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Breeding and Genetics

Genotypic Differences in Temperature
Responses of the Germination of Near-
isogenic Faba Beans

F. Kantar!, P.D. Hebblethwaite?,

C.J. Pilbeam®* and J. Craigon®

" University of Ataturk, Faculty of Agriculture, Department
of Agronomy, Erzurum, 25240, TURKEY

? University of Nottingham, School of Agriculture,
Deparement of Agriculture and Horticulture, Sutton
Bonington, Loughborough, Leicestershire LE12 SRD, UK

7 ICARDA, P.O. Box 5466, Aleppo, SYRIA

Abstract

The germination at constant temperature of five
contrasting faba bean (Vicia faba L.) types for testa tannins
was investigated between 5°C and 32.5°C on a thermal-
gradient plate. Cardinal temperatures and thermal time
requirements were calculated. Poor germination,
substantial delays in the lag phase and a wider spread of
germination occurred at 5°C in near-isogenic white-
flowered (zcro-tannin) types than in high-tannin lines.
Furthermore, emergence of zero-tannin types was poor in
cold and wet soil in spite of good emergence in favorable
ficld conditions. However, in white-flowered cv. Albatross,
germination and emergence were similar to lines with
colored flowers. The data are discussed in relation to the
emergence of zero-tannin types.

Key words: Vicia faba, faba beans; genotypes, germination;
emergence; testa; tannins; temperature.

Introduction

White-flowered zero-tannin cultivars of Vicia faba have
rectified the nutritional drawbacks arising from the presence of
condensed tannins in the testae of the traditional faba beans with
colored flowers (Huisman and van der Poel 1989). However,
this advantage is offset by accompanying problems of poor
emergence especially in cold and wet soil (Bond et al. 1986;
van Loon et al. 1989).

The rate of germination and cardinal temperature
requirements (Feddes 1972; Bierhuizen and Wagenvoort 1974)

*  Present address: Department of Soil Science, University of Reading,
Whiteknights, Reading RG6 2DW, UK.
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of a given species are associated with seedling establishment at
low temperatures.

This work investigated whether the germination responses
to temperature of zcro-tannin faba beans differ from those of
high-tannin cultivars using lines near-isogenic for the testa
tannins.

Material and Methods

The progress of germination of five lines and cultivars of Vicia
Jaba was investigated on a one-way temperature gradient plate
(Garcia-Huidobro et al. 1982) using the white-flowered cultivar
Albatross (NIAB 1992) and two pairs of lines near-isogenic for
flower color (WCI/WWI and SCI/SWI, WWI and SWI were the
zero-tannin lines).

Four replicates of 20 seeds dressed with benomyl were
germinated on moist sterile sand in petri dishes placed across 12
constant temperatures ranging from 5 to 32.5°C. Germinated
seeds with radicle lengths of 10 mm (Mohamed et al. 1988a)
were counted at 6-h intervals.

Cumulative germination data from each replicate was fitted
to the Weibull equation (Dumur et al. 1990). Cardinal time
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requirements, namely base (t,), optimum (t, ) and maximum
temperatures (1), and thermal time requirements for
germination at sub- (9,) and supra- (8 ,) optimal temperature
were calculated from the regression of the rates for germination
of the 50th percentile against temperature (Dumur et al. 1990).
Confidence limits according to Feillers Theorem (Finney 1978)
were determined for base tempcerature only, due to poor fit of
regression lines at supra-optimal temperaturcs.

Ficld emergence was assessed both in a sandy loam soil at
the School of Agriculture farm at Sutton Bonington, UK, and in
a sandy loam soil wetted to -0.06 MPa with 12 replicates in pots
in a growth room at 5£2°C. Sceds of each line and cultivar
were sown at a depth of 10 cm in 5-m plots having three rows
(50 seeds per row) with three randomized blocks in the field.
Winter lines (WWI and WCI) were sown on 12 Oclober 1989
and spring lines (SCI, SWI and Albatross) were sown on 7
March 1990.

Results and Discussion

Temperature affected the final germination of all lines
(P<0.001) according to the analysis of deviance based on a
binomial distribution with a probit link. In spite of high
germination of all lines between 10 and 25°C (>83%), the final
germination percentage of white types was less than that of their
colored counterparts at temperatures below 10°C (e.g. WWI,
WCI, SWI, SCI and Albatross had 56, 75, 79, 96 and 91%
germination, respectively, at 5°C; Fig. 1). Almost no
germination occurred at 32.5°C within 1074 h.
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Fig. 1. Effect of constant temperature (°C) on the final
percentage germination on a temperature-gradient plate
of near-isogenic faba beans.
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Furthermore, although germination occurred more rapidly
between 20 and 25°C (Fig. 2), near-isogenic white lines
germinated more slowly at 5°C than their high-tannin
counterparts WCI and SCI, as scen in the wider spread of
germination of WWI and SWI (Fig. 3A, B) and the delayed lag
phase of germination of WWI (Fig. 3A). However, zero-tannin
cv. Albatross had germination equal to or better than the high-
tannin lines.
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Fig. 2. Effect of constant temperature on the rate of 50%
germination (1/h x 103) calculated from Weibull function
fitted to the cumulative germination percentage of near-
isogenic faba beans.

Apart from the lower base temperature (t,) of zcro-tannin cv.
Albatross (0.8°C), basc temperatures calculated were not
necessarily different between zero- and high-tannin near-
isogenic lines (t, = 3.0-3.6°C), as the 5% confidence limits
overlap (Table 1). These values were higher than those reported
for other cultivars (e.g. 0.6°C for cv. Alfred, Dumur et al. 1990;
0.4°C for a broad bean variety, Bierhuizen and Wagenvoort
1974; and even lower values of between -0.4 and -7.5°C for
other faba bean varieties, Ellis et al. 1987).

Although the differences reported in t, for faba beans could
be partly due to the extrapolation of data beyond the
experimental range (Anderson et al. 1978) and to the different
stages of seedling growth at which germination was considered
to have finished in the various studies (Ellis et al. 1986; Dumur
et al. 1990), the genotypic responses to temperature of the
cultivars may be different (Covell et al. 1986). Moreover, in a
parallel study with another seed lot of near-isogenic SCI and
SWI, base temperatures calculated (3.3 -3.4°C) were similar to
those reported here.
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Figure 3. Time to onset and spread of germination for near-isogenic faba beans, calculated form cumulative germination percentage

fitted by Weibull function. Bars represent time to 10% (bottom), 50% (middle) and 90% (top) germination.

Table 1. Estimates of cardinal temperatures (t,, t, and t, ) for germination of the 50th percentile derived from Weibull function,
coefficient of regression (b) between germination rate (1/h) and temperature (°C) and coefficient of determination (R?)
explained by the regression model at sub-and supra-optimal temperatures, and thermal time requirements (o, and a,) (°Cd).

Line/ Temp (°C) Sub-optimal range Supra-optimal range

ultiv
cutfivar Base (t,) Optimum  Maximum  b(x10%) ¢, R®  b(x10%) o, R?
(Confidence limits) (t,) (t)

WCI 3.6(1.31-6.78) 224 34.1 0.84%** 49.6 088 -135%** 309 0.76

WWwI 3.3(2.294.80) 225 345 0.71%%* 586 095  -1.13%** 36.9 0.89

SCI 3.1(1.78-4.80) 227 404 1.00*** 41.5 095  -1.04%** - 0.59

SWI 3.0(1.35-5.08) 224 ¥ 1.06*** 394 093 -0.15 - t

Albatross 0.8 (-2.17-3.71) 210 42.0 0.66%** 63.4 094 -0.64** 65.5 0.39

 Biologically invalid valucs (i.c. over 100°C).

Optimum temperatures (20.9-22.7 °C) were closc to those
estimated for other faba beans (20.5-26.0°C, Ellis et al. 1987
Dumur et al. 1990). Maximum temperatures (t,) varicd among
the lines (34.06 to 41.82°C, anomalous values apart), which is
consistent with the findings of Ellis et al. (1987) and Dumur et
al. (1990) (37.0-64.0°C). Thermal time requirements estimated
for the lines here are lower than some reported for broad beans
(e.g. 148°Cd, Bierhuizen and Wagenvoort 1974, 130°Cd,
Feddes 1972), but comparable to that of Dumur et al. (1990)
(52.8°Cd). This may be because the latter cultivar (Alfred) and

the lines utilized here were smaller-sceded equina types. In
laboratory tests, high germination rates were obtained from
smaller seeds (r = 0.703, P<0.01) (E. Kantar, unpublished
data).

High base temperature (Table 1) and substantial delays (i.c.
decrecases in germination rates) coupled with a wider spread of
germination (Fig. 3) of near-isogenic zero-tannin lines in spite
of the lack of any discernable problem at optimal temperatures
suggest that germination is sensitive to low temperature.
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Earlier and faster emergence has been associated with a
lower t, and/or lower values of thermal time requirement in
some crops, including faba bean (Mohamed ct al. 1988b;
Feddes 1972). In cold soils, low t, and thermal time
requirement are of great importance for rapid germination
(Bicrhuizen and Wagenvoort 1974), because emergence of
seeds will be delayed until t, is exceeded and thermal time
requirement is met. Therefore, zero-tannin types with poor
resistance to fungi (Pasqual-Villalobos and Jellis 1990) could
suffer from poor emergence in cold seed-bed conditions, which
may occur following early-spring or late-winter sowing. Under
such conditions, germination may be protracted and therefore
the duration of potential pathogenic attack is increased. This
suggestion was substantiated with poor emergence of near-

{a)
100
80 -
60 4
e WCI
L0+ o WWI
20~
01— T T T T T | e |
0 23 25 27 29 n 33 35 s
100 -
80
60
e SCI
40 - o Swl
A Albatross
20
0"1""' T T T T 11—
0 23 25 27 29 3 33 35 51
Time after

isogenic zero-tannin members in cold and wet soil (Fig. 4B) in
spite of the lack of any apparent problem under mild conditions
in the field (Fig. 4A). Furthermore, zero-tannin cv. Albatross
performed well under both conditions in line with its
germination at a range of temperatures (Fig. 1, 3). Low base
temperature requirement and rapid germination in the cold
probably conferred the ability to germinate well at cold
temperatures on this cultivar.

In conclusion, in order to ensure adequate levels of
emergence of zero-tannin faba beans in cold secd-beds,
cultivars with low base temperature and thermal time
requirement and the ability to germinate well at cold
temperatures should be aimed for in breeding programs.
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Figure 4. Cumulative emergence of the faba bean lines in the field (A) and under controlled environment conditions at 5°C (B). Bars

represent SE.
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Inheritance of Some Seed Quality
Characters in Faba Bean

M.S. El-Shazly', M.M. El-Ashry!, El-Sayed M.

Gaafar ? and Magdy M.M. Mohamed?

! Agronomy Department, Faculty of Agriculture, Suez Canal
University, Ismailia, EGYPT

?  Agricultural Research Station, ARC, Ismailia, EGYPT

Abstract

Five local and introduced faba bean (Vicia faba L.) parents
were used to produce the following three crosses: Giza 2 x
Line N2, Giza 402 x Line C4, and Aquadulce x Line N2 at
the Agronomy Department, Faculty of Agriculture, Suez
Canal University and the Agricultural Research Station,
Ismailia, Egypt. The main objectives of this investigation
were to study the magnitude of gene action controlling the
inheritance of protein content, tannin content and sced-
coat thickness in faba bean among F, and F, generations
and their respective parents as an initial step for making
selection to improve these characters.

The introduced Line C4 was the best parent in sced
quality characters under investigation. It had the highest
protein content (24.97%), lowest tannin content (1.90%)
and the thinnest seed coat (0.125 mm). The introduced Line
N2 had the lowest protein content (16.55%) and the highest
tannin content (3.40%). Among the commercial varieties,
Giza 402 was the best parent in both protein content
(22.47%) and tannin content (1.92%), while Giza 2 was the
better parent in seed-coat thickness (0.158 mm).

The inheritance of these seed quality characters
indicated that both additive and non-additive gene actions
were controlling these characters. The results also indicated
the presence of dominance towards the best parents in
protein content among the populations arising from the
three crosses. This finding was emphasized by the presence
of positive and significant heterosis. A high heritability
combined with a large genetic variation enables breeders to
select for such characters. It should, thercfore, be possible
to reduce tannin content and select for thin secd coat and
high protein in early generations of faba bean.

Key words: Vicia faba; faba beans; parents; hybrids; sced,
quality; protein content; tannins; testa, selection; genctic
inheritance.
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Introduction

Faba bean is widely cultivated for use in both human and animal
nutrition. Its relatively high protein content combined with low
cost makes it useful in the production of mixed fecds. The
improvement of faba bean production is focused on increasing
both seed yield and its stability, while research on seed quality



aims to maintain the nutritional level of the sced. The
development of tannin-free cultivars of Vicia faba will help to
cnhance the nutritional quality of this legume (Cabrera and
Martin 1986). Faba bean has been characterized as having a
tough seed coat which causes difficulties in grinding and is
responsible for sceds high in fiber and tannin content (Rowland
and Fowler 1977). Tannin has been shown to reduce dry matter
digestibility by about 5% in vitro (Bond 1976). Also, Marquardt
and Ward (1979) found the same result in vivo when fecding
chicks. The seed coat accounts for 15 to 17% of the seed dry
weight, most of the seed crude fiber (89%), but little of the seed
protein (2—-4%) (Evans ct al. 1972; Cerning ct al. 1975). This
study was, therefore, undertaken to study the inheritance of
protein content, tannin content and sced-coat thickness among
faba bean populations.

Material and Methods

The study was conducted at the experimental farm and
laboratorics of the Agronomy Department, Faculty of
Agriculture, Sucz Canal University and Agricultural Research
Station, Ismailia, Egypt.

Plant material

Five faba bean parents, two local cultivars (Giza 2 and Giza
402), onc imported cultivar (Aquadulce) and two lines (line N2
and line C4), were used to produce the following three crosses:

Giza 2 x Line N2 (G.2xL.N2)

Giza 402 x Line C4  (G.402 x L..C4)

Aquadulce x Line N2 (Aqu. x L..N2)

Field plot procedure

Crosses were made after hand-emasculation during the first
winter. In the second season, crossing was repeated to increase
F, seed. At the same time, F, seeds were grown and selfed by
using cages 10 obtain F, seeds. In the third season, plant material
consisting of F, and F, populations, and the five respective
parents were arranged in a randomized complete block design
with three replications. Single plants were harvested for the
populations and the parents.

Sample preparation

Protein content

Protein was assayed by the Kjeldahl method (AOAC 1980) for
total-N. The factor 6.25 was used to convert N to its crude-
protein equivalent.
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Tannin content

The 1annin content was determined following the procedure
used by Sjodin ct al. (1981). In this procedure, 50 mg of sample
was boiled with 10.0 ml of 0.1Af HCI for 60 minutes and then
cooled. A 1- ml aliquot of the clear supernatant was mixed with
10 ml of water, and 0.5 m] Folin-Denis reagent (Horowitz
1960) was added. After two minutes, 1 ml of saturated sodium
carbonate solution was added and the absorbance was measured
at 732 nm after three hours. The content of total phenolics was
calculated against a calibration curve. The remaining
supernatant was continuously mixed with 200 mg
polyvinylpolpyrrolidone  (PVP) for 10 minutes. After
centrifugation, I ml of the supernatant was treated in a sirnilar
manner as above. The content of residual phenolics was
calculated against a calibration curve. The condensed tannins
were calculated as the difference between total and residual
phenolics. The calibration curve was prepared from tannic acid
(C;eH,,0, MW = 1701.25, BDH chemicals Ltd, Poole,
England) dissolved in 0.1Af HCI, making standards containing
2~ 10 mg tannic acid/100 ml.

Seed coat thickness

The seed-coat thickness was determined using the method of
Rowland and Fowler (1977) as follows: the sceds were dried at
80°C for 14 hours after which the seed coat was removed.
Seed-coat thickness was then measured with a micrometer. Ten
measurements were made on cach seed coat and recorded to the
nearest 0.001 mm. Care was taken not to make these
measurements near the hilum or lens area of the seed where the
seed coat has additional layers of cells.

Genetic analysis

Data from the three replicates were pooled to calculate means
and variances for each population. The theoretical means
corresponding to additive and non-additive gene action were
calculated from the following formulae used by Burton (1951).

Additive genc actions:

o (B r P
Theoretical arithmetic (AF)) = —
_ P, + 2F + P,
Theoretical arithmetic (AF;) = E-‘—-“‘—’)

Non-additive gene actions:
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Theoretical geometric (GF,) = antilogarithm of

(Log P, + 2 Log F, + Log P,)
4

Degrees of dominance, h, and h, for the studiced characters in the
F, and F, populations, respectively, were calculated using the
potence ratio method of Romero and Fred (1973) as follows:

_ F - Mp)
' (HP - MP)

_ 2, - MP)
* (HP - MP)

Where: MP = mid-parent
HP = high parent.

To determine whether h; and h, valucs were significantly
different from zero, the F, and F, means were compared with the
corresponding mid-parent value by "t" test.

Heritability in the broad sense (H%) was estimated
according to the method of variance components. For accuracy
estimates of heritability three formulae were used as follows:

o, - o°F,
() H%=—2—— 100 (Buron 1951)
g F2
o’F, - o’E
(2) H% = 22—F » 100 (Allard 1960)
o',

Environmental Variance (0°E) was estimated from the
formula:

_ (&°P, + 0°P, + OF))
) 3

o’E

3
o’F, - ‘/ozP *g*P,*0’F
(3) H% - 2 L2 ! .100

o’F,

(Weber 1950, Fuizat and Alkins 1953)
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Genotypic coefficient of variation (GCV) was estimated using
the method of Burton (1952):

Gey - (Genotypic _variame)"" « 100
X

Where:

. N . 2 _ a2
Genotypic variance = 6°F, - o°E

X = Phenotypic mean of F,

Phenotypic coefficient of variation (PCV) was cstimated
using the method of Johnson et al. (1955):

(0’F)"?

PCV = * 100

Heterosis over mid-parent (MP) and high parent (HP) were
calculated (Bhatt 1971) as follows:

F1 - MP

Mid-parent heterosis = = 100

High-parent heterosis (heterobeltiosis) =

ug*mo
HP

Significance of heterosis was determined by "t" test according
to Wynne et al. (1970)

Results and Discussion

Protein content

There were highly significant differences among the
investigated genotypes, F, F, and their respective parents, for
each of the three crosses (Table 1). Introduced genotype L.C4
had the highest protein content among parents (24.97%), and
introduced L.N2 had the lowest (16.53%). The most popular
variety, Giza 402, yiclded 22.47% protein in this study. The
same variety gave 23.9% and 23.4% protein content according
to Khalil and Nassib (1986) and Sammour (1987), respectively.
The gene action involved in the expression of the protein
content was determined by computing the theoretical arithmetic
and geometric means corresponding to additive and non-



additive gene actions. Significant differences between the
observed F, mean and the arithmetic one (AF, ) revealed the
presence of non-additive effects in controlling this character in
all faba bean crosses under investigation. The observed F,
means of the crosses G.402 x L.C4 and Aqu. x L.N2 were in
close agreement with both calculated arithmetic and geometric
F, means, which made it difficult to determine the type of gene
action in the F, generation. Therefore, it can be concluded that
both additive and non-additive effects are controlling protein
content in these two crosses. The G.2 x L.N2 cross revealed the
major role of non-additive portion in the inheritance of protein
content, since there was a significant difference between the
observed F, mean and the AF,. Non-additive effects were also
indicated by the non-significant differences between F, and GF,
in F, generation (Table 2).

The h, value for degree of dominance for F, differed
significantly from zero, indicating the presence of dominance
cffects toward the high parent in all three crosses under
investigation. These results were supported by the positive and
significant heterosis among the three crosses (Table 2).
Furthermore, the h, value (degree of dominance for F,) was
non-significant. Wassimi ct al. (1988) report that genes for
protein content of raw and cooked beans showed partial
dominance in some cases and complete dominance in others,
and added that the genes controlling loss of protein were
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completely dominant. Moderate to high heritability estimates for
protein content were detected among the populations studied
(Table 2). High heritability accompanied with great genetic
variation make it possible to select for high protein content in
early generations. High heritability estimates were also made by
Nanda et al. (1988) and Khare and Singh (1991).

Tannin content

Tannin content differed significantly among P,, P,, F, and F, for
both crosses Giza 2 x L.N2 and Aqu. x L.N2, while non-
significant differences in tannin content were observed among
populations (F,, F, and respective parents) of Giza 402 x 1..C4
(Table 1).

Among the introduced genotypes, Line N2 had the highest
tannin content (3.40%) and was characterized by diffused
colored flowers (from violet standard to brown wings) and dark
brown seed coat. Line C4 had 1.90% tannin content and was
characterized by normal flowers (white flowers with violet spots
at the base of petals) and also dark brown seed coat. Thesc
results are in harmony with those of Cabrera and Martin (1986)
who demonstrate that the tannin content of lines was related
more to flower color than to seed color. Also, our values which
ranged from 1.90 to 3.41% were comparable with those of
Cabrera and Martin (1986), who report a range from 0.0 to
3.54% tannin content among their material.

Table 1. Mean performance of three faba bean crosses for protein content, tannin content and sced-coat thickness.

Cross Pt Pt F,t Fyt LSD
5% 1%
Protein content (%)
G2 xLN2 20.27 16.53 2143 19.57 1.37 2.08
G.402 x L.C4 2247 24.97 28.40 2530 0.63 0.96
Aqu. x LN2 2043 16.57 21.23 19.40 1.25 1.89
Tannin content (%)
G.2 xLN2 2.36 341 257 244 0.39 0.60
G402 x L.C4 1.92 1.90 1.99 1.93 NS NS
Aqu. x LN2 1.91 3.40 237 233 038 0.58
Seced-coat thickness (mm)
G.2 x LN2 0.158 0.124 0.154 0.147 0.011 0.017
G.402 x L.C4 0.183 0.125 0.161 0.160 0.019 0.030
Aqu. x LN2 0.300 0.126 0.155 0.177 0.019 0.030

NS= Non-significant.

1 17,, l—’;, F—,, ?; denote observed mean values for Py, Py, F, and F,, respectively.
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Table 2. Genetical analysis of three faba bean crosses for protein content (PC), tannin content (TC) and seed-coat thickness (SCT).

G.2 x L.N2 G.402 x L.C4 Aqu. x LN2
PC (%) TC(%) SCT(mm) PC(%) TC(%) SCT (mm) PC(%) TC(%) SCT(mm)
P P 20.27 2.36 0.158 2247 1.92 0.183 2043 1.91 0.300
P, 16.53 341 0.124 2497 1.90 0.125 16.57 3.40 0.126
F, F, 21.43 2.57 0.154 28.40 1.99 0.161 21.23 2.37 0.155
AF, 18.40* 2.89 0.141 2372** 191 0.154 18.50* 2.66 0.213**
h, 1.62* 0.60 -0.760 3.74** 800 0.240 1.41 0.39 0.670%*
F, F, 19.57 2.44 0.147 25.30 193 0.160 19.40 233 0.177
AF, 19.92* 273 0.148 26.06 1.95 0.158 19.87 2.51 0.184
GF, 19.81 2.70 0.147 25.94 195 0.156 19.76 2.46 0.174
h, 1.25 1.70 -0.710 253 -4.00 0410 0.93 0.88 0.830
H% 1 80.92 76.84 40.00 57.53 80.41 50.00 70.49 82.44 61.54
2 44.26 53.16 60.00 59.65 46.73 50.00 50.82 78.19 38.46
3 54.99 6137 60.00 60.47 61.08 50.00 53.86 78.84 46.15
GCV 9.63 92.10 52.69 8.90 98.99 48.41 10.74 114.92 39.95
PCV 14.47 126.32 68.03 11.52 14480 6847 15.06 129.97 64.42
Mid-parent 16.47% -11.07* 9.22%* 19.73**  4.19 4.55 14.76**  -10.90* -27.23**
hetcrosis
High-parent 5.72%+ 8.90* 24.19** 13.74%* 474 28.80** 3.92¢ 24.08%* 23.02°**

heterosis

* and **: Significant at 0.05 and 0.01 levels of probability.
P,, P,, F, and Fy: Observed mcans.

E, nndA_F.,: Calculated arithmetic means for F, and F, generations.

GF,: Calculated arithmetic means for F, generation.

Tannin content seemed to be controlled by additive gene
actions in the F, generation in all crosses, since non-significant
differences between AF, and the observed mean (F,) were
detected (Table 2). The type of genc action in the F, generation
in all crosses was not clear because observed, arithmetic and
geometric means were non-significantly different. Therefore, it
can be concluded that both additive and non-additive gene
actions are involved in controlling tannin content in the faba
bean material studied.

Dominance cffects, h, and h,, were clear but not significant
towards the unfavorable parent (high tannin content) among the
two crosses which involved the colored flower parent (G.2 x
L.N2 and Aqu. x L.N2). This result was compounded by
negative and significant heterosis towards high tannin content
(Table 2). Also, the three crosses studied showed high
heritability values. Heritability values ranged from 46.75 to
82.44 among the populations using different formulae for the
estimation. Therefore, reduction of tannin content in such plant
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h, and hy: Degrees of dominance for F, and F, generations.

H%: Heritability values estimated by three formulac (see text).
GCV and PCV: Genotypic and phenotypic coefficients of
variation.

material might be possible through direct sclection for low-
tannin genotypes.

Seed coat thickness

There were highly significant differences in secd-coat thickness
among parents, F, and F, generations in the three crosses under
investigation (Table 1).

The introduced cultivar, Aquadulce, had the thickest testa
among the parents (0.300 mm), while the two introduced lines
L.N2 and L.C4 had the thinnest testae among the parents (0.125
mm). Rowland and Fowler (1977) found that the average seed-
coat thickness of seven faba varieties ranged from 0.141 to
0.218 mm.

Additive gene actions controlled seed-coat thickness among
F, populations for G.2 x LN2 and G.402 x L.C4 crosses (Table
2). This result was confirmed by the insignificant differences
betweenF, and AF, among those two crosses.



The AF, was significantly different from the F, in the Aqu.
x L.N2 cross, indicating the presence of non-additive gene
actions in controlling seed-coat thickness (Table 2). Otherwise,
the observed F, means for the three crosses under study did not
differ significantly from the corresponding calculated arithmetic
and geometric F, means (AF, and GF,), indicating the prescnce
of both additive and non-additive gene actions.

Dominance effect h, was clear but non-significant towards
the thick unfavorable parent among G.2 x 1..N2 and G.402 x
L.C4 crosses. The same result was also obtained for h,.
Therefore, care should be taken when planning a breeding
program for selection of thin seed coat, since the genetic
behavior of this trait is related to the specific genetic matcrial
under study.

Reasonable estimates for heritability of seed-coat thickness
were found whatever formula was used. The heritability
accompanied with large generic variation makes it possible to
select for thin seed coat in ecarly generations. Positive and
significant high-parcnt heterosis towards the thin favorable
parents were found among all crosses studied.
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Abstract

A field trial was conducted to evaluate the effect of different
applications of sulfur (0, 30 and 60 kg/ha) and phosphorus
(0, 40 and 80 kg P,0//ha) on nutrient removal and yield
potential in faba bean (Vicia faba 1.) grown on a S- and P-
deficient vertisol. The beneficial influence of S and P
fertilizers was observed up to 30 kg S/ha and 40 kg P,O/ha
with a significant increase in the uptake pattern of
nutrients as well as yield potential. The highest yield (2.32
t/ha) was recorded with a combination of 30 kg S and 40 kg
P,0/ha.

Key words: Vicia faba, faba beans; sulphur fertilizers;
phosphate fertilizers; nutrient uptake; yields; India.

Introduction

Faba bean is primarily grown for its protein content as a grain
legume as well as a green vegetable crop, without application
of nitrogenous fertilizers. Under intensive cropping systems,
proper supply of all essential nutrients to the crop assumes
greater importance as the native soil nutrients are depleted
much more quickly. The nutrient status of a plant is the result of
several interactions occurting in absorption, translocation and
plant metabolism. These interactions are not only evident
among ions of similar charge, but also among ions of dissimilar
charges (cations and anions). Hence, ion balance is of
considerable importance for independent ion absorption.

Sulfur and phosphorus are absorbed in anionic form, Their
proper balance in the soil is necessary for ion interaction and
translocation for growth, yield and quality aspects of
leguminous crops.

In view of the above, a study was undertaken to investigate
the proper level of sulfur and phosphorus in faba bean nutrition.
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Material and Methods

The study was conducted on a black soil (typic chromustert) at
the experimental field of J.N. Krishi Vishwa Vidyalaya,
Jabalpur, India during rabi (winter) 1988/89. The soil had a pH
of 7.6 (1:2 soil:water), organic carbon 0.41%, with nutrient
status of 260, 12.5, 296 and 14.4 kg/ha as available nitrogen,
phosphorus, potassium and sulfur, respectively. The fertilizer
treatments were tested in factorial randomized block design
(Panse and Sukhatome 1961) consisting of three levels of sulfur
(0, 30 and 60 kg/ha) as gypsum, and three levels of phosphorus
(0, 40 and 80 kg P,0,/ha) as calcium phosphate. Nitrogen (20
kg/ha as urca) and 40 kg potash (40 kg K,0/ha as muriate of
potash) were applied to all plots. The faba bean var. JV-2 was
grown in 5 x 3 m plots which were replicated thrice.

At harvest, the grain and straw samples were processed
separately. The plant samples were analyzed for total uptake of
nitrogen (Piper 1967), phosphorus (Koenig and Johnson 1942),
potassium (Chapman and Pratt 1961), calcium and magnesium
(Piper 1967), and sulfur (Bardsley and Lancaster 1960).

Results and Discussion

Nitrogen uptake

Application of P and S significantly increased N uptake by faba
bean (as measured in the grain) up to 40 kg P,0,/ha and 30 kg
S/ha, with a non-significant incrcase thereafter (Table 1). A



non-significant effect of the same treatments was noted in the
straw. This increase in grain N may be related to improved
nodulation with fertilizer application (Dwivedi et al. 1986). The
interaction of S x P was significant in grain and maximum
uptake of N (94.07 kg/ha) was obtained with the S, Py, dose.
The N content of grain was higher than that of straw, invariably
due to the translocation of nitrogenous compounds from shoots
to the grain for the formation of protein reserves (Dwivedi et al.
1986;, Nayak and Dwivedi 1990).
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Phosphorus uptake

A significant increase in grain P-uptake was observed with S
and P fertilizer application (Table 1). The application of 30 kg
S/a increased uptake of P, because of a synergistic effect in
releasing soil phosphorus (Morok and Dev 1980). The
significant effect of phosphorus fertilizer on its relative uptake
is self explanatory (Dwivedi ct al. 1983, 1986; Nayak and
Dwivedi 1990). The interaction of S x P was significant and
highest uptake (7.88 kg/ha) was obtained with the S,,P,, dose.

Table 1. Effect of sulfur and phosphorus fertilizer application on nutrient uptake and yield of faba bean.

S-level (kg/ha) Grain Straw
P;0; level (kg/ha) P,0; level (kg/ha)
0 40 80 Mecan  CD at 5% 0 40 80 Mean CD at5%
Nitrogen (kg/ha)
0 54.8) 70.16 82.54 69.17 S,P=846 2441 18.33 2076 21.16 S,P=NS
30 65.40 79.15 94.07 79.54 S xP=14.66 11.34 18.74 1882 1630 SxP=NS
60 77.50 89.26 86.08 84.27 18.82 16.70 1729  17.60
Mean 65.90 79.52 87.56 18.19 17.92 18.96
Phosphorus (kg/ha)
0 348 5.37 7.21 535 S,P=0.52 0.99 0.95 0.96 097 S,P=NS
30 4.56 6.71 7.88 638 SxP=105 0.60 0.82 1.04 082 SxP=NS
60 5.65 7.53 7.21 6.79 1.00 0.69 095 0.88
Mean 4.56 6.54 743 0.87 0.82 0.98
Potassium (kg/ha)
0 15.66 20.04 23.76 1982 S,P=1.53 18.83 14.62 1644 1663 S,P=NS
30 18.93 2822 34.35 2730 SxP=307 9.66 16.74 1732 1457 SxP=NS
60 21.80 32.78 34.38 29.30 17.20 14.68 1501  15.63
Mean 18.79 27.01 30.96 15.23 15.35 16.26
Calcium (kg/ha)
0 8.55 11.63 14.42 1153 §,P=1.02 3532 24.61 2520 2837 S,P=NS
30 11.32 12.64 14.59 1285 SxP=NS 16.72 25.76 2390 2313 SxP=NS
60 13.04 14.84 13.78 13.88 2761 20.83 19.57  22.67
Mean 10.97 13.03 14.26 26.55 23.73 23.89
Magnesium (kg/ha)
0 1.16 2.33 3.60 236 S,P=NS 8.37 5.23 5.76 645 S,P=NS
30 321 3.16 3.79 339 SxP=NS 3.65 5.32 6.35 544 SxP=NS§
60 2.53 2.54 4.18 3.42 6.02 4.76 541 5.39
Mean 230 3.01 3.85 6.02 544 5.84
Sulfur (kg/ha)
0 217 3.06 4.87 336 S,P=039 0.62 0.83 0.84 076 S,P=008
30 2.89 5.13 6.48 483 SxP=0.80 0.53 094 0.92 079 SxP=NS
60 3.31 598 6.36 5.21 0.75 0.79 0.85 0.80
Mean 279 472 591 0.63 0.85 0.37
Yield (tha)
0 1.45 1.79 212 178 S,P=0.19 1.74 1.18 1.20 121 S,P=NS
30 1.69 1.97 232 199 SxP=0.38 0.76 1.17 1.15 1.03 SxP=NS
60 1.95 222 212 2.09 125 0.99 0.95 1.06
Mean 1.69 1.99 2.18 1.08 1.11 1.10
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Potassium uptake

A proportionate increase in K uptake was associated with both
S and P fertilizer application (Table 1). This may be because the
level of available potassium in the experimental soil was
sufficiently high so that K was absorbed luxuriously just to
maintain electro-neutrality (cation:anion) in the plants. Similar
findings are reported by Nayak and Dwivedi (1990).

Calcium uptake

The uptake of calcium increased significantly with successive
application of S and P up to their highest dose (Table 1). The
priming effect of applied fertilizer nutrient might be responsible
for release of soil-Ca and its subsequent removal by plants
(Dwivedi et al. 1983). The interaction of S x P was not
significant.

Magnesium uptake

A statistically non-significant Mg-uptake increasc by both grain
and straw was obtained when fertilizer S and P were applied
(Table 1). A similar finding is reported by Dwivedi et al.
(1983).

Sulfur uptake

The uptake of S increased significantly with successive
application of fertilizer S and P (Table 1). This could be due to
the direct increase in available sulfur (Morok and Dev 1980;
Nayak and Dwivedi 1990), as well as by the synergistic and
priming cffects of the phosphate ion for releasing inherent soil-S
(Morok and Dev 1980). The interaction of S x P was significant
in grain and highest uptake (6.48 kg/ha) was recorded with

SsoPs0-

Yield

The successive application of fertilizer S and P alone as well as
in combination, significantly incrcased grain yicld of faba bean
(Table 1). The experimental soil was low in available S and P,
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and the deficiency was removed by the successive application
of fertilizer; hence, higher yields were obtained (Morok and Dev
1980; Dwivedi et al. 1983; Nayak and Dwivedi 1990). The
interaction of S x P was significant in grain and the highest
grain yicld (2.32 t/ha) was produced with 30 kg S/ha and 80 kg
P,Oyha. Thus, we conclude that there is a synergistic
relationship between S and P fertilizer in combination.
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Pattern of Protein Synthesis in Faba
Bean as Influenced by Sulfur and
Phosphorus Nutrition
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Abstract

Faba bean (Vicia faba L.) is a protein-rich grain and a
vegetable crop. A field experiment was conducted to
evaluate the effect of sulfur and phosphorus fertilizer
nutrition on protein content of faba bean grown on black
soil. Increasing application of fertilizer had a significant
synergistic influence on protein content. The highest seed
protein content (25.59%) was obtained with a combination
of 30 kg S/ha and 40 kg P,0O/ha. The seed had a higher
protein content than the straw.

Key words: Vicia faba, faba beans; sulphur fertilizers;
phosphate fertilizers; protein synthesis; protein content; seed.

Introduction

Protein is one of the important constituents contributing to the
quality of a legume crop — within limits, the higher the protein
content, the better the crop quality. Although the metabolic
pathways are genetically controlled, the rate, kind and amount
of photosynthate assimilates are influenced by nutritional
balance (Salem and El Massri 1988). The supply of sulfur and
phosphorus is important because it affects the rhizobial fixation
of nitrogen as well as subsequent synthesis of protein. In
contrast, lack of sulfur retards the incorporation of ammonia
into amino acids and thereby suppresses its metabolism at the
amide stage only (Tisdale 1977). Hence, the present study was
conducted to evaluate the effect of sulfur and phosphorus
nutrition on protein content of faba bean.

Material and Methods

The study was carried out on a black soil (Vertisol) at the
research station at J.N. Krishi Vishwa Vidyalaya, Jabalpur,
India. The soil had pH 7.6 (1:2.5 soil water ratio), organic
carbon 0.4%, and a nutrient status of 260, 12.5, 296 and 14.4
kg/a as available N, P,O,, K and S, respectively. The fertilizer
treatments were arranged in a 3x3 factorial with three levels of
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sulfur (0, 30 and 60 kg S/ha as gypsum) and three levels of
phosphorus (0, 40 and 80 kg P,O/ha as calcium phosphate).
Nitrogen (20 kg N/ha as urca) and potassium (40 kg K,O/ha as
muriate of potash) were applied to all plots. A randomized
complete block design with three replications was used. The
faba bean (variety JV-2) was grown in |5 m? plots.

The faba bean was grown up to maturity and, at harvest, the
grain and straw samples were analyzed for protein content
(AOAC 1965).

Results and Discussion

Sulfur and phosphorus application had a pronounced influence
on quality (protein content) of faba bean (Table 1) as a direct
result of increased symbiotically-fixed nitrogen supply and
consequent protein synthesis (Morok and Dev 1980). The
relative protein content was higher in grain than in straw. This
might be a result of transformation of nitrogenous compounds
from the shoot leading to the formaticn of seed protein (Dwivedi
et al. 1986). Hence it naturally leads to the depletion of protein
in straw. Secondly, a lower protein content in straw could be the
result of the reduced synthetic capacity as well as increased
protein degradation (Dwivedi et al. 1987).

The interaction of S x P was significant and highest protein
content (26.97%) in grain was deposited at the 60 kg S, 80 kg
P,Oyha dose, while the highest straw protein content was
obtained at 30 kg S, 40 kg P,O,/ha. This implies a synergistic
relationship of sulfur and phosphorus fertilizer for faba bean
grown on a black soil.
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Table 1. Effect of fertilizer sulfur and phosphorus levels
on protein content (%) in faba bean.

Sulfur Phosphorus level CD at5%
level (kg P,O/ha)
(kg S/ha)
40 80 Mean

Grain
0 2063 2221 2280 21.88 Slevel=093
30 2250 2569 2639 2483 Plcvel =093
60 2261 2539 2697 2500 SxP=1.61
Mecan 2191 2439 25.38

Straw
0 875 935 935 9.15 Slevel =0.57
30 9.63 1192 10.50 10.68 Plevel = 0.57
60 9.25 1030 1038 1011 S XP =098
Mecan 7.17 10.69 10.08
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Pests and Diseases

Optimizing Sowing Date of Faba Bean
for Grain Yield and to Counter Leaf
Miner Liriomyza trifolii (Burg) in New
Halfa, Sudan

Tag Elsir Elamin Abdalla
Agricultural Research Corporation (ARC)
New Halfa Research Station

SUDAN

Abstract

Planting faba bean (Vicia faba L.) at New Halfa between 25
October and 30 November had no significant effect on leaf
miner (Liriomyza trifolii (Burg)) infestation. Sowing faba
bean from the last week of October to 10 November
resulted in significantly higher yield compared with
sowning from 20 November onwards.

Key words: Vicia faba; faba beans; sowing date; grain; yields;
pest control; Liriomyza trifolii; Sudan.

Introduction

Faba bean (Vicia faba L.) is the most popular food legume in
Sudan. The production in the traditional arcas (Northern region)
is not sufficient to satisfy the increasing demand for this
commodity. Hence, widening the sphere of faba bean
production in new arcas seems to be logical. Therefore, studies
are underway 1o investigate the factors which will faciliate
profitable cultivation of the crop in these areas.

The objective of this experiment was to investigate the
possibility of monitoring sowing date to produce economic
grain yield without the use of insecticides for the control of leaf
miner Liriomyza trifolii (Burg) in the New Halfa agricultural
scheme.

Material and Methods

The experiment was conducted at New Halfa Research Station
Farm. A complete randomized block design for five sowing
dates with four replications was adopted. Sowing dates were 1,
10, 20 and 30 November 1993, plus the normal date of 25
October. Plot size was 6 x 8.5 m of which 4.8 x 7.5 m was
harvested for yicld. Seeds of faba bean cv Selaim were sown in
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holes (3 seeds/hole) at an intra-row spacing of 20 ¢cm on ridges
60 cm wide; sowing was on both sides of the ridge. Urea at
about 86 kg N/ha was applied. Irrigation was at seven-day
intervals. Eight counts were taken throughout the season to
determine the percentage of infested leaflets by counting all
leaflets on 10 plants randomly selected per plot. All other
cultural operations were standard practice.

Results and Discussion

The growing season was characterized by relatively long warm
periods, during a short mild winter. The maximum temperature
for the coolest month ranged from 33 to 37°C and the minimum
from 14 to 18°C.

Incidence of Leaf Miner

There were no significant differences among sowing dates for
infestation in cach of the cight counts taken (e.g. range =
24.1-30.8% on | February 1994; P>0.05). This may be due to
the relatively high and stable temperatures occurring during the
winter which favored pest attack soon after sowing; the inset
populations then developed throughout the season.

Grain yicld

There was a variation in number of pods per plant, but these
variations failed to attain statistical significance (Table 1).
Thousand-grain weight was significantly higher in the first date
compared with all other treatments, followed by the second date.
Other treatments recorded significantly less 1000-grain weight.
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The highest yield was obtained from plants sown on 10
November (Table 1), which exceeded that of the standard by
8.25% (non-significant difference). Yicld from 10 Nov sowing
was 18.2% and 75.4% more than that from sowing on 20 and
30 Nov, respectively (P<0.05).

Plants sown on 1 November produced yield statistically
cqual to the standard, but significantly higher than those sown

on 30 Nov by 63.76%. Plants sown 30 November produced
significantly lower yields compared with all other treatments.
Acknowledgement

This work was financed by the ICARDA/Nile Valley Project on
faba bean.

Table 1. Yields and components of faba bean as affected by sowing date, New Halfa, Sudan, 1993,

Sowing date No. pods/plant 1000-grain wt (g) Yield (kg)
per plot (36 m*) per Feddan
25 Oct (Standard) 232a 331 ab 6.10 ab 712
1 Nov 233a 347 a 6.16 ab 719
10 Nov 244 a 330 ab 6.60 a 770
20 Nov 198 a 310 be 559b 652
30 Nov 193 a 289 ¢ 3.76 ¢ 439
Effect NS Sig. Sig.
SE + 1.00 3.5 0.12
CV(%) 20 4.9 9.5

Means followed by the same letter are not significantly different at P = 0.05.

Vicia faba Seed Infestation and Losses
Due to Bruchus rufimanus Boh.
(Coleoptera: Bruchidae) in Morocco

A Boughdad'® and Ginette Laugé?

Département de Zoologie Agricole, ENA, B.P. S/40,
Meknés, MOROCCO

Laboratoire de Reproduction-Dévelopement de I'Insecte,
Bat. 445, Université de Paris-Sud, 91405 Orsay Cedex,
FRANCE

Abstract

Vicia faba L. seeds, sampled from 29 areas of Morocco,
were used to assess the pest status of Bruchus rufimanus
Boh. The apparent infestation rate varied from 4 to 62%
according to the area and the ficld studied. Across the
country, the average infestation rate of faba bean seeds by
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the bruchid was close to 33%. The infestation intensity was
3 adults per seed in 49% of the 152 fields studied, and
reached 5 adults per seed in a few cases. However, in 60%
of the seeds examined, only one adult developed per seed.

The real average losses were close to 5% of the seed dry
weight. These losses were correlated with the infestation
severities. The average weight loss due to one larva was
46.91 (+8.15) mg; frass produced was 31.17 (£5.50) mg.

Infestation severity reduced seed germination: with one
adult bruchid per seed, the germination rate was 90.5%;
with 5 adults per seed, only 55% of the seed germinated.

Key words: Vicia faba;, faba beans; seed, Bruchus rufimanus,
infestation; crop losses; germination; Morocco.

Introduction

Loss assessment studies in pulses have been focused mainly on
multivoltine bruchid species (e.g. Caswell 1961, 1981; Booker
1967; Salkini ct al. 1982; Singh and Ntare 1985; Dias and
Yadav 1988; Nakhla 1988; Shazali 1990). However, extact
estimations of losses caused by univoltine bruchid species are
rare (Boughdad and Gillon 1989), although some sporadic
indications on univoltine bruchid damage arc reported by Kamel
(1967), Bishara ct al. (1967), Sadej and Zuranska (1986), and
Ozar and Gen (1987). In Morocco, no study has been
undertaken on the subject (Boughdad 1994).

To manage a monovoltine bruchid pest, it is necessary to
estimate the economic impact of the pest in the farmer’s context.
This work aimed to determine the pest status of B. rufimanus
in Morocco. We focused on assessing the rate of infestation, the
real weight losses per Adams (1976, 1977), and the effect of
bruchid infestation on seed germination.

Material and Methods

Survey

A survey was undertaken in 29 areas representative of 152
fields of faba bean in Morocco. From each field, about 3 kg of
ripe, dry seed was collected. Information on factors affecting
infestation rates were obtained from the farmers.

Observations

In the laboratory, each seed sample was placed in an aerated jar
until the bruchids emerged. The emerged bruchids were counted
and scxed daily. When all the bruchids had left the sceds, each
sample was mixed; then 100 seeds were randomly collected and
divided into infested and uninfested groups. The rate of apparent
infestation corresponds to the proportion of infested seeds in all
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those examined. For each infested seed, the number of bruchid
cmergence-holes was noted (i.e. severity = intensity). Next, the
infested sceds were grouped into five categories according to
the number of bruchid emergence-holes. The frequency of seed
per severity was calculated.

For cach sample, the 100 collected seeds were weighed
individually with 0.01 g accuracy and placed into a drying oven
at 110°C, until constant weight was obtained. Their dry weight
was recorded. The mean dry weight was calculated per
undamaged seed and for each severity class.

At the same time, the frass (=cocoon + exuvia + fractions
not ingested but which fell into the larval gallery) was extracted
from 100 seeds per severity category. The frass was dried and
the dry weight was determined.

The real weight losses per severity group were evaluated for
each sample according to the method B of Adams and Schulten
(1978), but by adding the frass quantity corresponding to each
sced.

The effect of bruchid infestation on seed germination was
evaluated for each severity class in comparison with controls
(uninfested seeds). For each category of severity or control, 100
seeds (with four replications) were sown in the field. The
germinated sceds were counted daily. Twenty days after the
sowing date, the ungerminated seeds were uncarthed and their
health condition noted.

Results

Rate of infestation

Bruchus rufimanus was found in all prospected areas. The
infestation rates of V. faba seeds varied according to the areas
and the ficlds sampled. The highest average rates varied from
38 to 51% (39 of 152 fields visited), the lowest rates varied
from 17 to 30% (62 fields). The remaining fields (51), had
infestation rates between 31 and 37%. The factors which could
influence infestation rate, i.e. seed health and distance between
ficlds and seed stores, were comparable in all the areas studied.
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There was a positive correlation between the infestation rates
and severity noted in each field (r= 0.69; P<0.05; n= 152): the

highest infestation rates and severitics were recorded in small
fields.

The distribution of field severity frequencies, i.c. the actual
population density of bruchids in the field, showed that in about
49% of the studied fields, 3 larvae developed per seed. In
1.32% of the pospected ficlds, one larva was found per seed. In
the remaining fields, 2, 4 or 5 larvae per seed concluded their
development (Fig. 1). Conversely, in about 60% of the seeds,
only one adult emerged from each seed (Fig. 2). The proportion
of seeds in which 4 or 5 bruchids developed was less than 2%.
From the remaining seeds, 2 or 3 adults emerged.
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Fig. 1. Distribution of crop fields of Vicia faba in terms of
maximum emergence hole numbers of Bruchus rufimanus
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Fig. 2. Distribution of infested seeds of Vicia faba in terms of
maximum emergence hole numbers of Bruchus
rufimanus.
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Weight losses

Regional losses

Weight loss on a regional basis varied from 2.8 to 6%. The
highest losses, close to 5—6%, were noted in 7 of the 29 arcas
prospected, and concemed 28 of 152 fields; the lowest
(2.8-3.8%) were found in 8 areas (31 ficlds). In the remaining
arcas (14, representative of 93 fields), the mean real weight
losses were about 4% of the seed dry weight. No relationship
was found between either the average wcight losses and
infestation rates (r= -0.023; P>0.05; n= 152), or between
infestation rates and regional production (r= -0.09; P>0.05; n=
29). However, mean weight losses were ncgatively correlated
with seed dry weights (= -0.89; P<0.05); the highest losses
were obtained with the lightest weight sceds.

Losses according to severity

The mean of weight losses of seeds in which one or scveral
bruchids concluded their development are presented in Table 1.
There was great variation in the dry weight losses according to
severity, from 1.46 to 21.83%. The variation was due mainly to
differences in the seed weights: these were between 0.7 t0 3.3
g per seed, according to their origin.

Table 1. Vicia faba sced dry weight losses (%) due to
Bruchus rufimanus.

No. emergence holes
1 2 3 4 5

No. seeds 2926 977 817 72 62
Losses (%)

Average * 2.84 587 827 1104 14.15
SD(zx) 0.94 2.00 2.56 3.33 442
Min 1.46 291 5.54 7.39 935
Max 514 1067 1541 1746 2183

*  All averages are significantly different (ANOVA followed by Sheffé
test at 5% leve), after data transformation into Arcsin v (56)).

The mean amount lost for one larva was close to 46.91
(£8.15) mg; this value was calculated by subtracting the dry
weight of infested seeds from that of undamaged ones. It was
approximately constant, even if the number of brunchids
developed per seed was different. This quantity can also be
estimated by the slope of the line giving the relationship
between dry weight losses and number of emergence holes (Fig.
3), the correlation was positive. Then, knowing the number of
brunchid emergence-holes in a seed sample, it is possible to
calculate the real weight losses of V. faba sceds according to the
severity by the following equation:

Real average weight losses (%) = 2.88% x number of
bruchid emergence holes +0.32
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Fig. 3. Relationship between dry weight losses of Vicia faba seeds
and emergence hole numbers of Bruchus rufimanus.

So, cach larva developed in a seed causcd a loss close to
2.88% of the seed dry weight. The average quantity of frass
produced per larva was 31.7 (£5.5) mg (n= 500).

Germination

The influence of bruchid infestation on faba bean seced
germination became significant once two larvac developed in
the seed (Fig. 4). The mean percentage of germination
decreased from 90.5% (when one larva developed per seed) 1o
80.5% (when 2 larvac developed per seed). This percentage
then decreased progressively as the number of larvac in a single
seed increased. For 5 larvae per seed, the proportion of
germinated sceds was only about 55% (Fig. 4). Therefore, each
larva of B. rufimanus which accomplished its development in
a V. faba sced reduced the germination by about 8% in
comparison with the undamaged sceds. In addition, for those
infested seeds which did germinate, germination took place 2
days later than that of uninjured sceds. Ungerminated seeds
developed mycelium and fructification of fungi of the genera
Penicillium and Aspergitlus.
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Fig. 4. Influence of Bruchus rufimanus on the germination of
Vicia faba seeds.
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Discussion

In this study, B. rufimanus was found in all areas prospected.
The large dissemination of the bruchid seems to be facilitated by
trade of infested sceds of V. faba, as has been shown by Hodges
(1986} with other insccts which develop in the seed. In fact,
among the 152 farmers intervicwed, only one disinfected his
seeds before sowing. This observation is in agreement with that
made by Bouhatous (1987), who noted that the majority of the
farmers visited did not disinfect V. faba sceds against seed-
borne injurious organisms.

In Morocco, the rates of apparent infestation of V. faba
seeds by B. rufimanus varicd from 4 to 62% depending on the
area and ficlds prospected. As observed for the same bruchid in
France on tick bean (Dupont and Huignard 1990), the
differences in the infestation rates between areas and fields
seemned to be determined by the importance of faba bean crops.
The variation in infestation rates could also be due to the
abundance of bruchid natural encmies, different in each area, as
has been noted for other bruchid species (Alzouma 1987,
Lammers and Van Huis 1989).

The infestation rates of V. faba by B. rufimanus in Morocco
largely exceed the level tolerated for export trade and agro-
industrial transformation, which is 2-3% of the seeds (Berne
and Dardy 1987). Moreover, these infestation rates do not
reflect the actual severities, since about 40% of V. faba sceds
examined harbored 2-5 bruchids each.

On the national scale, the rcal average weight losses were
closc 10 5% of sced dry weight with large differences between
ficlds and seeds. In contrast to the findings of Shazali (1990),
who did not find a rclationship between weight losses of V. faba
sceds due to Bruchudius incarnatus (Boh.) and seed weight, in
our study the losscs were correlated with seed weight. Like us,
Sadej and Zuranska (1986) also observed that the weight losses
of faba bean seeds due to B. rufimanus were more important in
small seeds than in large ones. For seeds having similar dry
weight, the differences between observed losses could be due to
the larva's sex: the male (dry weight=13.2 (£2) mg; n= 100) is
lighter than the female (dry weight= 15.2 (£2.5) mg; n= 100)
{Boughadad, unpubl.).

The real weight losses increased with the number of larvae
devcloped within a single seed. The correlation was positive.
Therefore, knowing the severity of infestation of V. faba sceds
caused by B. rufimanus, itis possible to calculate the real losses
according to the equation expressing the losses as a function of
bruchid infestation severity. This result allows one to make a
decision in the cases of litigious trades, by fixing the price of
commodity in consideration of rcbate. Adams and Schulten
(1978), and Shazali (1990) give conversion coefficients of grain
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losses expressed in percentage for scverity of more than 3
larvae per seed. In actual conditions, 7 larvae can develop in a
single seed (Boughdad, unpubl.) or even 9 (Middlekauff 1951).
In our study, and in agreement with Geier ct al. (1983), the
losses increased progressively with pest abundance.

The scverity of infestation gives a good picture of the
bruchid population density actually realized in a secd bulk; this
helps farmers decide about bruchid control and correct the
sowing rates according to the severity of infestation. In fact, our
work shows also the impact of bruchids on seed germination.
The negative cffect seems to be due to micro-organism
contamination of infested seeds, as has been observed on wheat
grain infested by other beetles (Sinha 1983).

In conclusion, the mean infestation rate of V. faba seeds
caused by B. rufimanus in Morocco was close to 33% of the
seeds examined. The bruchid infestation effected weight loss
and germination reduction of V. faba seeds. The pest status of
B. rufimanus justifies control measures. Bruchid management
methods require integration of biological and ecological
knowledge of the pest, obtained under farmers’ conditions
(Boughdad 1994).
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Effect of Maleic Hydrazide (MH) as a
Growth Inhibitor for Controlling
Orobanche crenata on Faba Bean
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Cairo, EGYPT

Abstract

In greenhouse trials, maleic hydrazide (MH) was examined
as a growth inhibitor for controlling Orobanche crenata
Forsk. parasitism on faba bean (Vicia faba L.) at different
rates and dates of application. Foliar application of MH at
low concentrations (5—50 ppm) 60 days after sowing
(flowering stage) failed to eliminate O. crenata infestation
on faba bean. However, spraying MH at higher
concentrations (100-500 ppm) 60 and 90 days after sowing,
ie. during the flowering and initial pod stages, respectively, | .,
reduced O. crenata parasitism, mainly by reducing the
number and length of Orobanche emerging spikes, which
largely prevented them from producing seed capsules.
Spraying MH at an carlier stage (60 days after sowing) was
much more effective for controlling O. crenata than later
spaying (90 days from sowing).

Biological studies revealed that MH concentrations of 1
to 500 ppm failed to induce the germination of O. crenata
in vitro. Also, MH showed an inhibitory effect on the
viability of Orobanche seeds in vitro, particularly at high
concentrations.

It is evident that inhibiting the viability of Orobanche
seeds already produced and/or depressing Orobanche shoot
development must be considered as control strategies,
cither by using growth inhibitors or other substances,
which might play a part in long-term integrated control of
Orobanche species.
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Key words: Vicia faba; faba beans; MH; growth inhibitors;
Orobanche; foliar application; spraying;, weed control.
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Introduction

Over decades, the traditional, biological and chemical measures
for controlling Orobanche spp. parasitism have failed.
However, in recent years, a new approach has been considered,
namely studying the efficiency of growth inhibitors for
controlling O. crenata parasitism in Vicia faba, since most of
the growth-promoter hormones, amino acids, vitamins, as well
as strigol and its analogues, have shown some efficiency as
germination factors for eliminating Orobanche spp. infestations
(Chabrolin 1938; Kasasian 1973; Garas et al. 1974; Johnson et
al. 1976; Zwanenburg et al. 1986).

This approach might allow new control measures. Such
substances might modify either the anatomical or physiological
features of the host and/or parasite (I{assan et al. 1989). Only a
few studies have been conducted on the effect of growth
inhibitors against Orobanche spp. parasitism. Edwards et al.
(1973) report that ethylenc had no stimulatory effect on the
germination of O. crenata.

El-Masry et al. (1993) indicate that using Morphactin as a
growth regulator at 50 and 100 ppm for controlling O. crenata
on V. faba reduced the height, number of flowers and dry-matter
accumulation in Orobanche shoots. However, Belyaeva et al.
(1978) indicatc that spraying the growth inhibitor maleic
hydrazide (MH) at 7 kg/ha on wecll-established Cuscuia
campestris Yuncker on sugar beet killed the veins and reduced
the viability of any dodder seeds already produced. Mattson et
al. (1947) suggest that MH inhibits plant growth by blocking
dehydrogenase cnzyme activity. Such enzymes exist in viable
Orobanche seeds and are capable of reducing the tetrazolium
chloride (TTC) compound to a red formazan compound
(Aalders and Pieters 1985; Khalaf 1989).

Special attention has been given in this work on MH as a
growth inhibitor on O. crenata infestations, rather than using it
as a herbicide for controlling Orobanche spp. (Perez 1956,
Evtushenko and Eletskii 1973), by studying the effect of MH on
O. creneta development and the viability of its seeds in relation
to faba bean.

Material and Methods

Greenhouse Trials

Foliar application of maleic hydrazide at low
concentrations on the course of Orobanche crenata
development 60 days after sowing

This cxperiment was carried out at the National Research

Center, Egypt; it was sown on 10 November 1991. Eightcen
pots (20 x 20 cm), were filled with clay soil and infected with
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O. crenata seeds (0.1 g/pot) 5 cm below the soil surface. Faba
bean seeds (cv. Giza 2) were sown (6 seeds/pot) 3 cm below the
soil surface, and maintained under greenhouse conditions.
Maleic hydrazide (MH, 1-2-dihydro-3,6-pyridazinedione, 30%
a.i, BASF) was applied as foliar application at the
concentrations of 0, 5, 10, 50 and 100 ppm 60 days after sowing
(flowering stage). Threce pots were used for cach concentration,
and the pots were watered as required. Three extra pots, free of
Orobanche seeds, were used as the control. Faba bean roots for
cach treatment werc cxamined for Orobanche infection 160
days after sowing (harvest stage). The number and fresh and dry
weight (dried at 150°C for 24 h) of Orobanche tubercles
attached to the faba bean were determined for each treatment.
The number and mean length of Orobanche shoots were also
recorded. The time taken for Orobanche shoots to emerge from
the soil was observed. MH phytotoxicity at different
concentrations was noted during host and parasite development.

Foliar application of maleic hydrazide at high
concentrations on the course of Orobanche crenata
development 60 and 90 days after sowing

This experiment was also conducted at the National Research
Center, Egypt; it was sown on 15 November 1992. In this trial,
MH was applied at different stages of growth, to verify whether
O. crenata development was depressed and whether viability of
O. crenata seeds already produced was effected, corresponding
to the present biological results which indicated that MH is
capable of inhibiting the viability of O. crenata seeds in vitro
only at high concentrations (100 to 500 ppm, Fig. 1).
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Fig. 1. Effect of maleic hydrazide at high concentrations on the
number and length of O. crenata shoots at different dates

of spraying.

Thirty-six pots were infected with O. crenata (0.1 g/pot) and
sown with faba bean cv. Giza 2 as in the previous experiment.
The pots were divided into two sets (I8 pots/set) and



maintained under greenhouse conditions. Maleic hydrazide was
applied at the concentrations 0, 100, 200, 300, 400 and 500
ppm. The two sets were sprayed with MH concentrations 60
and 90 days after sowing, i.c. at flowering and initial pod stages.
Three pots were used for each concentration and 3 extra pots
uninfected with Orobanche were used as controls. The data on
O. crenata and host plant were collected as in the previous
experiment. The effect of MH on the morphology of faba bean
and Orobanche were observed.

All data obtained in both seasons were subjected to
statistical analysis of variance for both seasons.

Biological Studies
Effect of maleic hydrazide on the viability and germination
activity of Orobanche crenata in vitro

Orobanche crenata sceds were treated with sodium
hypochloride (5%) for 5 minutes to remove the light and dark
brown color of the seed coats, then the seeds were soaked in
distilled water for 10 days at 17°C. Malcic hydrazide was tested
at a wide range of concentrations (1 to 500 ppm, Fig. 1).
Aliquat MH solutions (1 ml) were placed in petri dishes (6 cm
diameter, Whatman No. 1), and three replicates were used for
each treatment. The Orobanche seeds were then transferred to
the petn dishes using a tip brush. The treatments were
incubated at room temperature (20£2°C) for 10 days, and the
stimulatory effect of MH on the germination activity (%) was
obtained by determining the total number of seeds and number
of those that had germinated, then the mean germination (%)
was calculated,

Determination of the viability of O. crenata seeds (%) was
carried out by removing the MH solutions from the petri dishes,
using a dropper, followed by adding tetrazolium chloride
solution (TTC, 1%) to each trecatment (1 ml/petri dish). The
treatments were incubated in the dark over night (14 h) at room
temperature. The viability (%) of Orobanche sceds was
assessed according to the formula of Khalaf (1989), using the
red-stained seeds (formazan formed), discolored seeds, and the
metabolic activity was calculated in relation to the total number
of seeds. The activity of viability inhibition (-%) of MH on
Orobanche seeds is expressed according to Itokawa et al.
(1982) as follows:

Activity of viabijlity inhibition =

106 - Viability after treatment of thc sample « 100
Viability after treatment of the control

FABIS Newsletter 36/37, 1995

Results and Discussion

Maleic hydrazide has been applied as a herbicide for controlling
Orobanche spp. in various crops (Perez 1956; Kasasian 1973).
However, in the present study we examined MH as a growth
inhibitor during the course of O. crenata development on faba
bean and studied the effect of MH on the viability of Orobanche
sceds.

The influence of spraying MH at low concentrations (5 to
100 ppm) during the course of O. crenata development on faba
bean 60 days after sowing (flowering stage) is shown in Table
1. Foliar application of MH as a growth inhibitor at all the
tested concentrations on faba bean 60 days after sowing gave
fair control of Orobanche development, particularly at 100
ppm. Applying MH at 100 ppm was much more effective in
reducing O. crenata growth, compared with lower
concentrations (5 to 50 ppm) and with the infected control.
Maleic hydrazide at 100 ppm had a pronounced effect on the
number and length of O. crenata spikes afier their emergence
from the soil (1.7 Orobanche spikes, mean 2.3 cm Orobanche
shoots length/V. faba plant) compared with the infected control
(10 Orobanche spikes, 13.4 cm Orobanche shoot length/V.
faba plant). Moreover, MH at 100 ppm also significantly
reduced the number of Orobanche tubercles compared with
lower concentrations and the infected control (Table 1).
Spraying MH at 50 ppm inhibited Orobanche shoot length to
some extent, whereas the lower concentrations (5-25 ppm)
failed to reduce Orobanche development (Table 1). Malcic
hydrazide did not show any phytotoxicity on host plant growth,
with the exception of 100 ppm, which gave some host plant
phytotoxicity.

Response of spraying MH at high concentrations (100 to
500 ppm) on faba bean 60 and 90 days after sowing is
presented in Table 2 and Figure 2. Applying MH at high
concentrations (100 to 500 ppm) 60 days after sowing
(flowering stage), i.e. during production of Orobanche
tubercles on the host roots, significantly reduced Orobanche
parasitism. Maleic hydrazide also significantly reduced the
number and length of emerged Orobanche spikes. Applying
MH at 400 and 500 ppm completely prcvented development of
Orobanche spikes, while spraying MH at lower concentrations
(100 to 300 ppm) reduced the number and length of Orobanche
spikes to some extent, compared with the infected control
(Table 2). However, MH showed a significant phytotoxicity on
the host plant, irrespective of rate of application, within two
wecks after spraying. The phytotoxicity was characterized by
"burning" and bending of the leaf edges and a reduction in the
number of flowers of the host plant compared with healthy
controls (Table 2).

27



FABIS Newsletter 36/37, 1995

Table 1.  Effect of foliar application of maleic hydrazide at low concentrations on the growth and development of Orobanche crenata on
faba bean 60 days after sowing,

MH (ppm) No. Orobanche Fresh wt Dry wt No. Length Phytotoxicity of

tubercles Orobanche Orobanche Orobanche  Orobanche shoots MH on faba bean
(g (I shoots {cm)

Infected control 24,7 134.4 24.0 10.0 13.4 -

5 19.3 165.4 364 9.0 13.2 No cffect

10 15.3 121.7 217 11.7 24.7 No cffect

25 4.7 58.8 11.9 8.7 3.4 No cffect

50 5.7 118.4 16.5 5.3 6.1 No effect

100 3.7 32.0 5.6 1.7 2.3 Slightly toxic

LSDyq, 7.9 NS 10.6 NS -

Table 2. Effect of foliar application of maleic hydrazide at high concentrations on the growth and development of Orobanche
crenata on faba bean 60 and 90 days after sowing.

MH (ppm) No. Orobanche  Fresh wt Drywt  No. Orobanche Length Pytotoxity of
tubercles Orobanche (g) Orobanche shoots Orobanche shoots MH on faba bean
@® (cm)

Sprayed 60 days after sowing

Infected control 53 23.2 5.3 2.0 9.5

100 6.3 10.7 0.9 1.0 51 Slightly toxic
200 10.0 12.1 0.9 1.0 4.3 Toxic to some extent
300 4.7 8.1 0.9 1.3 3.8 Severely toxic
400 0.7 2.2 0.1 0 Nil Severcly toxic
500 33 7.2 0.6 0 Nil Severely toxic
LSD, o 43 6.2 1.9 1.1 -

Sprayed 90 days after sowing

Infected control 9.3 36.8 6.5 5.0 18.4

100 9.0 57.2 7.5 6.3 2.8 Slightly toxic
200 9.7 65.5 84 4.0 2.6 Slightly toxic
300 4.3 6.6 1.5 53 4.4 Severcly toxic
400 6.0 12.5 4.9 6.5 2.0 Severely toxic
500 7.7 29.6 7.4 5.0 3.9 Severely toxic
LSDg s NS 20.5 NS NS -
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Fig. 2. Effect of maleic hydrazide at different concentrations on
the viability of Orobanche crenata seed in vitro.

Maleic hydrazide was also tested at the same concentrations
(100 to 500 ppm) on the development of an O. crenata
infestation 90 days after sowing (initial ped stage), i.e. during
emergence of Orobanche spikes from the soil surface. Maleic
hydrazide controlled Orobariche by reducing the length of the
spikes, rather than by reducing the number of emerged spikes
or by reducing the number of tubercles (Table 2; Fig. 2). There
were significant differences in the effect between applying MH
60 and 90 days after sowing at high concentrations on the
number of Orobanche tubercles (Table 2). Spraying MH 90
days after sowing showed limited phytotoxity on the host plant
at 100 and 200 ppm, while higher concentrations (300 to 500
ppm) were extremely toxic to the host plants - similar to those
plants sprayed with the same concentrations 60 days after
sowing (flowering stage).

The present results indicate that foliar application of MH as
a growth inhibitor at low concentrations (5 to 50 ppm) failed to
control Orobanche parasitism on faba bean. However, spraying
MH at high concentrations (100-500 ppm) 60 days after
sowing was more effective in controlling O. creneta parasitism
than later spraying (90 days). Control was characterized by
reduced emergence of Orobanche spikes and prevention of
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seed-capsule formation. The reduction in the number and length
of Orobanche spikes may be explained by MH interference
with the physiological processes of the parasite and/or host
plant (Hassan et al. 1989). These results agree with those
obtained by Prokundina (1972), who reports that spraying water
melon with MH when O. aegyptiaca haustoria had formed and
again 20 to 30 days later prevented the emergence of the
parasite. El-Masty et al. (1993) found that spraying V. faba with
Morphactin as a growth regulator at 50 and 100 ppm for
controlling O. crenata, reduced the height, number of flowers
and dry-matter accumulation in Orobanche shoots. Maleic
hydrazide had no influence on the time taken for Orobanche
spikes to emerge from the soil surface. However, it would be
difficult to use MH for controlling an O. crenata infestation in
faba bean, since most MH concentrations show significant
phytoxicity on the host plant.

This evidence might be supported by the fact that it is
doubtful that MH can be used as a herbicide for controlling O.
crenata in faba bean, although Kasasian (1973) claims that
applying MH at 0.33-3 kg/ha gave fair control of O. crenata in
faba bean, but the host-plant vigor was impaired. Mazaheri et
al. (1991) found that a single post-emergence application of
MH at low rate (0.7 kg a.i/ha) 40 days after tobacco
transplanting controlled O. aegyptiaca by 63.8-85.9%;
however, higher rate of MH application caused apical leaves to
be narrow with pale green-yellowish color.

In-vitro biological studies revealed that MH entirely failed
to trigger the germination of O. crenata secds irrespective of
rate of application (1 to 500 ppm). However, MH inhibited the
viability of Orobanche seeds in vitro, but only at high
concentrations.

The viability of O. crenata seeds pre-treated in vitro with
MH for several days, followed by incubation with tetrazolium
chloride (TTC) for 14 h, was remarkably reduced, particularly
at higher concentrations (100 to 500 ppm), rather than at lower
concentrations (1-25 ppm) (Table 2). Maleic hydrazide
inhibited the viability of O. crenata seeds by 65.6-76.1% at
high concentrations (100-500 ppm), whereas the moderate
concentrations of MH at 50 ppm inhibited the viability of O.
crenata by 51.9% (Fig. 1). The lower concentrations (1-25
ppm) of MH did not show any inhibitory effect on the viability
of O. crenata seeds compared with the control (Fig. 2). In vitro,
the viable Orobanche seeds pre-ireated with MH at low
concentrations, and incubated with TTC, gave a red stain,
corresponding to the formation of red-formazan substance.
However, the viable Orobanche seeds largely failed to form
red-formazan substance at high MH concentrations (100-500
ppm). Formazan substance was located mostly in the viable
Orobanche seeds and varied at different levels of
concentrations.
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This suggests that MH could be used as an inhibitor of O.
crenata sced germination rather than being used as a
stimulatory factor for germination of O. crenata seeds in vitro.
Disappearance of the formazan substance in viable Orobanche
sceds treated with MH seems to indicate that MH is capable of
inhibiting the viability of O. crenata seeds in vitro by inhibiting
the activity of dehydrogenase enzymes, which exist in viable
Orobanche seeds and are responsible for forming red-formazan
substance on reduction of tetrazolium chloride (Aalders and
Pieters 1985; Khalaf 1989). These results arc in agreement with
those of Mattson et al. (1947) who report that MH inhibits the
growth tissues by blocking the dehydrogenase enzyme activity,
and such enzymes may be important in TTC reduction.

Perhaps this explains the results obtained by Belyaeva ct al.
(1978) who found that MH (7 kg/ha), when sprayed onto well-
established Cuscuta campestris on sugar beet, reduced the
viability of any dodder seeds alrcady produced.

In the present investigation, the performance of MH on the
viability of Orobanche seeds proved to be unsuccessful,
corresponding to the fact that MH mostly prevented Orobanche
shoots from emerging from the soil and/or forming spike
capsules. On the other hand, it was not worth determining the
viability of Orobanche seeds already produced, since the
effective MH concentrations were phytotoxic to the host plant,
although such concentrations inhibited the viability of
Orobanche seeds in vitro.

Two conclusions may be reached from examining the
response of MH as a growth inhibitor for controlling O. crenata
parasitism on faba bean: first, MH is capable of preventing
emergence of Orobanche spikes and the production of sced
capsules to a large extent, and second, MH inhibited the
viability of O. cremata seeds in vitro. However, the
phytotoxicity of MH on the host plant must be taken into
consideration. Thus, further investigations are necessary for
studying the response of growth inhibitors, particularly in
inhibiting the viability of Orobanche seeds and depressing
Orobanche development without causing any host-plant
phytotoxicity.
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News

Editors’ notes
Publication delays

This double-issue of FABIS Newsletter (cover date 1995) is
going to press in late 1996. We apologize for the delays in

Forthcoming Events

1997

2nd International Conference on Soil Solarization and
Integrated Management of Soilborne Diseases, Aleppo,
Syria, 16—21 March 1997. Contact: Dr K. Makkouk, GP,
ICARDA [E-mail k.makkouk@cgnet.com].

Workshop on the Origins of Agriculture and the
Domestication of Crop Plants in the Near East, Aleppo,
Syria, 10—-14 May 1997. Contact: Dr J. Valkoun, GRU,
ICARDA [E-mail j.valkoun@cgnet.com].

Recent faba bean publication

Handbook of tropical legume cultivation, by Kazumi
Maeda. Association for International Cooperation of
Agriculture & Forestry, 19, Ichibancho, Chiyoda-ku, Tokyo,
Japan. March 1995, 109 pp.

This book provides an introduction to tropical grain legumes.
The first part covers generalities, from taxonomy, distribution
and ecology, through farming systems, nitrogen fixation, pests
and diseases, to problems of food use of certain legumes (e.g.
lathyrism and favism), and seed procurement. The main part
of the book, however, is devoted to individual crops, which
each receive 2—16 pages of text and tables — soybean (Glycine

production, which are partly due to lack of material. Please
note that it will also be necessary for us to produce a double-
issue for 1996 in order to bring the sequence back on schedule
in 1997,

International Food Legume Research Conference I,
Adeclaide, Australia, 22-26 September 1997, Contact: Dr
F.J. Muehlbauer, Chair: IFLRC-IIf, 303W Johnson Hall,
Washington State University, Pulman, WA 99164-6434, USA
[Tel. +1-509-335-9521; Fax +1-509-335-8674]; or, Prof. R.J.
Summerfield, Program Chairman IFLRC-11, Department of
Agriculture, University of Reading, Early Gate, Reading,
Berkshire RG6 2AT, UK [Tel. +44-734-318482; Fax +44-
734-352421; Telex 847813].

max (L.) Mermill.), groundnut (Arachis hypogaea L.),
chickpea (Cicer arietinum L.), pigeonpea (Cajanus cajan (L.)
Millsp.), lentil (Lens culinaris L. [sic]), black gram (Vigna
mungo (L.) Hepper) and green gram (V. radiata (L.)
Wilczek), cowpea (V. unguiculata (L.) Walp. var.
unguiculata), grass pea (Lathvrus sativus L.), sword bean
(Canavalia gladiata (Jacq.) DC.) and jack bean (Can.
ensiformis (L.) DC.), and velvet bean (Mucuna pruriens (L.)
DC. var. wilis (Wall. ex Wight) Baker ex Burck, M.
deeringiana (Bort) Merrill, and M. aterrima (Piper & Tracy)
Merrill).
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Agricultural Libraries Receiving ICARDA 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 are 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.
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Algeria Ghana Philippines
Bahamas Guatemala Saint Lucia
Bahrain Guyana Saudi Arabia
Bangladesh India Senegal

Benin Iran Somalia
Belgium 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 USA

Fiji Nigeria Yemen

Finland Norway Zambia

France Papua New Guinea Zimbabwe



Contributors’ Style Guide

FABIS Newsletter publishes the results of recent research on faba bean and other Vicia and Lathyrus legumes, 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. Articles submitted to FABIS should not be published or submitted to other journals
or newsletters.

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

Manuscript

Contributions should be sent to FABIS/CODIS, ICARDA, P.O. Box 5466, Aleppo, Syria. The name, address, e-mail address (if
available), 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. Alternatively, word-processed files
in WordPerfect 5 or 6 or Microsoft Word 6.0 may be sent as e-mail attachment to: G.Manners@cgnet.com or
ICARDA@cgnet.com. However, there is a size restriction of 128 kb on incoming e-mail to ICARDA —please discuss in advance
if you have any doubts. Figures should be original drawings, good-quality laser 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 cm wide. Photocopies arc not
acceptable for publication in FABIS Newsletter.

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

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

Present measurements in metric units, e.g. t/ha, kg, g, m, km, ml. Where other units are 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. Use the following formats for references.

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

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

Article in proceedings: Montoya, J.L. 1988. The production of seed of leguminous crops in Spain. Pages 136-142 in
Seed Production in and for Mediterranean Countries. Procecdings of the ICARDA/EC Workshop, 16-18 December
1988, Cairo, Egypt (A.J.G. van Gastel and J.D. Hopkins, ed.). ICARDA, Aleppo, Syria.

Book: 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 (Vicia faba L.). PhD Thesis. Menoufia
University, Egypt.



ICARDA Publications and Services

ICARDA Publications

Request a list of all currently available publications
from the Communication, Documentation and
Information Services (CODIS).

LENS Newsletter

The newsletter of the Lentil Experimental News
Service, is produced twice a year at ICARDA in
cooperation with the University of Saskatchewan,
Canada. Short research articles provide rapid
information exchange, and comprehensive reviews are
invited regularly on specific areas of lentil research. The
newsletter is available free to lentil researchers. An
annual supplement to the newsletter contains lentil
references, previously issued in Lentil in AGRIS. For
further information or to subscribe, write to:
LENS/CODIS.

Rachis (Barley and Wheat Newsletter)

This publication is aimed at cereal researchers in the
Near East and North Africa region and other
Mediterranean-type environments. It publishes short
scientific papers on the latest research results and news
items. Rachis seeks to contribute to improved barley
and wheat 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/CODIS.

Graduate Research Training Awards, Opportunities
for Field Research at ICARDA

The Graduate Research Training Program (GRTP) is
intended primarily to assist Master of Science

candidates who are enrolled at national universities
within the ICARDA region. Men and women who are
selected for the program will have an opportunity to
conduct their thesis research work at ICARDA research
sites under the co-supervision 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.

Opportunities for Training and Post-Graduate
Research at ICARDA

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

Library Services

The ICARDA library maintains bibliographic databases
for the use of researchers at the center and elsewhere.
FABIS and LENS databases contain 6500 and 2800
references, respectively, extracted from AGRIS since
1975 and AGRICOLA since 1970. Literature searches
can be conducted by the library staff and results
downloaded to diskette or hard copy. Photocopies of up
to 5 articles per search can be provided to users, if
available. Researchers can request a literature search by
letter or telex to: The Manager, LIS.

To obtain further information on these services, please write to the program indicated
and state that you saw the advertisement in FABIS Newsletter:

International Center for Agricultural Research in the Dry Areas
P.O. Box 5466, Aleppo, Syria

Tel. +963-21-213477, 225112, 235221
Fax +963-21-213490, 225105, 551860
Telex (492) 331208, 331263, 331206 ICARDA SY
E-mail ICARDA@cgnet.com
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