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General Article

Fungal Diseases of Faba Bean in the
Peoples’ Republic of China

Liang Xun-yi

Zhejiang Academy of Agricultural Sciences
Hangzhou,

PEQPLES’ REPUBLIC OF CHINA

Abstract

Thirteen fungal diseases have been reported to be
occurring on faba bean in the Peoples’ Republic of
China. Of these diseases, chocolate spot caused by
Botryiis fabaeis the most common and most destructive.
Root-rot and wilt disease complex is next in
importance. In the strategy of disease control, the
principle of prevention and integrated control have
been emphasized. Chocolate spot was most widely
studied among the different diseases. Of the 966 faba
bean germplasm accessions tested for resistance to the
B. fabae, 105 accessions showed varying degrees of
resistance to the disease, with one of these accessions
cv ‘Lu-Xiao-Li Zhong’ (‘small-seeded green’) showing
stable resistance.

Introduction

Thirteen fungal diseases have been reported on faba
bean in China. These include chocolate spot, ascochyta
blight, zonate spot, rust, Sclerotinia rot, powdery
mildew, Pythium root-rot, Rhizoctonia stem-rot,
Fusarium root-rot and wilt, downy mildew, Verticillium
wilt, and faba bean blister disease. Among these
diseases, chocolate spot and root-rot and wilt disease
complex are the most widespread and destructive. Meng
(1982) reported that mycotoxins produced by Fusarium
sp.. which causes root-rot and wilt in faba bean, may
be harmful to humans and farm animals.
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Chocolate spot, caused by Botrytis fabae, is the
most prevalent disease and usually causes heavy
infection, particularly in regions where faba bean is
autumn-sown, i.e., southern China and the Yangtze
Valley (ZAAS 1961). However, in localized areas of
southwestern China, faba bean rust caused by Uromyces
viciae fabae is a very important disease. In the
platecau regions of northwestern China, where faba bean
is spring-sown, the zonate spot caused by Cercospora
Jabae is very severe in some years. A blister disease,
caused by Olpidium viciae Kusano, was reported recently
in the plateau regions of Sichuan, Tibet, and Gansu
Provinces (Xin 1982).

Chocolate spot was first reported in China in 1945
(Yu 1945). Its occurrence and severity vary with years,
localities, and cultivars. In general, it becomes more
severe and develops rapidly at blooming and podding
stages of crop growth. Weather conditions in April
(temperature  and rainfall) are favorable for
development of the disease. Wang (1986) found a highly
significant correlation (r= 0.8073; p< 0.01) between
disease severity and the days of continuous rainfall (>
0.1 mm/day) during early to mid-April.

Studies of ways to control chocolate spot,
undertaken for many years, have followed two
directions, cultural practices and use of fungicides.
Certain cultural practices such as crop rotation, early
sowing, application of potash fertilizer and ditching
to improve drainage have been shown to reduce disease
incidence. Spraying faba bean plants at the blooming
and podding stages with either Bavistin (Carbendazim)
or Topsin-M (Thiophanate-methyl) was found to be
effective in suppressing lession development and
inhibiting spore production.

Another approach for the ccntrol of chocolate spot
is the utilization of resistant host plants. The
differential interaction detected in the Chinese faba
bean varieties indicated the existence of resistant
sources in the germplasm collection. However, the
germplasm  collection in China has not been
systematically developed and tested for resistance to
B. fabac until only recently. In the past four years,
966 accessions of faba bean obtained from 15 provinces
in China were tested using an artificial inoculation
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technique. Of the accessions tested, 105 accessions
were cither resistant, or moderately resistant to B.
Jabae. Some of these accessions are already grown by
farmers, namely cv ‘Lu-Xiao-Li Zhong’ (smali-seeded
green) which has shown stable resistance during the
three years of tests in Hangzhou and the cultivars
*Xiao-Qing-Dou’ and ‘Zao-Jia-Zhong' which proved
moderately resistant. This type of work will be
continued in the future with the aim of detecting
resistant genes and making them available to the
breeders, who, in turn, will develop new varieties of
faba bean resistant to chocolate spot.

In China, variations among different isolates of
Boirytis fabae has been observed, and cultures can be
classified into three groups: 1) cultures that produce
abundant sclerotia with minimal growth of mycelium; 2)
cultures that produce few sclerotia with excessive
growth of mycelium; and. 3) cultures that show moderate
production of sclerotia and mycelium. The pathogenicity
of these three forms needs to be studied in the future.
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Some Studies on the Basis of Resistance parasitism  (Nassib er  al. 1985). However. this
characteristic was onlv  partially confirmed for the

of Vicia faba Cultivar ‘Giza 402’ to
Orobanche crenata Parasitism

Khaled A. Khalaf and F.I. El-Bastawesy
Botany Department,

National Research Center,

Cairo, Dokki, EGYPT

Abstract

Plants of Vicia faba cvs ‘Giza 402’ and ‘Aquadulce’
were studied for root biomass, existence of Orobanche
germination stimulant(s), and histological root
features to develop some basis for observed field
tolerance/resistance of Giza 402 to O. crenaia
parasitism. The level of O. crenata infection was much
higher in Aquadulce than in Giza 402. This was mainly
due to the large root mass produced by Aquadulce.
Lateral root cross sections of the two cullivars at
first flower bud and flowering stages showed slight
differences in the vascular system with a thicker
cortex layer in Giza 402 compared to Aquadulce. Root
extracts of the two cultivars, after partial
purification by silica gel column chromatography,
induced the germination of O. crenata in vitro to
nearly equal extent.

Introduction

Remarkable efforts have been made in recent years to
select cultivars of Vicia faba resistant to Orebanche
crenaia. Kasasian (1973) reported that out of 53
cultivars of faba bean tested for resistance to
broomrape, one was identified as moderately resistant.
Research on the resistance of V. faba to Orobanche is
active in Spain (Hernandez ¢r al. 1984), and lines of
V. sativa resistant to 0. crenala have been
successfully identified by Martin er al. (1982). In
Egypt. the faba bean cv 'Giza 402" is regarded as a
promising source for reducing Orobanche crenata
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conditions in Syria (ICARDA 1986).

Limited information is available on the factors
involved in the host resistance to Orobanche spp. and
other parasitic weeds. Mechanisms of resistance in
various hosts suggested so far include low Orobanche
seed germination stimulant production (Williams 1959:
Whitney 1979), the production of high levels of
inhibitors (Whitney 1979), and the occurrence of
mechanical and physiological barriers (Nassib er al.
1978). Vranceanu er al. (1981) found that the
resistance t0 O. cumana Wallr. in sunflower is
associated with single dominant gene.

As breeding of resistant varieties of host plants
has become a major objective for controlling Orobanche
spp. recently, the present work was undertaken to study
the difference between the faba bean cvs Giza 402 and
Aquadulce in O. crenata parasitism and its relation to
some factors which may be involved in the host-parasite
relationships. Aquadulce was included in this study
because of its susceptibility to Orobanche (Kasasian
1973; Mallet 1973; Khalaf 1982).

Materials and Methods

The experiment was conducted under _ greenhouse
conditions. Forty-clay pots (30x30 cm<) were filled
with a mixture of clay and sand (ratio 1:1). A set of
20 pots was used for the testing of each cultivar. Half
of each set (10 pots) was infested with O. crenaa
seeds (o.lg/pot) at 5 cm soil depth. The crop seed,
obtained from the Ministry of Agriculture, Egypt, was
sown on 25 Nov 1986 (10 seeds/pot) at 3 cm soil depth.
The root system of each cultivar was tested for O.
crenata infestation at the occurrence of the first
flower bud and at the flowering stage of the bean
plants (50 and 70 days after sowing, respectively),
corresponding to the critical time of establishment and
development of O. crenata tubercles on V. faba roots.
Roots from infected and uninfected pots were removed
gently from the soil, collected carefully, and washed
thoroughly with tap water. The fresh and dry weight
(105 °C for 12h) of the roots were determined. The
non-emerged O. crenaia plants on the roots of the
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infected faba bean plants were separated and counted at
the above mentioned growth stages. Fresh and dry
weights (105 °C for 12h) were determined. The number of
days from the date of sowing until Orobanche spikes
started to emerge was noted on five additional pots/
cultivar. Root samples (1 kg fresh weight) obtained
from the infected faba bean plants were washed in tap
water and stored at -20°C until required for extraction
of Orobanche seed germination stimulant(s).

For anatomical studies, cross sections (15 um
thick) were made in the lateral roots of bean plants
sampled at the above mentioned growth stages. The cross
sections were fixed in a fixing solution consisting of
formalin (40%), acetic acid (100%), and ethyl alcohol
(96%) at a ratio of 10:5:85 ml, stained in crystal
violet and erythrosin, and then examined under a
microscope with 50-fold magnification.

Extraction and partial purification of Orobanche seed
germination stimulani(s)

A root sample (1 kg fresh weight) was left to thaw at
room temperature for 4h, ground with acid washed sand
in a mortar, and then transferred into a dark
screw-capped  bottle and covered with re-distilled
petroleum ether (40-60 °C, 1) for 6h at room
temperature. The petroleum ether extract was discarded
and the ground roots were retreated with 1l
re-distilled ether and kept over night at room
temperature. Separation and concentration of the ether
extract to about 5 ml was done by a rotary evaporator
at 35°C. This concentrate was transferred to a column
(21.3 x 3.2 cm?) containing silica gel 40 (30g), 70-230
mesh ATSM (Merck), pre-treated at 125°C for 4h, cooled
in a desiccator, and deactivated with distilled water.
The column was eluted with 20% diethyl ether in 700 ml
benzene; the first 200 ml was rejected, whereas the
subsequent 500 ml of eluate, containing Orobanche seed
germination stimulant(s), was retained and developed to
dryness. The residue was redissolved in 100 ml diethyl
ether. An aliquot (1 ml) of ether extract of each
treatment was evaporated to dryness, redissolved in 0.5
ml acetone, and diluted to 5§ ml with distilled water.

The activity of the aqueous Orobanche seed
germination stimulant(s) was examined in germination
tests with each 0.1g of Orobanche crenata seed. Seeds
were sterilized in S0 ml aqueous ethanol (50%) for 2
min, and the floating sterilized Orobanche seeds were
transferred to a test tube containing 50 ml distilled
water and kept at room temperature for 10 days. A few
seeds were transferred with a tip of a brush to the
center of a filter paper disc (Whatman No 1) contained
in a glass petridish (6 cm diameter). The test solution
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(1 ml) was added to each petridish at the beginning of
the experiment, followed by a further 0.5 ml after 8
days. The petridishes where then incubated in the dark
at 18-20°C for 16-20 days, and checked for seed
germination every 4 days using a binocular with 50-fold
magnification. The number of germinated seeds was
recorded and expressed as percentage of the total
number of seeds/petridish. Each treatment was
replicated three times.

Results and Discussion

The data summarized in Table 1 indicate that the two V.
faba cultivars varied in their response to O. crenata
infection at the two stages of crop growth (first
flower bud and flowering). The susceptible cultivar,
Aquadulce had a higher level of O. crenata infection
compared with Giza 402. The fresh and dry weight of
Aquadulce roots exceeded that of Giza 402 by 16.1 and
43.9% at the first and second sampling, respectively.
Observation of O, crenata establishment and development
on V. faba roots revealed that tubercles of O. crenata
were established on Aquadulce at the first and second
samplings (50 and 70 days after sowing, respectively),
but at the flowering stage only on Giza 402 (Table 1).
At the flowering stage, roots of both cultivars were
attacked by O. crenaia and many tubercles at the main
and lateral roots were observed. The total number of
both fresh and dry weight of O. crenata tubercles,
however were much higher in Aquadulce than in Giza 402
at this stage. Orobanche spikes started to emerge at
the pod stage in both cultivars. However, in Giza 402,
Orobanche spikes required a longer time (98 days after
sowing) than in Aquadulce (88 days after sowing). These
results indicate that the root development of cv Giza
402 may be involved in the defence mechanism against O.
crenata parasitism. The reduction of root biomass may
help the cultivar to escape infection. Alternatively,
the distribution of lateral roots must be taken into
consideration. However, in the present study this could
not be investigated due to difficulties associated with
the technique. These results partly agree with the work
of Nassib et al. (1985), who found that the resistance
of cv Giza 402 is associated with less lateral root
production and a more compact root mass, resulting in
the reduction of the parasite population compared with
the susceptible cv ‘Giza 2°. Aalders and Pieters (1986)
found that O. crenata infestation is related to the
growth vigor of the V. faba host, i.e., the greater the
root and shoot biomass of the host plant, the higher
the number of Orobanche tubercles.

The anatomical features of root for the two V. faba
cultivars at the stages of first flower bud and
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flowering is shown in Fig. 1. Slight differences were
found between the vascular differentiation in lateral
roots of the two cultivars at the two stages of growth.
However, these differences were more expressed at the
flowering stage than at the first flower bud stage, and
characterized by slightly thicker epidermis, cortex,
and xylem celis in Giza 402. Also, the intercellular
spaces between the xylem vessels were more compact in
Giza 402 when compared with Aquadulce. However, these
differences are unlikely to be very important in the
mechanical resistance of Giza 402 to O. crenata. Aber
and Salle (1983) suggested that the primary haustorium
of O. crenaia penetrates the V. faba root cells
enzymatically to establish a connection with the
vascular system. However, Nassib et al. (1985) pointed
out that the resistance of Giza 402 might be associated
with mechanical barriers in the host tissue which
ultimately shortens the infection period in Giza 402
compared with that of Giza 2.

The crude ether extracts of the two culivars had no
stimulatory cffect on the germination of O. crenara
seed in vitro irrespective of the growth stage of host
plant at time of extraction (Table 1). However, ether
root extracts of both cultivars, after partial
purification by column chromatography, promoted the
germination of O. crenata seed in vitro by 25 and 30%
in the case of Aquadulce, and by 28.3 and 33% in the
case of Giza 402, at the two stages of growth,
respectively. It is evident from these results that
natural germination stimulant(s) exist in Giza 402. As
the results of the field tests show partial resistance
of Giza 402, it can be concluded that the ether root
extract is unlikely to play a role in the resistance
mechanism of Giza 402 to O. crenata. Roots of Giza 402
not infected by O. crenata at the first flower bud
stage might be attributed to the course of root
development and/or to the release of inhibitory
substances at this stage. Nassib er al. (1978) claimed
that the resistance of Giza 402 may be due to a reduced
production of germination stimulants. From the results
of this study however, it is difficult to substantiate
this claim. There is a lack of information on the
amount, characteristic, and structure of Orobanche seed
germination stimulant(s), and thus this area needs more
investigation.

Conclusions

Based on the results of this study, it can be concluded
that the faba bean cv Giza 402 is partially resistant
to O. crenata, mainly because of its low root biomass.
Thus, it can be grown successfully in low-infected
soils, but under highly infected soils, it may become
infected.
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50 days after sowing

Giza 402

70 days after sowing

Fig. 1. Vascular system of the lateral roots of the faba bean cvs  Aquadulce (susceptible) and  Giza 402 (resistant) at the first lower bud

(50 davs after sowing) and Howering (70 days after sowing) stages.
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Faba Bean Dwarf Selections
Outyield Dutch Top Varieties

A. van Norel and J. Hoogendoorn
Foundation for Plant Breeding (SVP),
P. O. Box 117,

6700 AC Wageningen,

THE NETHERLANDS

Abstract

Seed and protein yields of SVP dwarf selections were
about 15% and 25% higher than those of the currently
widely grown Dutch cultivars ¢Alfred’ and *Victor’. The
dwarfing gene involved is most probably causing a block
in the gibberellin biosynthesis. The dwarf plant type
appears more promising than the determinate type.

Introduction

In Vicia fabal.., two dwarfing genes are known (Chapman
1981). The best studied gene, dw-/, reduces internode
length by about 50% and increases harvest index in
comparison with normal straw genotypes. Such effects of
dwarfing genes have also been found for those genes
affecting gibberellin (GA) metabolism, although it was
not known whether this dwarfing gene in Vicia faba also
operates via GA biosynthesis.

In pea and maize, normal plants show an increased
elongation when treated with exogenous GA, and plants
with a GA dwarfing gene are either more sensitive to GA
because of a block in the biosynthesis of the hormone,
or are less sensitive to GA due to a block in the
turnover of the hormone (Reid 1987). Dwarf types are
likely to be more resistant to lodging because of the
lower center of gravity and the stronger stalk. Normal
straw types are often very tall and produce an excess
of straw in years with favorable weather conditions. In
wheat, Austin er al. (1980) found that grain yield
differences between old tall and modern semi-dwarf
varieties of wheat were associated mainly with greater
harvest index, caused by reduced stem length. It was
also thought that in faba bean a dwarfing gene might
offer a possibility to improve seed yield through a
more efficient partitioning of the biomass between
seeds, stems and leaves.

En 10 FABIS Newsletter 25, December 1989
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Materials and Methods

The faba bean cv ‘Veritas', carrying the dwarfing gene
dw-1, was crossed and backcrossed once to the faba bean
cv ‘Herz Freya’'. In subsequent generations, selection
was carried out for the presence of the dwarfing
factor, pod setting at a relatively greater height
(> 20 cm above soil level), no or little branching,
lodging resistance, and a 1000-seed weight of about
500 g. Fig. 1 shows the dwarf and a normal tall straw
types.

T

e

3

Fig. 1. Normal tall and dwarf straw types of faba bean plants

at harvest.
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In 1988, three closely related F6 families were
incorporated in a yield trial together with the cv
‘Herz Freya’, and the cvs ‘Alfred’ and ‘Victor’, which
are the two leading faba bean cultivars in the
Netherlands at present. The experiment was laid out in
a randomized_block design with four replications. Plot
size was 30 m“ (5 x 6 m), of which the central 10 m
(2.5 x 4 m) were harvssted. Tall cuitivars were sown at
the rate of 30 seeds/m“ in rows 50 cm apart, as is
common in the Netherlands. To achieve a similar rate of
crop coyer, the dwarf genotypes were sown at 40
seeds/m* using a row spacing of 25 cm. The soil was a
light clay in the Dutch Flevopolders. Sowing was on
Il Apr 1988. Plants were counted in each plot at the
four leaf stage (17 May). Vinchlozolin was applied
twice to control Bortrylis fabae during the growing
season. The experiment was harvested on 15 Sept 1988.

To investigate the effect of the dw-/ dwarfing gene
on the gibberellin biosynthesis in the plant, a
seedling test for sensitivity to GA was carried out.
This was adapted from the test used for wheat by Gale
et al. (1981). The cvs Alfred, Victor, Herz Freya,
Veritas, and two dwarf F6 genotypes were pre-germinated
for 24h in water, subsequently planted in trays filled
with coarse sand, and kept for 3 days in the dark at
6°C to break dormancy and to ensure an even
germination. The trays were then moved to a growta
cabinet at 18°C, 16h day, and light intensity 130 W/m
at plant level. From then onwards the seedlings were
given standard Steiner nutrient solution with or
without GA3. Three concentrations of GA3 were used: 1,
10, and 100 ppm. The experiment was carried out in a
split-plot design in three replications, within each
replication four trays, each representing a GA3
treatment. Rows of five plants, one for each of the six
cultivars, were randomized over a tray. Plant height,
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leaf) and leaflet length for the first and second true
leaf were measured 18 days after the trays had been
moved to the growth cabinets.

Results

In the seedling GA test, differences between the dwarf
and (ll faba bean genotypes were evident in the
control, but no differences were detected when the
genotypes were treated with GA3 at 100 ppm (Table 1 and
Fig. 2). The three dwarf genotypes reacted more
strongly to GA3 than did the tall cultivars with an
average seedling length increase of 4.3% in the former
and 2.0% in the latter group. Similar reaction was
found for individual internodes with an average
increase of 1.9 and 4.6% for the tall and the dwarf
genotypes, respectively. No effect of GA was found
on the length of the tall cvs leaves, but leaf length
of the dwarf genotypes was increased by 16%. Table 1
also shows that within both groups of genotypes the
differcnces in relative sensitivity to exogenous GA
were slight.

Average seed and protein yields of the six
genotypes, as well as protein content, plant density,
plant height, and lodging are shown in Table 2. Dry
seed yields of the dwarfs were 15 to 18% higher than
the yield of the control cv Alfred, while differences
for protein yield were as high as 25%. As expected, the
dwarf genotypes did not lodge whereas, Herz Freya, in
particular, was found to be very sensitive. In spite of
the small height of the dwarf plants, pod set was at
least 20 cm above soil level and acceptable for
mechanical harvest. Dwarf genotypes ripened about a
week after the tall cvs. This may be due to the fact
that the dwarf lines had been selected for high pod set

length of three elongated internodes (the highest one  to facilitate mechanical harvest, and hence to some
being the internode between the first and second true extent for lateness.

Table 1. Seedling height (mm) as affected by exogenous GA3.

Treatment Genotype

Alfred Victor H. Freya Veritas C2-1A1 C2-1B2

Control 200 170 221 84 10t 107

I ppm GA3 283 222 266 223 250 271

10 ppm GA3 399 312 358 369 376 392
100 ppm GA3 425 361 396 416 407 414
100 ppm/control 2.12 2.12 1.80 4.92 4.04 3.87
SED 15.9

CV (%) 6.5

Ar 50 1989 Jy¥l o8 ¢ 25 duale din ¢ il

FABIS Newsletter 25, December 1989 En Il



SHORT COMMUNICATIONS
Breeding and Genetics

COMTROL

u pe WAGENINGEN_

oty lly i

S VP WAGENINGEN

{100 VPR GAY

Fig. 2. The GA test atier 9 davs. showing the control treatment on the left and the 100 ppm GAJ treatment on the right. Where VIC = Victor:
Al = C2-1Al: B2 = C2-1B2; ALF = Alfred: VER = Veritas: and HF = Herz Freva

Table 2. Dry-matter yields of seeds and protein.

protein content, p[anle!m:, plant height. lodging. and

1000-seed weight of three dwarf selections and three tall cultivars of Vicia faba L.

Selection/ Dry seed Seed yield Dry protein  Protein Plants/  Plant  Lodging 1000-seed
cullivar weq,hl)' as % of weight/ content m? height (1-9*  weight at
10 m? control 10 m’ (%) (cm) RH 11%
(g) (g) (g)
C2-1Al 5400 a' 118.2 1592 a 29.5 ab 27.2 abc 83a 90a 515 b
C2-1B2 5353 a T2 1617 a 30.2 a 28.3 ab 85a 9.0 a 511 b
C2-1-mas 5251 a 115.0 1612 a 30.7 a 299 a 86a 9.0 a 514 b
Alfred(control) 4567 b 100.0 1282 b 28.1b 23.6 cd 153 ¢ 6.3b 600 ¢
Victor 4648 b 101.8 1225 b 263 ¢ 249bed 136 b 7.3b 596 ¢
Herz Freva 3982 ¢ 87.2 1059 ¢ 26.6 ¢ 21.0d 16l ¢ 3.5%¢ 448 a

1. Means tollowed by different lewer(s) are significantly ditterent at p <0.01

4. 9 = no lodging

Discussion

The results presented in Fig. 2 and Table 1 indicate
that the dw-/ dwarfing gene does not belong to those
dwarfing genes that convey insensitivity to GA, but
does the opposite. and makes plants more sensitive to
gibberellin.  This strongly suggests that the dw-/
dwarfing gene has its effect through a block in the
biosynthesis of gibberellins, such as has been
demonstrated for maize and peas (Reid 1987).

En. 12 FABIS Newsletter 25, December 1989

Numbers of plants counted in the field experiment
were somewhat fewer than the numbers of seeds sown
(Table 2). This may be because sowing took place at the
beginning of a long dry period. and therefore some
seeds did not emerge before the plant counting  date.
Nevertheless. plant  densities  for the cvs Alfred and

Victor were about 25,’:112. which is optimal for Dutch
conditions. It is possible that after 17 May some more
seeds might have germinated both for the dwarf
selections and for the tall cvs. However, the yield
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contribution of thesec later emerging plants is not
likely to be of great significance due to the advantage
of the older and bigger plants, and the late emergence
time.

The favorable weather conditions prevailing during
the experiment, with no drought occurring during the
later period of the season, might have been of
advantage to the dwarf genotypes because of their
longer growing period. The yield capacity of the dwarf
lines seems very promising with seed yields 15% higher
than that of the control. Also, in the preceding years
in smaller trials, the dwarf selections have been found
to produce yields more than, or equal to. tall control
cultivars (SVP 1986 and 1987).

The determinate growth character has been used
widely to curtail excessive biomass production in faba
bean. However, up till now the results have not been
very encouraging, with seed yields in general less than,
or at the most equal to. that of standard genotypes
(Ebmeyer 1986; Saxena er al. 1986). The results of this
study suggest that the dwarfing gene from Veritas may
offer a better way to turn excess biomass production
into seed and protein. However, further experiments are
required to assess whether the dwarf types will also
have an advantage in other growth conditions and. if
not, whether an adjustment of seed rate and other
agronomic practices are neceded to achieve improved seed
yield with the dwarf genotypes over a wide range of
environments.
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Nitrogen Fixation in Faba Bean
(Vicia faba L.) and its Economic
Benefit in Central Alberta,
Canada

C.L. Rweyemamul and Z.P. Kondra?

1. Department of Crop Science and Production,
Sokoine University of Agriculture,

P.0. Box 3005, Chuo Kikuu,

Morogoro, TANZANIA

2. Department of Plant Science,

University of Alberta, Edmonton,

Alberta, CANADA

Abstract

A two-year study was conducted at the Edmonton Res-
earch Station, University of Alberta, Canada, to
estimate N fixed by faba bean (Vicia fabaL.) crop and
assess its economic benefit in relation to fertilizer
nitrogen. Seeding rate did not have much influence on
fixation/unit area. The amount of N fixed averaged 34.8
and 127.5 kg N/ha for 1984 and 1985 cropping seasons,
respectively. The nitrogen requirements were not fully
met from symbiotic fixation and a substantial amount of
N came from the soil. At 29 days after flowering,
farmers can plough-in the crop if it is to be used as
green manure. The study also showed that the economic

benefit from N fixation can improve as the
nitrogen-supplying power of the soil declines while the
price of N fertilizer increases and the price of seed
decreases.

Introduction

Although faba bean is regarded as a “break-crop” in
Canada, there is limited information on the amount of
nitrogen fixed by faba bean in central Alberta. Thus,
it is difficuit for both crop growers and animal
producers to fully understand the crop and formulate
rotation programs suitable for the region. The present
work was initiated to study the ability of three
cultivars and one experimental line of faba bean to fix
nitrogen at different stages of growth. The economic
benefit of nitrogen fixation, and the nitrogen balance
after grain harvest, also were calculated.

Materials and Methods

The study was conducted in 1984 and 1985 at the
Edmonton Research Station, University of Alberta
(53°31'N and 113931'W). Soil characteristics are shown
in- Table 1. Rainfall during the cropping seasons was
249.4 mm and 336.6 mm for 1984 and 1985, respectively.
The sites used had been under fallow for three years
and no fertilizer had been applied in the area for the
previous six years. The experiment was laid out in a
randomized block design with four replications. Three
faba bean cultivars (Ackerperle, Aladin, and Outlook)
and one experimental line ("80F-21") from the
University of Alberta breeding program were sown at 33
and 50 plants/m“. One barley (Hardeum vuigare L.)

Table 1. Some soil characteristics at the experimental sites at seeding for the 1984 and 1985 growing seasons.

Year Seeding  Soil type pH Soil N Soit P Seil K
date (ppm) (ppm) (ppm)
0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12
cm cm cm cm cm cm cm cm
1984  7/5/1984  Clay loam 5.9 5.9 48 30 19 18 299 313
1985  4/5/1985  Clay loam 6.2 6.2 14 18 11 11 307 319
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cultivar (Conquest) at 50 kg/ha seeding rate was
included for comparison purposes.

Individual plots consisted of 8 rows, 6m long,
spaced 23 cm between rows and between plots. No
fertilizer was applied. Seed was sown on 7 May and 3
May, 1984 and 1985, respectively. Weeds were controlled
by manual hoeing at 30 and 50 days after emergence. In
both « years, plots were harvested in August. Plant
samples, harvested at 75% flowering, and at 29 days
after flowering (DAF), were analyzed for total nitrogen
concentration according to Bremner (1965). At maturity,
vegetative and reproductive parts were analyzed
separately for N content. Barley was harvested (at the
time when the earliest faba bean cultivar was ready for
harvest, at flowering, 29 DAF, and at maturity) and
analyzed for N content. The treatments used in this
study permitted comparison of the response of a cereal
(barley) and annual legume (faba bean) to soil N and
provided information whereby the amount of N
symbiotically fixed by nodulated faba bean could be
determined.

Previous work by Richards and Soper (1982) had
shown that faba bean and barley extracted similar
quantities of inorganic soil N. Therefore, symbiotic N,
fixation of nodulated faba bean was determined by
subtracting N content of the barley shoots from the N
content of nodulated faba bean shoots. The economic
value of this nitrogen was calculated using the price
of nitrogen from urea. The nitrogen’s production cost
was calculated using the cost of seed/ha. The cost:
benefit ratio was calculated by dividing the value of N
fixed (CAD of N fixed/ha) by seed cost (CAD/ha). The
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nitrogen balance was calculated by taking the total
nitrogen fixed, minus total niwrogen taken off with
harvested grain, as outlined by Richards and Soper
(1982). The data of each season were subjected to
factorial analysis and treated as a separate
experiment.

Results

Seeding rates had no significant effects on the amount
of nitrogen fixed by the crop in both years, but
cultivar effects were significant (Table 2). In 1984,
the net amount of nitrogen fixed could be measured only
at maturity, whereas in 1985 it could be measured
starting from 29 DAF onwards. In 1985, the net nitrogen
fixed decreased from 29 DAF to maturity.

In 1984, the value of nitrogen fixed at maturity
increased to 40% of the seed cost when the nitrogen
value was 0.44 CAD/kg. However, in 1985, there was
higher economic benefit when 43-140% of the seed cost
was recovered (Table 3). The nitrogen balance after
grain harvest was negative (Table 4).

Discussion

The results on the effect of seeding rate on nitrogen
fixation reported in this study are in agreement with
those of Sprent and Bradford (1977) who reported that
plant density did not have much influence on nitrogen
fixation/unit area and, within the range of economic

Table 2. Amount of nitrogen fixed by faba bean (kg/ha) as calculated at different stages of plant growth

during the 1984 and 1985 seasons.

Seed rate Cultivar/ N (kg/ha)
(seeds/m? ) line
Flowering 29DAF Maturity %N fixed
1984 1985 1984 1985 1984 1985 1984 1985
33 80F-21 127ab* 88b 39
Outlook 191a 41ab 143ab 18 51
Aladin 191a 28ab 112ab 13 45
Ackerperle 253a 38ab 134ab 17 49
50 80F-21 88b 23b 84b 11 38
Qutlook 18¢ 43a 121ab 18 47
Aladin 7 170ab  36ab 185a 16 57
Ackerperle 124ab 128ab 48

* Means followed by same letter(s) within each column are not significandy different at P< 0.05 according to the Duncan's Multiple Range

Test.
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Table 3. Economic benefit of nitrogen fixation in faba bean relative to fertilizer nitrogen.

Seed rate Cultivar Seed cost N fixed Value of fixed N Benefit:
(seedslmz) line (CADlhu)I (kg/ha) (CADIha)2 cost ratio
1984

33 80F-21 44
Outlook 44 41 18 0.40
Aladin 44 28 12 0.27
Ackerperle 44 37 16 0.36

50 80F-21 66 24 10 0.15
Outlook 66 43 18 0.28
Aladin 66
Ackerperle 66
Mean 34.8

1985

33 80F-21 44 88 38 0.86
Outlook 44 143 6l 1.40
Aladin 44 12 48 1.09
Ackerperle 44 134 57 1.31
80F-21 66 84 36 0.55
Outlook 66 121 58 0.88
Aladin 66 128 55 0.84
Mean 127.5

1. Sced cost was 0.44 Canadian Dollars (CAD)/ kg

2. Based on urea nitrogen fertilizer costing 0.44 CAD/kg N in Alberta, and 100% fertilizer use efficiency.

seeding rates, N fixation per unit area remained
remarkably constant. Although the net amount of
nitrogen determined in the 1984 experiment was lower
than that reported in literature, the values of the
1985 experiment are within the range of values reported
under Western Canadian conditions (Rice 1976; Dean e/
al. 1980; Richards and Soper 1982). The nitrogen
requirements in both years were not fully met from
symbiotic fixation and the substantial amount of
nitrogen required by the crop came from the soil.

Since Western Canadian soils do not have indigenous
rhizobia for faba bean (Candlish and Clark 1975; Rennie
et al. 1982), competition between indigenous rhizobial
strains and that applied did not arise in this study.
The independently controlled genetic variations among
the cultivars used and Rhizobium spp. applied may have
influenced the results on nitrogen fixation, as
reported by El-Sherbeeny er al. (1977a and 1977b),

En 16 FABIS Newsletter 25, December 1989

Mytton er al. (1977), and Dean and Clark (1979). The
decrease in the amount of nitrogen fixed at 29 DAF
until maturity suggests that farmers can plough-in the
crop after 29 DAF if the crop is to be used as green
manure,

The economic benefit results show that cost benefit
ratio values of 1984 and 1985 are higher than those
reported by Twonley-Smith and Slinkard (1984) for faba
bean grown in Western Canada. The cost benefit ratio
values show that the economic benefit can improve as
the nitrogen-supplying power of the soil declines while
the price of nitrogen fertilizer increases, and that of
the seed decreases.

The results of the present study also show that
most of the soil nitrogen was removed from the area of
production at the time of harvest, as it was contained
in the seed at harvesting (Table 4). Therefore,
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Table 4. Nitrogen balance sheet,
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Variable Average value (kg/ha)
1984 1985
Faba bean
Soil N at seeding (0-12 cm depth) 46.47 19.56
(20.15 CAD) (8.41 CAD)
Total N yield (crop N) 214.11 262.88
(92.07 CAD) (113.04 CAD)
Symbiotic fixed N (average) 23.91 127.38
(10.38 CAD) (54.77 CAD)
Nitrogen derived from the soil 190.20 138.56
(81.79 CAD) (59.58 CAD)
N taken off with harvested grain 157.74 213.47
(66.54 CAD) (91.79 CAD)
N taken off with harvested TDM 214. 1 262.88
(92.07 CAD) (113.04 CAD)
N taken off with vegetative material only 59.38 49.43
(25.53 CAD) (21.25 CAD)
Soil nitrogen balance' -130.20 -86.09
Net soil N balance (CAD/ha)? (-56.26 CAD) (-37.02)
Barley
Total N taken from the soil 190.20 138.56
(81.79 CAD) (56.58 CAD)
N taken off with harvested TDM 190.20 138.56
(81.79 CAD) (56.58 CAD)
N taken off with harvested grain 98.90 87.26
(42.53 CAD) (37.52 CAD)

1. Soil N balunce (kg/ha) = N Fixed (kg/hu) - N taken off with faba bean harvested grain (kg/ha).

2. Based on appropriate cost of fertilizer (uren), i.c.. 0.43 Canadian Dollars (CAD)/kg.

depending on the environmental conditions and agronomic
practices, faba bean crop can reduce the soil nitrogen
status. The extent of the secondary effects of nitrogen
remaining in the soil on the crop following faba bean
will always depend on different factors at the site, as
well as climatic conditions. Utilization of the
remaining nitrogen in the crop can be very minimal
(3-5%) as reported by Huber er al. (1987).
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Concentration and Uptake of N, P,
and K and the Effect of Potassium
Sulphate on Vicia faba L.

Mohamed M. El-Fouly, A.F.A. Fawzi
and F.K. El-Baz
National Research Centre,

Botany Department,
Cairo, Dokki, EGYPT

Abstract

Field experiments were carried out to study the
concentration and uptake of N, P, and K in different
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organs of faba bean plants at various stages of growth.
The maxima for uptake for the three nutrients was
reached 110 days after sowing. Removal of P05 was
comparable to that reported by others, whereas it was
lower for K50, suggesting that potassium might be a
limiting factor under conditions of high yields. Adding
120 kg K5O/ha gave considerable yield increases.

Introduction

Faba bean (Vicia faba L.) is the most important pulse
crop in Egypt and represents a major source of protein
for human nutrition (Hawtin and Webb 1982). Its average
yield ranges between 2-3 t/ha. However, under proper
management, yield can reach over 6 t/ha. Higher yields
are correlated with higher pod set and less flower and
pod drop and thus may require more available nutrients
(El-Fouly 1982).
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While there is general acceptance for N and P
fertilization based on past research in Egypt,
potassium fertilization for faba bean is still under
investigation. Previous results indicated that in some
governorates leaf analysis of faba beans during growth
showed K deficiencies (El-Fouly 1984; El-Fouly er al.
1984; Fawzi er al. 1987). Fawzi et al. (1983)
demonstrated that fertilizing with potassium sulphate
under some conditions in Egypt can lead to increases in
yield. This paper presents results obtained during the
winter seasons of 1982 and 1983, on the effect of K
fertilization on Vicia faba.

Table 1. Soil characteristics of the experimental sites.

3)43:':\0 &gy
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Materials and Methods

Nutrients uptake experiments

Experiments conducted in the 1982 and 1983 seasons at
two different locations in Kafrel Khadra village,
Monoufia Governorate, Egypt, aimed at determining the
nutrient uptake by different plant organs during the
growth period as well as calculating the uptake of
nutrients. Soil characteristics and fertilizers added
to each experiment are given in Tables I and 2,
respectively. Starting 35 days after planting, plant

Removal experiment Potassium
experiment
1981/82 1982/83 (average of 8)
Sand % 47.0 15.0 46.4
Silt % 26.0 40.0 26.3
Clay % 28.0 45.0 27.3

pH (1:2.5 water) 8.1 7.5 8.7
E.C. (mmhos/cmz)

(1:2.5 water) 0.6 1.0 0.3
CaCO,; % 2.1 2.0 1.4
OM. % 1.3 1.8 1.2
P mg/100g (Olsen) 0.6 1.2 0.6
K mg/100g

(amonium acetate) 25.0 11.0 14.0
DTPA extractable
Fe (ppm) 10.0 84.0 4.2
Mn (ppm) 12.0 42.0 10.1
Zn (ppm) 1.3 4.1 0.8
Cu (ppm) 2.0 2.4 1.7

Table 2. Dates of sowing, and fertilizer amounts used and application.

Sowing date

Fertilizer Removal Potassium
experiment experiment
13 Nov 81 5 Dec 82 13 Nov 82

Organic manure
(m°/ha)

50

before sowing

P,0; (kg/ha) 77 110 85

(27 Dec 81)* (10 Jan 83) (12 Nov 82)
N (kg/ha) 75 110 75

(27 Dec 81) (10 Jan 83) (25 Nov 82)
K,0 (kg/ha) 120 120 120

(27 Dec 81) (9 Jan 83) (28 Dec 82)

a. Figbresin parenthesis are dates of fertilizer applications. .

Ard2 1989 Jo8l 087 5 daede 6 pin ¢ s
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samples were taken at 2-3 day intervals untill
ripening. Each consisted of 10 plants separated into
leaves and stems and, in later growth stages into,
leaves. stems. and pods. The samples were weighed and
analyzed during the growing periods. At harvest, grains
and pods were weighed and analyzed. Analysis results
are given as the average for a mean of 10 plants
(3-5 analysis).

Potassium experiment

This experiment was carried out in the 1982/83 season
in Sinbellawin Dakahlia Governorate. Soil analysis and
treatments are given in Tables 1 and 2. respectively.
The experiment consisted of eight trials. Each trial

had two treatments (with and  without KZO
fertilization). Each treatment was replicated in four
plots.

Results and Discussion

Figs. 1-3 show nulrient concentrations and uptake for
the first year. Results for the second year were
similar and are thus omitted. Uptake of N, P, and K
increased gradually up to 70 days after sowing. In the
subsequent 30-50 days (pod setting). a sharp increase

Uptake mg/
plant

Concentration N
- 400

| 350
| 300
| 230

L 200

150

- 100

00 L 1 1 L 1 | L 1 Il ] 1 L A
35 40 S50 60 70 80 90 100 110 120 130 140

150 160
Days after sowing
Fig. 1. Nitrogen concentration

(—) and uptake {---) by dillerent

plunt organs of Vicia faba during growth,
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occurred, which was followed by a decrease in the
concentration and total amounts of these nutreints in
leaves and stems, probably because of translocation to
pods. About 50% of total K,O removed was taken up
during the period up to the beginning of fruit setting
with a maximum of 2.8 kg/day/ha. The crop might suffer
if the potassium supply is inadequate during this
critical growth stage.
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Fig. 2. Phosphorus cancentration (=) and uptake (---) by Vicia faba

during growth.
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Considerable seasonal differences were obtained in
the amounts of N and K,O removed/ha due to different
yields achieved in the two seasons (Table 3). The
nutrient removal/t of each grain and straw in both
years was nearly the same (Table 4). However, removal
was generally lower in the 1981/82 season for all the
nutrients except for KO removed by straw.

For calculation of fertilizer needs, it is
necessary o know the amount of nutrients taken up by
the plant to produce one ton of grain. Normally these
values are somewhat higher than that actually removed
from the field. Table 5 shows those values which are
very close to the figures given by Kemmler and Hobt
(1985) for N and P (66.7 kg N and 18.7 kg P,Og), but
lower for K (50 kg K,O) though the field in the

Table 3. Nutrients removal by faba bean at harvest.

Dry wt Nutrient
(kg/ha) (kg/ha)
N P205 KZO

1981/82
Grain 6500 240 49 94
Straw 8000 165 53 164
Total 14500 405 102 258
1982/83
Grain 5000 205 46 75
Husks 1000 12 7 42
Leaves 1250 55 9 33
Stems 3250 55 22 28
Total straw 5500 122 38 103

Total! 10500 327 84 178

I. Total grain + total straw.

Table 4. Removal of nutrients (kg) for t of produce.

Year Nutrient

N ons K20
1981/82
Grain 36.9 7.5 14.5
Straw 20.6 6.6 20.5
1982/83
Grain 41.0 9.2 15.0
Straw 22.2 6.9 8.5

Ar40 1989 J}‘i|u).;l5325 A.A.a.l.:a)uuc u.ul:
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Table 5. Nutrients taken by the whole plant for the
production of one t of grain.

Year Nutrient

N P205 KzO
1981/82 62.3 15.7 39.7
1982/83 65.4 16.8 35.6

Table 6. Effect of potassium sulphate (120 kg K,0/ha)
applied 45 days after sowing on yield of faba bean.
Average of 8 experiments.

Yield (kg/ha)

4938
5413 9

Treatment % increase

No K fertilization
120 kg K,O/ha

authors’ experiment received 120 kg K,O/ha. It is of
interest to note that in this area potassium deficiency
symptoms were detected on plants in those fields which
were showing otherwise good growth and high yield
potential.

Although there were differences between both
removal experiments, the soil of the 1981/82 season
contained more sand and less clay, as well as less
exchangeable K. However, the amount of K taken up for
the production of one ton of grain was higher. This
indicates the necessity of reviewing the needs of
potassium fertilizers in Egypt based on yield target.

Adding 120 K,O/ha as potassium sulphate at 45 days
after sowing (prior to the growth period of high needs)
increased yield by about 5% as an average of 8
experiments (Table 6). Of the eight experiments, six
showed an increase in yield with K application, ranging
from 5% to 21 %, and two had a small negative (2 and 7%)
effect.
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Variation Analysis of Physiological
Traits among Different Entries of
Faba Bean (Vicia faba L.)

G.B. Polignano and P. Uggenti

Germplasm Institute, C.N.R.
Via Amendola, 165/A Bari,
ITALY

Abstract

Variations for plant height, leaf area, dry weight,
leaf area ratio (LAR), net assimilation rate (NAR), and
relative growth rate (RGR) were examined in 28 entries
of faba bean (V. faba L. var major, equina and
minor) at various growth stages. Significant
differences among the entries were observed for leaf
area and dry weight. Nonsignificant differences were
observed for the LAR, NAR, and RGR. Minar type
showed a more cfficient ‘leaf system’.

Introduction

Several investigators have studied the genetic
variation in faba bean (Vicia faba L.) in recent years,
but little attention was given to the genetic variation
of characters linked to the biophysiological aspect of
yield, i.e., photosynthesis, nitrogen fixation,
accumulation and translocation of assimilates, etc.
Polignano and Spagnoletti Zeuli (1985) used different
faba bean populations from the world germplasm
collection at the CNR-Germplasm Institute, Bari, Italy,
to describe 10 quantitative morphobiological characters
of interest to breeders. Several authors suggested that
more efforts should be devoted to identifying "highly
efficient” genotypes (Chapman and Peat 1978:
Scarascia-Mugnozza and De Pace 1979; Lawes 1980). In
the case of germplasm collections, it is very difficult
to evaluate the genetic variation for physiological
traits. However, indirect estimates of variation could
be obtained by the use of more easily assessed
quantitative characters (dry matter, leaf area, etc.)
or by physiological indexes of growth analysis: NAR,
LAR, and RGR. (Castrignano ef al. 1987). Variations are
reported in this paper for some of these characters and
physiological indexes among entries of faba bean (Vicia
Jaba var major, equina, and minor) selected in previous
years for their yield potential.

1989 J,"JIQ,..IS:ZS 4-14-156)-'1;‘ (.)‘“L’ Ar39



SHORT COMMUNICATIONS
Physiology and Microbiology

Materials and Methods

Seeds of 24 entries of V. faba, representing the three
botanical groups: major, equina, and minor, were sown
on 15 Nov 1986 at the Experimental Farm of Bari
University, Valenzano, Italy. The experimental material
consisted of improved populations, cultivars, and
ecotypes of Italian origin. Thirty plants of each
population were grown in 3-row plots, each 3 m long and
70 cm apart. The experiment was laid out in a
randomized block design with three replicates;
100 kg/ha of P,O5 was applied before sowing.

Three plants from each plot were sampled at 100,
131, 152, and 177 days after sowing. Data were recorded
on dry weight, leaf area, and seed yield/plant.

For leaf area (LA) determination, plants were
harvested by cutting at ground level, subdivided, and
dried in a forced-air oven to determine the dry weight
of leaf and stem tissue and total shoot dry weight (W).
Leaf punches of a known total area were weighed and the
average dry weight/unit arca was used to estimate total
leaf area (Wallace and Munger 1965).

The net assimilation rate (NAR) was estimated
according to the formula of Watson (1952). Both leaf
area ratio (LAR = LA/W) and relative growth rate (RGR
= LARxNAR) were derived indexes. NAR and RGR were
determined by using the mean values at 131 and 152 days
after sowing. Data were statistically analyzed and LSD
was used to compare mean values of the three botanical
groups.

Results

Analysis of variance within sampling date showed
significant  differences among the three botanical
groups for dry weight (W) and leaf area (LA). No
significant  differences were obtained for plant height
(PH) in all sampling dates, and for leaf area ratio
(LAR) in the first three sampling dates. At 177 days
after sowing. the differences among the three botanical
groups for LAR were significant. Differences due to
entries were highly significant for all characteristics
at each sampling date.

Mean values of LA, W, and LAR for the three
botanical groups at each sampling date are presented in
Table 1. The majortype showed the highest values for W
and LA, whereas the minor type showed the lowest
values. The equina type showed intermediate values. In
contrast to the minor type, values of LA in the major
and equinatypes were highly reduced when sampling was
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delayed from 155 to 177 days after sowing. However,
this situation was reversed with respect to dry weight.

Table 2 shows the mean values for each entry in
each of the botanical groups for LA, W, LAR, NAR, and
RGR at the third sampling date as well as seed
yield/plant. LA and W were the only characters that
showed significant differences among the three
botanical groups. The entries MG 106808, MG 109758,

8 yaline gy
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highest values for LA, whereas the lowest corresponding
values were observed in MG 106861, MG 106165,and MG
107141. Conversely, the highest values for W were
recorded in the entry MG 106650 and the cvs Aguadulce
and Manfredini, whereas the lowest values were observed
in MG 106963, MG 107116, and cv ‘Strudel’.

The simple correlation coefficients among yield/
plant and physiological traits observed in the 24

and the cv ‘Manfredini,’ representing the major, equina,
and minor types of faba bean, respectively, showed the

entries of faba bean are listed
plant was significantly correlated to dry weight

in Table 3. Yield/

Table 2. Mean values for leaf area (LA), total dry weight (W), leaf area ratio (LAR) at 152 days after sowing,
and net assimilation rate (NAR) and relative growth rate (RGR) at 131 and 152 days after sowing in 24 entries
..representing the three botanical groups of V. faba var major, equina, and minor.

‘Botanical  Entry Yield!/ LA w LAR NAR RGR
group plant (g  (cm?) ® (cm?/g) (g/em?/day) (g/g/cm?/day)
Major Aguaduice (2) 62.3  236.72  206.72+ 1.16 34 39
Loc Putignano (3) 359  233.89  167.00 1.40 37 52
MG 107142 60.1  233.58  164.58 1.42 36 51
MG 106609 40.5  213.74 16791 1.31 40 52
MG 106827 45.7  259.76  180.94 1.43 41 59
MG 106865 37.1  217.10  155.68 1.40 39 55
MG 106963 22.5  230.06  150.38- 1.44 34 49
MG 106808 53.9  263.53+ 174.51 1.51 37 56
MG 109751 40.6 22829  186.68 1.22 44 54
MG 106951 61.9 23728  191.18 1.25 42 53
MG 106861 419  210.86- 187.59 1.26 39 49
MG 106815 326  229.87  181.58 1.28 38 62
X 446  232.89 17456 134 39 53
Equina  Gemini (2) 31.4 24445  161.96 1.51 31 47
MG 107168 37.6 21698  155.62 1.39 34 47
MG 107140 321 20477 147.82 1.38 37 51
MG 107116 27.6  198.76  138.48- 1.43 36 51
MG 106549 402 230.80  156.59 1.48 36 53
MG 109746 348  198.10  154.43 1.28 39 49
MG 106650 550  231.73 19587+  1.20 48 58
MG 109758 441  253.01+ 198.96 1.26 45 57
MG 106165 50.7  185.45-  168.10 1.16 41 48
X 39.3 21823  164.20 1.34 38 51
Minor Strudel (2) 25.8 20291  143.99- 1.41 37 52
Manfredini (2) 40.5  205.14+ 166.70+  1.23 38 47
_ MG 107141 354  193.11-  152.05 1.27 36 46
X 33.9  200.39  154.25 1.30 37 48

(1) Mean value of yield/plant obtained from the remaining plants in each plot after sampling.

(2) Cultivar.

(3) Local population.

(+) Maximum value;

En 24
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Table 3. Correlation coefficients among yield/plant and physiological
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traits observed in 24 entries of

V. faba L.

Trait LA LAR NAR RGR
Yield/plant 0.38ns 0.72%%* 0.40* 0.37ns -0.02ns
LA 0.58%%+ 0.33ns 0.09ns 0.42*
w 0.56%** 0.55%#= 0.21ns
LAR -0.55%%* 0.18ns

NAR 0.57%%+
(P<0.01), and leaf area ratio (P<0.05). Leaf area was 65 _
positively associated with dry weight, whereas small or . *
nonsignificant association was observed with LAR, NAR, 60 L .

and RGR.

Dry weight (W) was negatively associated with LAR,
but positively with NAR. High LAR was associated with
low NAR. A positive association existed between NAR and
RGR. Fig. 1 shows the regression of yield/plant on
total dry weight/plant for all entries studied.

Discussion

It is well known that an improved plant architecture
could promote better photosynthetic efficiency and
consequently, improved faba bean grain yield
(Scarascia-Mugnozza and De Pace 1979). The results
presented here show that differences among major,
equina, and minor types for leaf area and dry weight
allow identification of genotypes having a mare
efficient ‘leaf system.’ Data on leaf area ratio seems
to indicate a better photosynthetic efficiency for the
minor type, especially at the late stages of growth.
Correlation analysis showed that variations in dry
weight accumulation by different entries was positively
related to yield/plant, leaf area, and net assimilation
rate.

Absence of significant differences among the
examined entries for such physiological indexes as NAR,
RGR, and LAR points to their limitation as criteria for
screening genotypes. Instead, easily measurable traits
like leaf area and dry weight could serve very usefully
in screening large numbers of genotypes for yield
improvement. Wallace and Munger (1965) reported that
high initial growth rate for leaf area and high early
leaf area ratio of six dry bean varieties lead to high
seed yield. The same appears to be true for faba bean.
Screening germplasm for these traits might be helpful
in a yield improvement program for this crop.
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Fig. 1. Relationship between the yield/plant (Y) and dry weight/
plant (X) in 24 entries of V. faba.
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Plant Density Effects on the Growth
and Development of Winter Faba Bean
(Vicia faba L. var minor)

J. Castro Coelho and P. Aguiar Pinto
Instituto Superior de Agronomia,
Technical University of Lisbon,

Tapada Da Ajuda,

1399 Lisboa CODEX, PORTUGAL

Abstract

The effect of two plant densities (20 and 40 plnntslmz)
on growth and development of a genotype of Vicia faba
var minor "Tapada da Ajuda” was studied at various
stages of crop growth. At final harvest, the dry-matter
yield of above-ground parts was 16.1 and 26.8 t/ha at
20 and 40 planls/m2 densities, respectively. The higher
plant density had the highest crop growth rate (CGR),
net assimilation rate (NAR), and photosynthetic active
radiation efficiency (PAR). Towards the end of the
season, the rates of senescence and pod abscission were
much higher at the higher plant density.

Introduction

Literature indicates that faba bean has remarkable
plasticity to variations in plant density. Significant
differences were obtained between sparse populations of
20 plagtslm or less and plant densities of 40
plants/m*. This study sought to determine the effect of
plant density on some key growth parameters and assess
their importance in affecting the final dry-matter
yield.

Materials and Methods

The experiment was conducted at the Instituto Superior
de Agronomia’s experimental farm (Tapada da Ajuda,
Lisbon) during the growing season of 1985/86. The soil
of the experimental field was silty-clay with problems
of poor drainage. A local genotype of Vicia faba var
minor (cv. "Tapada da Ajuda”), whose agronomic
characteristics are presented in Table 1, was sown on 3
Dec 1985, at two densities (20 and 40 plants/m“). The
densities were randomly assigned to four 60 m“-plots
with a constant row spacing of 50 cm. Prior to sowing,
the plots were fertilized with 90 kg of P,Os. A series
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Table 1. Agronomic characteristics of the Vicia faba
cv Tapada da Ajuda.

Flower set: 65 to 80 days after sowing

Maturation: 160 to 180 days after sowing

Seed size: medium type (100-seed weight
=52 g)

Seed color: light brown with black hilum

Plant height

at harvest: 100 to 120 cm

Number of seeds/pod: often 3 and seldom 2 or 4

Orobanche reaction:
Farming region;
Protein content:

very sensitive
Ribatejo e Oeste
24 10 26%

of 10 harvests, each of 10 contiguous plants, were made
in each plot at 14-day intervals starting 41 days after
sowing. Phenological observations were made daily on
the same three randomly selected plants within each
plot throughout the growing season. Insect pest control
was achieved by applications of thiram, deltamethrin,
and ethiofencarb; methabenzthiazuron and glyphosate
were used for weed control. Leaf area was measured with
a portable leaf-area meter (LI-COR model LI-3000).

Results

Fig.1 shows the accumulation of dry matter among

B paine g
ais ol LoVl Lomgly il

season. In both densities, maximum stem and leaf dry
weight were reached around 153 days after sowing,
slightly after pod filling started. The increase of pod
dry weight was greater than the loss of stem and leaf
dry weight, suggesting that both remobilization and
photosynthesis contributed to pod growth. Very rapid
accumulation of dry matter coincided with the start of
pod filling. This suggests a positive feedback of sink
size on photosynthetic rate. Overall plant size was 30%
greater at the low density, whereas total dry matter
accumulation was greater at the high density, being
26.8 agd 16.1 t/ha, respectively at 40 and 20
plants/m“. Harvest indices were 0.49 and 0.46
respectively, and were not significantly different.

Differences in crop growth rates (CGR) between
populations were not significant up to day 140 (Fig.
2). Thereafter, the denser crop had a CGR more than
twice that of the sparse crop.

There were no significant differences in the net
assimilation rates (NAR) for the two plant populations,
leading to the conclusion that the greater leaf area
index (LAI) of the denser crop was the main reason for
the differences in crop growth rates. The values of LAI
were never so large as to cause crop competition for
light, explaining the non-asymptotic behavior of the
dry weight accumulation curve in Fig. 1. Maximum LAIs
were obtained at the start 3f pod filling (3.9 and 7.0
for the 20 and 40 plants/m“ populations, respectively).

different parts of individual plants throughout the Specific leaf area (SLA) decreased with leaf age.
20 plants/m?® 40 plants/m?

90 90k

sob [ Pods i
8 Ll I
= 70 [J Stems
‘\-g_ 60} -
%o 50k B3 Leaves 50}
‘S
2
-
a

55 69 83 97 M 125 139 153 167

Days after sowing

Fig. 1. Accumulation of dry matter in different plant parts of faba bean at 20 and 40 plants/mz densities.
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The efficiency of conversion of incident
photosynthetic active radiation (PAR) for the season
was 2.5% for the_20 plants/m“ population and 4.1% for
the 40 plants/m2 population. This result suggests that
the level of light saturation was not reached with the
highest population used in this study.

Plants of the dense population had less branching
and fewer flowers and pods/plant, and were taller
during the initial stages of crop growth (Fig. 3).
There was a high rate of flower abscission in both
plant densities (only 21.4% and 15.8% of the developsd
flowers gave a rise to pods at 20 and 40 plants/m~,

1201 | oo 20 plantsim?

100} | 0=——0 40 plants/m?

L[] 3

(1] 4

40}

CGR (g/m¥iday)

20p

e O

NAR (g/m¥/day)

4001

300}

SLA (cm¥/g)

100}

L N N A N . a
40 60 80 100 120 140 180
Days after sowing

o

4] 20

Fig. 2. Evolution of crop growth rate (CGR), leal area index (LAI),
net assimilation rate (NAR), and specific leaf area (SLA) of faba
bean grown at two plant densities.
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respectively). Such rates are common in Vicia faba,
even in the absence of environmental stresses, and may
be due to competition between various reproduction
bodies for the metabolites.

Discussion

The results obtained from this study indicated a clear
positive effect of population density on crop yield. In
agreement with the results of Poulin (1984) and Sprent
et al. (1977), leaf senescence rates increased with the
increase in plant density, resulting in a more rapid
reduction in crop growth rate and net assimilation rate
for the higher plant density. Analysis of the growth
rates at maximum LAI showed no evident competition for
light or nutrients, indicating that the increased leaf
senescence rate in the higher plant density might be
due to increased competition among individual plants
for soil water towards the end of the cropping season.

The ovefall energy conversion efficiency for the
40 plants/m* population is relatively high for a C
leguminous species, but it is similar to the one foung
by Sale (1977) with a spring faba bean crop. However,
maximum energy conversion efficiencies occurred during
April under a set of favorable conditions, i.e..
maximum LAI, high radiation, moderate air temperature,
and good soil water and nutrient supply.

The reduction in branching as well as the reduction
in the number of pods/plant due to increased plant
density have also been observed by other workers
(Hodgson and Blackman 1956; Kambal 1969; Seitzer and
Evans 1973; Abo El-Zahab er al. 1981; Salih 1981,
Plancquaert 1984; and Poulin 1984).

The number of seeds/pod did not seem to be affected
by an increase in plant density. The high abscission
rates observed are in agreement with Kambal (1969),
Ishag (1973), Gates er al. (1983), Hebblethwaite et al.
(1983), and Peat (1983) who examined abscised pods and
concluded that all of them had been fertilized. The
most reasonable explanation for the abscission of young
pods is the high level of competition for assimilates
between the numerous sinks (Peat 1983; Baker er al.
1984).

The different rates of pod survival at different
nodes might be related to asynchronous initiation of
seed development. Within the same inflorescence, the
basal flower showed lower rates of abortion. Gates et
al. (1983) hypothesized that this is caused by a more
favorable position and a larger capacity of the
assimilate transport.
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Fig. 3. Evolution of stem height, flower and pod numbers and position along the stems of faba bean grown at two population densities.

Ar32 1989 Jydl 98 25 daededin o uls FABIS Newsleiter 25, December 1989 En 29



SHORT COMMUNICATIONS
Phvsiology and Microbiology

The reduction in abscission rates seems to be a
promising way to increase yield through breeding. There
are two possibilities worth consideration in this
regard:

1. reduction in the number of pods/plant together with
an increase in the number of seeds/pod;

2. breeding for determinate growth combined with a
slower rate of senescence so that reproductive and
vegetative parts do not compete with each other.
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Forage Productivity of Faba Bean
under Various Spacings of Poplar
(Poplus deltoides) Trees in
an Agro-Forestry System

R.S. Dhukial, Shardha Ram2 and
K.S. Bzmgarwa3

1. Dircctorate of Extension Education
2. Department of Plant Breeding

3. Department of Farm Forestry
Haryvana Agricultural University,
Hisar 125 004, INDIA

Abstract

Faba bean for forage was grown in the winter season of
1986/87 in interspaces of 5-year old poplar trees
planted at various spacings. Maximum green fodder
and dry matter production was obtained when faba
bean was growg in interspaces of poplar tree
planted at 6x6 m“. Narrow tree spacings of 2x2 m
adversely effected production of both green fodder
and dry matter due te shading.

Introduction

In India. faba bean (Vicia faba 1..) is grown on small
plots. mainly in the eastern parts of the country,
where its yield can reach up to 5000 kg/ha (Singh et
al. 1986). The crop is mainly consumed by humans.
However. recent efforts have been started to explore
the possibilities of growing this crop as a forage
legume in existing agro-forestry systems (Dhukia ¢1 al.
1988). The objective of this investigation was to study
the productivity of faba bean in an agro-forestry
system of poplar (Poplus delioides) wees planted at
different spacings.

Ar30 1989 Jo¥l o980 25 dnale s i o uls

Materials and Methods

A field experiment was conducted on a sandy loam soil
at the Haryana Agricultural University, Hisar, India,
during the winter season of 1986/87, to study the
productivity of faba bean under various spacings of
poplar (Poplus deltoides) trees. Seeds of the faba bean
(Vicia faba) cv ‘local’ were sown in th interspsces of
5-year old poplar trees planted at 2x2 m“, 4x4 m“, and
6x6 m< apart. The c?rrcsponding plot sizes were 19.2
m*, 36 m“, and 60 m*, respectively. The faba bean crop
was fertilized with 16 kg N and 70 kg P,Os/ha at
sowing. Seeds were sown on 5 Nov 1986 at a seed rate of
75 kg/ha in rows 25-cm apart arranged in a randomized
block design. The crop was harvested on 30 Mar 1987 for
green fodder. Data on green fodder and dry matter
yields were recorded.

Results and Discussion

Table 1 shows that faba bear& planted in the interspaces
of poplar trees grown at 6x6 m“ produced maximum green
fodder yield (14890 kg/ha) and dry matter yield
(2580 kg/ha) which were 50.4% and 52.6% higher
respectively, than those obtained under the 2x2 m2
spacings. The corresponding increases in green fodder
and dry matter yields were 14.9 and 19.4%
respectively, over those produced under the 4x4 m2

Table 1. Green fodder and dry matter yields of faba
bean grown under S-year old poplar plantation with
different inter-tree  spacings at the Haryana
Agricultural  University, Hisar. India. during the
1986/87 season.

Poplar spacing Yield (kg/ha)
Green fodder  Dry matter
2x2 m? 9900 1690
4x4 m? 12960 2160
6x6 m? 14890 2580
SE + 2214 394
FABIS Newsletter 25, December 1989 En 31
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spacings. Simi&arly, the forage yield of faba bean
under 4x4 m“ tree spacinss was higher than that
obtained under the 2x2 m“ tree spacings. As the
population of poplar trees increased, the shading

effect on the intercropped faba bean increased
resulting in reduced yields.
The foregoing results suggest that acceptable

forage yields could be obtained from faba bez&n grown
under 5-year old poplar trees planted at 6x6 m“ in an
agro-forestry system.
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Performance of Faba Bean Genotypes
under Saline Alkali Soil Condition
of Soba Area, Sudan

Yousif H. Yousif and Farouk A. Salih

Shambat Research Station, Khartoum North,
SUDAN

Abstract

Faba bean breeding lines were tested for yield
performance under the saline alkali soil conditions of
Soba, Sudan. The lines varied significantly in both
their yield and some yield components during the two
years of test. Poor plant stand and stunted growth were
observed on the low yielding lines. Tolerant lines
having good stand and growth produced the highest
yield. H.72 and other new introductions seemed to be
sensitive to the prevailing soil conditions and need to
be replaced by other lines.

Introduction

In the Scdan, faba bean is mainly grown along the Nile
in the northern region, where soil and climatic
conditions are suitable for maximum production. Because
faba bean production in the traditional areas (northern
region) can no longer meet demand, attempts were made
to introduce the crop into areas south of Khartoum,
which cover about quarter of a million hectares and can
be very important for the production of various crops,
i.e., vegetables and fruits. The fact that this region
is within the reach of the densely populated areas in
and around Khartoum with the necessary infrastructure,
makes it suitable for exploitation. However, soils of
this region are saline and alkali.

The aim of the present work was to study the
adaptability of faba bean in order to introduce the
crop into the new area as a new cash crop.

Materials and Methods

This study was conducted at the experimental farm of
Soba Research Station (Lat. 15° 24", Long. 32° 28")
during the 1982/83 and 1983/84 seasons. The soil is
aridisol. saline alkali in the sub surface (Table 1).
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It is sandy clay loam in texture with high CaCO3. The
land is watered from Gezira Scheme Canal which comes
from the Blue Nile.

The experiment was sown during the first week of
November of each year. Seeds of different breeding
lines were planted on both s'bdes of 70-cm ridges at
plant spacings of 15 ¢cm in 50m-“ plots arranged in a
complete randomized block design replicated four times.
At harvest, data on yield and yield components were
taken and statistically analyzed.

Results and Discussion

Season 1982/83

The trial of this season included nine breeding lines
plus ¢v H.72 as a standard check. Significant yield
differences were found among the lines, but none was
significantly better than cv H.72 (Table 2). Mass
Selection Giza 1, line RB 30/17, and line 188 x G.1
outyielded cv H.72 by 26.7%, 25.7%, and 24.1%,

Table 1. Soil properties of Soba Research Farm, Shambat, Sudan.

% palsne gy
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respectively. All the breeding lines were significantly
better than Mass Selection Giza 2, which was the lowest
yielder. The yield of cv H.72 surpassed the yicld of
Mass Selection Giza 2 by 40.5%.

Differences among the tested breeding lines in
plant stand, plant height. and number of branches/plant
were not significant. Mass Selection Giza 2 had the
highest 100-seed weight, but that did not compensate
for the low seed yield.

Season 1983/84

Two trials were conducted during this season. The first
trial included two standard checks (cvs H.72 and BF
2/2), 13 breeding lines, and Mass Selection Giza |
which was the top yielding breeding line in 1982/83.
There were significant differences among the lines
tested in this trial with respect to seed yield/ha,
plant stand/m“, number of seeds/pod, number of
branches/plant and 100-seed weight (Table 3). Lines
00639, 00657, and the control cv H.72 were negatively
affected by the soil and environmental conditions of
Soba area and had lowest plant stand and seed yield.

Soil Electrical Anions Cation SAR  ESP Exch.Na CEC pH  CaCO, Sand Silt Clay
depth  conductiv- (mg/l) (mg/h) (mg/100g) (mg/100g) (%) (%) (%) (%)
(em) ity (mm

hosicm) Ci SO HCO Na Ca Mg
00-30 293 6.3 27.7 20.7 252 8.2 2.0 15.8 23.7 8.2 34.6 8.2 99 43 136 348
30-60 10.44 19.1 102.4 1.5 99.4 19.7 4.2 28.7 39.1 15.4 39.4 8.2 9.7 341 157 409
60-100 10.44 234 883 1.5 96.7 12.0 4.8 47.2 532 22,0 41.4 8.4 9.5 319 166 43.5

Table 2. Yield and yield components of certain faba bean breeding lines grown at Soba, Shambat Research

Station. Sudan, during the 1982/83 season.

Line Seed Plant No. of No. of 100-seed Plant No. of
yield stand/ pods/ seeds/ weight height branches/
(kg/ha) m’ plant pod (® (cm) plant
Mass Selection Giza | 1897 19.4 13.5 2.83 40.0 82.0 3.9
RB 30/17 1873 18.3 18.3 3.36 36.5 74.9 2.7
188 x G.1 1835 20.0 16.4 2.36 40.7 83.3 3.7
Iw 1618 18.1 16.1 2.24 39.5 82.5 3.4
NEB 423 1565 20.0 16.3 2.38 49.0 81.6 34
NEB 428 1555 18.3 16.1 2.12 36.1 84.2 34
BM 9/3 1529 18.3 18.5 2.34 36.0 70.3 3.6
NEB 424 1468 19.8 16.9 1.90 4.2 75.3 3.0
Mass Selection Giza 2 827 19.7 8.3 2.02 54.7 73.9 3.7
H.72 1391 19.6 15.1 2.26 39.2 80.8 3.1
SE + 195.7 123 2.2 0.15 2.3 35 0.3
Mean 1556 19.1 15.5 2.38 41.4 78.9 34
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Table 3. Yieid and yield components of certain faba bean breeding lines grown at Soba. Shambat Research
Station. Sudan. during the 1983/84 season.

Breeding line Seed Plant No. of No. of 100-seed Plant No. of
yield stand/ pods/ seeds/ weight height branches/
(kg/ha) m? plant pod ® (cm) plant

Mass Selection Giza 2 1559 17.4 9.8 3.17 41.8 60.8 3.1
00654 1496 20.9 6.6 3.30 41.8 50.2 24
00634 1469 20.7 6.2 3.26 52.7 49.4 23
Mass Selection BF 2/2 1382 17.3 8.3 3.57 41.0 55.0 2.7
Mutant LB-48 1379 240 7.1 2.34 36.7 47.8 1.6
00649 1337 21.8 6.5 2,15 45.0 43.8 2.5
00482 1316 20.5 7.2 294 45.0 51.6 4.0
00104 1167 17.8 8.1 2.86 38.3 52.2 2.4
00637 1139 20.1 8.4 2.96 38.1 51.4 2.3
00638 1014 17.9 10.8 2.80 40.6 49.8 2.5
00501 996 15.1 7.1 2.03 45.9 55.8 2.2
00657 639 7.7 8.9 3.38 44.2 63.2 3.6
00639 117 1.4 9.5 2.26 449 51.5 2.8
H.72 116 0.8 15.2 2.74 38.0 58.6 4.7
BF 2/2 1156 16.2 8.5 2.63 36.3 48.2 2.2
SE + 148 1.3 1.7 1.38 3.65 3.1 0.5
Mean 1086 16.0 8.5 2.83 42.0 52.6 2.75

Table 4. Yield and yield components of a group of mutant lines of faba bcan tested at Soba, Shambat Research
Station. Sudan, during the 1983/84 season.

Mutant Seed Plant No. of No. of 100-seed Plant No. of
yield stand/ pods/ seeds/ weight height branches/
(kg/ha) m? plant pod (g) (cm) plant
W-57 1838 28.3 14.9 2.06 34.6 59.4 1.9
B-3 1315 29.0 8.2 2.14 34.1 62.9 1.3
Ww-54 1301 26.0 12.9 2.11 37.8 57.5 1.6
B-12 1134 294 6.4 2.37 31.0 51.5 1.7
B-48 1065 29.1 7.1 1.87 35.1 48.9 1.6
B-21 1065 29.6 5.1 1.94 43.5 52.7 1.7
B-50 1032 26.8 7.7 2.25 53.1 48.9 2.1
B-7 991 27.0 5.4 3.17 29.2 55.3 1.5
B-14 903 259 7.1 1.55 30.2 41.1 2.4
w-8 889 29.6 8.6 2.26 27.1 53.8 1.8
B-42 829 30.4 8.9 1.68 36.0 47.2 1.7
B-25 754 25.7 7.3 2.20 37.2 51.5 2.0
W-55 718 27.6 6.1 2.41 31.7 49.2 1.4
B-4 579 26.6 5.7 1.62 38.1 479 1.3
H.72 282 1.3 14.0 2.63 39.4 49.8 3.1
SE + 235 1.1 2.3 0.25 4.7 4.0 0.3
Mean 980 26.1 8.4 2.15 35.9 51.8 1.8
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Mutant LB-48 produced the highest number of plants/ mZ,

but it ranked fifth in sced yield and had the lowest
number of branches/plant and 100-seed weight. Mass
Selection Giza 1, as in the previous season, was the
leading line in seed vyicld/ha. It outyielded the
controls H.72 and BF 2/2 by 92.5% and 25.8%,
respectively (Table 3).

The seven top breeding lines presented in Table 3
were not significantly different from each other in
seced yield, but their yields were significantly
different from the yields of H.72, BF 2/2, and the rest
of the tested lines.

In general, plants were shorter this season, thus
producing fewer pods and sceds/plant and consequently
lower yields.

The second trial included 14 promising mutants
selected from the X-irradiated BF 2/2. Cultivar H.72
was included as a standard check. There were significant
differences between the mutants themselves and between
the mutants agd the standard check for seed yield/ha,
plant stand/m*, number of seeds/plant, and number of
branches/plant (Table 4).

The highest seed yield was produced by mutant W-57,
which non-significantly exceeded the yields of the
three mutants B-3, W-54, and B-12 by 28.4%,29.2% . and
38.3%. respectively. The high yield of mutant W-57 was
accompanied by good plant stand and a high number of
pods/plant. On the other hand, cv H.72 produced the
lowest seed yield due to its poorest plant stand.

The poor stand and stunted growth of some of the
breeding lines reported in Tables 1, 2, and 3 may be
attributed mainly to soil properties at Soba, i.e.,
poor physical condition (poor aeration. high bulk
density, low hydraulic conductivity) and high
concentrations of salts in the sub-surface. El-Karouri
(1979) investigated the tolerance of faba bean to salts
on aridisol at the Soba Research Farm. His results
showed that at a soil salinity level of 10.5 mm hos/cm,
dry matter production was reduced by 50% . There was a
negative relationship between soil salinity and shoot
dry matter yield. Faba bean could not survive when the
CEC of the saturation extract approached 22 mm hos/cm.

It is evident from the results of this study that
cv H.72, which was released for planting in the
southern part of the northern province of the northern
region of the Sudan (Yassein 1972), performed poorly
under the conditions of the new area due to its
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sensitivity to salinity. Mass Selection Giza 1 and
lines RB 30/17, 188 x G1, 00654, 00634, and W-57
produced the highest yields and were better adapted to
Soba area.

Conclusions

{. Yields were affected by seasonal variations.

2. Faba bean could be produced economically under
saline alkali conditions if suitable lines were
used.

3. Screening of varieties and breeding lines for salt
tolerance needs to be expanded further.

4. Low yields were associated with poor stand and
stunted growth, However, plant stand can be improved
by modified cultural practices.
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Rate of Cross-Fertilization Between
Single Plants and Between Plots

Wolfgang Link and Ernst von Kittlitz

University of Hohenheim, Postfach 70 05 62,
7000 Stuttgart 70.
FEDERAL REPUBLIC OF GERMANY

Abstract

In field trials, the cross-fertilization between single
plants and between small plots was studied in Vicia
JabaL. var minorusing black-seeded marker-gene. The
rate of cross-fertilization between single plants (42%)
was about twice the rate between plots (22%). The
results show that cross-fertilization is too frequent
to be ignored.

Introduction

Faba bean (Vicia faba L.) is a partially allogamous
species. a fact that renders its breeding difficult,
Multiplication of genotypes in the open field causes
problems of impurity in the genotypes for subsequent
test trials, unless adequate isolation is provided. The
problems that arise from this practice are:

l. A given genotype cannot be properly maintained.

2. Genotypes show different degrees of cross-
fertilization. Therefore, even stocks with an equal
coefficient of inbreeding will produce progenies
with differing  coefficient of inbreeding. This
creates differences between the productivity of
these progenies which are found at the homozygous
level, thus decreasing the validity of the results.

3. The contamination with pollen from the whole nursery
reduces the genetic variation between the stocks,
and subsequently the heritability and the gain from
selection.

To minimize these disadvantages, breeders often
discard seeds from the border rows. Hawtin and Omar
(1980) found, that harvesn the center of a plot
(size of 15 m“ or 30 m instead of the borders,
reduced contamination from oulside the plots by 3 o
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5% . Omar and Hawtin (1981) found a difference of about
6% between the samples from the border and from the
central part of a plot; the difference was somewhat
more pronounced when the experiment was located in the
center of the field than when at the edge. Dietrich e/
al. (1979) reported from repeated experiments that
their four-row-plots produced about 28% of the progeny
pollinated from outside the plot, whereas
single-row-plots produced 38% . However, Xanthopoulos
et al. (1986) reported a rate of cross-fertilization
within rows of 48% compared to only 8% between rows
using single row plots with a row spacing of 0.7 m.
Robertson and Cardona (1986) suggested, that
neighboring plots of Brassica napus L. potentially
reduced bee activity in the faba bean plots; however
the rate of inter-plot outcrossing was not
significantly reduced.

Pope and Bond (1975) found that an isolation
distalbce of 0.9 m resulted in 17% contamination with
20 m” plots. However, contamination was reduced to 3%
at23 m, to 2% at 46 m, and to less than 1% at 138 m
distance to the source of foreign pollen. Similarly,
Hawtin and Omar (1980) reduced contamination from 7%
(at plot spacings of 10-40 m) :9 less than 2% (at plot
spacing of 200 m) with 6.25-m“ plots. Also, they found
that contamination was reduced as the
increased.

plot-size

The objective of the present work was to determine
the rate of cross-fertilization between plants (i.e.,
within plots) and between small plots at different
levels of heterozygosity of the faba bean genotypes at
Hohenheim, Stuttgart, Germany.

Materials and Methods

Four experiments were conducted in the open field at
Hohenheim, Stuttgart, Germany, during the 1985-1987
seasons to study the rate of cross-fertilization in
faba bean (Vicia faba L. var minos). Nine genotypes of
faba bean expressing the recessive buff seed color were
used: three homozygous lines (linc 03 from the variety
Diana. line 20 from Herz Freya. and line 43 from Kleine
Thucringer). along with the three possible F s and the
corresponding Fjs.

The rate of cross-fertilization was measured with a
top cross by examining the offspring in the
topcross-test. The topcross-tester was a bulk of 16
lines, homozygous for the dominant black seed-color.
The flowering period of the topcross-tester covered the
flowering period of the nine genotypes.
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In the topcross-test-generation the progeny of the
nine buff-secded genotypes was sown and number of black
seeded and buff seeded progenies was counted. The rate
of cross-fertilization (RCF) in the four experiments
was calculated as follows:

No. of black-seeded progenies
RCF =

x 100(1 +R)
Total no. of scored progenies

where R is the relation of buff-seeded plants to black
seeded plants (topcross-tester) during the flowering
period in the topcross-generation.

Experiments 1 - 3

Experiments | and 2 included all the nine genotypes,
whereas experiment 3 included only the three lines. The
topcross-generations of the experiments were grown in
1985 (exp. 1). 1986 (exp. 2), and 1987 (exp. 3) at
different fields. The genotypes were randomized in two
blocks. Each plot consisted of 10 buff-seeded plants,
surrounded by eight plants of the topcross-tester. The
resulting plant density was 20 plants/m“ with all
plants equally spaced. An average of 1495
offsprings/genotype and experiment were scored in the
respective topcross-test.

Experiment 4

The topcross-generation of experiment 4 was grown in
1987 al the same field as exp. 3. The buff~5ccded
genotypes were planted as whole plots (2x0.9 m~ size)
with three rows and 60 plants/plot. The relation of
"black” plots to "buff” plots was 3 : | (Fig. 1). The

3)—0&9\0 e
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"buff” plot were harvested in three parts: the two
border rows (treatment 1), the five border plants of
cach side of the central row (treatment 2), and the
center of the central row (trecatment 3). An average of
486 offsprings/genotype and trcatment were scored in
the topcross-test.

"Total rate” of cross-fertilization was estimated
in experiments 1 - 3, whereas in exp. 4, the rate of
cross-fertilization between plots was estimated ("rate
between plots”). i.e.. the part of progeny which is
fertilized by pollen from plants of neighboring plots.
The "rate between plots” is the "total rate” minus the
cross-fertilization Dbetween plants within the same
plot.

Results and Discussion

A summary of the rate of cross-fertilization in
experiments | - 4 is shown in Table 1. There was a
strong negative influence of the degree of
heterozygosity on the rate of cross-fertilization, and
the mean of the F,s was nearer to the mean of the
parental lines than to the mean of the Fs.

There were clear differences between experiments 1
- 3 and exp. 4. The "rate between plots” was. on
average, about half of the “"total rate,” indicating
that approximately half of the cross-fertilization
occurred between plants within the same plot. These
results are at variance with those of Xanthopoulos ef
al. (1986).
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Table 1. Rate of cross-fertilization faba bean genotypes (experiments 1 - 4) grown at Hohenheim, Stuttgart,

Germany, during the 1985-1987 seasons.

Experiment Generation /genotype Mean
P F2 l-“l

03 20 43  03x20 03x43 20x43 03x20 03xd3  20x43
Exp. | 57.3 426 51.7 492 532 41.9 37.1 263 11.7 41.2
Exp. 2 57.8 50.5 64.7 46.0 52.3 46.1 25.5  30.8 11.7 42.8
Exp. 3 64.1 58.1 40.4
Mean® 59.7 50.4 523 476 S52.8 44.0 31.3 286 11.7
Mean 54.1 48.1 23.8
Exp. 4
Treat. 1 36.59 384 350 309 229 30.0 18.4  14.1 48 25.7°
Treat. 2 38.5 30.9 30.3 25.0 29.9 22.3 102  12.1 62 22.8
Treat. 3 29.9 23.4 28.1 179 247 14.6 10.8 105 10.2 189
Mean® 35.0 30.9 311 246 258 22.3 132 122 7.1 225
Mean 32.3 242 10.8

a. LSD (0.05) tor comparison of genotypes: 11.5

b. LSD (0.05) for comparison of genotypes: 6.2

c. LSD (0.05) for comparison of ireatments: 2.8

d. LSD (0.05) for comparison of genotypes within treatments: 6.6

In exp. 4, only small differences were detected
between buff-seeded plants harvested from.the center of
the plot and those harvested from the border of the
plot. Nevertheless, the influence of the treatments was
significant. These results agree with the work of Omar
and Hawtin (1981).

The effect of cross-fertilization on  the
coefficient of inbreeding of the stocks is shown in
Table 2. Consider the self-pollinated progeny of a
single, heterozygous plant, giving an F,-plot as in
exp. 4. The F,-plants produced 48% of its progeny by
cross-fertilization. However, only 24% was traced back
to pollinators from other plots and subsequently were
not inbred (coefficient of inbreeding of 0.00), whereas
the remaining 24% was pollinated by F,-plants within
the same plot (coefficient of inbreeding of 0.50).
Consequently, 52% of the progeny resulted from
self-fertilization (coefficient of inbreeding of 0.75).
The average inbreeding coefficient of the entire
progeny is then 0.51 (Table 2). Harvesting only the
plants from the center of the plot did not markedly
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Table 2. Average coefficient of inbreeding of the
progeny of lines, F,'s and F’s harvested from the
whole plot or from-the central part only.

Generation
Harvested area P F2 F1
Whole plot 0.68 0.51 0.38 (0.45)"
Central part 0.73 0.54 0.38 (0.45)

a. IF all Fy-planis in the plol have the same genotype.

improve the coefficient of inbreeding, especially when
compared with a coefficient of inbreeding of 0.75,
achievable in bee-proof conditions.

Generally, it can be concluded that the rates of
cross-fertilization between plots were too large to be
neglected. A single row at each side of a plot is a
weak shelter against foreign pollen and does not
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diminish the rate of cross-fertilization within the
plot. Thus, to reduce contamination with foreign
pollen, additional sheltering rows should be planted
from seced of the respective genotypes harvested from
the open field at the previous year. The "inner” plot
with true-bred seed will then yield a less contaminated
progeny for larger trials.

References

Dietrich, M., Kaestner, H.F. and Steuckardt, R. 1979.
Der anteil der selbst- und fremdbefruchtung bei der
ackerborhne (Vicia faba L.) nach ergebnissen
mehrjaehriger versuche mit weiss sowie farbig
bluehenden genotypen. Tag.-Ber. Akad. Landw.
-Wiss. 175: 97-109.

Hawtin, G. and Omar, M. 1980. Estimation of
out-crossing between isolation plots of faba beans.
FABIS Newsletter No. 2: 28-29.

Omar, M. and Hawtin, G. 1981. Effect of plot-to-plot
distance on the percentage of intercrossing between
faba bean plots. FABIS Newsletter No. 3: 27.

Pope. M. and Bond. D.A. 1975. Influence of isolation
distance on genetic contamination of field bean
(Vicia faba L.) seed produced in small plots.
Journal of Agricultural Science, Cambridge 85(3):
509-513.

Robertson, L.D. and Cardona, C. 1986. Studies on bee
activity and outcrossing in increase plots of Vicia
Jaba L. Field Crops Research 15(2): 157-164.

3)"""’""”‘ S g
a5l e | YLt

Xanthopoulos, F., Roupakias, D.G. and Tsaftaris, A.S.
1986. Inter- and intravarietal cross-fertilization
in faba beans (Vicia faba L.). Zeitschrift fuer
Pflanzenzuechtung 96: 371-375.

Acknowledgments

The results of this work could not have been brought
about without the collaboration of Mrs. Beate Devezi
and Mrs. Sabine Frey. We are very grateful to Prof. Dr.
B. Allison, Hohenheim, for critically reading the
English text.

oaids

Pl &yse plaiiualy ellly ofyshen Lyl phd cargdasiia Sl
UL g L AL Gady) Juna OISy obagen 53 (53
- (722) Tuaya3ll gl cps ke 52 Lo cnas JHlga (£42) Sl
¥ Sumg Sl sl OIS Il Gladl of ks GGl aiay
dalasoSas

FABIS
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DOCUMENT COLLECTION

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

We would be grateful if readers who have any relevant documents would send them to:

Box 5466
Aleppo, Syria
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Plant Characteristics of Faba Bean
(Vicia faba L.) Cultivars Associated
with Broomrape (Orobanche crenata
Forsk.) Attack in a Naturally
Infested Field

A.J. Karamanos and C.E. Avgoulas
Laboratory of Crop Production

The Agricultural University

118 55 Athens, GREECE

Abstract

Plant and crop characteristics of 12 faba bean (Vicia
Jaba L.) cultivars were examined against broomrape
(Orobanche crenata Forsk.) attack in a naturally
infested field. The number of broomrape spikes on a
plant basis differed significantly among cultivars,
indicating different degrees of susceptibility. The
late appearance of the parasite (by mid-podding stage)
permitted the consideration of most characteristics as
independent variables in relation to the degree of
attack. The number of stems and seeds/plant, as well as
the total plant dry weight, exhibited the highest
negative correlations with the degree of attack.
Furthermore, the ratio of leaf area integral after
anthesis over seed yield, used as an index of the
availability of assimilates to the parasites, exhibited
high positive correlations with broomrape attack. In
most cases, the relations between plant characteristics
and broomrape attack were expressed better by para-
bolic than by linear regressions.

Introduction

Orobanche crenata Forsk. (crenate broomrape) is one of
the major constraints to faba bean production in the
Mediterranean basin. Yield losses between 5 and 100%
have been reported (Sauerborn and Saxena 1986). These
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are attributed to the severe competition between the
parasitc and the host for water, nutrients, assimilates
and other growth substances (Whitney 1972: Ponce de
Leon ¢f al. 1974 Cubero 1983). The consequences of
parasitism to faba bean are reductions in plant height,
number of leaves, flower- and pod-setting, as well as
number and weight of seeds/plant (Kadry ¢ al. 1959).
Considerable attention is being paid to the chemical
control of the parasite (Cubero 1983). Dbut the
application cost and possible undesirable effects to
normal development of the faba bean crop limit the use
of chemicals. Thus. several cultural techniques (e.g..
delayed sowing) also have been suggested (Zahran 1982).

In addition, the search for genetic resistance of
faba bean to broomrape attack is very active, resistant
cultivars (e.g., Giza 402, BPL 2210, etc.) have been
developed (Nassib e7 al. 1982). Very little is known,
however, about the plant characteristics responsible
for resistance to the parasite. Cubero (1973 and 1983)
gave special emphasis to factors associated mostly with
the form and function of the root system of the host.
Evidence is still restricted and confusing concerning
morphological and other characteristics of the
above-ground part of the plants. For example, the
greater susceptibility of large-seeded varieties
(Ciccarone and Piglionica 1979) is not valid anymore,
at least on a per plant basis (Cubero 1983).

The aim of the present work was to find easily
detectable plant characteristics that could be
associated with variations in resistance to broomrape
attack. A trial of 12 faba bean cultivars of different
origins provided a wide range of plant characteristics
that could be examined for this purpose. The late
appearance of the attack permitted the observed
variation in most characteristics (e.g., stem, pod and
seed numbers/plant, maximum leaf arca, etc.) to be
considered as independent of infection. Consequently,
it was possible to consider various plant parameters as
independent variables in regard to the degree of
attack, expressed as number of inflorescences/plant.

~Materials and Methods

The experiment, partof the European Economic Commu-
nity (EEC) Joint Faba Bean Trials with 12 winter-type
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cultivars for 1985/86, was established on organic silty
clay loam soil in a field previously cultivated with
cotton at the Athens Agricultural University at
Kopaida, about 100 km northern of Athens. The
experiment was laid out in a randomized block design
with three replications. The examined cultivars were
mainly winter-type, with one spring cultivar (‘Troy")
which was included as control. The origins and
classifications of the cultivars are shown in Table 1.
The field was ploughed three days before sowing. Then,
100 kg P,Og/ha was broadcast in the form of
superphosphatc fertilizer (20% P,Os), and incorporated
by harrowing. Sowing was on 6 Dec 1985 in rows 40 cm
apart using seeds treated with Vitavax (20% carboxin +
40% maneb) at the rate of 225 g a.i./kg of seed.
Spacing of seeds within rows differed among the
cultivars according to their seed size: 9-10 cm for
Polycarpi. N. 312, R.29.T. Alto, Chiaro T.L. and Troy
(average density 35 seeds/m<): 12 cm for Gemini, PAM- I

Palacio. and Brucul (dcnsntv of about 30 secds/m ):

16 cm for i 1 (22 seeds/m ); and 18 ¢ in for ILB 1814
(20 seeds/m<). Plot size was 15.6 m“ (4x4.4 m) and
included 11 rows. Pre-emergence weed control was
performed on 11 Dec using Tribunil (70%
methabenz-thiazuron) at a rate of 3 kg a.i./ha. The
remaining weeds, especially Galium aparine, were
controlled in mid-March by hoeing. The bean plants
started to emerge 12 days after sowing. The first signs
of O. crenaia attack (first visible attachments on the
roots) were observed on 17 Apr 1986 when all cultivars

were at the early podding stage (132 days from sowing).
The crop was harvested on 19 June 1986, when all pods
were dark.

Plant growth (dry weight and leaf area) was
determined at approximately 15-day intervals on three
plants/plot randomly selected on each occasion. Leaf
area/plant  was determined with an electronic
planimeter. Leaf arca index was calculated by using the
average plant area in each plot and the corrcsponding
plant density determined at 75 and 98 fys after
sowing. The ﬁnal density was 20 plants/m* for ILB
1814; 22 plams/m for Vi-1; 30 plants/m* for Gemini,
PAM-1, Palacio, and Brucul and; 35 plants/m~ for the
remaining cultivars. The different stages  of
reproductive development (appearance of inflorescences,
anthesis and maturation) were also determined on the
sampled plants and expressed according to the key
proposed by Stuelpnagel (1984) and von Kittlitz er al.
(1984). This permitted an accuratc method for
determining the days to 50% anthesis and the days to
50% pod darkening for each cultivar,

Crop yield was determined by harvesting 5 m? from
the center of each plot on 19 June 1986 (195 days after
sowing). Yield components (total number of stems and
number of fruiting stems/plant, number of pods and
sceds/plant, and the average seed weight) were
determined on 10 randomly chosen plants/plot. Plant
height was also measured on the same day.

Table 1. ‘The origin and classification (according to Higgins er al. 1981) of the faba bean cultivars tested
in this experiment. The letters in brackets indicate the symbol for each cultivar used in Figs. 1. 2. and 3.
Cultivar Origin Var
Polycarpi P) Legume and Forage Crops
Institute, Larissa. Greece minor
N. 312 (N) Laboratory of Plant Breeding
University of Thessaloniki. Greece equina
Alto (A) University of Dijon. France minor
R.29.T (R) INRA, Rennes. France minor
ILB 1814 03] ICARDA. Aleppo. Syria major
Chiaro T.L. (&) University of Napoli. Italy minor
Troy (M University of Hohenheim. W. Germany minor
Vi-1 W) University of Tuscia. Viterbo. Italy major
Gemini (&) University of Palermo. Italy major
PAM-1 PA) University of Palermo. Italy major
Palacio (PL) Superior Technical School of Agronomy.
Cordoba, Spain equina
Brucul (B) Superior Technical School of Agronomy.
Cordoba. Spain. equina
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O. crenaia inflorescences were counted on the
harvested area on 19 June 1986. The results were
converted to a per plant basis using the average plant
density in each plot.

Results and Discussion

The intensity of broomrape attack, expressed as the
number of emerged O. crenata inflorescences/plant,
varied significantly (P< 0.01) among cultivars (Table
2). Troy was the most susceptible cultivar, whereas
Chiaro T.L. was the least susceptible. Troy differed
significantly from all the other cultivars, while
Chiaro T.L. was significantly inferior even to the
seccond most susceptible cultivar (ILB 1814). The
remaining nine cultivars did not differ significantly
from each other.

The association between seed yield of the host
plants and numbers of emerged O. crenaia spikes was
weak (r = -0.23, p > 0.05). This may be due to the late
appearance of the attack, when plants were about to
reach the 50% podding stage. In addition, the intensity
of attack was poor on the average, i.e., less than one
spike/plant, a value which is expected to cause a yield
reduction of less than 12.4% (Mesa-Garcia and
Garcia-Torres 1984). Thus, the effects of broomrape
attack may be masked by other factors responsible for
similar or even higher yield variation among plots.

Table 2. Intensity of broomrape attack, expressed on
a per plant basis, among the examined cultivars.
Each value is the mean of three replicates.

Cultivar No. of inflorescences/
planlI
Troy 1.34a
ILB 1814 0.78b
Gemini 0.63bc
R.29.T 0.62bc
Alto 0.55bc
Vit-1 0.52bc
Palacio 0.47bc
Brucul 0.46bc
PAM-1 0.42bc
Polycarpi 0.38bc
N.312 0.35bc
Chiaro T.L. 0.23c

1. Different letters indicate significant differences atthe 5% level of pro-
bability according to the Duncan's multiple range test.
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Several plant characteristics were correlated with
the numbers of emerged O. crenataspikes. Table 3 shows
the coefficients of determination of both linear and
quadratic regressions  obtained  between  the
characteristics and the number of O. crenaia
inflorescences/plant.

Plant height was not correlated with broomrape
attack despite the wide range of heights among
cultivars (76 to 101 cm) (Table3). A lack of
correlation between stem height and broomrape attack
was also noted by Mesa-Garcia and Garcia-Torres (1982).
A negative curvilinear relation was detected between
total plant dry weight and broomrape attack (Fig. 1).
This observation contradicts the findings of Aalders
and Pieters (1986, 1987) who noted that broomrape
attack is positively correlated with the vigor of the
host. Troy, the most heavily attacked cultivar, had the
lowest above-ground biomass throughout its life span.
The same was true for other cultivars with low biomass
production (e.g.. R.29.T., N.312). No correlation was
found between ecarliness, expressed either to anthesis
or to ripeness and the intensity of attack, although
the variation among cultivars was considerable. The
time to 50% anthesis ranged between 115 to 131 days,
whereas the corresponding range for 50% ripeness (pod
darkening) was 166 to 184 days. ‘

Among the yield determinants, the number of
stems/plant exhibited the highest quadratic correlation
with the number of broomrape spikes/plant (Fig. 2). An
equally high coefficient of determination was also
found between the number of pod-bearing stems/plant and

Broomrape spikes/plant

20 40 60 80 100
DW/plant

Fig. 1. The relation betweeen the total dry weight/plant and
the number of emerged broomrape spikes/plant. The curve indi-
cates the fined parabolic regression (Y = 2.91 - 0.07X +
0.0005X2: 2 = 0.49). The letters show the points for the dif-
terent cultivars (sce Table 1),
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the number of broomrape spikes/plant. Considering these
correlations, one could ascribe the lower number of O.
crenata  spikes in  the more profusely tillering
genotypes to the existence of a greater number of
seeds/plant, which act as sinks for metabolites and
compete with the parasite. This view is also supported
by the fact that the number of seeds/plant exhibited a
weak but significant negative correlation with the
number of spikes (Table 3, and Fig. 3). On the other
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u(:l)aYI, <Lyl

hand, no significant correlation was found between the
average seed weight and the degree of attack. This
contradicts the findings of other investigators (Cubero
1973; Cubero and Moreno 1979; Ciccarone and Piglionica
1979). The wide range of the average seed weights in
the present experiment (0.29 to 1.71 g), due to the
inclusion of minor, equina and major varieties, lead to
the conclusion that seed size is of little importance
when considering genotype resistance to O. crenata.

Table 3. The coefficients of determination (rz) of both linear and quadratic regressions between various
plant growth parameters and the number of broomrape inflorescences/plant.

Independent variable r2
Linear Quadratic

Plant height 0.06 0.11
Total plant dry weight 0.06 0.49
Days to 50% anthesis 0.08 0.12
Days to 50% ripening 0.07 0.13
Pods/plant 0.14 0.14
Secds/plant 0.25% 0.26
Average seed weight 0.08 0.08
Stems/plant 0.05 0.63
Pod bearing stems/plant 0.11 0.57
J LA anth.-maturity 0.03 0.02
J LA/yield/plant 0.28% 0.36
J LA/no. of seed/plant

0.14 0.15

* = P <0.05 in the linear regression only.
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Stems/plant

Fig. 2. The relation between the number of stems/plant and
the number of broomrape spikes/plant. The line indicates the
fitted parabolic regression (Y = 4-1.41 X + 0.135X2; = 0.63).
The letters show the points for different cultivars (see
Table 1).
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Seed/plant

Fig. 3. The relation between the numnber of seeds/plant and
the aumber of broomrape spikes/plant. The line indicates the
titted lincar regression (Y = 1.25-0.015X; 2= -0.50: p <0.05). The
letters show the points for different cultivars (see
Table 1).
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The supply of assimilates and water are important
to the growth of the parasite (Whitney 1972; Cubero
1983). Special attention has been given to the transfer
of sucrose (the main product of current photosynthesis)
to the parasite (Aber er al. 1983). Given that both
fruits and parasites are the main assimilate sinks in
fruit-bearing infested plants, an attempt was made to
correlate the time integral of the assimilating area
from anthesis onwards, as well as the ratios of the
assimilating area over the seed yield and sced
number/plant with the number of O. crenara spikes. The
statistically  significant positive linear correlation
between the time integral of the assimilating area over
the seed yield and the number of broomrapes (Table 3)
indicates that the greater the amount of photosynthates
available to sinks other than the secds, the greater
was the degree of attack.

A correlation of emerged spikes/m2 of land with
crop density was virtually absent (r= 0.10, P> 0.05).
This may be due to the narrow range of densities (17 to
30 plants/m“) used in this experiment. A negative
correlation between crop density and broomrape attack
was obsefved when a wider range of densities (17 to 50
plants/m“ was used (Pieters and Aalders 1986).

Although no characteristics of the root system were
examined, it was concluded that some other plant
characteristics could be used as indices of genotype
resistance  to broomrape attack. Special attention
should be given to parameters associated with the use
(number of seeds/plant) or the availability of
assimilates to the parasites (time integral of
post-anthesis leaf area over seed yield). The ability
of the plants to produce secondary stems also proved to
be quite important.
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Abstract

Laboratory tests are useful for detecting resistance to
the stem nematode in Vicia faba. Two criteria, namely
plant symptoms and multiplication rate of nematodes,
were used to classify several lines and cultivars from
ICARDA and INRA for their reactions to the giant race
of stem nematode (Dirylenchus dipsaci). Plant tissues
swelled from the third week after inoculation, and
scoring for symptoms was easy between 4 and 6 weeks.
The percentages of swollen plants varied from 0 to
100%. depending on plant material. Large differences
in multiplication rates also occurred. Good correla-
tion was observed between these two criterin. Of the
material tested, line INRA 29 H proved resistant to D.
dipsaci, whereas ICARDA lines BPL 1696 and 1827, as
well as FLIP 84-154 and 84-186 showed an intermediate
level of resistance.

Introduction

Genes resistant to stem nematode are known in several
important crops such as lucerne, oats, red and white
clovers. Only a few studies have been conducted in
Vicia faba. Sturhan (1975) reported the existence of
several faba bean lines with low multiplication rates
of some stem nematode populations. Ait Ighil (1983)
found resistance in some lines from ICARDA and INRA.
Hanounik ¢r al. (1986) screened 200 ICARDA lines by
scoring swollen plants and indicated that 12 lines were
less infected and swollen. but did not give details on
the abundance of Ditylenchus dipsaci in these plants.
It is essential to assess both plant symptoms and
nematode multiplication because the effect of the host
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on ncmatode reproduction is an important criterion for
resistance. The purpose of this study was to
investigate potential sources of resistance to the
giant race of stem nematode using plant symptoms as
well as nematode multiplication rate.

Materials and Methods

Seven different experiments, designated A to G, were
conducted using lines and cultivars of faba bean listed
in Table 1.

Preliminary tests showed that some cultivars, such
as Diana and Ad 23 F, allowed multiplication of the
nematode while others, like INRA 29 H, proved
resistant. The latter was used as a control in some
tests.

8 Al gy
BVl eyl

Results and Discussion

The artificial inoculation of Vicia faba was -easily
achieved under laboratory conditions as the percentage
of plants remaining free of nematodes was very low two
months after inoculation (Table 2).

The percentages of plants remaining free of
nematodes were higher in the accessions BPL 1698, BPL
1827 and INRA 29 H, and thus were resistant to
nematode. Swelling, the typical symptom induced by the
giant race of D. dipsaci, occurred on infested plants,
sometimes only three weeks after inoculation. However,
swollen plants were easily observed four weeks after

Table 2. Percentages of plants without nematodes about
two months after inoculation.

Tests
Stem nematodes were reared on Vicia faba plants and Cultivar A B C D
maintained in dry tissues in the laboratory. Ad 23 F 0
Suspensions with the second-stage larvae of the giant Ascoft 2
race were prepared from these tissues. The experiments BPL 538 5
were carried out under controlled conditions in a BPL 628 0
greenhouse or growth chamber at temperatures between
151025°C. The young plants were inoculated  BPL 1682 7
individually with a small droplet of water containing BPL 1698 14
100 to 300 active nematodes. The rate of multiplication BPL 1827 17
was assessed by extracting nematodes from the plants ~ Diana 0 0
and counting them in aliquots. INRA 29 H 9 10 9 10
Table 1. List of accessions of Vicia faba tested for resistance to D. dipsaci in different tests.
Accession Test Pedigree Origin
1. Ad 23 F D.,F,G Pure line France (F)
2. Alfred F Synthetic Commercial (F)
3. Ascott C Synthetic Commercial (F)
4. BPL 538 C Pure line ICARDA
5. BPL 628 D Pure line ICARDA
6. BPL 1682 D Pure line ICARDA
7. BPL 1698 D Pure line ICARDA
8. BPL 1827 D Pure line ICARDA
9. Diana AB.G Synthetic Commercial (F)
10. FLIP 83-42 E Breeding material ICARDA
11. FLIP 84-154 E Breeding material ICARDA
12. FLIP 84-162 E Breeding material ICARDA
13. FLIP 84-186 E Breeding material ICARDA
14. FLIP 84-213 E Breeding material ICARDA
15. FLIP 84-216 E Breeding material ICARDA
16. INRA 29 H AB,C Pure line INRA (F)
En 46 FABIS Newsletter 25, December 1989 1989 Js¥l ool ¢ 25 dseledjine s ArlS



SHORT COMMUNICATIONS
Pests and Diseases

inoculation, and became particularly clear after six or
eight weeks (Fig. 1). The percentages of swollen plants
varied with the lines and cultivars tested (Table 3).

Three groups of lines with low, high, or
intermediate numbers of swollen plants were observed.
The multiplication rate of nematodes in plant tissues
strongly varied among lines, with a mean of 60

nematodes/plant in INRA 29 H, to about 45000 in
Ad 23 F. Only few lines showed an intermediate
multiplication rate. The two criteria used (0 assess
resistance, i.e., percentages of swollen plants and
nematode counts, were well correlated. Three groups of
accessions could be distinguished when the percentages
of swollen plants were plotted against final nematode
populations (Fig. 2).
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Fig. 1. Evolution of the percemages of swollen plants 2 10 9 weeks after artificial inoculation in  different accessions of laba bean; see

Table 1 for details on accessions.

Table 3. Percentages of swollen plants and final mean population of stem nematode in different lines of V. faba

about two months after inoculation.

Line* Test Number of Swollen Mean number
no, plants plants (%) of nematodes/plant
1 D 28 100 45330
4 C 80 93 10980
3 C 79 92 37890
9 A 57 92 44500
5 D 30 77 14460
9 B 122 74 9420
6 D 27 67 . 30780
7 D 30 33 1550
8 D 28 32 3380

16 A 63 0 1300

16 B 120 0 60

16 C 45 0 70

16 D 30 0 70

* See Table 1 for details on different lines.
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Fig. 2. Relation between percentages of swollen plants and mean num-
ber of  nematodes/plant in  different  accessions of faba bean; see
Table 1 for details on accessions.

Because resistance is the result of the interaction
between plant and nematode, it was essential in this
study to consider the reactions exhibited by faba bean
plants. Responses within a line were not similar and
percentages of swollen plants varied greatly for the
same accession. Final nematode populations observed in
plants differed strongly depending on the genotype.
These responses were reproducible in different
experiments,

Line INRA 29 H, which is resistant to Ascochyia
Jabae (Tivoli et al. 1987) showed a high level of
resistance to stem nematode. Preliminary results also
suggest that narbon vetch (Vicia narbonensis). which is
resistant to Botryiis fabace, is also resistant to D.
dipsaci (Caubel, unpublished).

It can be concluded from the results of this study
that both the rates of nematode multiplication and
percentages of swollen plants should be considered in
screening for resistance to stem nematode with
artificial inoculation under controlled conditions. It
will also be desirable to test the level of resistance
of the laboratory-selected lines wunder field
conditions,
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Policy

The aim of FABIS Newsletter is to publish quickly the results of recent rescarch on faba beans.
Articles  should normally be brief. confined 1o a  single subject. good quality. and of primary
interest 1o research, exiension. and production workers. and administrators and policy makers.

Style

Articles should have an abstract (maximum 250 words) and whencver possible the  following
sections:introduction, materials and mecthods. and results and discussion.  Authors should refer 1o
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 newsfetter are those of the author(s) and not
the responsibility of ICARDA. Similarly, the usc of trade names does not constitute endorsement of
or discrimination against any product by ICARDA.

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

Examples of common expressions and abbreviations

3 g 18 mm: 300 m": 4 Mar 1983: 27%: 50 five-day old plants: 1.6 million: 23 ug: 5°C: 1980/81 season:
1980-82 seasons; Fig.: No.: FAO:USA. Ferilizers: | kg N or P,Og or K,O/ha.

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

Botanical: Include the authority name at the first mention of scientific  names. Cultivar(s) =
cv(s), variety = var(s). species = sp./spp.. subspecics = subsp.. subgenus = subg.. forma = f.. forma
specialis = f. sp.
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Third International Seed Technology
Course and Workshop

This course will be given at the National Institute of
Agricultural Botany, Cambridge, UK, 2-13 July 1990. The
course will be divided into two parts. The first will
be allocated to seed certification and the second to
seed testing. A third optional part that deals with
seed pathology or tetrazolium testing procedures will
be offered after the completion of the first two.
Proficiency in English is required. A certificate of
attendance will be presented to those delegates who
complete the course.

For more information write to:

P.T. Nelson

National Institute for Agricultural Botany
Huntingdon Road

Cambridge, UK

Fax: 44 223 277707; Telex 817455 NIAB G.

Statistics in Agricultural Climatology

This course will be given at the University of Reading,
Whiteknight, UK, 11-19 July 1990. The broad aim of this
course is to provide a foundation for using statistical
climatology in operational situations to help improve
and stabilize agricultural production.

For further information write to:

Mrs Alison Ansell

Statistical Services Center,
Department of Applied Statistics,
University of Reading,
Whiteknights, P.O. Box 217,
Reading RG6 2AN, UK

Fax: Reading (0734) 314404
Telex: 847813 A/B RULIB G
(marked CENTER APPSTAT).
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Course on Training of Trainers for
Agricultural and Rural Development

The course, organized by the University of Iilinois
International Program for Agricultural Knowledge
Systems (INTERPAKS), will be held 4-29 June 1990 at the
University of Illinois, USA. The short course is
designed to provide participants with an opportunity to
strengthen their competencies to design and implement
training programs for staff and clientele in a variety
of organizational settings. The focus will be on the
process which supports participants’ subject matter
concerns. It is expected that the course will enable
participants abilitics to do the following:

1. Understand the nature of effective training to help
staff members to  perform better;

2. Use innovative teaching methods for groups and
individuals;

3. Develop course outlines and lesson plans;

4. Prepare printed and audiovisual teaching aids and
materials.

The four-week course is designed specifically for the
following people: i) training directors of agricultural
extension and national and international research
organizations, ii) principals, head masters, and senior
trainers of  extension training institutes,
iii) training scientists at international agricultural
research centers, and iv) teachers of adult or
extension education at colleges and universities.
Certificates will be awarded to participants who
successfully complete the course.

For participation, apply by letter, telex, or cable to:

John W. Santas

Training Officer, INTERPAKS
University of Illinoise

113 Mumford Hall

1301 West Gregory Drive
Urbana, Illinoise 61801 USA

Telex: 206957: Cable: INTSOY.
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International Course on Plant Protection

The course, organized by the International Agricultural
Center in collaboration with several departments of the
Agricultural University at Wageningen, Research
Institutes, Experimental Stations, and the Protection
Service, will be held 16 April-27 July 1990 at
Wageningen, The Netherlands. The course intends to
update the knowledge of the participants and to provide
information and skills on an integrated approach of
pest, disease, and weed management. It has been
designed for university-trained plant protection and
advisory officers who are engaged in advising farmers
on all aspects of plant protection, as well as for
lecturers in general plant protection at agricultural
colleges, and those engaged in applied plant protection
research. Participants should hold a B.Sc. degree or
equivalent in agriculture or biology with at least a
3-year experience in plant protection or closely
related subjects.

For application write to:

The Director,

International Agricultural Center (IAC),
P.O. Box 88, 6700 AB Wageningen,
The Netherlands

Fax: 08370 18552; Telex: 54888 INTAS NL.

Legumes in Cropping Systems of the
Tropics and Subtropics

The course will be held in summer 1990, Stuttgart,
Germany. The primary objective of the course is to
discuss the principles of legumes and point out the
issues, benefits and possibilities of their integration
into tropical or subtropical cropping systems. Minimum
requirements for application are: A university degree
or equivalent in Agriculture and, as the course is
conducted in English, proficiency in English.

For additional information write to:

The course coordinator

Centre for Agriculture in the Tropics & Subtropics
University of Hohenheim

P.O. Box 70 05 62

7000 Stuttgart

Federal Republic of Germany

Telex: 72 29 50; Fax: 711/45 92 785
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Statistics in Agriculture

This course will be given at the University of Reading,
Whiteknight, UK, 11-19 July 1990, with the aim to
review the most widely-used techniques for agricultural
applications, starting from basics but moving quickly
to matters of real professional interest. Participants
will be introduced to the use of computers for data
management and analysis. Methods of collecting
agricultural data are considered critically, and
appropriate data management and statistical techniques
to analyze such data are explained. Practical
assistance will be offered with the special problems
faced in developing countries. There are no formal
qualifications for entry to the course. A certificate
of attendance will be provided, but the course itself
does not provide an academic qualification.

For further information write to:

Mrs Alison Ansell

Statistical Services Center,
Department of Applied Statistics,
University of Reading,
Whiteknights, P.O. Box 217,
Reading RG6 2AN, UK

Fax: Reading (0734) 314404
Telex: 847813 A/B RULIB G
(marked CENTER APPSTAT).

International Conference on
Genetic Engineering and
Biotechnology

The conference, organized by the Nepal Biotechnology
Association (NBA), will be held in Kathmandu, Nepal,
9-13 Sept 1990, with the aim to create awareness about
genetic engineering and biotechnology and to provide
Nepalese scientists the opportunity to interact with
scientists working in various areas of biotechnology.
There will be invited speakers, contributed papers., as
well as poster sessions.

For more information write to:

Secretary General

ICGEB Conference Organizing Committee
NBA

P.O. Box 2128
Kathmandu, Nepal

Telex: 2492 MURARKA NP; Cable: RLABB, Kathmandu
Tel. 977-1-522-900.
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Second International Food Legume Research Conference
12 - 16 April 1992, Cairo, Egypt

The First International Food Legume Research Conference (IFLRC-I) on pea (pisum sativum), lentil (Lens
culinaris), faba bean (Vicia faba), and chickpea (Cicer arietinum) was held at Spokane, Washington, U.S.A.
in 1986. It was a resounding success with over 500 registrants from 50 countries. The program consisted of 91
papers coauthored by 202 contributors from 40 countries. The Conference Proceedings was published as:
Summerfield, R.J. (ed.). World Crops: Cool Season Food Legumes. 1988. Kluwer Academic Publishers, Dordecht,
The Netherlands.

The success of IFLRC-I has prompted development of the Second International Food Legume Research Con-
ference (IFLRC II) on 1992 in Cairo, Egypt. Recent success in development of low neurotoxin lines of grass pea
(Lathyrus sativus) has resulted in the addition of this promising cool seasean food legume to the list of
species covered.

The objectives of IFLRC-II are to 1) review and assess recent results from national and international
research programs on cool season food legumes and 2) develop strategies for increasing production per unit
area and increasing use of these cool season food legumes in various cropping systems. Both basic and applied
research will be addressed and multidisiplinary research efforts will be emphasized.

The organizing committee is developing the program and details will be available in the Second Announce-
ment. The primary function of this First Announcement is to alert everyone to the time and date so they can
make plans to attend. In addition the organizing committee wishes to develop an updated mailing list of
interested food legume researchers and those involved in technology transfer of these research results.

For further information regarding reservation for 1992 IFLRC-II, Cairo, Egypt, please contact:

Dr. A.E. Slinkard

Crop Development Centre

University of Saskatchewan
Saskatoon

Saskatchewan, STN OWO

Canada

Editors’ Note

FABIS Newsletter has published many articles which use data from a variety trial grown at only one location
and in one year. The data are usually analyzed for genetic and phenotypic variation, heritability, genetic
advance and correlations between characters. We, the Editors, feel that there is little merit in adding to
the literature more articles of this type. To this end we will only consider publishing articles which dis-
cuss the results of a variety trial sown in a single environment under exceptional circumstances (i.e. when
the number of entries or genetic diversity is particularly high or when an unusual trait is discussed).
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Need More Information on
ICARDA Publications and Services ?

Free Catalog of ICARDA Publications

Request your Ilist of all currently available publi-
cations from the Communication, Documentation and
Information Unit (CODI).

ICARDA Information Brochure

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

LENS (Lentil Newsletter)

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

RACHIS (Barley, and Wheat Newsletter)

This ICARDA service is almed 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.
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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. Symptoms, development, and control of
various diseases are discussed, and symptoms are
illustrated with 38 color photos. Also included are
rating scales for disease resistance in faba bean lines
and a glossary of basic phyto-pathological terms. For
your copy, write FLIP,

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

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

Introduction to Food Legume Physiology

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

ICARDA’s Food Legume Improvement Program

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

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

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

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

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

Opportunities for
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
Coordination Unit.

Training and Post-Graduate

s

TO OBTAIN PUBLICATIONS:

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

Reprints

ICARDA has been designated as the world center for
information on faba beans, and as such we are trying
to assemble a complete collection of papers relevant
to this subject.

We would be most grateful if readers who have
published papers relating to faba beans would send
reprints to:

FABIS
Documentation Unit, ICARDA,
P.O. Box 5466, Aleppo, SYRIA

Mailing List

We are having many items of correspondence returned,
due 1o those on our mailing list having changed their
addresses or left their place of employment without
notifying us. Obviously this represents a considerable
waste of money to the FABIS service.

We request that those who currently receive FABIS
should inform us of any change in their address or
position in good time to allow us to maintain an
cfficient service.

ARE YOU MOVING ?

If you are moving, please let us know your new address as soon as possible.
Send it to:

FABIS
ICARDA

Box 5466
Aleppo, Syria
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ICARDA publications deposited at
AGRICULTURAL libraries

ICARDA is inviting many of the AGRICULTURAL libraries to accept all its pub-
lications in English and French and to make these available to other libraries
under normal inter-library loan and photocopy procedures.

Libraries that have accepted to do so are listed here:

Libraries Division
Agriculture Canada
Ottawa K1A 0C5
CANADA

Telex 533283 canagric oft

Helsinki University
Library of Agriculture
Viikki

SF-00710 Helsinki
FINLAND

Telex 122 352 hymk sf
Telefax (90)708 5011

J-F. Giovannetti

Chef du Service Central IST
Avenue du Val de Montferrand
BP 5035

34032 Montpellier Cedex
FRANCE

Telex 480 762f

Library

Agricultural University
Postbus 9100

6700 HA Wageningen
NETHERLANDS

Telex 45015 blhwg nl

John Hjeltnes

Head Librarian

The Library of the Agricultural University
of Norway

P.O. Box 12

N-1432 Aas-NLH

NORWAY

Telex (56) 77125 nlhbi n
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