds produced
\; ~i hlv infe cted see dli ngs a nd plan ts. However, in the long.
te rm . a"SC l>.~mc n t o f pla nt devel o pment. th e growth of
plants from the infected see d... wa s significa ntly affec ted hy
the dce rcc of seed infect io n, sho....-ina associated decrea ses
in stC I~ length , n umhcr of leaves. 1(;al leaf ar ea a nd 10t a1
dry weigh ti r la nl. For exa mp le, 50 days a fter so ....i ng the
red uctio n!<- in total d ry weight repre sent decreases of -t-I
and 57t;~ for catego ries .J and 5, respe ctively, compared
.... ith the plant !'> from cat egory Lin co ntra st. Dodd ( 1971)
did nnt lind significa nt differ en ces bet we en th e dry
weight s of plan ts g rown from hi !'> three ca tegories of
see ds. For Tiwl. a c1a!'>!iificatin n bused o n six ca tegorie s is
juctificd fm mea ..urcm cm of th e effects o f see d infect io n
tJ lI succee ding sced l in~ and pla nt dcvclopm cru. and for
cla ssification o f visible ...ecd da mage. A simplified
approach wou ld co mbine ca tego ries I to 3 in nne • .J and
5 in a secon d , an d the badly infected see d ... fro m category
6 in a th ird catCI!OI\'. Howeve r, th i ~ approa ch wo uld
il!n(lle vi s lI ;11 evi dence of infectio n in cat ego rie s 2 a nd ;.\,
';hi( h could affect the co mmercial value o f the see d .
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Background

include formulation of viable and cost-effective research
projects and assistance to national agricultural research
systems in focussing problem-solving research on drought
related constraints. We believe that this would contribute
to enhancement of sustainable grain legume production
including legume benefits to the overall cropping system
in drought-prone environments.

News

Crop coverage in the FABIS newsletter will expand to
include the tribe Viceae (Vicia and Lathyrus spp.),
commencing in 1993. Authors are invited to submit papers
dealing with these crops.

To allow for this expansion. the Editorial Committee
recommends that all papers submitted for publication be
restricted in length. Printed articles ideally should not
exceed 4 pages in the newsletter (this is equivalent to
approximately 8 pages (A4) typed double-spaced
including tables and figures. '

Latest Faba Bean References

Commencing with this issue of the FABIS newsletter, faba
bean references will be published annually in a
supplement. The first supplement, containing 1990
references, will be published in 1992. Subsequent
supplements will be published annually and distributed to
recipients of the FABIS newsletter.

Proposal for a Global Grain Legume/Drought
Research Network

•

•

•

•

Drought is a major constraint to rain-fed production
of grain legumes.
Grain legume crops arc important, particularly in
developing countries as sources of proteins in human
diets, and components of the sustainability equation in
rain-fed, drought-prone agriculture.
Increasing knowledge on the adaptation of grain
legume crops to drought-prone environments has
accumulated in recent years. This has been generated
in . separate studies with respect to crops,
environments and researchers.
Rapid progress in genetic adaptation of grain legumes
to drought-prone environments could occur if
research efforts arc coordinated, and we propose a
network to facilitate this.

Current Status

on identifying simple
criteria of drought

do not relate to field

N.P. Saxena', C. Johansen2 and M.e. Saxena?
lICRISAT/ICARDA
2 ICRISAT, Patancheru, A.P. 502324, INDIA
3 ICARDA, P.O. Box 5466, Aleppo, SYRIA

Summary

Grain legume crops are important sources of high-quality
protein in human diets and important components of
sustainable agriculture in rain-fed areas. Drought usually
is the main constraint to crop production in such
environments. A substantial body of information on
responses of grain legume crops to drought has
accumulated in recent years. We suggest this can be
better mobilized and exploited through coordinated efforts
to achieve significantly better adaptation of grain legumes
to drought-prone environments. It is therefore proposed
to organize a global grain legumes/drought research
network. Expected outputs of such a network would

52

Little quantifiable progress has been made to date in
minimizing the yield-reducing effects in grain legumes
because of:
1) an unrealistic expectation of identifying crop varieties

with high levels of resistance to drought,
2) an imperfect understanding of the complex nature of

drought over time and its interactions with crop
growth and yield,

3) an emphasis mainly
physiological/biochemical
resistance, which often
performance,

4) lack of efforts to integrate studies across grain legume
crops and environments to draw inferences and plan
future strategies, and

5) reluctance to breed crops for drought resistance
because of the unpredictability of drought
environments.
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Objectives

1. To establish a reference point for integrated global
efforts on enhancing and stabilizing grain legume
production in drought-affected environments by:

a) providing information about active researchers
and institutes working on drought and the areas of
expertise,

b) maintaining a list and passport information of
traits of drought resistant grain legume crops and
varieties,

c) documenting and updating published literature on
all aspects of drought relevant to grain legume
crops and disseminating specific literature
searches, and

d) facilitating regular communication between
network members by means such as an informal
newsletter.

2. To characterize and map the types of drought
affecting legume production globally, using
Geographic Information Systems (GIS) and mode!s.

3. To quantify yield losses due to drought by using
existing knowledge and data, and thro~gh

experimentation where such knowledge docs not exist.
4. To relate area, production, productivity and yield

losses to Item 2 and to:
a) identify priority agro-ccological areas and legume
crops for drought research, .
b) develop agronomic management/genet~c

enhancement strategies to alleviate drought effects 10

the target regions, and
c) set parameters for increasing effectiveness and
enhancing impact in the target region.

5. To extend available technologies of genetic
enhancement for drought resistance in the target
regions.

6. To stimulate basic research, including on cell biology,
with well-defined impact on applied or problem
solving research.

7. To organize brainstorming sessions on drought
research in workshops. group discussions, and
conferences in crucial areas and disseminate the
current understanding through publications.

8. To identify and facilitate linkages between
organizations with expertise in specific areas of
drought research.

9. To solicit funding to support the above activities.

Scope and Prospects

Prospects of mitigating drought effects on grain legume
production appear more promising in the 1990s.
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I. Good progress has been made toward a better
understanding of the realities and complexity of types
of drought and their effects on crop growth and yield.

2. Coordinated international efforts seem feasible
because drought is an important theme of research at
many international centers and institutes.

3. Precise and detailed characterization of atmospheric
and soil moisture environments during crop growth is
now feasible through computer modeling.

4. Various components of drought can now be mapped
on field to global scale using programs such as GIS so
that iso-drought environments can be delineated to
enhance transfer of technology.

5. There are some examples of success in the
development of grain legume crop varieties resistant
to terminal drought

Expected Outputs and Impacts

1. Development of viable projects in drought research
which set realistic goals for achieving success.

2. Creation of better awareness of the existing
knowledge and experience amongst drought
researchers.

3. Evaluation of research projects for most efficient use
of resource inputs and possible benefits.

4. Generation of self-reliance and expertise in the
conduct of drought research amongst the scientists of
participating NARS.

5. Enhancement and stabilization of sustainable grain
legume production under rain-fed conditions.

Proposed Linkages

The proposed linkages of the network are shown in
Figure 1. We also intend to publish an informal newsletter
as a means of communication between the network
members. We are soliciting suggestions from other related
networks, national and international organizations/
institutes, universities and individuals on various aspects
of the network activities and wish to determine their
interest in joining such efforts.

Please indicate to Dr M.e. Saxena, Leader. Legumes
Program, ICARDA if you are interested in participating
in sueh a network and if you have any comments and
suggestions on this proposal. Our decision to proceed with
establishing the network and the manner in which we
proceed will depend on feedback from prospective
members.
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Publications

Harlan, Jack R. (ed.), 1992. Crops &: Man, Second
Edition. Crop Science Society of America, American
Society of Agronomy, 677 South Segoe Road, Madison,
WI 53711·1086, USA. 284 p.

and failures of the crops. Erosion of diverse gene sources
from ancient landraces continues and more effective use
of germplasm collections is needed. Dr Harlan suggests
that we study more closely the natural ecosystems and use
this knowledge in managing our new ecosystems.

This book explores the beginnings of man's interactions
with plants and crops that provide food, feed and tiber,
from the early human hunter/gatherer societies to
present-day societies in industrial countries where only 2
3% of the population produces crops. The evolution of
crop plants is described, from their wild progenitors to
fully domesticated races, and the corresponding
emergence of agricultural societies and economics. As
human activities have shaped changes in crop plants, these
in turn have shaped human history. Man the food
gatherer, then the planter, has become the geneticist and
plant breeder. The implications of this intricate
coevolution arc discussed: crops reshaped by selection and
agricultural practice, societies adjusted to the successes

Visuals

ICARDA has produced three slide/tape modules dealing
with legume hybridization techniques. The three
programs, Hybridization Techniques ill Faba Beall,
Hybridization Techniques ill Lentil, and Hybridization
Techniques ill Chickpea, discuss the morphology of the
flowers, crossing block layout, and emasculation and
pollination techniques. The programs arc designed as
introductory material for junior scientists.

To purchase the modules, send a check for US$50
payable to ICARDA for each program to the Training
Coordination Unit Each slide set includes 80 slides, a
cassette tape and an accompanying resource book.
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Conferences

The Second International Food Legume Research
Conference was held in Cairo, Egypt, from 12-16 April
1992. It was attended by 250 participants from 38
countries. Following inauguration of the conference by
Prof Dr Add EI-Bcltagy, Director General of Agricultural
Research Center and the National Agriculture Research
Project of Egypt, progress in research on improvement of
chickpea, faba bean, grasspea, pea and lentil was reviewed
in plenary sessions, panel discussions and a workshop.
Eight groups, formed of participants from different
geographical regions, discussed regional goals, identified
constraints and developed recommendations for future
research. The proceedings of IFLRCII are in production,
under the editorship of Drs W. J. Muehlbaur and W. J.
Kaiser of Washington State University.

The next IFLRC is scheduled for 1997. Conference
Chairman for that meeting will be Dr Fred Muehlbaur,
assisted by Mr Habib Halila (Ncar East), Dr Gcletu
Bejiga (Africa) and Dr Bashir Malik (Asia), regional
representatives of the International Steering Committee.

1992

10thLatin American Weed Science Society Congress, Chile,
November 1992. Contact M. Kogan, Univcrsidad Catolica
del Chile, Vicuna Mackenna, 4860, Santiago, Chile.

1993

Workshop on Engineering Plants against Pests and
PaJhogens, Madrid, Spain, 11-13 January 1993. Contact:
Institute Juan March, Castello 77, 28006 Madrid, Spain.

10th Australian Plont Breeding Conference, Gold Coast,
Queensland, 19-23 April 1993. Contact: Australian
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Convention and Travel Services Pty Ltd., GPO Box 2200,
Canberra, ACT 2601, Australia.

7th Intemllliontli Symposium on Iron Nutrition and
Interaaions in Plonts, Zaragoza, Spain, 27 June-2 July
1993. Contact: Sr D. Jesus Gascon, Secretary, 7th Int.
Symp. Iron Nutrition and Interactions in Plants, Aula Dei
Experimental Station, CSIC Apdo, 202, 50080 Zaragoza,
Spain.

6th Intemational Congress of Plont PaJhology, Montreal,
Canada, 28 July-6 August 1993. Contact: Managing
Editor, Bureau of Crop Protection, CAB International,
Wallingford, Oxon, OXI0 8DE, UK.

Xli Intemational Plant NUlrition Colloquium/Symposium
-Zinc in Soils and Plams, Perth, Western Australia,
21-6/27-8 September 1993. Contact Plant Nutrition
Secretariat, The Conference Office, University of Western
Australia, Ncdlands, WA 6009, Australia.

Intemllliontli Symposium on Pulses Research, Kanpur,
India, 4-8 December 1993. Contact Dr A.N. Asthana,
Organizing Secretary, International Symposium ISPRD,
Directorate of Pulses Research, Kanpur 208 024, India.

1994

7th Intemasional Congress of Bacteriology, Applied
Microbiologyand Mycology, Prague, Czechoslovakla, 3-8
July 1994. Contact: Dr B. Sikyta, Institute of
Microbiology, Czechoslovak Academy of Sciences.
Vidcnska 1083, CS-142 20, Prague 4, Czechoslovakia.

1995

American PhytopaUwlogicai Society Annual Meetin&
Pittsburgh, PA, USA. Contact: APS Headquarters, 33-10
Pilot Knob Road, S1. Paul, MN 55121, USA.
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International Symposium on Pulses Research
4-8 December 1993, Kanpur, India

The program of the Symposium will cover cool-season (chickpea, lentil, dry peas, grasspea, kidney bean
and faba bean) as well as warm-season (pigeonpea, mungbean, urdbean, cowpea, horsegram, mothbean
and ricebean) grain legumes.

The topics will cover a wide range of subjects:
• enhancement of genetic resources
• breeding for resistance (biotic and abiotic stress) and productivity
• genetics
• cytogenetics
• physiology
• biotechnology
• disease and pest management
• production technology (legume-based cropping systems, fertility management including biological

nitrogen fixation, weed management and sustainable agriculture)
• grain quality
• post-harvest technology
• developmental strategies

Organized by: Indian Society of Pulses Research and Development (ISPRD)
Directorate of Pulses Research
Kanpur 208 024, India

Cosponsored by: Indian Council of Agricultural Research
Ncw Delhi, India

Contact: Dr A.N. Asthana, Organizing Secretary
International Symposium, ISPRD
Directorate of Pulses Research
Kanpur 208 024, India

First circular is beingdistributed
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Agricultural libraries receiving [CARDA publications

ICARDA publications are deposited in agricultural libraries throughout the world to make them available to other
users under normal interlibrary loan and photocopy procedures. These depository libraries arc located in the countries
listed. Readers requiring information on the library nearest to them should address inquiries to: Library, ICARDA,
P.O. Box 5466, Aleppo, Syria.

Algeria Ghana Philippines

Bahamas Guatemala Saint Lucia

Bahrain Guyana Saudi Arabia

Bangladesh India Senegal

Benin Iran Somalia

Belgique Italy Spain

Bhutan Kenya Sri Lanka

Botswana Korea (Republic) Sudan

Brazil Lesotho Swaziland

Canada Malawi Syria

Chile Malaysia Taiwan

China Mali Tanzania

Costa Rica Mauritania Thailand

Cyprus Mexico Tunisia

Djibouti Myanmar United Kingdom

Ecuador Netherlands United Arab Emirates

Ethiopia Nepal U.SA.

Fiji Nigeria Yemen

Finland Norway Zambia

France Papua, New Guinea Zimbabwe
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ICARDA publications and.
services

ICARDA Publications
Request your list of all currently available publications
from the Communication, Documentation and
Information Services (COOlS).

LENS
LENS, the newsletter of the Lentil Experimental News
Service, is produced twice a year at lCARDA in
cooperation with the University of Saskatchewan, Canada.
Short research articles provide rapid information
exchange, and comprehensive reviewsare invited regularly
on specific areas of lentil research. The newsletter is
available free to lentil researchers. For further
information or to subscribe, write to: LENS/COOlS.

FARIS
FABIS is the newsletter of the Faba Bean Information
Service. Produced biannually, it publishes short scientific
papers on the latest research results and news items
related to faba bean research. The newsletter is available
free to faba bean researchers. For further information or
to subscribe, write to: FABIS/CODIS.

RACHIS
This publication is aimed at cereal researchers in the
Ncar East and North Africa region and Mediterranean
type environments. It publishes short scientific papers on
the latest research results and news items. RACHIS seeks
to contribute to improved barley, durum wheat and
triticale production in the region, to report results,
achievements and new ideas and to discuss research
problems. For further information or to subscribe, write
to: RACHIS/COOlS.

Library Services
The ICARDA library maintains bibliographic databases
for the use of researchers at the center and elsewhere.
FABIS, LENS and BARLEY databases contain 5000,
1500 and 60 000 references, respectively, extracted from
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AGRIS. Literature searches can be conducted by the
library staff and results downloaded to diskette or hard
copy. Photocopies of articles identified in a literature
search can be provided to users, if available. Researchers
can request a literature search by letter or telex to:
Library.

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 lCARDA's research scientists, trained instructors,
and proven programs. For a complete brochure of the
training opportunities at ICARDA, write to: Training
Coordination Unit.

Opportunities for Field Research at ICARDA
This brochure is intended primarily to assist Master of
Science candidates, who arc enrolled at national
universities within [CARDA region and selected for the
Graduate 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
international scientists. For your copy, write to: Training
Coordination Unit.

Graduate Research Training Awards, Opportunities for
Field Research at ICARDA
The Graduate Research Training Program (GRT) is
intended primarily to assist Master of Science candidates
who arc enrolled at national universities within the
ICARDA region. Men and women who arc selected for
the program will have an opportunity to conduct their
thesis research work at ICARDA research sites under the
cosupervision of university and center scientists. For
further information on terms of award, nomination
procedure, selection criteria, appointment conditions, the
university's responsibilities, and the student's
responsibilities, write to: GRT Program, Training
Coordination Unit.

To Obtain Information
Address requests for publications or services to the
specific department cited above, at: lCARDA, P.O. Box
5466, Aleppo, Syria.



Contributors' Style Guide

The FABIS newsletter publishes the results of recent research on faba bean, in English with Arabic abstracts. Articles
should be brief, confined to a single subject and be of primary interest to researchers, extension workers, producers,
administrators and policy makers in the field of Iaba bean research. Articles submitted to FABIS should not be published
or submitted to other journals or newsletters.

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

Manuscript

Contributions should be sent to FABIS/CODlS, ICARDA, P.O. Box 5466,Aleppo, Syria. The name, address, and telex
or fax number of the corresponding author should be included in the covering letter. One good-quality original of the
text should be submitted, typed double-spaced on one side of the paper only. Figures should be original drawings, good
quality computer prints, or black and white photographs of good quality. Photographs and figures should be suitable for
reduction to a printed size of 8.5 or 17.4 em wide. Photocopies are not acceptable for publication in FABIS. Authors may
submit color photographs to be considered for the cover.

All articles must have an abstract (maximum 250 words) and usually the following sections: Introduction, Materials and
Methods, Results, Discussion, Conclusions and References. Articles will be edited to maintain uniform style, but
substantial editing will be referred to author(s) for approval. Papers requiring extensive rcvision will be returned to the
author(s) for correction. Authors can refer to a recent issue of FABIS for format. The following guidelines should he
followed:

Include the authority name at the first mention of scientific names.

Present measurements in metric units, e.g., t/ha, kg, g, m, krn, ml. Where other units arc used (e.g., quintal), the metric
equivalent should be provided in parentheses.

Define in footnotes or legends any unusual abbreviations or symbols used in the text or figures.

Provide the full name of journals and book titles. Usc the following formats for references.

Journal article: Schubert, I. and R. Rieger. 1990. Alteration by centric fission of the diploid chromosome
number in Vida [aba L. Genetica 81:67-69.

Article in book: Bos, L. 1982. Virus diseases of Iaba beans. Pages 233-242 ill Faba Bean Improvement (G.
Hawtin and C. Webb, cds.). Martinus Nijhoff Publ., The Hague.

Article in proceedings: Montoya, J.L. 1988. The production of seed of leguminous crops in Spain. Pages 136·1·[!
ill Seed Production in and for Mediterranean Countries. Proceedings of the ICARDA/EC Workshop, 16-18 Dec
1988, Cairo, Egypt (AJ.G. van Gastel and J.D. Hopkins, cds.). ICARDA, Aleppo, Syria.

Hook: Agarwal, V.K. and J.B. Sinclair. 1987. Principles of Seed Pathology. CRC Press, Boca Raton, Florida.
USA.

Thesis: El-Hosary, A.A. 1981. Genetic studies of some strains of field beans (Vida [aba L.). Ph.D. Thesis.
Mcnoufia University, Egypt.
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