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Breeding and Genetics

Introduction of a New Faba Bean
Recommended for the Caspian Regions
(Gorgan and Mazandaran)

B. Sadri

Food Legume Research Department,

Seed and Plant Improvement Instinue,

Ministry of Agriculture and Rural Development,
Karadj.

IRAN

Abstract

In Iran, the line ILB 1269 (New Mammoth) was identi-
fied for release, from an international trial provided
by the International Center for Agricultural Research
in the Dry Areas (ICARDA). The new line, which was
named Barkat, is recommended for the Caspian region,
In three years of testing Barkat outyielded the local
check by an average of 128% and in one year by 230% in
dry seed and green pod, respectively. This line also
proved to be moderately resistant to foliar diseases,
i.e. chocolate spot, rust, and alternaria leaf spot.

Introduction

In Iran, faba bean (Vicia faba L.) is one of the
important pulses. The crop is usually grown in the
Caspian region, where it is mainly consumed as green
pods and to a lesser extent as dry seeds. Hence farmers
tend to pay more attention to green pod vyield as
dictated by consumer preferences.

As little improvement was done in the past. the
production per unit area was still low. Therefore.
research was directed towards the identification of new
high yielding cultivars adapted to the region. The
present work was undertaken to study the performance of
some of the faba bean advanced lines received from
ICARDA during 1982. The aim was to identify and select

Bh gy d

lines which yield higher than the local cultivars. The
work lasted for four years and data were collected on
yields of dry seeds (three years of testing) and green
pods (one year of testing).

Materials and Methods

In the 1982/83 growing season one of ICARDA's Faba
Bean International Yield Trials was planted at
Gorgan Research Station. The trial consisted of 12
entries replicated four times in a randomized complete
block design. Dry seed yield was evaluated. During
data pathering the line ILB 1269 (New Mammoth) was
noted to have very long pods.

During 1983/84, 1984/85 and
seasons, ILB 1269 was tested against five local
varieties. Each season the six test entries were
replicated four times in a randomized complete block
design. In the first three growing seasons (1983-85)
the test entries were evaluated for their yields of dry
seed. In the 1985/86 scason only the yields of green
pods were recorded.

1985/86 growing

In all experiments selection was made under
isolated conditions, and was based on the adapiation to
environmental conditions, which results in varieties
with high yiclds of dry seeds and green pods.

Results and Discussion

Theline ILB 1269 (New Mammoth), which yielded 5.9 t/ha
of dry seeds in the 1982/83 season. had the highest
yield among all entries in the ICARDA international
trial and it also significantly outyielded the local
check (Table 1).

In the 1983/84 and 1984/85 seasons the new line,
yielded 6.1 t/ha of dry seeds, which was higher than
all the other entries, and significantly outyiclded the
check. Also. in the 1985/86 season the new variety had
the highest yield of green pods (16.2 t/ha). The check
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green pod yield was 7.0 t/ha, thus the new variety was
230% higher than the check. The length of green pods.
the number of seeds per pod, and the green yield were
twice that of the local check (Table 2).

Table 1. Summary of results: yield trial experiments on
the faba bean variety (ILB 1269) Barkat in Gorgan from
1982/83 to 1985/86.%

1982/83 1983/84 1984/85 1985/86

Yield (t/ha)

Barkat 5.91 6.12 6.10 16.98
Local check 4.1 5.15 5.02 7.03
Yield increase

over check (%) 44 19 22 142

8 Al results are sigoificantly different at the 1% level of probability.

8 yalne g
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The new variety, which proved to be moderately
resistant to chocolate spot. rust. and alternaria leaf
spot, was less affected by the diseases as infection
occurred late in the season. In contrast. the local
check was infected by the diseases early in the season
(at the podding stage) thus resulting in decreased
yields and poor marketing value of green pods.

Conclusions -

In comparison with the local check, the variety ILB
1269 (New Mammoth) had significantly higher yields of
dry seeds and green pods, better marketing value. and
an acceptable level of disease resistance. Therefore.
it was released and named Barkat.

We recommended this variety for Gorgan and
Mazandaran, which have similar climatological condi-
tions.

Table 2. Important agronomic characters and disease reaction of the new variety Barkat as compared with

the local check.

Agronomic character

Disease reaction?

Green pod Number of Number of Pod Rust  Alternaria Chocolate
yieldlmz pods/m’ seeds/pod length leaf spot spot
(® (cm)
Barkat 1600 445 20-25 MR MR MR
Local check 700 390 8-10 HS S HS

2 MR = moderately resistant; S = susceptible; HS = highly susceptible.

Bl Ll bagandl NI aelyy g + (19,1 )
iy SW JVSg ¢ omgyd ki = DBy pul lgnds
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ey Bladl gl als 5 % 128 098 o gias
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The Emergence of Faba Bean as Related
to Soil Temperature in the Field

Helena Labuda

Institute of Horticulural Production,
Agricultural University in Lublin,
Leszczynskiego 58, 20-069 Lublin.
POLAND.

Abstract

Soil temperatures at which seven cultivars of faba bean
(Vicia fabaL. var major) emerge were studied. The sum
of temperatures at 5§ cm deep from sowing till emergence
was 222°C on average. The time from sowing till
emergence, in days, depended on the mean tempera-
ture of soil (x), according to the equation Y = a/x.
The value of “a” was determined to be 229.4. The
time from germination till emergence varied from 8
to 3 days at 9°C and 22°C, respectively.

Introduction

Soil moisture and temperature determine the time it
takes plants to emerge (Labuda 1978; Glinski and Labuda
1979).

The effect of temperature on the germination of
vegetable seeds was studied more than 50 years ago by
Kotowski (1926, 1927) who hypothesized that differences
in the rates of germination are related to biochemical
processes and therefore also depend on the chemical
composition of seeds.

Bierhuizen and Wagenvoort (1974) determined the
sums of the temperatures needed for germination of a
number of vegetables as well as the minimum
temperatures at which the species could germinate, and
indicated practical applications of the parameters.

In 1981, Labuda found systematic differences in
emergence of faba bean related to the time of sowing
and showed that temperature of the soil was the major
determinant because soil moisture was not a limiting

factor in the studies. As a follow-up to the previous
work. this study was undertaken to determine the sum of
temperatures necessary for the emergence of faba bean
and to establish the relation between emergence and the
mean temperature of soil in the field.

Materials and Methods

The experiment was carried out at Lublin. Poland,
519°14° N. 22° 38° E, at an altitude of 215 m, on a
brown soil developed from loess. It included seven
cultivars of faba bean (Vicia faba L. var major Harz.).
Five cultivars were introduced every year from the UK
-- Aquadulce Claudia, Bunyard's Early Exhibition, Giant
Four Seeded Green Windsor, Giant Four Seeded White
Windsor, and Masterpiece Green Longpod -- and the other
two were cultivars grown in Poland: Windsor Bialy and
Hangdown Bialy.

Seeds were sown by hand, 5 cm deep. on three dates:
the first, early sowing., on 27 April, the second,
middle early sowing, on 10 May, and the third, late
sowing, on 24 May. All the cultivars were sown on plots
5 m long and 1.2 m wide. Rows were 40 cm apart. and
spacing within rows was 20 cm: 75 seeds (3 rows of 25
seeds) were sown in each plot of 6 m? surface area. The
experiment lasted 4 years (from 1977 to 1980) and
included threc dates of sowing, seven cultivars, and
four replications.

Soil temperature at a depth of 5 cm. was measured
three times daily at 0700, 1300, and 1900 h, and was
averaged. This value was regarded as the mean diurnal
temperature and was used for the calculation of sums of
temperatures from sowing till emergence. Emergence was
assessed every morning, and it was recorded full
emergence when 70 plants in a plot were observed. Daily
observations included also the moisture of soil, whose
suction force varied from 10 to 40 kPa.

Results and Discussion
The mean sums of temperatures and the mean time from

sowing till emergence of faba bean varied significantly
among years (Table 1) and dates of sowing (Table 2).
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Table 1. Average of the sum of temperatures and

mean lime to emergence from sowing of faba bean.

1977-80.%

Year Sum of temperatures Mean time to

(°C) emergence

(days)

1977 196.4a 14.8a

1978 224.8b 17.8b

1979 253.6¢ 14.9a

1980 213.9ab 17.7b

% Meuns foltowed by different letter(s) are significantly diflerem at
P < 0.05.

Table 2. Average of sum of temperatures and mean
time to emergence from sowing of faba bean in rela-
tion to sowing time."

Sowing Sum of temperatures Mean time to
time (°C) emergence

(days)
Early 225.5ac 20.2c
Middle early 237.9bc 16.4b
Late 203.1a 12.2a

' Numbers lollowed by different letter(s) are significantly different
al P < 0.05.

The cultivars under study had similar temperature
requirements for emergence (range of 211.3 to0 232.5C),
but the cv Bunyard's Early Exhibition required the
highest sum of temperatures. Hangdown Bialy and Windsor
Bialy the lowest (Table 3).

The sum of temperatures from sowing till emergence
was, on average. 222°C. Plotting the mean time from
sowing lill emergence against the mean temperature (x)
of the soil (only the means of nonidentical points of
the relationship were included) produced a curve close
to an equiaxial hyperbola (y = a/x). and within the range
of values obtained from the experiment “a” was 229.4.

The data of Bierhuizen and Wagenvoort (1974) were
used as a basis for the plotting of the calculated
relationship between the temperature and the
germination of V. faba to identify the form of the
relationship. For a range of 6 - 22°C, germination
should occur within 6 - 26 days (Fig. 1). I found that
plotting the date of germination against temperature
also produced a hyperbola, where, on average, "a” was
153.0. The equations obtained were used as a basis for
the calculation of the difference between the
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Table 3. Differences in sums of temperatures and mean time to
emergence from sowing for seven cultivars of faba bean.?

Cultivar Sum of temperatures Mean time to
emergence
(days)
Aquadulce Claudia 223.9a 16.5a
Bunyard's Early Exhibition 232.5a 17.1a
Giant Four Seeded Green Windsor  227.4a 16.7a
Giant Four Seeded White Windsor  226.8a 15.6a
Masterpiece Green Longpod 221.5a 16.2a
Windsor Bialy 211.8a 15.3a
Hangdown Bialy 211.3a 15.6a

8 Numbers (ollowed by different letter(s) are significantly differem mt P < 0.05.
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Fig. 1. Time to germination and emergence (from sowing)
of faba bean related to soil temperature in the field. Sum
of temperatures and minimum temperature (T min) to
germination were 148°C and 0.4°C, respectively. Time to
germination (in days) was calculated as t = S/{T—T min).

germination and the emergence of faba bean. In the
experiment carried oul, the difference was "a” = 76.4.
It was possible to determine the difference between
germination and emergence, for a range of mean
temperatures of soil in the field from 9°C to 22°C. The
time from germination to emergence varied from 8 to 3
days. corresponding to the temperature of the soil.
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Study of the Action of Three Rhizobial
Strains and their Combination
on Vicia faba L.

R.S. Shukla, C.B. Singh, D. Khare and G.K. Koutu
Department of Plant Breeding and Genelics,

J.N. Agriculiural University, Jabalpur, M.P.,

INDIA
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Abstract

The rhizobia isolated from faba bean, soybean, and
chickpea were tested, alone and in combination for
their symbiosis with faba bean (host). Measurements of
nodules and yield indicated that rhizobia isolates from
faba bean were most effective in symbiosis with faba
bean. Plants grown in soil inoculated with mixtures
that included rhizobia isolates from faba bean with
those from chickpea or soybean performed better than
other combinations (i.e., faba bean + chickpea +
soybean; and chickpea + soybean).

Introduction

Legumes are important in crop rotation because of their
ability to fix nitrogen. Among legumes faba bean
(Vicia faba L.) has been observed to fix a maximal
amount of nitrogen/ha (Nutman 1976), but this ability
depends on the availability of Rhizobium spp. that can
colonize the legume. Tang ef al. (1982) detected no
symbiotic response when four legume genera were
inoculated with rhizobia isolated from other genera;
seven in this experiment. The objective of our work,
therefore, was to determine the effect on V. faba of
inoculation with rhizobial strains isolated from V.
Jaba L.. Cicer arietinum L., and Glycine max L. Merr..

Malterials and Methods

The experiment was conducted in a greenhouse.
Rhizobial strains were isolated from faba bean (93-23),
soybean (S9) and chickpea (H-45) and were multiplied.
We prepared combinations of the rhizobial strains by
mixing equal numbers of cells from the different
cultures: faba bean + soybean, faba bean + chickpea,
soybean + chickpea, and faba bean + soybean + chickpea.

Leonard jars were filled with sterilized (121°C,5 h)
nilrogen-free sand. Then in each jar four sterilized
(rectified sprit 5 min followed by 5-6 washings with
sterilized water) and presoaked seeds (18 h in
distilled water) of faba bean cultivars JV-24 and JV-67
were planted. After germination of the seeds, the soil
was inoculated with the Rhizobium culture (by injecting
broth into the sand with a syringe). Each treatment was
replicated four times. The plants were watered with
sterilized Jansen’s nutrient solution (Jansen 1942).

After 45 days. observations on the number of
nodules/plant, dry weight of nodules/plant, dry weight
of roots and shoots/plant and total biological vyield
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Table 1. Mean performance of rhizobial strains in combination with variety JV-24 and JV-67 of Vicia faba L.

Faba Number of Dry Wt. Dry Wt. Dry Wt. Biological
Rhizebial bean nodules/ nodules/  of shoot/ of root/ yield/
strain cultivar plant plant ()  plant(g) plant (g) plent (g)
Uninoculated control JV-24 0.27 0.20 0.48
Jv-67 0.24 0.22 0.44
Faba bean Jv-24 110.83 0.04 0.66 0.31 1.02
JV-67 96.50 0.04 0.58 0.26 0.88
Chickpea Jv-24 29.66 0.02 0.32 0.22 0.55
JV-67 34.00 0.03 0.37 0.27 0.67
Soybean JV-24 22.16 0.03 0.30 0.19 0.50
JV-67 22.50 0.03 0.55 0.34 0.64
Faba bean + chickpea Jv-24 78.33 0.04 0.63 0.31 1.00
JV-67 65.83 0.03 0.50 0.28 0.80
Faba bean + soybean JV-24 65.66 0.02 0.45 0.22 0.67
JV-67 53.83 0.03 0.36 0.20 0.58
Chickpea + soybean JV-24 41.33 0.05 0.55 0.28 0.58
JV-67 36.16 0.05 0.32 0.20 0.53
Faba bean + chickpea JV-24 58.33 0.03 0.42 0.20 0.70
+ soybean IV-67 53.00 0.02 0.40 0.26 0.67
SEt Iv-24 0.380 0.010 0.155 0.020 0.008
V-67 0.170 0.005 0.105 0.005 0.003
were recorded. The efficiency of the treatments was ed.). Cambridge University Press, Cambridge,

compared by the mean performance.

Results and Discussion

Both varieties of faba bean performed best when
inoculated with pure faba bean Rhizobium (Table 1).
Although the strains from chickpea and soybean and
their combinations were able to colonize the legume,
the crop growth was poor. The faba bean Rhizobiium when
combined with strains from chickpea or soybean
performed better than other combinations. The mixture
of the three strains of rhizobia performed poorly due
to interaction at the time of nodule initiation.

References

Jansen, H.L. 1942, Nitrogen Fixation in Leguminous
Plants. Proceedings of the Linnean Society of New
South Wales 67: 98-108.

Nutman, P.S. 1976. IBP ficld experiments on nitrogen
fixation by nodulated legumes. Pages 211-237 in
Symbiotic Nitrogen Fixation in Plants (Nutman, P.S.,

En8 FABIS Newsletter 19, Dec 1987

England.

Tang. M., Tamayo, E.V. and Marquez, B. 1982. Study of
the action of seven rhizobium strains on four
leguminous species. From Resumenes Analiticos sobro
Pasto’s Tropicales, 5(3).

( Logiel ) dwaiadl LyusSdl o ¥ s banlys
Vicia faba L. Jssdl e Ledidsy
pinde

IS apaiadl LSl e oYM 2 HLast 6y
B o wdie 33 colf Obls 5 lpan ae sldas e
apasid g peadly o Lgadl Jgiy « Jgidl 2 Juolow
(el il ) gl o BN gty sl 5,05
Ve ol N adidly iy paSall il by p5bis s sy
o Ao b 381 culs Jyil o Bigs Lol aaiall LSl
amile 5 b Agyyedl SBL Gl ¢ Jyill e Giuleall
o o dé,::lo oY o L,Sa Lade L,uS wiblsy
bl 35 Lgadl Jgb 51 pesdl 0 3355 Lo 5551 g0 Jsidl
65V gaie Ui, ol go iegyell Wb o el 3
o ((Lgo Jsb+ pe> 51 ¢ Ligo Job 4 pe> 4+ Jod 1)

1987 Js¥) 056 « 19 imaleiyis o pub  Ar29



(PR VLI

SHORT COMMUNICATIONS
Agronomy and Mechanization

Agronomy and Mechanization

LSy 4y 31 SMalall

Response of Faba Bean to Sowing
Date at New Halfa, Sudan

Ahmed Mohamed Gorashi
New Halfa Research Siation,
P.0. Box 17, New Halfa,
SUDAN

Abstract

Field trials were conducted to find the optimal sowing
date for faba bean at New Halfa, Sudan. Seeds of three
cultivars of faba bean BM9/3, BF2/2, and H72 were sown
at 15-day intervals (from 1 October to 15 November for
two seasons) In a randomized complete block design with
four replications. The crops planted between 15 October
and 1 November performed best, and the cultivars BF2/2
and H72 outyielded BM9/3, and appeared to be better
adapted to conditions at New Halfa. Among the yield
components seed weight/plant was most affected by
sowing date.

Introduction

Faba bean is an important food crop in the Sudan.
Traditionally, it is grown in the Northern region of
Sudan. To reduce imports of faba bean. the government
introduced the crop to new areas such as the
agricultural schemes in the Gezira, Rahad, and New
Halfa,

Faba bean is well suited to the New Halfa Scheme
(fat. 15° 19°'N and long. 38° 41'E), where wheat is
mainly grown as a winter crop. Faba bean can be cropped
with wheat in the same rotation because it has a simi-
lar growth cycle. Also, being a leguminous crop, it
improves soil fertility. However, the varieties
currently being grown in the scheme suffer from heat
stress, and, consequently both area and production of
the crop have declined (Hassan 1984). This study was
undertaken to find the optimum sowing date and the
varieties best adapted at new Halfa.
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Materials and Methods

At New Halfa Research Station during winter seasons
1981/82 and 1982/83. seeds of three faba bean cvs
BM9/3, BF2/2, and H72 were planted at |5 -dav
intervals between | Octand 15 Nov in a randomized
complete block design with four replications.

The plants were spaced 20 cm apart on both sides of
60-cm ridges, the seed rate being about 119 kg/ha (2
seeds/hole). The plot size was 3 m X 6 m, of which
1.8 m X 4 m was harvested for yield. The crop was
irrigated every 10-14 days, sprayed with insecticides,
and kept weed-free.

Seed yield was measured in both years, whereas some
other yield components were studied in 1982/83.

Results

In both seasons, the different sowing dates produced a
highly significant effect (P < 0.01) on seed yield,
with highest yields obtained from crops planted 15 Oct
(Tables | and 2). Sowing of the crop in 1 Oct 1981/82
and 15 Nov 1982/83 resulted in lowest yields.

Table 1. Seed yield of three cultivars of faba bean
sown on four dates at New Halfa, Sudan, during
1981/82 season.

Mean seed yield

(kg/ha)
Sowing date
1 Oct 762
15 Oct 1476
1 Nov 1428
15 Nov 1142
SE + 95
Cultivar
BM9/3 1047
BF2/2 1309
H72 1238
SE + 95
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Table 2. Response of faba bean to sowing date at New Halfa. Sudan. 1982/83.

Seed yield Pods/plant Seed weight/ Branches/ Plant height
(kg/ha) plant (g) plant (cm)

Sowing date

1 Oct 1761 30 24 7 81
15 Oct 1833 31 27 7 87

I Nov 1809 31 25 6 51
15 Nov 1380 25 17 6 86
SE + 100 1.7 1.7 0.4 2.1
Cultivar
BM9/3 1618 - - - 89
BF2/2 1714 - - - 82
H72 1714 - - - 88
SE + 48 - - - 1.8

The effect of sowing date was also significant for  Acknowledgements

all yield components. It was highly significant
(P < 0.01) only for seed weight/plant, and significant
(P < 0.05) for the other components.

In both seasons. the varieties BF2/2 and H72
produced higher seed yields than BM9/3., but the
difference was not significant, In 1982/83 the three
cultivars differed significantly (P < 0.05) in plant
height (Table 2).

Discussion

The sowing dates proved important in determining seed
yields at New Halfa where the winter season is shorter
and warmer than in the area where faba bean has
traditionally been grown. Planting on 15 Oct and on
| Nov allowed flowering to occur during the coolest
month  (January). Earlier and later sowing dates
produced lower yields. These results agree with the
findings by other investigators at Hudeiba (Hiepko and
Kaufmann 1965; Baghdadi and Khalifa 1968; Abu Salih
1979: Ageeb 1981; Hassan 1984), and at Rahad
(Mohamed 1986).

The cultivars BF2/2 and H72 outyielded BM9/3 and
seem to be more adapted to the New Halfa scheme. All
three cultivars produced medium-sized seeds. More work
is needed to further illucidate the effect of sowing
date on yield and yield components.
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Electrophoretic Separation: An Alternative
Simple Procedure for the Purification of
Broad Bean Mottle and Alfalfa
Mosaic Viruses
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1. ICARDA, P.Q. Box 5466, Aleppo, Syria.

2. Lebanese National Council for Scientific Research
and Faculty of Agriculiural and Food Sciences. American
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Abstract

A procedure to purifly broad bean mottle virus (BBMYV)
and alfalfa mosaic virus (AMYV) using agarose-acryla-
mide gel electrophoresis was developed. Infected tissue
was extracted in 0.2 M phosphate buffer, pH 7.2 con-
taining 0.01 M EDTA and 1% sodium sulfite. The
extract was clarified by low speed centrifugation
(10,000 rpm, 20 min) and the virus was then precipi-
tated by 6% polyethylene glycol + 2% sodium chloride
and centrifugation at 12,000 rpm for 20 min. The
partially purified virus preparation was electropho-
resed in 0.5% agarese + 2% acrylamide gel for 4 h at
250 V. BBMYV preparation produced one dense band
and AMYV produced two dense and two faint bands
with no corresponding bands in the healthy extracts.
When rabbits were injected with the gels containing
the virus-specific bands of BBMV and AMYV, the
quality of the antiserum produced was good for the
detection of the two viruses by ELISA.

Introduction

Electrophoresis is a simple technique for the
separation of macromolecules including viruses (Van
Regenmorte! 1964). Bean yellow mosaic virus was
recently purified by this method and a BYMYV antiserum
was produced (Makkouk ¢ al. 1988). Such a procedure
does not require the wuse of an ultracentrifuge. an
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expensive instrument to buy and maintain.  The
availability of an equally efficient procedure other
than ultracentrifugation for the purification of BYMV.
encouraged us to apply it for the purification of two
other viruses of faba bean, broad bean mottle and
alfalfa mosaic viruses.

Materials and Methods
Virus purification

Plants of Vicia faba L. (cv Syrian Local) and Nicotiana
ghainosa were mechanically inoculated with isolates of
BBMYV (from faba bean, SV 48-86) and AMYV (from chick-
pea SC 10-86), respectively. The two virus isolates
were identified earlier in our laboratory from infected
plants in Syria. Both viruses were purified by using
the same procedure: 10 g of infected tissue were
extracted in 30 ml of 0.2 M phosphate buffer, pH 7.2
containing 0.01 M EDTA and 1% sodium sulfite. The
extract was clarified by centrifugation at 10 000 rpm
for 20 min and the virus was precipitated from the
supernatant by the addition of 6% polyethylene glycol +
2% sodium chloride and centrifugation at 12 000 rpm for
20 min. The pellets were suspended in 3 ml of 0.2 M
phosphate buffer, pH 7.2. Healthy tissue of faba bean
and N. glutinosa were processed in parallel.
Electrophoresis of the partially purified BBMV and AMV
was carried out on 0.5% agarose + 2% acrylamide gels
following the procedure reported for BYMV (Makkouk ¢t
al. 1988).

Antiserum production and serology

Areas in the unstained gels which corresponded to the
virus bands in the stained gels were removed,
homogenized and emulsified (1: 1) with Freund’s complete
adjuvant for the first injection and with incomplete
adjuvant for subsequent injections. Four intramuscular
injections were given to each rabbit at weekly
intervals. A booster injection was given to the rabbit
immunized with BBMV three weeks after the fourth
injection.



Immunoglobulins (IgG) were fractionated from the
antisera using the caprylic acid method of Steinbuch
and Audran (1969). The reactivity of the isolated IgG
was evaluated by ELISA (Clark and Adams 1977).

Results and Discussion

The electrophoresis of the partially purified BBMV and
AMY in 2% acrylamide plus 0.5% agarose produced
specific bands in the gel with no corresponding bands
in the healthy samples (Fig.1). BBMV produced one
virus-specific dense band. whereas AMV produced 2 dense
and two faint virus-specific bands. The wide BBMV band
however, seemed to be the result of two bands close to
each other. but whose high concentration in the gel
made it difficult to appear as two separate bands. When
assayed by ELISA, the BBMV and AMV bands gave a
strong reaction with a  BBMV antiserum prepared
earlier in our laboratory, and with an AMYV antiserum
provided by Dr. D.Z. Maat, IPO, Wageningen, The
Netherlands, respectively.  Consequently, the virus-
specific bands for each virus were pooled and used
for antiserum production.

Fig. 1. Electrophoresis of partially purified preparations
from (a) BBMV—infected Vicia fauba,, (b) healthy V. faba,
(c) AMV—infected Nicotiana glutinosa, and (d) healthy
N. glutinosa plants in 2% polyacrylamide + 0.5% agarose
gels wusing a tris—glycine buffer, pH 8.3. Electrophoresis
was carried out at 2560 V and 18 mA/ slab, for 4 h,
Migration was towards the anode,
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Table 1. ELISA values® obtained from testing virus-
infected and healthy tissues using 1gG from the dif-
ferent bleedings of AMYV and BBMV antisera obtained
by injecting rabbits with virus bands from agarose-
acrylamide gels after electrophoretic separation.

BBMV" AMV®

Bleeding Infected Healthy Infected

Healthy

V. faba V. faba N. glutinosa N. glutinosa
I 0.448  0.017 0.341 0.000
2 0.473  0.018 0.309 0.000
3 0.491  0.017 NTY NT
4 0.505  0.000 NT NT
5 0.492  0.013 NT NT

i Enzyme conjugate dilution used was 1:1000, Absorbance was read
at 405 nm.

b Plates were conted with 1 yg/ml 1gG and  substrate incuba-
tion time was 45 min,

¢ Phaes were conted with 104g/ml 1gG oand  substrate incubation
time was 2 h.

o Not wested.,

When the fractionated IgG -from the different
bleedings of the BBMV and AMV antisera were used for
coating the plates and testing BBMV -and AMV-infected
tissue, high ELISA values were obtained with
virus-infected extracts and very low values with
healthy extracts (Table 1).

BBMYV and AMYV are known to reach high concentra-
tions in infected tissue and high virus vields from
purification are reported for both viruses (Jaspars and
Bos 1980: Lane 1979). For this reason it was possible
to obtain from 10 g of infected tissue enough purified
virus of BBMV and AMV to inject the rabbits and produce
antisera of good quality for diagnostic purposes.
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Control of Orobanche spp. with
Scepter Herbicide

J. Sauerborn, M.C. Saxena, H. Masri and K.H. Linke
ICARDA, P.O. Box 5466, Aleppo, SYRIA.

Abstract

Scepter (imazaquin) was tested as a new herbicide for
controlling Orobanche spp. in faba bean crop. Two
applications of Scepter at 10 g a.i./ha each, once at
the tubercle stage and the second time at the bud stage
of the underground development of Orobanche plant,
gave almost complete control of the parasite (mostly
Orobanche crenata). The treatment also resulted in
some increase in the yield of faba bean over untreated
check. Rates higher than 20 g a../ha of Scepter
decreased faba bean yield.

Introduction

Faba bean production in many countries of the West Asia
and North Africa region is hampered seriously by the
parasitic weed broomrape (Orobanche crenata Forsk. and
0. acgyptiaca Pers.). Attempts to control the parasite
by using agronomic methods and herbicides have not been
fully satisfactory (Jacobson 1986; Sauerborn and Saxena
1986). Glyphosate is by far the most commonly tested
herbicide but its effectiveness has been variable
(Jacobson and Levy 1986). Hence there is a need to test
new herbicides. At the International Center for
Agricultural Research in the Dry Areas (ICARDA) such
studies have been underway at its main research
station, Tel Hadya, in northern Syria. In a set of such
studies. Scepter, a herbicide of imidazolinone family
with common name imazaquin, was evaluated. This
herbicide has been recommended for use in soybean and
some other leguminous crops (Anonymous 1986, Sims e/
al. 1987). It proved very effective on tobacco (Hagood
and Komm 1987) but when used at a rate of 100 g a.i./ha
in faba bean it showed crop damage (Roberts and Bond
1984). This herbicide is usually applied either as a
pre- or post- emergence spray at low rates and it
controls mainly broadleaved weeds. It is phloem and
xylem mobile and tends to accumulate in the growing
parts of a plant. Because of this behavior it was
thought worthwhile to test this chemical for
controlling Orobanche in faba bean fields.
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Materials and Methods

Experiments were carried out at the Tel Hadya farm of
ICARDA in northern Syria, during the 1985/86 and
1986/87 seasons, on fields naturally infested with
mainly Orobanche crenaia (ICARDA 1986). Faba bean
cultivar Syrian Local Large was used. The crop was
grown rainfed. The seasonal total precipitation was
316 mm and 340 mm during the 1985/86 and 1986/87
seasons, respectively.
Plot size was 15 m?. Scepter was sprayed as an
aqueous solution with a knapsack sprayer at a volume of
400 1/ha. Different rates and times of application as
given in Tables 1 and 2 were tested. Treatments were
replicated 4 times in a randomized block design and
data on Orobanche infestation and crop yield were
collected and statistically analyzed.

Results and Discussion

In the first evaluation, in the 1985/86 season, 40 and
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80 g a.i. Scepter/ha gave very promising Orobanche
control (Table 1). However, these rates caused crop
stunting and the yield was, therefore, reduced when
compared to the unsprayed check. In this study, the
total amount of herbicide applied ranged from 40 to
160 g a.i. Scepter/ha, but higher rates caused greater
reduction in yield.

In the 1985/86 season, the tested rates of Scepter,
which provided good control of Orobanche, had a high
phytotoxic effect on the crop. Therefore, it was
thought worthwhile to try lower doses of the herbicide
for various postemergence applications in  1986/87. In
addition. a preemergence application of 80 g a.i.
Scepter/ha was included as a new treatment. Table |
shows that the best Orobanche control occurred when
10 g a.i./ha of the herbicide was applied twice--once
at the tubercle stage of the underground development of
Orobanche and the second time when the Orobanche
reached the bud stage (a stage when Orobanche shoot
differentiation can be seen for the first time). The
seed yield of faba bean showed slight improvement over

Table 1. Evaluation of Scepter to control Orobanche spp. in faba bean during the 1985/86 and 1986/87
seasons at Tel Hadya, northern Syria.

Rate and time of Orobanche Crop seed yield Orobanche
herbicide application shoots/m? (t/ha) dry weight as % of
(g a.i./ha) total biomass yield
1985/86

Control (no herbicide) 21 1.08 3.81

40 g at tubercle (T) stage' 0 0.84 0.00

40g at T+40 g at bud (B) stage' 0 0.53 0.00
80gatT 1 0.39 0.45
80gatT+80gatB 0 0.14 0.00

LSD (5%) 3.8 0.32

1986/87

Contro! (no herbicide) 40 2.32 2.20

80 g as preemergence 2 2 1.72 0.20

20 g as postemergence (Pt) 48 1.99 2.40
20gasPt+10gatT 1 2.23 0.02
SgatT 11 2.47 1.05
S5gatT+7.5gatB 4 2.41 0.20
0gatT 3 2.44 0.10
10gatT+10gatB 1 2.50 0.01

LSD (5%) 36.4 0.56

Preemergence = Belore the emergence of faba bean.

(T) = Tubercle siage of underground development of Orobanche; (B) = Bud stage of underground development of Orobanche,

Postemergence (P1) = When faba bean plants were about 10 cm high.
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Table 2. Effect of different rates and time of application of Scepter on the number of Orobanche shoot
per m? and the yield of faba bean at Tel Hadya, 1986/87 season.

Rate of Scepter Time of Scepter application

application

(g a.i./ha) At start of flowering At 100% flowering
Orobanche Seed yield Orobanche Seed yield
shoots/m? (g/plant) shoots/m? (g/plant)

Control (no herbicide) 5.7 26 16.4 22

10 0.0 25 0.0 31

20 0.0 29 0.0 25

40 0.0 18 0.0 24

60 0.0 18 0.0 20

80 0.0 7 0.0 21

LSD (5%) 3.6 8.0 1.9 9.0

the check although this was statistically (P < 0.05)
nonsignificant. Very early applications (preemergence
or early postemergence), as recommended for use of this
herbicide in soybean (Anonymous 1986), failed to be
effective in  increasing  yield.  Postemergence
application of 20 g a.i. Scepter/ha (when faba bean was
10 cm tall) did not control Orobanche. However, when
this application was combined with an additional
application of 10 g a.i./ha of the herbicide at the
tubercle stage of Orobanche development, the control of
Orobanche was  significantly  improved.  Single
application of 5 g a.i. of Scepter/ha at tubercle stage
gave only partial control of Orobanche.

The timing of application of herbicide based on
the stage of development of underground Orobanche en-
tails practical difficulty because one has to dig up
the root system of the crop to examine the Orobanche
attachments, Hence, an additional trial was conducted
during the 1986/87 season where the timing of herbicide
application was based on crop phenology. Scepter was
applied at different rates either at the start of
flowering (mid March) or at 100% flowering (i.c. at end
of March when each plant had at least one fully open
flower). The results are shown in Table 2. Orobanche
was completely controlled in all the plots that
received Scepter whereas in check plots Orobanche
shoots emerged. With an application rate of more than
20 g a.i. of Scepter/ha the crop yield tended to
decrease. Therefore, this rate can be considered as a
threshold for a postemergence application. It is also
evident from the data in Table 2 that the crop was able
to tolerate the herbicide better when it was applied at
100% flowering than at the beginning of flowering.
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Field studies at ICARDA (Hezewijk er al. 1987) have
shown that the start of flowering in faba bean
generally coincides with the stage of Orobanche
development when most of the Orobanche attachments to
faba bean roots are at the tubercle stage whereas at
the 100% flowering they would have reached the bud
and crownroot stages. Thus one could time the applica-
tion of Scepter based on the crop phenology to reach
the parasite at its most vulnerable stage.

The results of these studies clearly show the high
potential of Scepter in controlling Orobanche crenata.
There is. however, a need to further refine the
information on the time and rate of application to
reduce the crop phytotoxicity so that potential gains
in yield from the control of the parasite could be ac-
tually realised. Perhaps a lower dosage, in split
applications, at the appropriate stage of Orobanche
and faba bean development would ensure this. Phytotox-
icity to the crop may also be reduced by the use of a
product formulation without surfactant. Investigations
in this regard will be continued in the 1987/88 season
at ICARDA.
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Estimation of Orobanche Seeds in Soil

S. Kachelriess
ICARDA, P.O. Box 5466. Aleppo.
SYRIA.

Abstract

A simple method to determine the number of seeds of
Orobanche spp. in soil is to centrifuge a sample of
soil in a suspension of MgSO, to which a small amount
of Kaoline is added and then to pour the supernatant
through a 500Mm sieve overa 53um sieve. The
seeds that accumulated on the 534 m sieve can be
counted easily if transferred to a graduated petridish
and examined under a binocular microscope (16 X
magnification).

Intreduction

It is known that the distribution of Orobanche spp.
seeds in soil is wuneven. Therefore, in field
experiments, variation in infestation levels s
expected. To study the differences in infestation
between plots, we need to assess the effectiveness of
the control measures used (Ashworth 1976). Several
investigators have attempted to deal with the
variability by determining the numbers of seeds in soil
samples (Krishna - Murty and Chandwani 1975; Ashworth
1976: Eplee 1976; Mueller 1980; Visser and Wentzel
1980: Bozan ¢/ al. 1981; Benz e al. 1984). The
efficacy of different methods was tested in the present
study. the aim being to adopt the most accurate method
for field studies at ICARDA.

Materials and Methods

A technique for automatic sampling of soil has been
developed in the USA (R.E. Eplee. personal
communication, 1987), but in this investigation, soil
samples up to 15-cm depth were taken manually with an
auger. Five and four subsamples from 20-m? and 18-m?
plots. respectively. were each mixed to form a single
bulk sample.

The soil samples were taken from the experimental
station of ICARDA at Tel Hadya. The soil is classified
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as Terra Rossa, with infestation by Orobanche ranging
from O to more than 100 seeds/100 g of soil (Table 1.
Sauverborn and Masri 1986, unpublished). Samples were
taken also from a pot experiment in which faba bean
(Vicia faba L.) was a host for Orobanche at different
levels of infestation. The soil in the pot experiment
was a mixture of Tel Hadya soil and river sand (3:1).

After being sieved coarsely (5 mm). the samples
were air-dried and stored in open nylon bags. They were
carefully mixed. as required for the determination of
number of Orobanche seeds in infested soil. (Mueller
1980: Visser and Wentzel 1980).

The soil samples were divided into two equal
portions (100 g each) and were centrifuged in 1000-ml
tubes with 450-475 ml solution of MgSO, (specific
gravity 1.16 g/ml) and Kaoline (two teaspoons). The
Kaoline was to facilitate decanting of the solution
after centrifugation. The mixture was processed for
2 min with a Vibromixer until all particles were in
suspension. Centrifuge tubes were adjusted to the same
weight and then centrifuged for 5 min at 2300 rpm.

The centrifuged suspension was decanted on a
500um sieve mounted over 534 m sieve. The residues
on the 5004 m sieve were particles larger than
Orobanche seeds and were discarded. Residues from the
53 m sieve were washed on  microfiber filter papers
that were placed in half open petridishes. air-dried.
and stored.

The dried residues were placed on a 15-cm diameter
petridish ~ with graduations: they were distributed
evenly by hand, and the petridish was tapped on the
underside so that particles did not lie on one another.
Whole seeds were counted under a binocular microscope
at 16 X magnification. Seed coats or damaged seeds were
not counted.

Table 1. Infestation of five Tel Hadya ficlds with
Orobanche spp. seeds (Sauverborn and Masri 1986,
unpublished).

e g
Ala¥ly by

Results and Discussion

The results obtained from this study show that the
distribution of Orobanche seeds in Tel Hadya
experimental station is variable. The plots varied from
3 to 74 seeds/100 g of soil (Table 2). The variability
in distribution of seeds among the plots was evident
even in small areas. The variation probably explains
the large differences in numbers of emerged Orobanche
spp. shoots per unit area and per host plant within the
replications. The problem of determining the
appropriate  size and number of samples has been
discussed by Barralis ¢r al. (1986). In future, either
more subsamples should be taken (Fenner 1985) or
subsamples should be examined separately so that
counted seeds in soil may correlate with Orobanche
plants per unit area. Nevertheless dormancy of
Orobanche seeds will still be a source for variability.

The seeds recovered from soil samples of the pot
experiment were 54.6% of the total (this percentage is
much lower than expected). Therefore, the method was
checked with artificially infested Tel Hadya soil.
Recovery rate in the check was always more than 90%.
suggesting that seeds from the pot experiment had been
trapped with rapidly settling sand particles during
centrifugation (Ashworth 1976) or that some seeds
disappeared because of germination or natural
mortality. The recovery rate in pot experiments might
be improved by removal of sand particles by wet sieving
of soil before centrifugation.
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Table 2. Distribution of infestation levels of plots
(18 m?) with Orobanche spp. seeds in soil in a field
cxperiment (Faba Bean Sowing Date Trial 1986/87).

Orobanche spp.
Fiel Orobanche spp. seeds
el (seedslloopl:)ll soil) (seeds/100 g soil)
Replicate Date of sowing
West -> East
Oct22 Nov5 Nov20 Decd Dec?2l
A9 | 1 0
Alb 0 1 2 | 13.5 7.0 74.0 9.5 8.5
A25 21 31 36 2 9.5 6.5 10.5 3.5 16.5
B7 113 77 17 3 20.5 16.5 4.5 35.5 7.5
Cl4 16 31 26 4 I15.5 4.0 4.0 32.5 20.0
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Effect of Seed Coat and Cotyledons on the
Texture of Cooked Faba Bean (Medammis)
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Abstract

The effect of seed coat on the hydration capacity of
dry seeds and on the hydration and texture of cooked
ones was studied on six freshly harvested faba bean
samples [3 hard-to-cook (H) and 3 soft-to-cook (S)].
The seed coat had a slight effect on the hydration
capacity of dry seeds (7 to 14% for S samples, and 11
to 17% for H samples). In S samples, although the seed
coat constituted only 13-14% of the seed weight, it was
reflected in 64-65% of the texture of cooked seeds
indicating ihe significance of its chemical nature
rather than its permeability. The cotyledon has almost
as much effect as the seed coat on the texture of H
samples.

Introduction

Variation in cooking time of legume seeds has been
known for a long time, and has been atiributed to
genetical and environmental factors, particularly to
climatic conditions and available nutrients (P,K) in
soil (Halstead and Gfeller 1964: Bourne 1967; Wassimi
et al. 1978; Shehata et al. 1987).

Shehata ¢/ al. (1985) reported a highly significant
correlation between the percentage of seed coat and
hydration coefficient of dry faba bean seeds with the
texture and hydration coefficient of cooked ones. The
texture of cooked legumes was found to be affected
mainly by the water absorption capacity of seeds
(Sefa-Dedeh et al. 1979), and by the chemical
composition of the cell wall of cotyledons (Maltson ¢/

En 20 FABIS Newsletter 19, Dec 1987

al. 1950). Morris er al. (1950) found that water
absorption capacity is mainly attributed to permeability
of seed coat (i.e. hard shell) and sometimes to the
decorticated seeds (sclerema).

It was suggested that the interrelationship between
pectic substances, phytin and divalent cations in the
cotyledon affects the texture of cooked beans (Maittson
et al. 1950; Muller 1967: Shehata er al. 1983). This
study aims to evaluate the role of both seed coat and
decorticated seeds (i.e.. cotyledons) on the texture of
cooked faba beans (soft-to-cook and hard-to-cook
samples).

Materials and Methods

Several samples of freshly harvested faba bean seeds
(Crops of 1985 and 1986) were tested for their texture
after cooking. and six samples from each crop (3
soft-to-cook and 3 hard-to-cook) were selected
accordingly.

Percentages of seed coat and hydration coefficient
(HC) of whole and decorticated dry seeds were deter-
mined. Hydration coefficient and texture of cooked
beans were measured before and after decorticating
(i.e.. decorticating was done after cooking). Faba bean
seeds were cooked by autoclaving at 115.5°C for 2 h.
Texture was measured as maximum shear force using
Ottawa Texture Measuring System (Shehata es al. 1985).
All tests were done in triplicates.

Results and Discussion

Seed coat percentage ranged from 13.4 to 15.7% and was
slightly  higher in  hard-to-cook (H) than in
soft-to-cook (S) sceds (Tables | and 3). On the other
hand. hydration coefficient (HC) of whole and decorti-
cated dry seeds was slightly higher in (S) than in (H)
seeds. The effect of seed coat on HC was small (7 to
17%) while HC of cooked seeds was almost twice that of
dry seeds. Although variations between 1985 and 1986
samples were evident, the ratio between H and S samples
was very close (Table 3). except that for seed coat
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Table 1. Effect of seed coat on the hydration capacity of faba bean seeds.’

Sample  Seed coat Hydration coefficient (HC) Seed coat? Seed coat’
(%) Seeds soaked for 2 h Cooked seeds effect effect (%)
Whole Decorticated
S 13.9¢ 126.5" 135.9% 260.2%" 9.4 7.4
S 13.5° 127.9" 138.9" 259.5" 11.0 8.6
1985 S 13.4¢ 127.140 136.2¢4 262.1¢ 9.1 7.1
H 14.2¢ 121.9¢ 135.6" 240.9¢ 13.7 1.2
H 15.7% 121.3¢ 136.9" 239.8¢ 15.6 12.8
H 15.1° 122.1¢ 136.4%¢ 241.2¢ 14.3 1.7
S 14.0° 134.4" 150.9" 256.4% 16.5 12.2
S 13.9¢ 132.9" 151.0" 252.5¢ 18.1 13.6
1986 S 14.34 134.0% 153.0¢ 254.2° 19.0 14.1
H 14.5¢ 126.9% 146.5¢ 227.8¢ 19.6 15.0
H 15.1% 127.5¢ 148.0¢ 230.2¢ 20.5 16.0
H i4.8" 126.44 148.1€ 227.8¢ 21.7 17.1

! Means followed by different letter (8) (for ench year) are significantly dilTerent a1 1% level of probability.

2 - - . .
= Seed cont effect = HC ol decorticated seeds - HC ol whole seeds.

effect on HC, which was much higher for 1985 than for
1986 samples. Samples of 1986 which had higher HC for
dry seeds, had lower HC and texture for cooked beans
than the 1985 samples. Tables 2 and 3 show that seed
coat had great effect on the texture of cooked faba
bean seceds. particularly in the soft-to-cook samples.
The effect of seed coat on the texture of cooked beans
measured as maximum shear force was about 41 out of 64
(kg/ 100 g) for S samples and increased to about 52.5
out of 107 (kg/100 g) for H samples. The cooked
decorticated beans contributed by about 35 and 52% to
the texture of S and H samples, respectively.

Seed coat which constituted 13-14% of the S
samples, contributed to 64% of the texture of cooked
beans indicating the significance of its chemical
nature rather than its permeability. Muller (1967) and
Jackson and Varriano-Marston (1981) reported that
removal of seed coat before the cooking of several
types of beans reduced the cooking time by 60 to 75%.
Cooking decorticated faba bean reduced cooking time by
about 80%, but produced an entirely different product
(besara; mashed gel) from that obtained from cooking
whole faba bean seeds (medammis).

The cotyledons of hard-to-cook samples contributed
to about 52% of the texture of cooked beans indicating
that the hard-to-cook phenomenon in faba bean is due
mainly to differences in cotyledon structure and

Ar 16 1987 JsY‘o,.‘u‘Sc 19 G.Lo-l.cd)-.u ‘Un..ol.‘.)

. . Seed coat elfect
3 Percemtage of seed cont effect = ----o-o-- B x 100
HC of whole seeds

Table 2. Effect of seed coat on the texture of cooked
faba bean seeds.'

Sample Max.shear force Seed? Texture of>
(kg/100 g) coat decorticated
effect seeds (%)
Whole Decorticated
seeds seeds
S 67.7" 24.13 43.6 35.6
S 65.3* 23.6 41.7. 36.1
1985 S 63.4" 20.9* 42.5 32.9
H 112.8" 57.4° 55.4 50.8
H 116.2" 593 56.9 51.0
H 112.3% 58.7° 53.6 52.2
S 61.8%  21.6" 40.2 34.9
S 64.8% 23.82 41.0 36.7
1986 S 63.9" 23.7° 40.2 37.1
H 105.2" 56.0° 49.2 53.2
H 107.5* 57.2° 50.3 53.2
H 107.0° 56.2° 50.8 52.5

Means lollowed by different letter(s) (for each year) are
signilicantly different at 1% tevel of probubility.

Sced cont effect = Maximum shear force of whele seeds -
maximum shear force of decorticated seeds.

Percentage of texture of decorticated seeds =

Manx, shear force of decorticated seeds

Max.shear force ol whole seeds
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Table 3. Mean values for the properties of soft-to-cook (S) and hard-to-cook (H) faba bean samples.

Crop Samples Dry seed Cooked seeds (autoclaved at 115.5°Cfor 2 h
Seed Hydration coefficient (HC)  Seed! Seed! Maximum shear force Seed Texture of
coat coat coat (kg/100 g) coat decorticated

_Seeds soaked for 2 h Cooked effect effect effect? seeds?
(%) Whole Decorticated seeds (%)  Whole Decorticated (%)
1985 S 13.60 127.20 137.00 260.60 9.80 7.70 65.5 229 42.6 34.90
H 15.00 121.80 136.30 240.60 14.50 11.90 113.8 58.5 55.3 51.30
1986 S 14.10 133.80 151.60 254.40 17.80 13.30 63.5 23.0 40.5 36.20
H 14.80 126.90 147.50 228.60 20.60 16.20 106.6 56.5 50.1 53.00
1985 H:S? 1.10 0.95 0.99 092 1.48 1.54 1.7 2.6 1.3 1.47
1986 H:S 1.05 0.95 0.97 090 I.15 1.21 1.7 25 1.2 1.46

! as in Table 1; 2 as in Table 2.
3 H:S = Ratio between hard-to-cook and sofi-to-cook seeds.

composition. Although seed coat constitutes about 14%
of the seed it is still responsible for about 50% of
its texture when cooked as a whole bean.
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Abstract

In addition to its effect on the productivity of the
crop, the wilt and root rot disease complex adversely
affected the quality parameters investigated. Seeds
collected from diseased plants were found to be lighter
and smaller than those collected from healthy plants.
They were also shriveled and contained higher
percentages of hard seeds. The protein content and
digestible protein were significantly reduced by the
discase. Seeds from healthy plants, required
significantly longer cooking time and contained higher
amounts of fiber than the ones from diseased plants.
The adverse effects on seed quality were more
pronounced with higher disease incidence.

Introduction

In the Sudan, faba bean (Vicia faba L.) is mainly grown
for human consumption. In the traditional areas of
production (Northern region) about 17,000 ha s
allotted for faba bean production Babiker (1981).
Because of the increasing demand for the crop and the
scarcity of land along the Nile, efforts are now being
directed to expand faba bean cultivation south of
Khartoum, namely in the Gezira and Rahad schemes.

The productivity of the crop is known to be
adversely affected by a number of factors among which
the wilt and root rot disecase complex is important. The
disease was found to affect nearly all grain yield
attributes. Therefore, the aim of the present study was
to investigate the effects of the disease complex on
the seed quality of faba bean.

Materials and Methods

Seeds were collected from a field trial conducted for
two consecutive seasons (1985/86 and 1986/87) at the
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University of Gezira Farm (UGF). The trial was designed
to study the effects of sowing date and walering
interval on the incidence of wilt and root rot disease
complex on faba bean. At the time of harvest, plants
were separated into three categories: healthy plants
(plants with no disease symptoms), moderately infected
plants (plants with disease symptoms but otherwise
normal), and severely infected plants (plants that died
after seed filling but before harvest). Seeds of the
three plant categories were separately collected, mixed
thoroughly and then subjected to different quality
tests. All the tests in this experiment were replicated
10 times.

Determination of seed size

From each category, 1000 seeds were randomly selected,
counted, and weighed.

Determination of hard seed percentage

Hundred seeds of each category were randomly collected,
soaked in 100 ml distilled water for 24 h for
calculating the hard seed percentage.

Determination of cooking time

A sample of 25 g of air-dry seeds was boiled to
softness under reflux in tap water (99.5°C). Labconco
model 30001 crude fiber digestion apparatus was used
for reflux in 600 m! Berzelius beakers. After 20 min, a
sample of five seeds was removed from the beaker and
pressed by fingers to determine their softness, this
was repeated every 2 min until 90% of the seeds became
soft.

Determination of protein content

A seed sample of 20 g representing each category was
ground in a U-D Cyclone sample mill (U-D Corporation,
Fort Collins. Co.) fitted with 1.0 mm screen. Protein
was determined with a Neotic (model FQAS51A) analyzer
(Pacific Scientific Inc.). Percentage protein, on dry
weight basis, was determined. This was further verified
by analyzing one sample (0.5 g) from each category
using macro-kjeldhal procedure. and by accordingly
adjusting the readings.

Determination of digestibility and neutral detergent
fiber (NDF)

Both traits were determined according to the methods
described by Williams ¢f al. (1986).
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Results
Seed weight

The 1000-seed weight was significantly affected by the
disease complex. Seed size and weight were greater in
seeds collected from healthy plants (Fig. la) than those
from moderately or severely infected plants (Fig, 1b
and ¢). These differences were more pronounced in the
second season (Tables | and 2).

Hard seed percentage

In both seasons. the hard seed percentage varied among
the three plant categories. However. in the 1986/87
season moderately and  severely infected plants
contained a significantly higher number of hard seeds
than those of the healthy plants (Table 2).

Cooking time

Cooking time differed significantly among the three
sced categories: seeds collected from healthy plants
required longer cooking time than the other two
categories. The results for the two seasons were
similar and repeated sampling consistently gave the
same results.

Protein content and digestibility

Percentages of crude and digestible protein  were
adversely affected by the disease and hence were
highest in seeds from healthy plants (Tables | and 2).

Neutral detergent fiber

This trait (percent of fiber in the cell wall of seeds)
was found to vary significantly (P < 0.05) only in the
second scason (Table 2). Seeds of healthy and
moderately  infected plants contained significantly
higher amounts of fiber in their cell wall than those
collected from the severely infected faba bean plants.

Discussion

The results of this investigation revealed that wilt
and root rot disease complex greatly affected the
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Fig. 1. Seeds collected from faba bean healthy plants (A),
moderately infected plants (B), and severely infected plants

(C).
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Table 1. Effect of wilt and root rot disease complex on faba bean sced quality parameters during the 1985/86
season.”

Seed" 1000-seed weight Hard seed Cooking time Crude protein  Digestibility Neutral detergent
category () (%) (min) (%) (%) fiber (%)

1 345.0a 2.85a 161.14a 27.42a 48.71a 54.11a

2 289.0b 5.14a 147.90b 27.34a 47.82a 53.09a

3 286.0b 4.28a 135.00c 26.00b 46.26a 52.20a

# Mens followed by dilterent letter(s) within cach columin are signiticamly different (P < 0.05).

b 1, 2. 3. indicate seeds collected from healthy plants, moderately. und severely infected plants, respectively.

Table 2. Effect of wilt and root rot disease complex on some faba bean seed quality parameters during the

1986/87 season.”

Seed" 1000-seed weight  Hard seed Cooking time Crude protein Digestibility Neutral detergent
category (g) (%) (min) (%) (%) fiber (%)

1 331.4a 16.1¢c 161.4a 25.86a 49.60a 54.8a

2 304.6b 27.7a 149.0b 25.10b 49.49a 53.8a

3 279.0c 27.3b 137.2¢ 24.10c 48.52b 53.3b

a Moeans lollowed by dilferent letter(s) within each column are signiticantly differem (P < 0.05).
b 1. 2. 3. indicae seeds collected from healthy plants, moderately. and severely infected plants, respectively.

quality parameters under study. The seed size and
weight were significantly reduced with increased
disease severity. This could be attributed to the
adverse effect of the disease on the uptake of both
nutrients and water and on the photosynthetic process.
This is in full agreement with the findings of Freigoun
(1980). El-Zarari ¢r al. (1980), and Hussein (1983).
Although seed size is a highly heritable character in
lentil and to a lesser extent in chickpea, it was found
1o be affected by other factors in faba bean e.g.. the
seced position in the pod. Furthermore, seed size was
found to be affected to a greater extent by location
and environmental conditions (Williams e al. 1986). In
the Sudan. large-seeded types of faba bean are
generally preferred by consumers hence they fetch
higher prices than the small seeded types. Therefore,
the adverse effect of the disease complex on seed size
and weight is of economic significance.

Our results also revealed that seeds from diseased
plants do not imbibe water as readily as those from
healthy plants. This was reflected in the higher
incidence of hard seeds among seeds collected from
diseased plants. The occurrence of hard seed in faba
bean is an undesirable trait, because it reduces both
cooking quality and seed germinability. The hard sced
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quality is attributed to the impermeability of the seed
coat or to the physical resistance of embryo expansion
(Salih  1982). In addition to the genetic make-up of
faba bean varieties, a number of other factors have
been found to affect the level of hard seed incidence,
including husbandry practices such as sowing date,
plant population, fertilizers, watering regimes, and
time of harvest (Salih 1982). However, most of these
factors were also found to affect the disease complex.
High temperature and water stress arc the most
important predisposing factors for both the disease and
hard seed occurrences. Shortening of the growing
season, which could sometimes be a result of a severe
infection, has also been found to increase the amount
of hard seeds in the cultivar Hudeiba 72 (Salih, 1982).

The longer cooking time observed in seeds collected
from healthy plants could be attributed to their larger
seed size and heavier seed weight. In legumes.
correlation studies between seed size and cooking time
have shown that the larger the seed size the longer it
takes to cook, both within and between species (Erskine
el al. 1985; Williams er al. 1986). However. cooking
time of air-dry seeds is nowadays greatly reduced by

the common practice of over-night soaking of faba bean
seeds.
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SHORT COMMUNICATIONS
Seed Quality and Nutrition

An important outcome of the present study is the
knowledge obtained about the adverse effect of the
disease on the nutritional value of the crop. The
results have shown that both the crude and digestible
proteins were significantly reduced in seeds collected
from diseased plants. This is in agreement with
Freigoun (1976). Because faba bean is an important dish
in the Sudanese diet, efforts should be directed to
maintain or improve the protein content of this crop.
This could be achieved through improving cultural
practices,  controlling the disease, and selecting
genotypes with high protein content.

The reduction in protein digestibility of seeds
collected from diseased plants could be because of the
increased  concentrations of trypsin inhibitors,
tannins, or formation of lignified proteins. This needs
to be verified by further investigations.

The effect of the disease on the percentage of
neutral detergent fiber was negligible. However, faba
bean seeds have a high level of crude fiber which
detracts from its use as animal feed. The fiber is
mainly concentrated in the seed coat, which contains
89% of the seed crude fiber (Cerning et al. 1975).

Differences observed in some quality parameters in
the two seasons could be caused by the higher disease
incidence which occurred in the second season.
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Contributors” Style Guide

Policy

The aim of FABIS Newsletter is to publish quickly the results of recent research on faba beans.
Articles should normally be brief, confined to a single subject. good quality, and of primary
interest 10 rescarch. extension, and production workers, and administrators and policy makers.

Style

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

Disclaimers

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

Manuscript
Articles should be typed double-spaced on one side of the page only. The original and two other
legible copies should be submitted. The contributor shouid include his name and initials, title,
program or department, institute, postal address, and tslex number if available. Figures should be
drawn in India ink: send original artwork, not photocopies. Define in footnotes or legends any
unusual abbreviations or symbols used in a figure or table. Good quality black and whitc photographs
are acceptable for publication. Photographs and figures should preferably be 8.5 cm or 17.4 cm wide.
Units of measurement are 1o be in the metric system: e.g. v/ha, kg. g m., km, ml
(= millititer). m’.
The numbers one to nine should be written as  words except in combination with units of
measure: all other numbers should be written as pumerals: ¢.g.. ninc plants, 10 leaves. 9 g. ninth,
10th, 0700 hr.

Examples of common expressions and abbreviations

3 g: 18 mm: 300 m>; 4 Mar 1983; 27%; 50 five-day old plants: 1.6 million; 23 ug: 5°C; 1980781 scason.
1980-82 seasons; Fig.: No.; FAO;USA, Fertilizers: 1 kg N or P,0, or K,O/ha.

Mon. Tues, Wed, Thurs, Fri, Sat, Sun; Jan, Feb, Mar, Apr, May, June, July. Aug. Sept, Oct, Nov, Dec.
Versus = vs, least significant difference = LSD, standard error = SE +. coefficient(s) of variation =
CV(s). Probability: Use asterisks to denote probability * = P<0.05: " = P<0.0l: *"* = P<0.001.

Botanical: Include the authority name at the first mention of scientific names. Cultivar(s) =
cv(s). variety = var(s). species = sp./spp.. subspecies = subsp., subgenus = subg., forma = f.. forma
specialis = f. sp.
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Journal articles: Khalil, S. A. and Harrison, J.G. 1981. Methods of evaluating faba bean materials
for chocolate spot. FABIS No. 3: 51-52.

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

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

Submission of articles
Contributions should be sent to FABIS. ICARDA. P.O. Box 5466. Aleppo. Syria.
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Announcements

Faba Bean in the United Kingdom

Two new varietics were recently added to the NIAB
Recommended List for 1988. These were the winter bean
Punch from the NSDO and the spring bean Gobo from VEB
in Germany (GDR).

Punch offers the possibility of improved winter
bean yields and has performed particularly well in
Eastern England. Gobo shows a significant advance in
yield over existing varieties and reflects the
continued progress being made with this crop.

<UMe!

There is currently much UK interest in the faba
bean crop because of its potential for inclusion as a
high protein component of animal feeds. This interest
is reflected in the breeding effort. and there are many
interesting varieties, especially of spring faba beans.
under trial. Notable amongst these are white flowered
(low tannin) and determinate types which may offer
wider usage and a better plant model for the faba crop.

The UK National List for 1988 with the key to full
names and addresses of breeders and agents are given

below:

UK National List as at February 1988

Variety Breeder

UK Agent

NIAB recommended
list status

Winter Beans

Banner PBI. Cambridge'*
Bourdon PBI, Cambridge'*
Bulldog PBI. Cambridge'*
Punch PBI, Cambridge'?
Quasar PBI, Cambridge!*

Spring Beans

Albatross Lembke, FRG!?

Alfred Cebeco, Ne?

Blaze PBI, Cambridge!®

Cargo DPF, Den®

Corton Semundo, Wilts'6

Danas IGAP/WPBS. Aberystwyth®
Exelle SAP. Bel'’

Gobo VEB. GDR"

Maris Bead PBI, Cambridge!*

Minden von Lochow-Petkus, FRG*®
Nabor Pf. Oberlimpurg, FRG'*
Panther PBI, Cambridge'®

Puma PBI. Cambridge!”

Stella Spring Clough, Suffolk® ,

Tiger PBI, Cambridge'?

Troy Lembke, FRG'®

Victor Cebeco. Ne?

PBI. Cambridgc'3
PBI, Cambridge!3
PBI, Cambridge!?
PBI, Cambridge!3
PBI, Cambridge'3

Twyford. Oxon'®
NRPB, Lincs'!
PBI, Cambridge'3
DPB, Glos®
Semundo. Cambridgc”
PBI. Cambridge"’
ICI Seeds UK
Booker Essex!
PBI, Cambridge'?
NRPB. Lincs!
HAM, Herts’
PBI. Cambridge'?
PBI. Cambridge'?
Clough, Suffolk®
PBI. Cambridge'?
Twyford. Oxon'®
Chaldean. Herts*

Recommended for general use
Recommended for general use
Recommended for general use
Provisional recommendation

Recommended for general use
Provisional recommendation

Provisional recommendation

Recommended for special use
Recommended for special use
Recommended for general use

Becoming outclassed
Becoming outclassed
Recommended for general use
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Breeders and Agents-Key to full names and addresses

I. Booker Secd Ltd., Crop Research and Development
Unit, Great Domsey Farm, Feering. Colchester.
Essex, COS5 9ES. UK.

2. Cebeco-Handelsraad, 31 Blaak. P.O. Box 82,
JOOOAD Rotterdam, The Netherlands.

3. Roger Clough & Son. Letheringham Lodge.
Letheringham. Woodbridge. Suffolk. IP13 ONA.
UK.

4. Chaldean Ltd., Chaldean Farm. Much Hadham.
Herts. SG10 6HU. UK.

5. Danish Plant Breeding. B V Thomas. Didbrook
Fields. Toddington, Nr Cheltenham. Glos, UK.

6. Dansk Planteforaedling A/S. Boelshoj. 4660. Store
Hedinge. Denmark.

7. Harlow Agricultural Merchants
Bank. Little Hallingbury.
Herts. CM22 7PJ. UK.

8. ICI Seeds UK Ltd., Plant Breeding Station. North
End Farm. Docking. Kings Lyan. Norfolk. PE3l
8LR. UK.

9. Institute for Grassland and Animal Production.
Welsh Plant Breeding Station, Plas Gogerddan, Nr
Aberystwyth, Dyfed. SY23 3EB, UK.

10. Hans-Georg Lembke KG. Norddeutsche Pflanzen-
zucht, D-2331 Hohenlieth., Post Holstsee U
Eckernforde, Federal Republic of Germany.

i1. Nickerson RPB Ltd.. Rothwell. Lincoln, LN7 6DT.
UK.

12. Plant Breeding International Cambridge Lid., Maris
Lane, Trumpington, Cambridge. CB2 2LQ. UK.

13. Plant Breeding International Cambridge Ltd.. Newton
Hall, Newton. Cambridge. CB2 5PS, UK.

14. Pflanzenzucht Oberlimpurg, Postfach 590 7170
Schwabisch Hall, Federal Republic of Germany.

15. Station d'Amelioration des Plantes. rue du Bordia 4
5800. Gembloux, Belgium.

16. Semundo Ltd.. Godford, Warminster.
BA12 0JX. UK.

17. Semundo Ltd.. Unit 55. Clifton Road. Cambridge.
CB1 4FR, UK.

18. Twyford Seeds Ltd.. Scotts farm, Kings Sutton.
Bandury. Oxfordshire. 0X17 3QW. UK.

19. VEB Saat-und Pflanzgut, Moosdorfstrasse 7-9.
1193 Berlin-Treptow. German Democratic Republic.

20. F von Lochow-Petkus GmbH., Postfach 1311,
D-3103 Bergen 1. Federal Republic of Germany.

Latchmore
Stortford.

L.d- v
Bishops

Wiltshire.

Comributed by Dr. J.E. Ramsbotiom
National Institute of Agriculiural Botany (NIAB),
United Kingdom

NEWS
Announcements

PBI Transfers Faba Bean Breeding To Unilever PLC

Faba bean breeding. along with the breeding of other
crops at the Plant Breeding Institwie, Cambridge, UK,
was transferred on | October 1987 to Unilever PLC. The
National Seed Development Organisation (NSDO) which
marketed State-bred varieties of crops. including faba
bean. is now also part of Unilever.

It is expected that faba bean breeding and
international  collaboration ~ will continue  under
Unilever, though with more commercially oriented
objectives. The temporary name and address of the
company is NSDO. Maris Lane.  Trumpington.
Cambridge. UK.

Contributed by Dr. D.A. Bond. NSDO
(formerly Plant Breeding Institute: PBI)
United Kingdom

New Journal

The publishers have sent us a specimen copy of the
first issue of a new quarterly, Journal of Production
Agriculre. This is a joint venture of the American
Society of Agronomy, the Crop Science Society of
America. and the Soil Science Society of America.

All the articles in the first issue are from
authors working at US institutions, and it is probably
fair to see this as a national, rather than an
international journal. Authors in developing countries
would have problems in paying the page charges ¢
40/page for the first four pages, § 150/page
thereafter). although the subscription for purchasers
outside the US ($ 33/year) is relatively modest when
compared with that many of the commercially-published
scientific journals.
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Forthcoming Events

The Third International Conference on Food Science and
Technology Information

The conference. organized by AGROINFORM and the
International Food Information Service (IFIS), will be
held in Budapest. 3-5 October 1989. Topics covered by
the meeting will include:utilization and deficiencies
of databases in food science with special reference to
marketing aspects. information systems in food science
and technology. and computer control in food
production. There will be contributed papers, technical
cxhibition presenting equipment in information science
and food production, and display of books and journals
planned for general browsing.

For further information write to:

AGROINFORM
Attila ut 93.
1012 Budapest I.
Hungary

Or

International Food Information Service (IFIS) GmbH.
Herriot str. 5.

6000 Frankfurt am Main 7/,

Federal Republic of Germany

NEWS
Forthcoming Events
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Second International Symposium on Adjuvants for
Agrichemicals

This conference will be held 1-3 August 1989 at the
campus of Virginia Polytechnic Institute and State
University. Topics of special interest are: Maodes of
action of adjuvants; adjuvants in formulation: adjuvani
activity with herbicides, insecticides, fungicides,
plant growth regulator, soil conditioners, nutrients,
biopesticides, etc.. adjuvant activity and plant
physiology, biochemistry, morphology, and cytology;
adjuvants and the environment, adjuvants and application
technology: regulatory considerations; economics of
adjuvant use; future research problems and opportuni-
ties: and bibliography of world literature on adjuvants
(updated). There will be a series of invited speakers,
contributed papers. and possibly a poster session.

For further information write to:

Dr. Chester L. Foy

Department of Plant Pathology. Physiology and Weed
Science.

Virginia Polytechnic Institute and State University
Blacksburg, VA 24061-0331, USA

DOCUMENT COLLECTION

With the financial support of the Interna-
tional Development Centre (IDRC).
ICARDA is building up its document
collection on faba bean. The collection
will be used to supply needed documents
to scientists in developing countries.

We would be grateful if readers who have

any relevant documents would send them
to:

FABIS
ICARDA

Box 5466
Aleppo. Syria

ARE YOU MOVING ?

If you are moving. please let us know
your new address as soon as possible.

FABIS
ICARDA

Box 5466
Aleppo. Syria
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Need More Information ?
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Need More Information on
ICARDA Publications and Services ?

Free Catalog of ICARDA Publications

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

ICARDA Information Brochure

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

LENS (Lentil Newsletter)

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

RACHIS (Barley, and Wheat Newsletter)

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

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

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

En 32 FABIS Newsletter 19, Dec 1987

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

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

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

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

ICARDA’s Food Legwine Improvement Program

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

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

This slide-tape audio-tutorial module is the first in
the food legume training series. It is designed for
the use of legume trainees during the training courses
at ICARDA as well as for scientists and their support
staff in the various national programs. This module is
also useful educational material for universities and
training departments in national research systems. For
your copy of this publication or package, write
Training Department,.

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

Opportunities for Field Research at ICARDA

This brochure is intended primarily to assist Master of
Science candidates, who are enrolled at national univer-
sities within ICARDA region and selected for the Grad-
uvate Research Training Program. It explains to them the
opportunity they have to conduct their thesis research
work at ICARDA research sites under the supervision of
distinguished international scientists. For your copy,
write GRI Program, Training Coordination Unit.

NEWS
Neced More Information ?

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

Training and Post-Graduate

TO OBTAIN PUBLICATIONS:

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

If you have any

* faba bean news

* announcements of meetings
* book reviews

* new research interests

* suggestions

Please send them to:

FABIS
ICARDA, Box 5466
Aleppo, SYRIA
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