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Review Articles

Food Legumes in Qinghai

Guo Gaoqiu Minyi
Qinghai Academy of Agriculture and Forestry
Qinghai, CHINA

Qinghai is situated in the northeast of the Qinghai-Tibet
Plateau, 2500-4500 meters above sea level. The cultivation
of food legumes including pea (Pisum sativum L.), faba bean
(Vicia faba L.), chickpea (Cicer arietinum 1.), and lentil
(Lens culinaris Medik.) has a long history in the province,
which is one of the important legume-producing regions of
China.

Food legumes are an important part of the agricultural
scctor, including livestock husbandry, in Qinghai. Because
of their nitrogen fixation, the crops play a significant role in
improving the soil and are the best break crops in cereal-
based crop rotations; they are also widely used as green
manure. Since they contain more protein in dried sceds than
other crops, the sceds of legumes are used as food for people
or feed for livestock, and their fresh stems and lcaves also
serve as fodder. Having large seeds (100-seed weight > 150
g) and good quality, dry sced of faba bean is the main grain
export commodity of Qinghai.

Food legumes are mainly cultivated in the eastern
farming area, which is the main agricultural production
region of Qinghai. Upland ficlds, 2200-2700 m above sca
level, make up two-thirds of the area, and have annual
precipitation of over 350 mm, and a crop-growing period of
about 150 days. The remaining area is warmer and irrigated.
The crop-growing period is about 170 days, and rainfall is
about 300 mm in May-August.

The annual arca under food legumes is 60,000 ha in
Qinghai. Generally, yield of pea is 1650 kg/ha; and that of
faba bean is 2700 kg/ha ~ the highest in China. However,
yield could be more than 6000-7000 kg/ha for both crops.
Yield of chickpea is usually 2250 kg/ha and that of lentil is
1500 kg/ha.

Collection of food-legume germplasm began in the
1950s. The genetic resources collected comprise over 1000
pea, over 700 faba bean, 396 chickpea, and 250 lentil
accessions, held at Qinghai Academy of Agriculture and
Forestry (QAAF). Some of these have been utilized in
breeding. Cultivars planted over large areas for pea include
Dagin, Prairie No. 12, Dake, Prairie 224, Prairie No. 7, and
No. 11, and for faba bean are Maya, Ga, Qinghai No. 3, No.

8 and No. 9. In addition, two new lines of chickpea, CP55
and 85-47C, have been released.

Optimum agronomic practices for pea and faba bean,
determined through many years’ rescarch, have been widely
applied by farmers. In the rotation systems, legume crops
(pea and faba bean) are forecrops for other crops. The
rotations practiscd are cercal-legume—cereal and cereal-
cereal-legume—cereal—cereal (cereal = wheat and barley).

Pea and faba bean are generally sown in late March to
early April, and are harvested in late August to early
September. Sowing depth is 6-8 cm (on dryland 8-10 cm).
Fertilizer applied is 15-22.5 t organic fertilizer/ha and
30-40 kg N/ha; 78-80 kg P,Oha is given as a basal
dressing at sowing; under irrigated conditions the field is
watered 3-4 times during growth. The density of pea is
75,000-90,000 plants’ha and of faba bean is
24,000-300,000 plants/ha. Diseases and pests are mainly
controlled chemically.

The major limiting factors to production are drought at
various stages of growth, especially during the stages of
flowering to pod-filling; poor soil; and damage by discases
and insects which are chocolate (red) spot (Botrytis fabae
Sard.), rust (Uromyces fabae (Pers.) de Bary), leaf spot
(Ascochyta fabae Speg.), root rot (Fusarium solani Mart.),
broad bean aphid (Aphis medicaginis Koch), and faba bean
beetle (Bruchus rufimanus Boh.) for faba bean, and root
discases and leaf miner (Phytomyza atricornis Meigen) for
pea.

Agronomic (cultivation) recommendations have been
made for chickpea by QAAF and are being used in crop
production.

QAAT has carricd out research on legumes for 30 years.
Now, it is shouldering the legume-improvement program for
Qinghai, which includes pea and faba bean breeding and
cultivation, chickpea breeding and drought tolerance, and
legume germplasm. We are working to develop food
legumes in China.

Further reading

Guo Gaoqiu. 1994. Peas. Pages 129-147 in High Yield
Cultural Techniques on Faba Bean and Pea (Fu Xiao and
Guo Gaogiu). Jingdun Press, Beijing, China.

Legumes Lab. 1987. Rescarch on high-yicld cultivated
synthetic technology of faba bean. QAAF, Xining,
Qinghai.
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Nutritional Potential of Faba Bean for
Improved Productivity in Ruminants —
A Review

B.S. Tewatia and A.S. Virk
Department of Animal Nutrition
CCS HAU, Hisar 125 004 (Haryana), INDIA

Abstract

As a rich source of protein and vitamins, faba bean holds
good nutritional potential to replace some conventional
protein supplements in ruminant feed. The nutrient
composition of faba bean is favorable compared with
other pulses. Although the lipid content of faba bean is
low (0.9—4.2%), linoleic acid constitutes more than 50%
of total lipids. Faba bean protein is highly soluble in the
rumen, highly degradable, and is comparable to urea.
Extrusion of faba bean at 120°C significantly reduced the
rumen degradation of protein for its efficient utilization.
Protection of faba bean protein using 1.0-1.5 g
formaldehyde per 100 g faba bean protein significantly
improved the nitrogen retention and body weight gains
of growing kids. High levels of formaldehyde improved
feed conversion efficicncy and nitrogen balance. The
presence of antinutritional factors like tannins, trypsin
inhibitors and favism-inducing agents in faba bean
sometimes limit its use as animal feed; however, no
adverse effect on animal health or production was
observed. Further, these antinutritional factors can be
reduced either by breeding or by various processing
techniques. Faba bean can successfully replace 45-60%
of conventional protein sources in the diets of growing
and lactating ruminants.

Key words: Vicia faba: faba beans; ruminants; animal
feeding: proximate composition; animal nutrition.

Introduction

Increased livestock populations and the shift of feed
resources toward poultry and swine production is widening
the pap between feed availability and requirements of Indian
ruminants. It has been estimated that the difference between
availability and requirements of these animals will be 28.08
million tonnes of concentrates by AD 2000 (Singh 1990).
Therefore. there is a need to explore the utilization of newer
feed resources to bridge this gap. Faba bean (Vicia faba L.)
is an under-utilized source of native protein. It is a
leguminous crop grown under irrigated conditions: however,
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it can also withstand high water tables and soil salinity
(Lockerman et al. 1983) and yield more than conventional
pulses. The total area under cultivation in the world is 3.201
million hectares with a production of 4.312 million tonnes
(FAO 1990). Faba bean is a rich source of protein (Hove et
al. 1978) besides being rich in vitamins and minerals except
sodium and chloride (Clarke 1970). Faba bean has a low oil
content of 2.0-2.6% (Bjerg et al. 1981) and methionine and
cystine are limiting amino acids (Szelenyine et al. 1984).
Antinutritional factors like tannin, trypsin inhibitors and
favism-inducing agents present in faba bean can limit its
feeding value (Marquardt 1983). Therefore, the possibility



of using faba bean as a protein supplement in the diets of
ruminants needs to be investigated. This review presents the
potential of faba bean for growing and lactating ruminants,
including the role and effects of antinutritional factors and
their detoxification procedures.

Chemical Composition

Faba bean seed is made up of two components, testa and
kernel, of which testa is 12-16.6%. Faba bean is a rich
protein (23-32%) source (Evans et al. 1972; Szelenyine et
al. 1984). Most of the protein is found in the kernel, and the
protein concentration of the testa or seed coat is low (Evans
et al. 1972). Faba bean seeds are a poor source of
methionine and cystine (Boulter 1980), which combined
make up only 2-2.3% of the protein (Szelenyine et al. 1984).
Crude fiber content ranges from 6 to 11%, and spring-sown
cultivars are reported to have low fiber content (Eden 1968);
the testa contributes a higher proportion of crude fiber than
the kernel. Lipid concentration of faba bean is low
(0.9—4.2%) and the kernel is richer in lipid than the testa
(Newton and Hill 1983). The majority of the fatty acids
present in faba bean are unsaturated. and linoleic acid makes
up more than 50% of the total (Clarke 1970). Water-
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soluble sugars are 5.7-10.08% (Sammour 1987). Faba bean
is a rich source of vitamins and has tocopherol, riboflavin
and choline at 1.0, 3.1 and 1110 mg/kg, respectively (Bolton
1963). Macro- and micro-mineral content, except sodium
and chloride, is also comparable with other legume crops
(Hove et al. 1978). Seed hulls are rich in calcium, whereas
cotyledons contain higher concentrations of phosphorus
(Marquardt et al. 1975). Chemical composition reported by
different investigators is summarized in Table 1.

Protein degradability

It is well known that digestible crude protein (DCP) values
are not satisfactory indicators of the dietary protein needs of
ruminants. Dietary protein needs of ruminants can be
calculated from rumen-degradable nitrogen (RDN). Faba
bean proteins are highly soluble in the rumen and their
degree of degradation is comparable with urea for non-
protein nitrogen (NPN) (Miller 1980; Cros et al. 1991). In
order to use faba bean protein more efficiently in ruminant
nutrition, its degradation at the rumen level must be reduced
and by-passed without altering intestinal digestion. This can
be achieved by extrusion (Cros et al. 1991) or by chemical
treatment (Sharma and Nicholson 1975).

Table 1. Proximate (%) and macro nutrient (g/kg) composition of faba bean seeds.

CP EE CF Ash NFE Na K Ca Mg Reference

314 1.5 8.0 4.0 55.2 0.1 11.7 1.6 1.3 Eden (1968)

265 15 90 4.0 590 0.2 122 19 1.3

31.8 0.9 8.5 3.6 55.2 - - 1.0 - Marquardt et al. (1975)
25.6 25 154 34 53.1 0.1 12.1 0.8 1.2 Hove et al. (1978)

315 - - - - 52 1.6 - 3.2 3.6 Sammour (1987)

27.4 1.3 11.1 3.7 56.5 - - - - Valentine and Bartsch (1987)
23.7 23 11.6 6.7 55.6 - - 1.8 - Akbar and Gupta (1990b)
28.4 1.1 - 43 - - - - - van der Poel et al. (1991)
28.3 2.0 - 4.7 - - - - - Cros et al. (1992)

28.9 23 12.5 8.9 47.2 - - - - Fulpagare (1993)

239 0.8 13.0 3.8 58.5 - - - - Virk et al. (1993)

CP = Crude protein; EE = Crude fat, ether extract; CF = Crude fiber; NFE = Nitrogen free extract,
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Extrusion

Heat treatment of faba bean at 105°C does not cnhance the
passage of protein to the duodenum in cattle since this
temperature is inadequate for protein  protection
(McMeniman and Armstrong 1979). However, extrusion at
120°C reduced nitrogen solubility (21.1 vs 74.9%), lowered
rumen degradation of dry matter (74.6 vs 80.4%) and protein
(70.2 vs 89.2%), and increascd the availability of faba bean
protein for intestinal digestion in non-lactating Holstein
cows (Cros ct al. 1991). It is further reported that extrusion
increased the amount of dietary protein digestcd at the post-
ruminal level by 110-170% in Holstein cows (Cros et al.
1992). Nutrient digestibility in Holstein cows was not
altered by extrusion of faba bean at 195°C (Benchaar et al.
1992), while the flow of amino acids and availability of
essential amino acids improved in lactating Holstein cows
(Benchaar ct al. 1994).

Chemical treatment

Treatment of faba bean protein with formaldchyde at 1.5
g/100 g protein (Sharma and Nicholson 1975) improved the
ruminal flow of total and protein nitrogen to blood serum of
sheep, and weight gains were higher in the treatment group
(93.6 g/day) than in the group fed untreated faba bean (87.9
g/day). Similarly, Virk et al. (1994) observed improved
digestibility of dry matter ond ether extract with
formaldchyde treatment (0.5, 1.0, 1.5 g/100 g protein) in
kids. Body-weight gains and N retained as percentage of
intake also increased as formaldchyde level increased.
However, lower levels of formaldehyde (0.4, 0.5, 1.2 g/100
g) did not improve feed conversion efficiency or nitrogen
balance in lambs (Pisulewski and Rys 1975). Similarly,
lower levels of formaldehyde (0.43 and 0.54 g/100 g) did not
improve nutrient digestibility, milk yicld or milk
composition in goats fed faba bean (Tewatia et al. 1995).

Tron and aluminum cations in the form of alums (2-40 g
metal/kg feed) were used to reduce faba bean protein
degradation (Antoniewicz, 1993). Iron alum was as effective
as formaldchyde in reducing protcin solubility. Autoclaving
(120°C for 20-30 minutes) in combination with iron was
more effective in reducing the ruminal degradation of faba
bean protein.

Rumen metabolic profile

Incorporation of 35% faba bean in concentrate mixture of
lactating cows lowered the total volatile fatty acids (91.}
meq/L) compared with soybean meal (105.7 meq/L), but the
molar percentage of acetate was higher in the group fed faba
bean (Ingalls and McKirdy 1974). However, Ingalls et al.

(1980) did not observe any difference in the molar
percentage of acetate, propionate and butyrate when faba
bean replaced soybean meal at the 35% level in the diet of
Holstein cows. Valentine and Bartsch (1987) observed
higher concentrations of total volatile fatty acids in dairy
cows fed faba bean (99 meqg/L) than in those fed a barley-
based diet (90.8 meq/L). Ammonia-nitrogen concentration
with faba bean feeding was lower (18.7 meq/100 ml)
compared with soybean meal (19.3 mg/100 ml); faba bean
protein protection with formaldehyde further reduced the
rumen NH,-N level in Holstein calves (Sharma and
Nicholson 1975). Similarly, Virk et al. (1994) observed that
as the level of formaldehyde treatment increased (0.5, 0.1,
1.5 g/100 g protein), the level of rumen NH,-N decreased
(P<0.05) in kids. However, at lower levels of formaldehyde
(0.43, 0.54 g/100 g protein), no effect on NH,-N
concentration was observed in goats fed faba bean (Tewatia
et al. 1995). Fulpagare (1993) reports that as the level of
faba bean in concentrate increased, ruminal total and
ammonia nitrogen increased (P<0.05) in lambs. However,
Akbar and Gupta (1990a) did not observe any change in total
and ammonia nitrogen concentration in buffalo calves fed
concentrate mixtures having 0, 20, 40 and 60% protein from
faba bean.

Nutrient digestibility

Faba bean inclusion in diets did not alter dry-matter intake
(Giovanni et al. 1976; Akbar and Gupta 1990b; Virk et al.
1991); however, greater dry-matter intake was observed in
goats fed faba bean compared with controls (Tewatia et al.
1993). Faba bean feeding at various levels did not affect
nutrient digestibility (Akbar and Gupta 1990b; Virk et al.
1991; Tewatia et al. 1993). However, Fulpagare (1993)
reports that as the level of faba bean increased (0, 25, 100%)
in the diet of lambs, the digestibility of dry matter (either
extract and crude fiber) increased, while that of nitrogen-free
extract decreased. Dry-matter intake and nutrient
digestibility reported by various rescarchers is presented in
Table 2.

Growth and meat production

Body-weight gains were not affected in wethers (castrated
male sheep) when faba bean replaced soyabean meal at the
40 % level (Ringdorfer 1990). Similarly, Virk et al. (1991)
conclude that faba bean could be an alternative to groundnut
cake up 10 60% in the diet of kids without adversely affecting
body-weight gains. Akbar and Gupta (1 990b) observed
greater body-weight gains in buffalo calves given more faba
bean (45%) in the concentrate mixture. Fulpagare (1993)
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replaced conventional concentrate mixture protein at the 0,
25 and 100% levels in the diet of lambs and observed that
body-weight gains were greater at 25% (58.9 g/day) and
100% (67.8 g/day) levels than in the control (46.4 g/day).
Contrary to these obscrvations, Pichler (1990) observed a
decrease in body-weight gains in bulls with faba bean
replacement of soybean mcal at a level of 50%. Effects of
faba bean on growth rate and feed-utilization efficiency as
observed by various workers are presented in Table 3.

Faba bean inclusion in the diet had no cffect on dressing
percentage (Leitgeb 1988; Pichler 1990; Fulpagare 1993) or
meat composition (Caballero ct al. 1992). However,
Giovanni (1984) rcports that calf-carcass grading was
impaired after faba bean feeding.

Milk yield and its composition

Milk yield was not adversely affected when laba bean
replaced soybean and rapeseed (Ingalls and McKirdy 1974),
soybean meal and pea (Jutz and Leitgeb 1989) and soybean
(Ingalls et al. 1980) in the diets of lactating cattle, or
groundnut cake in the dicts of lactating goats (Tewatia et al.
1993). Faba bean feeding enhanced miik fat content (Hansen
and Anderson 1972). However, Ingalls ct al. (1980) and Jutz
and Leitgeb (1989) found no effect on milk fat content when
faba bean replaced other vegetable protein sources. Milk
protein percentage was unaltercd (Ingalls and McKirdy
1974) or increased (Tewatia ct al. 1993) with faba bean
fecding; however, Hansen and Andcrson (1972) observed
decreased milk protein percentage when faba bean was
included at the:60% level. Inclusion of faba bean in the diets
of lactating cattle and goats and their cffects on milk yield
and its composition are presented in Tablc 4.

Antinutritional factors and their detoxification

Tannins

Most legumes contain appreciable amounts of polyphenolic
substances known as tannins, and most of these compounds
in faba bean are found in the testa (Kadirvel and Clandinin
1974). Tannic acid content of whole faba bean seed varies
from 0.75 to 2.0% (Reddy ct al. 1985). The sced coat of
colored-flowcred varieties may contain up to 8% tannins
(Griffiths and Jones 1977), while sceds of white-flowered
varieties are practically tannin-free (Sjodin et al. 1981).
High tannin content decreases the digestibility of faba bean
(Marquardt et al. 1978a), and there is a negative corrclation
(r=-0.84 to -0.94) between tannin content and in-vitro dry-

matter digestibility (Garrido et al. 1989). Faba bean tannins
also reduce the biological availability and in-vitro
digestibility of proteins (Lacassagne et al. 1988) and
carbohydrates (Deshpande and Salunkhe 1982). However,
Griffiths and Jones (1977) observed that the amount of
protein precipitated by tannins was low and, in the absencc
of the testa, 98% of the protein was soluble in pepsin while
95% was soluble in the presence of the testa.

Negative cffects of faba bean tannins can be reduced by
breeding and various processing techniques. Breeding
cfforts are being made to develop low-tannin varietics (Bond
and Smith 1989). Tannins arc mainly located in the seed
coat, so they can be removed by dehulling the beans (Reddy
ct al. 1985). This process also removes much of the fiber of
the secd, and the nutritional value of faba bean protein can
be better utilized (Sosulski and Dabrowski 1984).
Approximately 40% of the total tannins are removed by
manual dehulling, which also removes more than 85% of
condensed tannins (van der Poel et al. 1991). Tannins from
faba bean have also been eliminated by treatment with 4%
NaOH solution, autoclaving at 121°C or addition of
adsorbents (Garrido et al. 1988). Treatment with NaOH and
autoclaving removed 97 and 57% of tannins, respectively.
Storing faba bean secds for 14 months resulted in an 11%
decline in tannins (Marquardt et al. 1978b). Reduction of
tannins resulted in improved in-vitro protein digestibility
(van der Pocl et al. 1991) and a positive correlation (r =
0.90-0.99) between quantity of tannins removed and in-vitro
protein digestibility (Babiker and El Tinay 1993).

Trypsin inhibitor

Trypsin, a proteolytic enzyme, is inhibited by glycoproteins
present in faba bean. Variation in trypsin-inhibitor activity
among faba bean cultivars is reportcd by McNab and Wilson
(1977). Trypsin-inhibitor activity in faba bean (11.0
units/mg) is higher than that in lupin (0.9 units/mg), but
lower than that in pea (13.1 units/mg; Korol et al. 1986).
Wholc soybean contained a nine-fold higher concentration of
trypsin-inhibitor activity than faba bean (Marquardt et al.
1975). Greater trypsin-inhibitor activity was observed in
cotyledons than in the testa (Wilson et al. 1972), however,
activity in the testa double that in the cotyledons has also
been observed (Marquardt et al. 1975). This suggests that
dehulling of beans is unlikely to reduce trypsin-inhibitor
activity. Autoclaving -at 121°C for 20 minutes fesulted in
almost complete destruction of trypsin-inhibitor. activity
(Marquardt et al. 1975). Activity was also reduced when
faba beans were initially processed at-100°C for 5 minutes,
but yield was reduced by 18% (Borowska 1993). |
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Hemagglutinins

Activity of hemagglutinins is 3.4-5.6 x 10* per gram of
whole secd and is mainly concentrated in the kernel
(Marquardt et al. 1975). This activity is low compared with
other legumes (Palmer and Thompson 1975). Sheep and
cattle are tolerant to hemagglutinin activity as their
erythrocytes do not agglutinate in the presence of extracts
from faba bean (Marquardt et al. 1975). Hemagglutinin
activity can be reduced effectively by heat treatment
(Marquardt et al. 1976), especially if beans are soaked in
water before treatment.

Vicine and convicine

Vicine and convicine contents of faba bean are 0.55 and
0.32%, respectively (Bjerg et al. 1980). The sced coat had
lower activity (0.07%) of vicine comparcd with the
cotyledon (0.23-0.6%). These favism-inducing factors have
been reduced by heat treatment (Marquardt et al. 1975).

Future lines of investigation

*  Larger arcas should be used for faba bean cultivation to
enhance the production of this protein-rich source,
especially since it can withstand high water tables and
saline soils.

* Varieties with low content of trypsin inhibitors and
favism-inducing factors should be developed.

*  Since more than 50% of the total lipids in faba bean are
linoleic acid, faba bean can serve as a dictary methane
depressant in ruminants. This dietary manipulation will
enhance the encrgetic efficicncy and lower the
environmental pollution due to methane production
caused by ruminant feeding.

» Efforts should be made to lower the protein degradation
of faba bean to enhance the net protein utilization,
especially in the diets of growing livestock.

» For minimizing antinutritional factors, techniques like
transgenic crossing or chemical treatment should be
explored.

* Nutritionists should generate more data so that this feed
ingredient is used widely by feed manufacturers and
livestock producers.
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Research Articles

Breeding and Genetics

Combining Ability in Faba Bean

D.K. Kaul and K.L. Vaid
S.K. University of Agriculture Science & Technology Camp
Office, Railway Road, Jammu (J&K), INDIA

Abstract

Studies were made on combining ability using diallel
crosses among eight cultivars of faba bean. Both general
(GCA) and specific combining abilitics (SCA) were
highly significant, showing the existence of both additive
and dominance effects on yield per plant and seed
protein content,

Key words: Vicia faba;, faba beans;, combining ability;
secds; yields; protein content; India.

Introduction

Fababean (Vicia faba L.) is the fourth most important food
legume in the world after dry bean, dry pea and chickpea
(Hawtin and Stewart 1979). Faba bean contains 18.6-37.8%
protein (El-Sayed et al. 1982). Kambal (1969) reports no
significant differences in yicld components. Habetinck
(1985) reports the importance of gencral combining ability
in the inheritance of yield. Waly and Abd El-Aal (1986)
report that both general and specific combining ability were
highly significant in diallel crosses among five cultivars of
faba bean, showing the existence of both additive and
dominance effects on protein and cellulose content. Picard
(1979) showed that secd protein content can be improved
without affecting yield.

Therefore, we studied the genetic system controlling
yield per plant and sced protein content using a number of
faba bean cultivars in a diallel crossing system in an attempt
to improve protein content and yield per plant.

Material and Methods

The crop was sown in a randomized block design in three
replications at the Pulses Substation, Habbak, Division of
Plant Breeding and Genetics, Sher-I-Kashmir University of
Agriculture Science and Technology, Srinagar, Kashmir,
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India, during rabi (winter) 1987/88 and 1988/89. The
observations were recorded on 10 plants for each parent and
15 for each F,. Plants were sclected and tagged randomly.

Crosses were made using half-diallel from eight inbred
faba bean parents — VH-131 (1), VH-130 (2), FLIP-65 FB
(3), FLIP-54 FB (4), Jordan-260 (5), Jordan-261 (6), Local-
1 (7) and Local-2 (8) - to study yield per plant and seed
protein content.

The genetic analysis was based on the method proposed
by Griffing (1956).

Protein content was determined in the dry seeds by the
Kjeldahl method. Correlation between yield and protein was
carried out following Dewey and Lu (1959).

Results and Discussion

The analysis of combining ability for protein content and
yield per plant are shown in Table 1. The partitioning of
genotype variance into general (GCA) and specific
combining ability (SCA) effects for the traits studied
suggests that both additive and non-additive genc effects
were controlling the inheritance of these traits.

The significant GCA and SCA effects for each trait
indicated that estimates of individual effects for parents and
parental combinations could be calculated.

The GCA efTects for the two traits and eight parents are
given in Table 2 and the SCA effects in Table 3.

Protein content

Parents 1, 3 and 5 had the highest positive GCA effect for
protein content, while parents 2, 7 and 8 had the highest
negative cffect.



Table 1. Analysis of variance of data on protein content
and yield per plant in an 8x8 diallel cross of faba
bean cultivars.

d.f. Mean F ratio
square

Protein content
Genotypes 35 15.56 59.48 **
GCA 7 14.79 169.64 **
SCA 28 2.78 31.98 *+
Yield per plant
Genotypes 35 201.96 8§2.18 **
GCA 7 319.02 38041 **
SCA 28 6.86 8.18 **
** Significant at P = 0.01.

Table 2. Estimates of GCA effects for protcin content and

yield per plant.
Array Protein content Yield per plant
Pl 1.97 *=* -5.38 **
P2 <1.4 * -3.65*
P3 1.23 »» 3.15 =
P4 -0.22 10.06 **
PS 0.67 ** 333 %
P6 -0.07 4.29 **
P7 ' <0.84 ** 258 **
P8 -1.33 *» -5.79 +»
SE () 0.09 0.27
** Significant at P = 0.01.

In the estimate of the SCA effect, crosses 1 x 3, 1 x 4, |
x5,1%6,3 x6and4 x 7, had the highest positive effects
for protein content (Table 3).

Eleven crosses had significant negative effects for
protein content.
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Table 3. Estimates of SCA effects for protein content and

yield per plant.
Cross Protein content Yield per plant
1x2 0.23 2.58 *
1x3 2,19 *» -1.82 *=
1x4 1.93 *= 1341 **
1x5 2.46 ** 7.67 **
16 1.16 ** -0.92
1x7 0.50 *= 7.08 **
1=8 046+ -1.99 s¢
2-3 -1.07 *= 6.89 **
2x4 -1.27 14.29 **
2x5 -4.14 *+ 5329
2x6 -0.37 -1.64 **
2x7 -1.8] =+ 598 **
2x8 -1.47 =+ -0.98
34 -4.35*= 10.08 **
3x§ -0.25 3.8]1 *+
3x6 1.71 ** 398 **
3x7 -0.02 3.2] ¢
3-8 -0.03 -6.09 **
4x5 -1.62 ** 12.05 **
4x6 0.71 ** 275
4x7 1.05 ** 9.08 **
a-8 089 145
5x6 -2.27 ** 7.77 **
5x7 0.96 ** 12.74 *+
5x8 072 5.04 *
6x7 -0.15 -5.49 **
6x8 -0.14 <241 ¢
7~8 -1.93 *+* 5.5] »=
SE (&) 0.23 0.66

*.** Significant at P = 0.05 and P =1.01, respectively.

Yield per plant o ’ '

Parents 3, 4, 5 and 7 showed a significant positive GCA
effect for higher yield content, while parents 1, 2, 6.and 8
had a significant negative GCA for this trait. For the SCA
effect,thecrosses 1 x 2,1 x4,1x5,1x7,2%x3,2x4,2x%
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5,2x7,3%x4,3x5,3x6,3x7,4x5,4x7,4x8,5x6,
5 x 7,5 x 8 and 7 x 8 had significant positive effects for
yield content, and six crosses had significant negative cffects
(Table 3).

From these results, parent 1 (VH-131) was superior for
GCA and produced high positive SCA cffects in most
crosses for protein content. For yield per plant, parents |
(VH-131), 2 (VH-130), 3 (FLIP-65 FB) and 4 (FLIP-54 FB)
appeared to be the best parents to produce crosses with high
yield potential. This indicates that genctic variation is
present and available for plant breeders to improve the
protein content and yield of faba bean. Thus, progress can be
made in breeding for both protein and yield quality.

Phenotypic and genotypic correlations

There was no correlation between yicld and protein content
(genotypic r= 0.098, phenotypic » = 0.262). Similar results
are reported by Katiyar and Singh (1990).
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Genetic Principal Components and
Classification for Quantitative
Characters in Faba Bean

Yuan Mingyi, Shen Haining, Zhang Peilan
and Liu Yang
Crop Research Insiitute

Qinghai Academy of Agriculture and Forestry Sciences
Xining, CHINA

Abstract

Principal component analysis was performed on seven
quantitative characters of 50 faba bean lines to evaluate
the tested lines. Of these, 18 lines were sclected as
parents for future hybridization. The distances were
calculated among all possible pairs of lines, to classify
the 50 lines into 2 populations, 3 types and 9 groups. The
classification showed that there was some connection
between geographical distribution and divergence, but
that most of the lines within the same cluster were close
in Mahalanobis (D?) distance but varied in geographic
sites.

14

oailaddl sasait Lghaialy dawad i &) gall oL gSall

Joh b Lgas

paddal!

50@a;‘suasm¢.,u¢uwynau,sm‘)gggﬁi
18 lasit o3 Al Byusaall oYMl ppais) Joalh o A
pren on Sliludl Glua @3y Lyl Lol e Lese U

b Omeadll SVl Cigaat) ilaiaadl Tngayall &Y
NS a5F Cigieatll el 15y .cle gana Oy blal LWsy 5 atie
plins of Y1 sl aelially il ganill Ga Ade 48
sl anll b L 2l Lkt Legasall Gand Y

Al iall wdlsall 3 Lobiiay

Key words: Vicia faba; faba beans; quantitative genetics;
divergence; geographical distribution; China.



Introduction

Cluster analysis is a useful method for plant breeders. Since
the mid-1970s many studies on genctic distance and cluster
analysis have been carried out on germplasm of various
crops. Distance can express genctic differences among
parents and could be used as a reliable index for selecting
parents (Bhatt 1981). Cross-combinations of rice which
exhibited strong heretosis in production had large
divergence between their parents (Xu and Waing 1981).
There was no direct association between geographical
distribution of lines and their divergence (Gan and Wang
1985; Yu and Guo 1983). Similar findings in faba (Vicia
JabaL.) bean are reported by Huang and Li (1984), and Mao
and Liu (1979).

The purpose of this research was to evaluate yield and
yield components of faba bean germplasm by principal
component analysis, to measure differences among them
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using Euclidian distance, and to classify them on divergence
1n order to provide a basis for selecting parents.

Material and Methods

Fifty lines (Table 1) were used, comprising 33 domestic and
17 exotic genotypes, which varied in agronomic characters.
The study was conducted at the Crop Research Institute of
the Qinghai Academy of Agriculture and Forestry Sciences
(QAAF), Xining, Qinghai in 1994. The experiment, laid out
in a randomized complete block design with three
replications, was grown in 2-row plots, each 2.5 m long and
40 cm apart. Seed yicld was recorded for each plot, and
seven characters (plant height, number of nodes on the main
stem, number of pods/plant, number of seeds/plant, seed
weight/plant, 100-seed weight and number of
branches/plant) were determined from five randomly
selected plants in each plot.

Table 1. Faba bean lines used in experiment and their codes.

Code Name Origin Code Name Origin

1 Baiqihong Gansu, China 26 621 Tunisia

2 72-45 Qinghai, China 27 174 England

3 Sheng lidou Qinghai, China 28 3009 Bulgaria

4 Yong chan dabei Qinghai, China 29 175 England

5 Tudouzhai Sichuan, China 30 Nongl 7 Qinghai, China
6 Xiaohudou Fulian, China 31 Qinghai 3 Qinghai, China
7 133 Mexico 32 370 Algeria

8 7834 Yunnan, China 33 70-29 Qinghai, China
9 Inch bean Japan 34 372 Beijing, China
10 580 India 35 Neimon dadou NeiMoncol, China
B Lingxia 292 Gansu, China 36 Sudan 3 Sudan

12 3010 Bulgaria 37 Lhasa | Tibet, China

13 70-47 Qinghai, China 38 74-34 Qinghai, China
14 71-7 Beijing, China 39 Feng Yidou Yunnan, China
15 Xinpindou Yunnan, China 40 Chan Jiao Qinghai, China
16 8010 Yunnan, China 41 Qunong baipi Qinghai, China
17 Banhua Fulian, China 42 Maya Qinghai, China
18 707 Canada 43 Dalinbai Sichuan, China
19 Gadadou Qinghai, China 44 29 Iraq

20 124 Tibet, China 45 669 Ethiopia

21 Badadou Sichuan, China 46 559 Spain

22 589 Egypt 47 Qinkcchan Hecbei, China
23 14-2 Fulian, China 48 NiuJiao Qinghai, China
24 552 Turkey 49 Qidong 1 Jiangsu, China
25 579 Lebanon 50 Dakezhichan Anhai, China
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Principal component analysis and Euclidean distance
were computed as suggested by Liu (1979).

Results and Discussion

The analysis of variance revealed highly significant
differences among all lines for the seven characters. The
seven by scven matrix of correlation cocfficients was
obtained, from which eigenvalucs and their eigenvectors
were obtained. The four largest eigenvalues were sclected,
their cumulative contribution reached over 86% (Table 2).

In the first principal component, the maximum loading
(coefficient) was plant height based, the second-highesi
loading was from nodes/main stem, so this was called the
height factor. In the second component, the largest loading
(coefficient) was from pods and sceds/plant, called pod and
seed factor. Seed weight/plant increased as number of pods
or seeds increased; however, 100-seed weight decreased as
number of pods and seeds increased. The third principal
component was mainly offered by branches, called branch

Table 2. Eigenvalue and cigenvectors sclected.

factor; the value of plant height and nodes/main stem was
negative suggesting that they were reduced as number of
branches increased. The fourth principal component was
called the sced weight factor, for the largest positive loading
was from 100-seed weight, in which pods and seeds/plant
decreascd as 100-secd weight increased.

The tested lines were evaluated by principal component
analysis using the following criteria. It would be better that
the value of the first principal component was larger for
taller plants and more nodes, which could hold more pods.
The value of fourth principal component should not be too
large so that more pods and seeds with higher yield may be
obtained. The value of the third component should be
medium so as to get a proper population. The value of the
sccond component should be large as more pods and seeds
could produce higher yield.

The standardized values of the selected principal
components for each line, g, g 5, &3, &4, Were calculated.
According to the above evaluating criterion on principal
component, 18 lines were selected (Table 3).

Eigenvalue A, A, A, Al
2.900 1.725 1.231 0.936
Percentage of cumulative contribution 36.7 58.6 74.2 86.3
Plant height 0.4810 0.2127 -0.1005 -0.3016
No. branches/plant -0.1784 0.3012 0.6134 -0.0425
No. nodes/main stem 0.4261 0.0341 -0.2201 0.2301
No. pods/plant 0.2754 0.5824 0.0637 -0.4258
No. seeds/plant 0.0634 0.5401 0.0721 -0.3801
Seed weight/plant 0.3317 0.3084 0.2904 0.0121
100-seed weight 0.3074 -0.3249 0.3126 0.4018
Principal componet Height Pod & sced Branch Seed-weight
factor factor factor factor
Table 3. Values of four principal components of 18 lines selected.
Code gl g2 g3 gd Code gl g2 g3 gd
1 2.86 1.73 0.13 3.03 33 2.36 217 0.43 2.51
2 3.68 2.06 041 2.41 34 2.62 1.68 -0.06 3.62
10 1.97 1.86 1.06 1.76 37 2.47 1.77 0.52 3.1
12 3.45 1.94 0.36 4.62 38 243 1.91 -0.19 3.82
14 222 2.62 0.40 1.97 40 2.06 2.01 0.28 1.66
19 2.97 275 -0.22 1.02 41 421 1.56 0.31 4.07
28 275 1.85 0.64 2.73 42 233 2.42 0.71 2.57
30 3.16 1.64 0.57 3.41 48 2.04 2.58 0.42 2.16
31 2.95 1.82 0.30 3.03 50 1.17 2.34 0.30 3.46
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Based on the standardized values of the first four
principal components, the Mahalanobis distances (D?)
among all possible pairs of lines were calculated, and then
the cluster analysis was done by single-linkage method of the
shortest distance to classify the 50 lines into 2 populations,
3 types and 9 groups (Table 4).

Onc population was characterized by medium or tall
plants, it comprised 2 types and 4 groups: Group | had 4
lines, mainly from Qinghai, had high seed yield potential
(very large seeds); Group 2 had 10 domestic and exotic lines
with high seed yield potential (large secds); Group 3
comprised 5 domestic lines which had high yield potential
(medium seeds and more pods); Group 4 had 6 lines with
medium yield potential (large seeds). The other population
was characterized by short plants, it consisted of 2 types and
5 groups; Group 5 had 7 domestic and exotic lines of
medium yield potential (medium seeds and more pods);
Group 6 had 5 lines, mainly exotic, with low seed yicld
potential (large seeds); Group 7 had 7 domestic and exotic
lines with low yicld potential (medium secds and more
pods); Group 8 had 5 lines with low yield potential (small

Table 4. Classification of S0 faba bean lines.
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seeds and more pods). Because its traits were significantly
different from the others, Dakezhizhe (code 50) was
partitioned alone in Group 9, characterized by high secd
yield potential and large seeds.

This classification showed that divergence was not
entirely independent of geographical distribution. For
cxample, the 4 lines in Group | were all from Qinghai,
cexcept 3010 (code 12) which was from Bulgaria; however,
most of the lines within the same cluster were close in
distance and originated from various geographic sites. It
could be considered that there was no direct connection, in
general, between divergence and geographical distribution.

Based on our breeding experience we thought that both
integrated characters and divergence should be important;
however, the former would be so more frequently. Hence, for
high-yield breeding in faba bean it would be better to select
at least one parent with medium or high seed yield potential
type, and then 1o aim at their divergence. In addition, cluster
analysis for faba bean germplasm is worth further study.

Popt Typet Group Lines Group feature

1 1 1 12, 31, 38,41 Very large seeds

1 1 2 1,2,13,20,24,28,34,36,37,42  Large seeds

1 1 3 14, 15,19, 33, 48 Medium sceds

1 2 4 27, 30, 35, 40, 43, 47 Large seeds and more pods

2 2 5 6,7,10, 16, 18, 26, 49 Medium sceds and more pods
2 2 6 9,11,29,32,44 Large seeds

2 3 7 4,8,21,22,25,39,46 Medium sceds and more pods
2 3 8 3,5,17,23,45 Small seeds and more pods

9 50

Large seeds and high seed yield potential

t 1 = medium or tall plants; 2 = short plants.

1 1 = high seed yicld potential; 2 = medium seed yicld potential; 3 = low seed yicld potential.
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Induced Leaf Variations in Faba Bean

Mohammad Yasin'

Department of Plant Breeding and Genetics
Jawahar Lal Nehru Krishi Vishva Vidyalaya
Jabalpur 482 004, INDIA

Abstract

The frequency and spectrum of M, chlorohyll and other
leaf mutations after gamma ray, cthyl methane sulfonate
(EMS) and nitrous oxide (N,0) secd treatment in two
varieties of faba bean were studied. In general, cv JV1
was more sensitive and EMS treatment was most
effective. The frequency of chlorina-type mutations was
higher than that of xantha and chlorotica type
chlorophyll mutations. The highest frequency of
variations was observed in lcaflct texture, followed by
arrangement, shape and size in both varieties. The use
of these leafl mutations in formulating an idcotype of
Vicia faba L. have been discussed.

Key words: Vicia faba; faba beans; induced mutation;
chlorophylls, gamma radiation; EMS; nitrous oxidc; leaves;
India.

Introduction

Physiological traits are uscful in constructing ideotypes for
crop plants. Variations in leaf shape, size, texture,
arrangement and color can play an important rolc in this
regard. The induction of such variations through mutagenesis
and the transfer of useful mutations to existing material can
help in formulating plant architecture as required by
cropping conditions.

Material and Methods

Faba bean (Vicia faba L.) cvs JV1 and JV2 were used in
mutagenic experiments. The mutagens used were gamma
rays (5, 10, 15, 20 krad), ethyl methane sulfonate (EMS,
0.8% for 2 and 4 h, afier 6 h presoaking of seeds) and nitrous
oxide (N,O for 24 h at 55° atm. press., after 6 h pre-soaking
of seeds and allowing sprouting for 3 days). Two-hundred
treated seeds were sown per treatment, keeping 10 cm

' Present address: Department of Plant Breeding & Genetics,

IGKV, Raipur (M.P.), INDIA.
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between plants and 30 cm between rows. M, plants were
isolated from cross-pollinators (bees) by using selfing bags.
Surviving M, plants were then harvested and kept scparately.
The seeds from each M, plant were M, progeny. Plants
grown from M, progeny were M, plants. Each M | progeny
was sown in a separate row, with 20 cm between plants and
30 cm between rows. Chlorophyll mutations were counted in
the M, at the stage of 4-5 leaves. Chlorophyll mutations
were classified into three classes (Blixt 1960, 1961) as
xantha (yellow leaves, a lethal mutant), chlorina (yellow-
green leaves, also lethal) and chlorotica (yellow-green
leaves, but viable). Plants were selected and counted as soon
as they were large enough for us to distinguish variations.
Frequency of mutations was expressed on progeny (per 100
M, progeny) and population (per 100 plants) basis.

Results and Discussion

Treatments of different mutagens and their doses resulted in
an irregular pattern of frequencies of chlorophyll mutations
and other leaf variations on the basis of progeny and
population as recorded in the M,. Cultivar JV1 was more
sensitive than cv JV2, giving a higher percentage of
chlorophyll mutations on the basis of progenies to
populations (Table 1). The frequency of chlorina-type
mutations was highest, followed by chlorotica and xantha
types. Several leaf variations were recorded at higher
frequencies in JV1 than in JV2 (Table 2). EMS treatment
for 2 h in JVI, and 20 krad gamma irradiation in JV2



resulted in highest frequencies of leaf mutations, while 5
krad and 10 krad gamma rays and 24 h N,O treatments failed
to produce any leaf mutations (Table 2). The maximum
number of chlorophyll mutations was effected by EMS
treatment for 2 h, followed by EMS treatment for 4 h; gamma
irradiation and N,O treatment did not produce more than one
chlorophyll mutation cach, except 20 krad gamma irradiation
(Table 3).

Many leaf variations were recorded which could be
useful in crop-improvement programs, as well as in studies
of systematic development of the crop. Such leaf mutations
were classified according 1o IBPGR (1985).

Shape: Mutant plants had narrow or rounded leaflets
compared with the intermediate leaflets of the control.

Texture: Leaflets had rough, fluffy, leathery surfaces rather
than the smooth surface of the parental cultivars. Leaflets
also had hairs and dot-like structures.

Size: Both smaller and larger leaflets than normal were
observed in mutants.
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Arrangement. Mutants showed more diverse leaf attachment
to the base than that of the parental cultivars. These changes
included erect and drooping lcaves with shorter internode
and leaflets, leading to a change in leaf arrangement and
plant canopy.

Foliage color: Compared with the control, some plants were
lighter green, and a few mutants were darker green.

Frequencies of different leaf mutants observed are shown
in Table 4. The differcnces in the frequencies of leaf
mutations may be duec to the number of genes with
pleiotropic effects as has been reported by Sjodin (1971).
Rao and Jana (1976) and Filippetti and DePace (1983,
1986) also succeded in inducing the leaf mutations in Vicia
Jaba similar to the present findings. All leaf mutants
exhibited a somewhat abnormal development. Several
irregularities have been observed in the leaflet, such as thick
and fluffy leathery surface, presence of hairs and dot-like
structures on the surface, conversion of upper leaflets into
tendril-like structures, variation in length of leaflets and
internodes. Study of genetic aspects of such variations would
be useful in understanding the systematic development of
this crop and also in the formulation of various plant types.

Table 1.  Frequency of chlorophyll matuations based on progeny and population in M, generation in two cultivars
of Vicia faba.t
Cv Progeny Population
No. Chlorophyli No.M,  Chlorophyll Relative % of chlorophyll mutations type
progenies mutations plants mutations
studicd (%) studied (%) Xantha Chlorina Chlorotica
Vi 376 3.98 4218 047 15 50 35
JV2 618 2.26 6841 0.29 30 40 30

Table 2. Percentage of progenics and plants showing leaf mutation in M, gencration in two cultivars of Vicia faba.t

Cv ' ‘ Progeny Population
No. families Freq. mutation No. plants studied Freq. leaf mutation
studied (%) (%)
VI 376 1.32 4218 0.35
V2 618 0.81 6841 0.12
Overall 994 1.01 11059 0.23

t Pooled data of all treatments, i.e. all gamma-ray, EMS and N,O combinations.
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Table 3. Frequency of chlorophyll and leaf mutations induced by various doses of mutagens in M, generation in two cultivars
of Vicia faba.
Cv Gama rays EMS N,0 Gamma rays +
N,O (Skr+ 24 h)
Skr 10 kr 15 kr 20 kr 2h 4h 24h
Chlorophyll mutations
w1 11085t 1 (1204) 0 (2061) 0(548) 14 (488) 3 (381) 0(1079) 1 (400)
V2 1(2222) 1(2503) 0(1837) 0(1611) 10 (440) 8 (251) 1(700) 0(558)
Leaf mutations
vi 0 1 0 1 10 2 0 1
V2 0 0 0 4 ! 2 0 0

t Nos in parentheses refer to no. sceds uscd in M,.

Table4. Relative percentage of different leaf mutants in

absolute figures given in Table 3.)

M, generation in two cultivars of Vicia faba. (Based on

Cv Leaf mutants Relative freq. (%)
recorded (%)
Shape Size Texture Arrangement Color
wi 100 13.3 13.3 40 20 13.3
Jv2 100 14.3 14.3 43.0 28.4 0

Small leaflet coupled with narrow shape and compact
arrangement could be utilized to develop dwarf and lodging-
resistant plant types which could be grown at higher plant
density. Though all leaf mutants could not be of direct
applied interest, they could provide a basis for physiological
studies in constructing an idcotype of faba bean.
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Colchicine Induced Tetraploids of
Vicia faba L.

Alexey Y. Kravchenko
Novosibirsk State Agrarian University
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Novosibirsk, 630039, RUSSIA

Abstract

Faba bean tetraploids were induced by colchicine
treatment of dry seeds. The concentration of colchicine
0.0025% was most effective in inducting tetraploids.
Morphologically, the tetraploids differed little from the
diploids. The chromosome bchavior in meiosis was
irregular. In metaphase I a high frequency of
quadrivalent formation was observed. The fertility of the
tetraploids was low.

Key words: Vicia faba, faba beans; tetraploidy; diploidy;
chromomsomes; colchicine; induced mutation; plant
anatomy; meiosis; fertility, Russia.

Introduction

Vicia faba L. has not produced natural polyploids. However,
attempts have been made to produce artificial polyploids by
colchicine treatment (Rybin 1939; Schuman 1960; Dikshit
and Mehratra 1966, Bourgeois 1980), but all the tetraploids
obtained have been sterile. The only fertile Vicia faba
tetraploid was found in the progeny of PO-1 mutant (Sjodin
1971; Poulsen and Martin 1977); it had novel-shaped pollen
and low fertility.

The aim of our work was to obtain Vicia faba polyploids
using colchicine.

Material and Methods

Five hundred dry seeds of faba bean cv Omskie belye were
used in cach treatment. Treatments comprised six
concentrations of colchicine solution: 0.001, 0.0025, 0.005,
0.01, 0.05 and 0.1%. Secds were soaked in the solution for
8 hours. After treatment the seeds were washed in water and
sown in the field.

The changed shape of pollen grain was used to determine
the polyploid plants. The analysis of pollen shape and pollen
viability were conducted by staining with 2% acctocarmine.
For mitotic analysis the root tips were kept in
monobromonaphthalene for 24 hours at 4°C, and then fixed
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in a mixture of ethanol and acetic acid (3:1). Then they were
hydrolyzed in 5N HCI for 50 min., stained with 2%
acetocarmine and squashed in acetic acid (45%).

For meiosis examination the young buds were fixed in
cthanol and acetic acid (3:1). Immature anthers were
squashed in 2% acetocarmine.

Results and Discussion

The effects of colchicine concentration on germination
percentage and number of polyploids are shown in Table 1.
At a concentration of 0.0025%, the number of polyploids
was largest. Further increase in concentration did not
increase polyploid production. From 15 polyploid plants
obtained, 9 were sterile, and the other 6 polyploids produced
one seed per plant.

The plants of the C, generation were grown in the
greenhouse. Mitotic analysis showed that all plants were
tetraploids (2n=24; Fig. 1). Morphologically the tetraploids
were similar to diploids. The best distinguishing character
was the pollen grain shape.

Meiotic analyses were conducted on C, plants. The
chromosomes were arranged mainly in quadrivalent
configurations in metaphase I (Fig. 2). Bivalents were the
second most common associations (Fig. 3). There were few
trivalents and univalents (Table 2). In anaphase I, 21.2% of
cells exhibited lagging chromosomes (Fig. 4). Bridges were
observed in 3.6% of cells (Fig. 4,5). Micronuclei (Fig. 6)
were formed in 13.6% of tetrads.

The pollen grains of tetraploids were triangular, elliptic
or circular (Fig. 7). The triangular shape was most common.
The pollen of tetraploids was wider than that of diploids
(Table 3) and the pollen viability in tetraploids was lower
than that of diploid pollen (77.2 vs 99.3%).
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Fig. 1. Mitotic metaphase plate with 24 chromosomes in
Vicia faba tetraploid.

Fig. 3. Metaphase I: 3 quadrivalents and 6 bivalents.
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Fig. 7.

Pollen grains in Vicia faba tetraploid. Bars
S0pm.
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Table 1. Germination percentage and number of polyploids

after colchicine treatment of 500 seeds of Vicia

Fig. 4. Anaphase I: lagging chromosome and bridge.
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faba.

Colchicine Germination No. No. fertile
concentration (%) polyploids  polyploids
(%)

0.001 84.4 2 1
0.0025 69.0 8 4
0.005 44.4 4 1

0.01 33.0 1 0
0.05 154 0 -

0.1 5.4 0 —




The fertility of the tetraploids was low. A sharp decrcase
in the numbers of pods and seeds per plant was observed
(Table 3). The seeds of tetraploids were heavier than those
of diploids: the weight of 10 seeds was 6.8 g in tetraploids
and 4.7 g in diploids.

The induction of Vicia faba polyploids is difficult.
Therefore, it is important to determinc the most cffective
treatment(s). Previous attempts to produce fertile polyploids
using colchicine failed (Rybin 1939; Schuman 1960; Dikshit
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Table 2. Analysis of chromosome behavior in
metaphase I of C; tetraploids of Vicia faba.

Configuration Frequrncy Range
Quadrivalent 442 1-6
Trivalent 0.12 0-2
Bivalent 2.90 0-10
Univalent 0.1 0-2

Table3. Comparison of some characteristics of C, tetraploids and diploids of Vicia Faba.

Characteristic Tetraploids Diploids

Mean Range Mean Range
Pollen viability (%) 77.2+24 64.4-86.4 99.3+0.1 98.3-100
Pollen length (mm) 493+0.3 48.0-52.3 49.0+02 48.0-49.8
Pollen width (mm) 42.1+0.2 41.0-43.3 34.7+0.1 34.0-35.3
Pods/plant 2007 0-8 12.1+0.8 9-17
Seeds/plant 23+08 0-10 33627 22-51
Seeds/pod 1.1£0.1 1-2 2.8+0.2 -4
10-seed weight (g) 6.8+0.2 5.8-7.9 4.7+0.1 4.5-5.0

and Mehratra 1966; Bourgeois 1980). However, treatment
of secdlings with colchicine solution has been effective in
pea (Pisum sativum L.) (Kutty and Kumar 1983) and lentil
(Gupta and Jagdish 1982), but unsuccessful in chickpea
(Cicer arietinum L.). Autotetraploids of chickpea were
obtained by treatment of dry seeds (Pundir ct al. 1983).

In the present study the Vicia faba tetraploids were
induced by treatment of dry seeds in colchicine solution for
8 hours. The concentration 0.0025% colchicine was most
effective for inducing tetraploids.

Morphologically, the tetraploids were similar to diploid
plants. The distinguishing characters were a changed pollen
grain shape and larger sceds. These data are in agreement
with the observations on field bean tetraploids found in the
progeny of a pollen mutant (Sjodin 1971; Poulsen and
Martin 1977). Similar data have been reported for pea
(Emrico et al. 1991). The meiotic irregularities of tetraploids
induced by colchicine were similar to those in tetraplonds of
mutant origin (Martin et al. 1986). '

Because of meiotic disturbances, the pollen viability in
tetraploids was lower than that in diploids. As with many
other autotetraploids, those of Vicia faba had low fertility.

Along with meiotic anomalies, some physiological and
cnvironmental factors may influence fertility of faba bean
tetraploids (Martin and Gonzalez-Garsia 1981). The
disturbances in conductive tissue were considered to be the
main rcason of embryo abortion in the tetraploids of red
clover (Vavilov et al. 1977). It is likely that further
cytoembryological and physiological examination of
tetraploids obtained in the present study will make it
possible to determine reasons for their low fertility.
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Abstract

A karyotype study was undertaken on somatic
chromosomes in Lathyrus sativus cv P-505. Two
chromosomes were metacentric, while the remaining five
were submetacentric. Chromosome number four had a
secondary constriction in its long arm separating a
satellite. The total chromatin length was 53.20 pm, with
an average chromosome length of 7.60 pm; total
chromatin volume was 138.46 pm’. It may be concluded
that a single standard karyotype for L. sativus does not
seem possible.

Key words: Lathyrus sativus; karyotypes; chromosomes.
Introduction
Lathyrus sativus L. (2n = 14), which is one of thec most

important proteinaceous pulscs (20-28% protein content),
is an annual hardy and drought-resistant crop. Karyotypic
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studies on different cultivated and naturally occurring
genotypes of this species have been carried out by a number
of workers (Bhattacharjee 1954; Srivastava and Naithani
1964; Roy and Singh 1967; Fouzdar and Tandon 1975; Das
and Prasad 1979; Verma and Ohri .1979; Lavania and
Lavania 1983; Yamamoto et al. 1984). These studies
revealed wide variations in chromosome morphology and
total chromatin length. The karyotype of Lathyrus sativus cv
P-505 was studicd and compared with earlier reports on this
species.
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Material and Methods

Sceds of Lathyrus sativus cv P-505 were germinated in
petri-dishes lined with moist filter paper. Root tips of 5-10
mm length where pretreated with 8-hydroxy quinoline for 6
h at 10-15°C, then fixed in acetoalcohol (1:3) and stored in
70% ethyl alcohol at low temperature. Prior to squashing,
the root tips were hydrolyzed by heating in NHCI (9:1).
Cytological studies were made from temporary acetocarmine
(1%) squash preparations. Mecasurements of the
chromosomes were made from well-spread metaphase plates
and a karyotype was prepared by arranging the chromosomes
in descending order of length. Average values obtained from
observations on 10 such metaphase plates were used to draw
conclusions regarding the karyotype. Idiograms of the seven
chromosomes showing average chromosome length and the
position of the centromere and secondary constriction are
presented in Figure 1.

Fig. 1. Idiograms of the chromosomes of Lathyrus sativus cv
P-50S.
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The ratio of the length of the short arm to the total
chromatin length (TF%) was calculated according to
Huziwara (1962), while total chromatin volume was
recorded according to Verma and Ohri (1979). The
Kkaryotypic system of classification and karyotypic formula is
according to Levan et al. (1964), where A > 8 ym, B=7-8
umand C <7 um.

Results and Discussion

The diploid number of chromosomes was 14, which is in
agreement with all carlier reports for this species. The
morphological characteristics of the seven members of the
haploid chromosome complement are presented in Table 1.
In the present investigation, two chromosomes were
metacentric (m), while the remaining five were
submetacentric (sm). However, no strictly median (M)
chromosomes were noted. The two metacentric
chromosomes could be distinguished from each other on
size, while the five pairs of submetacentric chromosomes
could be distinguished by their length and arm-length ratio.
Chromosome number four had a secondary constriction in its
long arm separating a satellite (st) of 1.82 um length. On the
basis of chromosome length and position of centromere or
satellite, the karyotypic formula of the cultivar P-505 may be
given as follows:

2A™+2B" + IB™ + 2C™

Widc variation in the position of the centromeres and
sccondary constrictions in chromosomes arc reported in this
species (Bhattacharjee 1954; Srivastava and Naithani 1964;
Roy and Singh 1967; Das and Prasad 1979; Verma and Ohri
1979; Yamamoto et al. 1984). All these workers found only
metacentric and submetacentric chromosomes, with the

Table 1. Somatic chromosome morphology in Lathyrus sativus cv P-505.

Chromosome Total Arm ratio Relative F% % of Chromatin Chromosome
pair length (L/S) length (%) TCL volume
(pm) (um’)
1 9.55 2.82 100.00 26.18 19.95 24 .85 sm
2 8.41 1.64 88.06 37.81 15.81 21.89 sm
3 7.96 1.06 83.35 48.62 14.96 20.72 m
4 7.27 1.66 76.12 37.55 13.66 18.92 sm (st)
5 7.05 1.07 73.82 48.37 13.25 18.35 m
6 6.82 1.50 71.41 40.03 12.82 17.75 sm
7 6.14 1.46 64.29 40.72 11.54 15.98 sm

TCL = Total chromatin length, i.e. length of all seven chromosomes combined;

F% = Ratio of length of short arm to whole chromosome.
sm = submetacentric; m = metacentric; st = satellite.
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number of submetacentric chromosomes varying from | to
7. However, Fouzdar and Tandon (1975) found no median or
metacentric chromosomes in five cultivars. They also report
1-3 acrocentric chromosomes along with the submetacentric
chromosomes. The number of satellited chromosomes varics
from O to 4 in the genotypes studicd so far.

The length of the seven chromosomes in the present
study varied from 6.14 to 9.55 um, with a total chromatin
length (TCL) of 53.20 um and average chromatin length
(ACL) of 7.60 pm. Chromosome volume ranged from 15.98
to 24.85 um’ with a total chromatin volume (TCV) of 138.46
pum’. Like the position of primary and secondary
constrictions, large variations in chromosome length, total
chromatin length and total chromatin volume are reported for
different genotypes of L. sativis. Some of these variations
could be ascribed to variations in degree of condensation and
differing pretreatments applied, but the wide range of
variation in chromosome morphology clearly indicates
evolutionary alterations in the Karyotype of these strains.
Thus, it does not seem possible to identify a single standard
karyotype for this species.
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Cocfficients of variability and correlations between yield
and its components were worked out at phenotypic,
genotypic and environmental levels in 25 induced
mutants of grasspea. Yield per plant, pods per plant and
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showed significant positive correlation with yield at the o51<, 3,50y LSS oLy, Y1 e u_l;i LS, ol olblys Y

genotypic level only. Days to flowering was negatively
correlated with yield at all levels. Genotypic and

Ballfooilly Al Lola Lol G olbloy) i

phenotypic correlations between all the traits were in the Glkia,s aslas ookl LS G0l pgdally &Gaill/ 5eaully

same direction and similar in magnitude, while
environmental correlations showed a different trend.
Most genotypic correlations were higher than the
respective phenotypic and environmental correlations.
There were significant positive environmental
correlations of yield with pods/plant, seeds/plant and
seeds/pod. Various yield-contributing traits also showed
significant positive associations among themselves.

Key words: Lathyrus sativus, genetic corrclation; yield
components; fruit; seeds; branches; length; weight; nodes;
internodes; phenotypes; genotypes.

Introduction

In any crop-breeding procedure, the potential progress
expected in fulfilling the breeder's objectives depends on the
magnitude and relationships of genetic variance and
covariance for different characters. Grain yield is a complex
character and is the multiplicative end product of many
factors, termed yield components (Whitchouse ct al. 1958;
Grafius 1959). To make effective selections for higher yield,
a thorough understanding of yield-contributing characters
and grain yicld is nccessary for selecting desirable types. The
present study was undertaken to assess the variability in and
relationships between grain yield and various yield-
contributing traits in the M, generation of 25 induced
mutants of grasspea (Lathyrus sativus L.; also known as
khesari).

Lty Land Lol Lol wlblys )l Uikl b aguus

Material and Methods

Twenty-five elite mutants were selected from those isolated
in M, populations of different treatments involving separate
and simultaneous applications of gamma rays, ethyl methyl
sulfonate (EMS) and diethyl sulfate (DES) (Kumar 1995).
The M, populations of these elite mutants were raised in a
randomized complete block design with five replications.
Days to flowering, length of main branch, number of primary
branches, number of nodes on main branch, internode length,
number of pods per plant, number of seeds per pod, number
of seeds per plant, 100-secd weight and yield per plant were
recorded. Coeflicients of variation and correlations between
these characters were worked out at phenotypic, genotypic
and environmental levels.

Results and Discussion

The mean values and coefficients of variability for the traits
arc presented in Table 1. Yield per plant showed the
maximum genotypic variability, followed by seeds/plant,
pods/plant and 100-seed weight. Cocefficients of genotypic
variation for days to flowering, length of main branch,
number of primary branches, nodes on main branch,
internode length and sceds/pod were smaller.

Table 1. Mean values and coefficients of variation for grain yield and yield components in grasspea.

Character Mean + SE CV (%)
Phenotypic Genotypic Environmental

Days of flowering 78.60+2.07 8.91 8.09 3.73
Length of main branch (cm) 60.03 +£4.80 29.34 27.08 11.30
No. of primary branches 7.25+£0.74 31.70 28.24 14.40
Nodes on main branch 23.86+1.68 14.67 10.76 9.97
Internode length (cm) 2.62£0.19 24 .91 22.58 10.10
Pods/plant 46.23x11.14 54.06 41.96 34.08
Seeds/pod 231x0.17 24.00 21.47 10.60
Seeds/plant 109.42 £ 26.34 59.65 48.98 34.05
100-seed wt (g) 8.348 £ 0.701 40.18 38.39 11.86
Yield/plant (g) 8.639 £ 2.057 61.05 50.92 33.67
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For all traits, phenotypic cocfficients of variation were
higher than the genotypic coecfficients. The difference
between genotypic and phenotypic variability for all traits
except pods/plant, seeds/plant and yield/plant was small,
indicating that these traits may be less influenced by
environment. A wide range of variation mecasured as
phenotypic cocfficient of variation was obsecrved for
yield/plant, sceds/plant, pods/plant and 100-seed weight.
Phenotypic variation was smaller for other characters
included in the study and it was the least for days to
flowering. Coefficients of genotypic and phenotypic
variation suggest that there is good scopc for yield
improvement through selection for yield/plant, seeds/plant
and pods/plant. These findings arc in agreecment with those
reported by Shrivastava (1976) who studied variability in 30
lines of grasspea.

The phenotypic, genotypic and environmental
coefTicients of correlation between the characteristics are
summarized in Table 2. At the phenotypic level, grain yield
showed strong positive corrclations with length of main
branch, number of primary branches, nodes on main branch,
internode length, pods/plant, sceds/pod and sceds/plant.
Days to flowering was the only trait which showed a negative
correlation with yicld. When correlations between yield-
component characters were taken into account, most of the
values involving length of main branch, number of primary
branches, internode length, pods/plant and sceds/pod were
positive and significant. However, days to flowcring showed
significant ncgative correlations with all of the other traits,
except nodes on main branch and sceds/pod. Correlations of
100-seed weight with pods/plant, seeds/pod and seeds/plant
were also negative. Length of main branch, internode length
and seeds/plant showed stronger positive correlations with
yield. Pods per plant showed a positive correlation with
number of primary branches.

At the genotypic level, grain yield showed positive and
significant correlations with all the other traits except days
to flowering, with which it had a strong negative correlation.
Correlations of days 1o flowering with all the other traits
except nodes on main branch and seeds/pod, and that of 100-
seed weight with seeds/pod were significantly negative.
Sceds per pod appears to contribute substantially to yield at
the genotypic level, as the strongest correlation of yield was
recorded with this trait.

28

The strong positive correlations of number of pods and
seeds with seed yield recorded in the present study agrees
with those of Kaul et al. (1982) in grasspea and Oran ct al.
(1977) and Katiyar and Katiyar (1994) in chickpea. Akinola
and Whiteman (1974) found that pigeon pea yield was
influenced by the number of sites available for pod
production as was suggested by thc strong positive
correlation between yield and number of pod-bearing
branches, while Kaul et al. (1982) concluded that tall plants
with more branches and early maturity will have improved
yield potential in grasspea.

The values for the genotypic and phenotypic correlations
between the traits were in the same direction and of similar
magnitude. The level of significance for these two types was
also similar. This leads to the conclusion that most of the
phenotypic correlations are due to genotypic causes and not
due to extra-genotypic factors. Most genotypic correlations
were higher than their respective phenotypic correlations.
This is in agrecment with the results obtained by Singh and
Singh (1969) and Dixit and Dubcy (1985) in lentil, Singh et
al. (1968) in mung bean, and Vandana (1990) in faba bean.

In the present study, seed yield showed significant
positive environmental corrclations with pods/plant,
seeds/pod and sceds/plant, of which the one with seeds/plant
was strongest. More than half of the correlations of days to
flowering were ncgative, of which those with pods/plant,
seeds/pod and secds/plant were significant. Length of main
branch showed significant and positive correlations with
number of primary branches, nodes on main branch and
internode length. The other positive correlations noted were
those between number of primary branches and internode
length, pods/plant and seeds/plant, and between seeds/pod
and sceds/plant. Significant negative correlations occurred
between number of nodes on the main branch and internode
length, and between pods/plant and 100-seed weight.
Significant environmental correlations between character
pairs indicate that their associations are subject to
environmental fluctuations.

At all three levels, there was negative correlation of sced
yield with days to flowering, indicating difficulty to select for
high yicld and earliness.
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Table 2. Correlation coefficients between different characters in induced mutants of grasspea.

Character Levelof  Length No. Nodes on Internode Pods/ Seeds/  Seeds/ 100-  Yield/
correlationt of main primary main length plant pod plant sced plant
branch branches branch wt
Days to flowering P -0.468* -0.536*  -0.181 -0.473* -0377* -0.182 -0.418* -0.297* -0.472*
G -0.565* -0.673* -0.130 -0.603* -0.459* -0.174 -0.337* -0.320* -0.554*
E 0.034 0.042 -0.135 -0.133 -0.201* -0.220* -0.265* -0.163 -0.142
Length of main P 0.891* 0.510* 0.854* 0430* 0.165 0.320* 0.462* 0.668*
branch
0.599* 0.421* 0.602*  0.380* 0.163 0.526* 0.520* 0.533*
0.542* 0241* 0.642* 0.126 0.12) 0.161 0.034 0.104
No. primary 0.290* 0.766* 0354* 0.134 0.273* 0.488* 0.580*
branches
G 0.434* 0.577* 0.343* 0.149 0.483* 0.563* 0.775*
0.169 0260* 0.016 -0.005 0023 0042 0.016
Nodes on main 0.015 0.091 -0.125 0.083 0.400* 0.247°
branch
G 0.192* 0142 -0.181 0.037 0.352* 0.262°
E -0.258* 0.071  -0.014 0.089 -0.006 0.074
Internode length P 0.270* 0.391* 0.550* 0.185  0.638*
G 0.605* 0.294* 0.714* 0.332* 0.568°
E 0.039 0.106 0.054 0018 0.109
Pods/plant P 0210* 0930* -0.121 0.498*
G 0.170 0.562* -0.181 0.554*
E 0.123 0.621* -0.202* 0.879*
Seeds/pod P 0.343* -0.331* 0.357*
G 0.596* -0.392* 0.368*
E 0.352¢ 0.027 0.333*
Sceds/plant P -0.241* 0.602°*
G -0.189  0.815*
E -0.129  0.909*
100-seed wt p 0.154
G 0.289*
E 0.067

t P = Phenotypic corrclation cocfficients; G = Genotypic correlation coefficents; E = Environmental corrclation coefficients.

* Significant at P < 0.05.
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Abstract

A study was undertaken to investigate the mode of
inheritance of seed weight, an important agronomic trait
in grasspea. One large-seeded line, L720060, was crossed
with two small-seeded lines, L900436 and 1L.S82046. The
parents, F, and F, progenies were evaluated under field
conditions and the secd weight recorded. The F, and F,
progenies of large-seeded x small-seeded lines had
intermediate seed weights. Continuous variation
together with normal distribution of the F, progenies
indicated that this trait is quantitatively inherited.
Cytoplasmic influence was not detected. Broad-sense
heritability was estimated at 26-31%. Seed weight and
seed yield were positively correlated with each other.

Key words: Lathyrus sativus, yield components;
mitochondrial genetics; genetic correlation; hybridization.
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Introduction

Grasspea (Lathyrus sativus L.), also called chickling veich
or khesari, is a hardy legume crop in the tribe Vicicae.
Despite its tolcrance to drought, it is not affected by
excessive rainfall and can be grown on land subject to



flooding (Campbell ct al. 1994). It is an annual vine closely
resembling ficld pea (Pisum sativum L.) in growth habit, but
its lcaflets arc long and grass-shaped instead of round, hence
its common name. Its deep tap-root system and nitrogen-
fixing ability make it an ideal choice in sustainable
agriculture (Deshpandcy and Campbell 1992). Grains arc
used for human consumption and green plants and dried
straw are fed to farm animals. Approximately 150 species of
Lathyrus arc known, most distributed in the Mcditerrancan
region (Smartt et al. 1994). Smaller-secded types are found
in southern and southwest Asia, whereas around the
Mediterranean region almost all are highly cultivated forms
with large white seeds and flowers (Jackson and Yunus
1984). Seed size is an important agronomic characteristic in
grasspea, and is of great interest to plant breeders. There are
no reports available on the mode of inhcritance of
seed weight in grasspea and thus this study was undertaken
to investigate the mode of inheritance of seed weight.

Material and Methods

A large-sceded line, L720060, which originated from
France, was crossed with two smaller-sceded lines, L900436
and 1882046, which originated from Bangladesh and India,
respectively. Seed of parental lines was taken from pure
lines which had been grown for several generations in a
grecnhouse at the Agriculture and Agri-Food Canada
Research Centre, Morden, Manitoba. Crosses were made
during winter 1991/92 in a greenhouse, and the F, grown
out. The parents, F, and F, progenies were evaluated under
field conditions in summer 1992. Row and plant spacing was
maintained at 1 m and 30 cm, respectively, for parents and
F, progenics. The F, plot size was 8 rows, 12 m long,
whereas parents were grown in single rows of 12 m length.
The F, progenics were space planted with 1 m plant-to-plant
spacing and sceded one week carlier than parents and F,
progenies. The trial was grown in a sandy loam soil. Organic
matter content was 5 —6%, with soil pH of 7-7.3. Soil test
results for macro- and micro-nutrients were in the range of
high to very high and thus no fertilizer was applicd. Weeds
were suppressed with fall application of trifluralin at the rate
of 1.5 kg active ingredient/ha. Aphids (Aphis craccivora
Koch) were controlled by two applications of a mixture of
malathion plus Lagon (dimethoate) at 0.2% concentration,
two weeks apart. Individual plants were harvested, threshed
and dried at 400°C for three days to bring final moisture
content to 8%. One hundred sceds were randomly selected,
bulked and weighed. The data were subjected to simple
statistics and frequency distribution. T test was used to
determine the statistical differences between the two means
(cross and reciprocal) using the following formula:
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Test statistic (T*) = 1~ %
sz s?
(_l + _2)

n, n2

Where,

X,= mean of population 1 (cross), X,= mean of population
2 (reciprocal), s, and s, = standard deviation of populations
1 and 2, respectively, n, and n, = number of observations of
populations 1 and 2, respectively.

Broad-sensc heritability was estimated by comparing the
scgregating and homogenous populations as follows:

\Y
H = (=&) x 100
Vp

where,
H= broad-sense hcritability, V.= genotypic variance, V,=
phenotypic variance = variance of I,.

Genotypic variance was estimated by subtracting the
cnvironmental variance (V,) from the phenotypic variance;
V. was estimated as follows:

(Voo * Via * Vi + Vi (Ree))
4

Environmental variance (V,) =

where,

V,, and V = variance of first and second parent,
respectively, Vi, and V. , = variance of F, and F, progenies,
respectively.

Results and Discussion

The F, progenies of the cross of large-seeded L720060
(mean 100-seed weight 13.2 g) with small-seedcd L900436
(mean 100-seed weight 8.72 g) and the reciprocal produced
mean test weights of 12.79 g and 12.03 g, respectively. The
mean test weight of the F, and F, progenies were
intermediate between the parents (Table 1a). The non-
significant difference between the cross and the reciprocal
indicated that no cytoplasmic factor was involved in the
inheritance of secd weight. Broad-sense heritability was
estimated at 26%. Frequency distribution for 100-seed
weight of the parental lines, F, progenies and F, progenies is
presented in Table 1b. Variability within the parental lines
and the I, progenies was high, which could be due to the
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presence of some shrivelled sceds as the result of a wet and
cool experimental year. The F, progenies were biased toward
the large-seeded parental range. However, F, progenics were
distributed over the range of both the small-seeded and
large-seeded lines, indicating larger variability than in the
parental and F, progenics. Variation in the segregating F,
progenies was continuous and it was not possible to scparate
plants into distinct phenotypic classes of large and small
seeded. The population was normally distributed which
indicated that test weight was quantitatively inherited.

Table la. Simple statistics on 100-seed weight (g) of

parents, F, and F, progenies in grasspea seeds
from the cross L720060 x L900436.
Line N Mean SE (z) SD CV%
1. L720060 15 13.20 0.51 1.93 15
2.1.900436 14 8.72 0.40 1.51 17

F, progenies overlapped both the parental ranges indicating
quantitative control. Variation was continuous together with
a normally distributed population in F, progenies.

Table 2a. Simple statistics on 100-seed weight (g) of
parents, F, and F, progenies in grasspea seeds
from the cross L720060 x LS82046.

Line N Mean SE () SD CV(%)

1. L720060 15 13.20 0.51 1.93 15

2.LS82046 14 8.99 0.26 0.99 11

F, (1x2) 7 1181 0.67 1.74 14

Fi (2x1) 10 1185 0.58 1.83 15

F, (1x2) 100 9.22 0.21 2.05 23

F,(2x1) 99 9.85 0.19 1.91 19

T tests: F, means= ns; F, means= ns; Heritability = 31%.
N= number of plants, SE= standard crror, SD= standard
deviation, C V= cocfficient of variation, ns= non-significant.

F, (1=2) 10 12.79 0.53 1.69 13
F,@2-D 10 12.03 0.49 1.56 13 Table 2b. Frequency distribution of parents, F, and F,
F,(1-2) 96 9.80 0.20 1.97 21 progenies on 100-seed weight (g) of grasspea
F,(2x]D) 210 10.03 0.13 1.92 19 sceds from the cross L720060 x LS82046.
T tests: F, means=ns; F, means=ns. Cross N <7 8 9 10 11 12 13 >13
Heritability = 26%. 1. L720060 15 0 0 0 0 2 2 5 6
N=number of plants, SE= standard error, SD= standard 2. LS82046 14 1 3 6 4 0 0 0 0
d . t. . V= - . . - - . . . - -
cviation, CV= coefTicicnt of variation, ns= non-significant F, (1x2) 7 00 0 0 1 2 3 1
F, (2x1) 1 o 0 o0 1 2 2 3 2
Table 1b. Frequency distribution of parents, F, and F, F,(1x2) 100 12 1525 23 12 10 3 0
progenics on 100-seed weight () of grasspea seeds F,(2x1) 99 8 9 18 17 16 19 7 5

from the cross L720060 x L900436.

Line N <7 8 9 10 11 12 13 >13
1.L720060 15 0 0 0 0 2 2 5 6
2.L900436 14 1 2 8 3 0 0 0 0
F, (1x2) 0 o o0 0 1 1 1 2 5
F,(2<1) 0 0 o0 0 1 2 2 2 3
F,(1~2) 9% 4 10 2525 14 7 8 3
F,(2x1) 210 10 24 32 38 41 31 21 13

N= number of plants.

The F, and F, progenies of the cross of small-seeded
LS$82046 (mean 100-secd weight of 8.99 g), with L720060
were in the intermediate range (Table 2a). A non-significant
difference between the cross and the reciprocal in both the F,
and F, generations indicated that seed weight was under
nuclear genetic control. Broad-sense heritability was
estimated at 31%. Frequency distribution for 100-seed
weight of parents, F, and F, progenies is presented in Table
2b. Both parents and the F, progenies exhibited a high
variability which was mainly due to the presence of some
shrivelled seeds as a result of a cool and wet experimental
year. The F, was biased toward the high parental range. The
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N= number of plants.

The sced weight results of the F, progenies biased
toward the large-seeded parental range could possibly be due
to wider spacings between the plants of the F, progenies
rather than dominance effect or heterosis. Furthermore, F,
plants were planted about one week earlier than parental
lines and T, progenics. Thesc agronomic differences could
have led to the benefits of utilizing a greater amount of
sunlight, moisture and soil nutritients, which may have had
positive effects on seed size. Lamb et al. (1987) report
quantitative inheritance of seed weight in sorghum-Sudan
grass crosses and no evidence of cytoplasmic effect in the F,
population, which is in agreement with our findings.
Additive genctic effects were found to be more important.
Pixley and Frey (1991) also report additive gene action in
the inheritance of test weight in oat (Avena sativa L.). They
estimated heritability for test weight of oat at 63-91%. The
relatively low heritability, 26-31%, in the present
investigation was mainly due to the higher variability of
parental lines and F, progenies. Abd El-Moneim and Cocks
(1993) report a heritability of 21% and 32% in herbage and
seed yield of grasspea, respectively.



Seced weight was positively associated with grain yicld
per plant (r = 0.45**), which indicates that it is quite
feasible to breed large-sceded high-yielding varieties of
grasspea, or that sclection for large sceds will facilitate
selection for high yicld. Similar to the present investigation,
Lamb et al. (1987) and Pixlcy and Frey (1991) also report a
positive correlation between sced yield and test weight. No
strong association between neurotoxin content and sced
weight was found in the present study.
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Abstract

Mahalanobis D? statistic was applied to obtain
quantitative estimates of divergence among 25 elite
mutants and the parent cultivar P-505 of grasspea.
Using Touchers method, the 25 genotypes were grouped
into six genetically distinct clusters with wide divergence
for yield and its components.

Among the clusters, clusters I and II1, each with two
genotypes, showed minimum and maximum intra-
cluster distances, respectively. The largest cluster, 11,
contained 10 of the 26 genotypes, and clusters IV, V and
VI had 3,4 and § genotypes, respectively, which showed
medium intra-cluster distances. Maximum inter-cluster
distance was recorded between clusters I and 111, while
minimum distance occurred between clusters Il and V.
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Comparison of inter-cluster group means revealed that .o o wgouadl sliall Jlaayl ¥l &g oo Juasyl Ll

clusters I1I and V were best in overall performance for
the traits studied while cluster VI was worst.

Key words: Lathyrus sativus, divergence, mutants;
quantitative analysis; yield components.

Introduction

A quantitative estimate of divergence among germplasm may
be made using Mahalanobis® ‘D? Statistics.” This method
provides a measure for group distance based on multiple
characters. Several workers have used this method to
quantify the degree of divergence based on phenotypic
obscrvations (Murty and Arunachalam 1966; Singh and
Gupta 1968, Balyan and Singh [986; Sharma and
Luthral987; Khare and Singh 1992; Vandana and Dubey
1994). These studies have shown that accessions from the
same geographical region may differ genetically as well as
morphologically, and also in adaptability. In the present
study, this analysis was used to determine the divergence
among 25 mutants induced in cv P-505 of grasspea
(Lathyrus sativus L., also known as khesari).

Material and Methods

In a study on induced mutagenesis in cv P-505 of Lathyrus
sativus using gamma rays, cthyl methane sulfonate (EMS)
and diethyl sulfate (DES), a number of macromutants were
isolated (Kumar 1995). Of these, 25 elite mutants were
selected for the present study. M, populations of thesc
mutants werc grown along with the parent variety (control)
in a randormized block design with five replications. Each
plot consisted of three rows, 45 cm apart, with plant spacing
of 40 cm. Observations werc made of seed yicld per plant
and nine component characters, namely days to flowering,
length of main branch, number of primary branches, number
of nodes on main branch, internode length, number of pods
per plant, sceds per pod, seeds per plant and 100-seed
weight.

Tsuwl VIie ganall 2ilS

Estimates of divergence among the 26 genotypes was
based on multivariate analysis using Mahalanobis D?
statistics. The formation of clusters was done by Touchers
method as described by Rao (1952).

Results and Discussion

On the basis of the divergence analysis, the 26 genotypes
were grouped into six clusters. Cluster [ had two genotypes
— mutants AKM 10 and AKM 13. Cluster II was the largest
and comprised the parental variety and nine of the mutants,
namely AKM 3, AKM 4, AKM 7, AKM 16, AKM 17, AKM
19, AKM 22, AKM 24 and AKM 25. Cluster III comprised
two mutant genotypes, AKM 11 and AKM 12. Cluster IV
comprised mutants AKM 14, AKM 15 and AKM 23, while
cluster V comprised mutants AKM 1, AKM 2, AKM 5 and
AKM 9. Cluster VI comprised five mutants, namely AKM 6,
AKM 8, AKM 18, AKM 20 and AKM 21. The nine mutants
included in cluster I were closer to the parental variety and
to cach other than to the mutants in the other five clusters.
The pattern of cluster formation shows that there is a large
divergence for yicld and its components in the genotypes
isolated from the same parental variety on the basis of
macromutations.

Inter- and intra-cluster genetic divergence based on D?
valucs are presented in Table 1. Maximum intra-cluster
divergence was 59.72 recorded in cluster III, while it was
only 7.14 for cluster I. Inter-cluster divergence was
maximum between clusters [ and III (167.98), suggesting
wide divergence between these two groups. Least divergence
occurred between clusters II and V (51.53), indicating a
comparatively closer relationship between the genotypes
falling in these two groups. :

Table 1. Inter- and intra-cluster D? values in grasspca mutants derived from cv P-5085.

v \4 ‘ V1

Custer 1 I ‘

I 714t 68.63 167.98 129.63 52.99 116.16
1 (38.47) 113.92 79.50 51.53 58.75
111 (59.72) 58.77 97.23 161.84
v (23.83) 81.83 128.90
\'% (32.18) 106.29
VI (32.249)

% Figures in prenthesis denote intra-cluster values.
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Table 2. Cluster means for yjeld and its components in M, generation of grasspea mutants,

Nodes on Internode Pods/ Seeds/pod Seeds/ 100-seed Yield/
length (cm) plant plant (g)

No.
primary

Days to Length main

flowering

Cluster

wt (g)

plant

main
branch

21.00*

22.42

29.12*

branch

branches

(cm)
68.41

10.58

2‘

8.75 3.42+ 45.00 3.57* 160.75 6.6

6.60
10.338*

74.12

8.57
13.27

7.13*
14.84*
13.39*

123.97

55.15

2.59

55.42*
87.04°*
64.05

79.07+
37.44*

77.57
65.24

It
m

93.75

41.62

3.10
2

79.75

5.93
14.24*

42.92*

1.64*
2.57

24.67
2644

23.25
24.48

8.67

9.44

73.83*
74.56

v

71.12* 182.06* 7.60*

23.30
43.60

3.1

3.30*
9.31

4.11

6.44*
9.34

47.85*
108.55

1.70*
277
0.39

4.10*
7.99
1.74

88.10*
77.99

Vi

2.39
0.35

Mean

1.40

52.69

a

™
(]

3.36

9.60

4.15

C.D. (5%)

* = Differs significantly from the general mean (P < 0.05).
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A comparison of cluster means for different characters
showed considerablc differences between the clusters (Table
2). Early maturity was found in cluster IV, while cluster VI
showed delaycd maturity over the gencral mean.
Significantly longer main branches were recorded in clusters
HI and V, while shorter main branches were recorded in
clusters II and VI. Minmum number of branches, internode
length, pods per plant, 100-seed weight and sced yield were
recorded in cluster VI. Maximum number of branches, nodes
on main branch and 100-seed weight were found in cluster
HI, while maximum number of pods and seeds per plant and
yield per plant were recorded in cluster V. Thus, in overall
performance, clusters Il and V appeared to be superior as
their mean values for most traits werc higher for almost all
traits (cxcept for the desirable low values for days to
flowering) compared with clusters I, [I, IV and VI. Cluster
VI showed minimum values for almost all the traits and
maximum value for days to flowering. Thus, this cluster had
the poorest overall performance.

The relative importance of length of main branch,
number of primary branches, number of pods and number of
sceds, besides seed yield, in contributing towards divergence
was established when inter-cluster group means were
compared. This study has clearly brought out in quantitative
terms the wide divergence induced in the mutants isolated
from the same parcntal genotype through mutagenic
trcatments.

Dixit (1985) in lentil, and Vandana and Dubey (1994) in
faba bean also demonstrate substantial divergence among
induced mutants. Singh (1979) and Singh and Gupta (1968)
have also obtained quantitative estimates of divergence in
their populations of mustard and cotton, respectively.
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Isolates of Botrytis fabae from Ethiopia
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Abstract

Morphological, cultural and pathogenic variability
among nine isolates of Botrytis fabae, the cause of
chocolate spot of faba bean, from Ethiopia were
investigated. Although there was apparent cultural
variation, there was no difference in conidia length (L),
width (W) and L/W ratio among the isolates. Isolate GB
produced confluent sclerotia on malt extract agar
(MEA) and potato dextrose agar (PDA) and discrete
sclerotia on faba bean dextrose agar (FBDA) and lima
bean agar (LBA). The other isolates produced only
discrete sclerotia on all the media used. All isolates
produced most sclerotia on FBDA and fewest on LBA.
Isolate KS produced the most sclerotia (10.2/em?), while
isolate S1 produced the fewest (4.3/em’).

ANOVA of chocolate spot infection revealed highly
significant differences (P = 0.001) among isolates,
genotypes and isolate x genotype interaction. The
isolates differentially infected the genotypes, i.e. the
genotypes responded differently to the nine isolates.
Isolate EW was the most virulent.

This study showed that there is a wide variation of
pathogenicity among B. fabae isolates in Ethiopia.
Therefore, breeding and selection programs should use
the virulent isolates in greecnhouse screening work or
consider multi-location screening work for chocolate
spot resistance.

Key words: Vicia faba; faba beans; Bourytis fabae, culture
media; cell culture; plant anatomy; pathogens; pathogenicity;
Ethiopia.

Introduction

Botrytis fabae Sard. is the only cause of chocolate spot
discase in faba bean (Vicia faba L.) in Ethiopia (Dcreje et
al. 1994; Dereje and Tesfaye 1994). It mainly infects the leaf
tissue, but in severe cases, petioles, stcms and seeds are also
infected.
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Under severc conditions, chocolate spot caused yield
losses of 61% on susceptible genotype PGRC/E 27113 and
34% on tolerant cultivar CS 20 DK (Dereje and Beniwal
1988). However, complete crop loss may occur when there
is a prolonged conducive environment for disease
development (Dereje et al. 1994).

Surveys and variety testing in Ethiopia have
demonstrated differences in scverity and incidence of the
disease, as well as differences in response of genotypes to
infection in different locations (Dercje and Tesfaye 1994).
Hence, the presence of variability in B. fabae was suspected.
Cultural and pathogenic variability, and the existance of
races in this pathogen have bean demonstrated elsewhere
(Hanounik and Maliha 1984, 1986).
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This paper reports on the morphological, cultural and
pathogenic variability of nine isolates of Borrytis fabae
collected from different regions of Ethiopia.

Material and Methods
Pathogens

Chocolate spot samples were collected from different faba
bean growing regions of Ethiopia. Cultures were purified
and single conidium isolation was made, then nine isolatcs
(Table 1) were selected to represent the major growing
areas. Cultures were maintained on faba bean dextrose agar
and whenever conidia were required they were transferred to
chrysanthecmum petal culture (CPS) according to Beniwal
and Dereje (1987). Inoculum suspension was prepared by
suspending the cultures (CPS) in tap water and then
blending. This suspension was filtered by passing through a
double layer of cheese cloth. The spore concentration was
adjusted to 150,000 spores/ml and was used for inoculation
test.

Table 1. Botrytis fabae isolates collected from faba bean
crops at different locations used to study
possible differences in virulence and cultural

characteristics.

Isolate Location Altitude (m)  Cultivar
Bl Bekoji 1 2770 CS 20 DK
B2 Bekoji 2 2770 CS20DK
Kl Kulumsa 1 2200 CS20DK
KS Kulumsa 5 2200 CS 20DK
S1] Sinana 2440 CS 20 DK
GB Gudoberet 3140 Unknown
HL Holetta 2390 CS20DK
DT Debretabor 2600 Unknown
EW Enewari 2300 Unknown
Media tested

Four media, namely faba bean dextrose agar (FBDA), lima
bean agar (LBA), malt extract agar (MEA) and potato
dextrose agar (PDA), were used to study the cultural
characteristics of the isolates. Media were prepared
following Hanounik (1986). The experiment was set in a
completely randomized design with 10 replications.

Genotypes

The test plants used to differentiate the nine isolates were
grown in pots in the greenhouse. They were from different
origins (Table 2) with known diffcrent reactions to chocolate
spot infection (Dereje and Tesfaye 1994; Hanounik and
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Maliha 1984). Five plants were raised in each pot and four
pots were used for cach genotype. Leaves at the 10-14 node
position were detached and used for inoculation (experiment
1) or first inoculated and allowed 1o develop symptoms, then
detached for incubation (experiment 2). The adaxial surfaces
were turned upwards during inoculation. The experiment
was designed as a 9 x 10 factorial experiment in RCBD with
four replications.

Table 2. Faba bean genotypes used to study the
variation of Botrytis fabae isolates from
Ethiopia.

Genotype Origint

BPL 112-1-1 -

BPL 710-7-1 Colombia

BPL 261-2-1 Greece

BPL 1821-1 Ethiopia

BPL 1179-3-1 Colombia

Coll 30-77-1 Ethiopia

S 83103-8-1 ICARDA

Kuse ) Ethiopia

CS 20 DK Ethiopia

NC 58 Ethiopia

t - = Origin unknown.

Cultural characterization (variation), discase
assessment and analysis

Spore length and width for 30 spores/replication were
measured under compound microscope for cach isolate.

Sclerotia formation was assessed by counting the number
of sclcrotia per cm?, measuring the length, and by describing
the patterns of formation (discrete or confluent).

Plants were inoculated at 30 days old with a 14-day-old
culture. In experiment 1, leaves werc detached and
inoculated with spore suspension. Four detached leaves were
inoculated with 40 pl of spore suspension/leaf using a
micropipette. In experiment 2, potted plants were inoculated
with 20 ml spore suspension, lcft in the greenhouse (for
lesions to develop) and leaves were detached after 14 days.
The detached inoculated leaves from both experiments were
incubated at room temperature (20 = 2°C) in aluminum trays
with moistened sponge sheet.

Every second day, infection of chocolate spot was
assessed according to Hanounik (1986). The data collected
were subjected to statistical analysis using MSTAT-C
computer statistical package. Means were separated using
Least Significance Difference Test.



Results and Discussion

Morphological variation

Ovecrall mean length (L) of conidia was 18.04 um and
overall mean width (W) was 13.12 pm. ANOVA for mcan
conidia length, width, and length/width ratio of the nine
isolates revealed no significance differences, indicating a
lack of morphological difference among the isolates studied.
Gencrally, these nine B. fabae isolates collected from
different regions of Ethiopia were at the short and thin ends
of the array of lengths and widths of this fungus given by
CAB (1974).

Cultural variation

All nine isolates produced discrete sclerotia on all media,
except that isolate GB gave confluent sclerotia on MEA and
PDA. However, the size of sclerotia varicd greatly within
isolates. The sclerotia produced by all the isolates were short
(0.5-1.5 mm) on LBA, medium-length (1.6-2.5 mm) on
FBDA and MEA, and long (2.6-3.2 mm) on PDA. Since
there was great variation in the size of sclerotia, this result
only indicates the existence of some cultural variation among
B. fabae isolates from Ethiopia. This result also agrees with
that of Hanounik and Maliha (1984) who report three
cultural group isolates collected from different regions.

Sclerotia density was significantly higher (P = 0.05) on
FBDA than on the other three media (Table 3). This
indicates that, among the media used, FBDA is the most
suitable for laboratory propagation of all ninc isolates.
Overall, greatest density of sclerotia (10.3/cm?) was obtained
from isolate K5, while the lowest (4.3/cm?) was from isolatc
S| (Table 3). There was significant interaction between
media and isolates ~ some isolates developed well in one
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media while others did not. This was a differcntial response
of isolates to media indicating media preferences of the
diffecrent isolatcs. There was no relation between
pathogenicity and cultural characteristics in this study.
Berhanu et al. (1992) report a different strain from Sinana,
which produced only sclerotia and no conidia. However, in
our study all isolates produced only sclerotia and very few
conidia on media as expected, since sporulation of B. fabae
nceds a special environmental and nutritional requirements
(Beniwal and Dcereje 1987; Dercje 1986).

Pathogenic variation

Results of ANOVA revealed that the cffects of isolates,
genotypes and isolate x genotype interaction were highly
significant (Table 4). This shows that there are genuine
differences among isolales and genotypes. There was also
differential reaction of genotypes to the different isolates; in
other words, isolates differentially infected the genotypes.
This suggests differences among 1solates for virulence and
among genotypes for resistance to isolates of B. fabae. The
difference obtained on isolalc x genotype interaction
indicates pathogenic variation within B. fabae and the
variability of faba bean lines uscd in this experiment.

Five virulence groups (Table 5) are postulated using the
reaction score of chocolate spol from the dctached-leaf tests.
Isolates in the same group did not necessarily come from the
same location, cxamples are groups 4 and 5 (Table 5).
Isolates collected from Sinana and Debretabor had the same
virulence character, while those from Bokoji-1, Kulumsa-5,
Gudoberet and Holetta had the same virulence on the 10
genotypes used. However, the ‘differentials’ used in this
study might not show the whole pathogenic variation within
B. fabae in Ethiopia, since few isolates were used to
represent the vast growing regions of the country.

Table 3. Mean sclerotia (number/cm?) for nine isolates of Botrytis fabae grown on four media.

Isolate PDA+t LBA MEA FBDA Isolate mean
Bl 6.9 7.0 5.7 7.1 6.7
B2 82 9.0 2.8 7.7 6.9
Kl 938 0.9 3.7 10.7 6.2
K5 2.9 10.4 838 16.1 10.3
S 3.3 2.2 1.9 . 9.7 43
GB 2.6 '2.9 8.3 13.0 6.7
HL 53 9.2 11.4 8.1 8.5
DT 5.6 238 9.2 " - 15.8 -7 84
EW 6.6 ‘ 5.1 6.2 47 5.6
Mean of medium 60 5.5 . 6.4 10.3

LSD, s for means of media = 1.59, for isolatc means = 1.73, for isolate x medium = 3.098. CV = 26.0%.
T PDA = potato dextrosc agar, LBA = lima bean agar, MEA = malt extract agar, FBDA = faba bean dextrosc agar.
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Table 4. Analysis of variance of infection score for chocolate spot as a result of inoculation of nine isolates on 10

faba bean genotypes.

Experimentt Source of variation d.f. Mean square Variance ratio CV (%)
1 Isolate (1) 8 517 77.5%%%

Genotype (G) 9 0.90 13.58%%*

IxG 72 0.57 8.54%**

Residue 90 0.067 16.6
2 Isolatce 8 574 68.87*++

Genotype 9 0.74 8.90***

IxG 72 0.64 7.66%**

Residue 90 0.083 18.4

*¢¢ Significant at P = 0.001.

t Experiment 1: detatched leaves inoculated and incubated. Experiment 2: Leaves inoculated i situ, detatched after 14 days, then

incubated.

Table 5. Reaction of detached leaves of 10 faba bean genotypes to nine isolates of Botrytis fabae.t

Genotype

Isolates}

Group 1 Group 2

Group 3 Group 4 Group §

KUSE

S 83103-1-1
CS20DK
NC 58

BPL 112-1-1
BPL 261-2-1
BPL 1179-3-1
Coll 30-77-1
BPL 1821-1
BPL 710-7-1

"RRIMRIAR AU AOG®
AR ALWAI I AI®W

WRRRBRIAIIAO®
MRBARAAIAIMRAIAOANED
MTMARPMOANRBAAR

t Reaction: S = susceptible, R = resistant.

t Group 1 = EW; Group 2 = K1; Group 3 = B2; Group 4 = §1, DT; Group 5 = B1,K5, GB, HL.

The most virulent isolatc was EW from Enewari. The
special interaction of isolates EW, K1 and HL with
genotypes Kuse and S 83103-1-1 (Table 5) may suggest a
gene-for-gene interaction. This needs to be verified with
genctic analysis. Four lines, BPL 1179-3-1, Coll 30-77-1,
BPL 1821-1 and BPL 710-7-1, were resistant to all the
isolates tested. This is in agreement with our previous
screening results in that BPL 710, -1179 and -1821 were
among the sources of resistance identified under Ethiopian
conditions (Dereje and Tesfaye 1994). Hanounik and Maliha
(1986) also used these and another three lines to differentiate
the groups of B. fabae isolates in Syria.

This is the first study of the variability of Botrytis fabae

in Ethiopia. Released cultivars that were adapted to Ethiopia
and lines that were identified as sources of resistance during
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past screening work were used in this study. Hence, this
evidence on pathogenic variation of this pathogen is of
paramount practical importance.

Hanounik and Maliha (1984) studied three isolates of B.
fabae to show cultural and pathogenic differences in this
pathogen. In another study, they (Hanounik and Maliha
1986) used 12 isolates and 6 lines as differentials and
suggested four races for the first time.

Generally, there is a wide variability in B. fabae isolates
in Ethiopia for pathogenic aggressiveness. Therefore,
breeding and selection programs should utilize as many
virulent isolates as possible from different regions. The most
pathogenic isolatcs, such as EW and K1, should be identified
and be used in greenhouse screening, or milti-location



screening should be considered to test material at places like
Enewari and Kulumsa.
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Seed Quality and Nutrition

Rapid Spectrophotometric Method for
Reduction of Vicine and Convicine in
Faba Bean Seed

G. Sixdenier, F. Cassecuelle, L. Guillaumin
and G. Duc

INRA, Station de Génélique et d'Amélioration des Plantes
BV 1540, 21034 Dijon Cedex, FRANCE

Abstract

A rapid spectrophotometric method applied on a two-
seed sample is recommended for breeding programs
aiming at reduction of vicine and convicine content of
faba bean seeds.

Key words: Vicia faba, faba beans; spcctrometry;
phytotoxicity; reduction,

Introduction

Faba bean (Vicia faba L.) seeds can be a significant source
of proteins in food and feeds, but two pyrimidine glucosides
(vicine and convicine) found in faba bean have been reported
as causing antinutritional effects. In humans carrying a
genetic deficiency in glucose-6-phosphate dehydrogenase
(G6PD), the aglycones of vicine and convicine produced in
the digestive track (divicine and isouramil, respectively)
induce a hemolytic discase called favism (Mager et al.
1965). In laying hens, vicine and/or convicine reduce egg
weight (Olaboro et al. 1981) and animal performance is
improved by removing these products (L. Lacassagne, F.
Rudeau, G. Duc and C. Peyronet, personal communication).

The discovery of a spontaneous mutant (v¢” gene) (Duc
¢t al. 1989) and of induced mutants (Ramsay and Griffiths
1993) with very low vicine and convicine contents in their
secd with monogenic inheritance, has made available a
genetic way to remove these antinutrional factors. A major
limitation in breeding programs is still the cost and the
difficulty of the chemical determination of these products for
which several methods have been proposed. The more
precise but expensive quantification is to use gas (Pitz and
Sosulki 1979) or liquid chromatography (Marquardt and
Frohlich 1981; Lattanzio et al. 1982; Quemener et al. 1982;
Quemener 1988). A rapid qualitative method using paper
chromatography was used by Ramsay and Griffith (1992) to
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detect mutants with near-zero vicine—convicine. Near
infrared reflectance spectroscopy appears not to be useful for
determining thesc products (Duc et al. 1989). Duc et al.
(1989) showed that the vc gene causes a simultancous
reduction of vicine and convicine, an additive behavior in
heterozygous state and a maternal determinism of the seed
phenotype. Consequently, breeders using this gene need a
rcliable and rapid technique to detect homozygous mother
plants from a small seed sample with low vicine and
convicine contents in their seeds.

The spectrophotometric technique reported here was
devised for such a purpose and in addition appeared to give
accurate quantification compared with the HPLC technique.

Material and Methods
Plant material

Five genotypes (synthetic populations) representing the
range of variability available for vicine and convicine
content from nearly zero (vicine + convicine = 0-0.08% of
seed DM, genotypes E and F carrying ve gene) to
intermediate (vicine + convicine = 0.2-0.7% of seed DM,
genotype A) and rich (vicine + convicine = 0.7-1.2% of seed
DM, genotypes B and D) were used in the study. They were
grown at Dijon, France in 1995 and more than 300 seed
progenies per genotype were sampled and analyzed.

Reference method

The reference method was HPLC adapted from Quemener
(1988). Preliminary tests to optimize the wavelength for
separation of vicine and convicine established that the best
results were achicved at 276 nm. Two whole sceds per
progeny were soaked for 3.5 h in 30 ml water in a 90°C
water-bath. Normal HCI (100 pl) was mixed with 10 ml of
the resulting solution, centrifuged at 13,000 rpm for 15 min
and then filtered on Nalgene SFCA filter. The resulting



solution was diluted with waler (1:5 v/v) prior to HPLC
injection. Chromatographic conditions were Licrospher 125-
4, 100 RP-18 (5 um) column with a precolumn, MILLI-Q
water | ml/min as eluant, 276 nm wavelength of absorbance
measurcment. Standards of pure vicine and convicine were
obtained from Dr R.R. Marquardt (personal
communication).

Rapid method

Preliminary tests to optimize the wavelength for an
integrated value of vicine and convicine established that the
best results were achieved at 274 nm. Absorbance at 274 nm
was read on a spectrophotomeler on the extraction solution
from a sample of two whole seeds. The extraction procedure
of vicine and convicine was the same as previously described
without filtration on the Nalgene SFCA filter.

Results and Discussion

Water is an adequate solvent for extracting vicine and
convicine (Hegazy and Marquardt 1983). For more than 100
samples, extraction of vicine and convicine from whole sced
was 90% of what was extracted from flour with Quemener’s
method (1988) and thereforce appears as a correct procedure
for a quantitative assessment of these products.

Figure 1 illustrates the clear HPLC separation of vicine
and convicine peaks and the contrasting results from rich and
near-zero vicine—convicine genotypes (10-fold reduction in
peak arca). It also shows the presence of an additional
slower-migrating peak (X) - corresponding to an
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undctermined substance which caused absorbancy at 274 nm
- in genotypes D and F at a frequency lower than 10% of the
mother plants. When discarding these plants carrying the X
pcak, the rclationship between HPLC and rapid
spectrophotometric method is shown in Figure 2. The wide
range of variability available over A, B, D, E and F
genotypes is detccted by both methods which strongly
corrclate (Fig. 2; r = 0.988, 1498 d.f.). Intra-genotypic
variability was uncontrolled and may be explained by factors
such as genctic background, environment or position of the
secd within the plant.

When including genotypes which expressed the X peak,
lower correlations of 0.67 (322 df) and 0.26 (320 df) were
obtained between spectrophotometry and HPLC results in
genotypes D and F, respectively. From a breeder’s point of
view, these plants carrying the X peak would be discarded by
the raptd method, whereas HPLC would have them sclected.

In conclusion, a rapid spectrophotometric method using
a two-seed sample is recommended in faba bean breeding
programs which incorporate the ve™ gene to reduce vicine
and convicine contents. In a few genotypes, an error may
comc from an additional unknown substance absorbing at
274 nm which would lcad to the elimination of otherwise
acceplable plants. This error is small in comparison with the
economy rcahzed when changing from HPLC to the
spectrophotometric method. It is possible that the unknown
substance corresponding to the X peak also has an
antinutritional cffect and should be eliminated anyway. This
progress should hasten the production of new cultivars free
of antinutrional factors for human and animal consumption.
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Figure 1. HPLC separation at 274 nm of vicine (VC) and convicine (CV) from (1A) genotype D (vicine + convicine = 1.1 % of seed
DM), and (1B) genotype F (vicine + convicine = 0.04% of seed DM). In a few plants, an additional slower-migrating peak

(X) was present in genotypes D (1C) and F (1D).
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contents on whole-seed extracts.
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Variety Release Notice

Qinghai 9, A New Spring-sown Faba
Bean Cultivar with Large Seeds and
High Yield in China

Yuan Mingyi, Shen Haining, Zhang Peilan
and Liu Yang

The Crop Research Institute

The Qinghai Academy of Agricultural and Forestry
Sciences

Xingning, CHINA

Key words: Vicia faba; faba beans; varietics; sced size;
yiclds; protein content; maturity; discase resistance; Botrytis
fabae;, Ascochyta fabae; spring; sowing date; planting date;
China.

Faba bean (Vicia faba L.) cultivar Qinghai 9 was developed
by hybridizing Lhasa 1 (female parent) with 176 from Great
Britain (male parent) through many generation sclections by
the Crop Research Institute of the Qinghai Academy of
Agricultural and Forestry Sciences (QAAF). Qinghai 9 was
cxamined and approved as an extension cultivar by the
Qinghai Crop Cultivar Identification Commission on 29
November 1994.

Qinghai 9 is characterized by high yicld, large seed and
high protein content compared with the check cultivar
Qinghai 3. In 1994, the average seed yield of Qinghai 9 was
4923 kg/ha in the multilocation tests — 24.9% higher than
that of Qinghai 3. The maximum yield recorded was 7905
kg/ha at Qiugo, Qinghai in 1995. The average 100-seed
weight is 174 g, which is higher than that of Qinghai 3 (162
g). The time from planting until 95% of plants matured was
170 days. The protein content of the seed is 32.7%. Qinghai
9 is resistant to chocolate spot (Botrytis fabae Sardina) and
ascochgta blight (Ascochyta fabae Speg. [= Didymella

Jfabae Jellis & Punith.]). Qinghai 9 can be planted in the
spring-sowing region in China. Its agronomic traits are
shown in Table 1.
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Table 1. Agronomic traits of Qinghai 9, compared with check cultivar Qinghai 3.

Cultivar Plant No. pod- Pods/ Seeds/ 100-sced Seed yield Protein
height bearing plant plant weight content
(cm) branches (®) (kg/ha) (% of (%)
check)
Qinghai 9 155 35 18.2 456 174.2 4923 124.9 322
Qinghai 3 150 3.2 15.7 39.2 162.0 3941.5 100 24.0
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News

Editors’ Notes

Publication schedule
The publication of FABIS Newsletter has been experiencing

delays over the past few years. This has been due in part to a
lack of material. The Faba Bean Information Service and

Agricultural Libraries Receiving ICARDA Publications

ICARDA have, therefore, decided to reduce the production
of FABIS Newsletter to one issue per year, starting in 1997,

We expect that each issuc will appear toward the end of the
year of publication. Thus, the next issue (No. 40, 1997) is
scheduled for publication late in 1997.

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

Syria.

Algeria
Bahamas
Bahrain
Bangladesh
Benin
Belgium
Bhutan
Botswana
Brazil
Canada
Chile
China
Costa Rica
Cyprus
Djibouti
Ecuador
Ethiopia
Fiji
Finland
France

46

Ghana
Guatemala
Guyana

India

Iran

Italy

Kenya

Korea (Republic)
Lesotho

Malawi

Malaysia

Mali

Mauritania
Mexico
Myanmar
Netherlands
Nepal

Nigeria

Norway

Papua New Guinea

Philippines
Saint Lucia
Saudi Arabia
Senegal
Somalia

Spain

Sri Lanka

Sudan
Swaziland

Syria

Taiwan
Tanzania
Thailand
Tunisia

United Kingdom
United Arab Emirates
USA

Yemen

Zambia
Zimbabwe



Contributors’ Style Guide

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

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

Manuscript

Contributions should be sent to FABIS/CODIS, ICARDA, P.O. Box 5466, Aleppo, Syria. The name, address, e-mail address
(if available), and telex or fax number of the corresponding author should be included in the covering letter. One good-quality
original of the text should be submitted, typed double-spaced on one side of the paper only. Alternatively, word-processed files
in WordPerfect 5 or 6 or Microsoft Word 6.0 may be sent as e-mail antachment to /CARDA@cgnet.com, marked “For FABIS
Newsletter.” However, there is a size restriction of 128 kb on incoming e-mail to ICARDA - please discuss in advance if you
have any doubts. Figures should be original drawings, good-quality laser prints, or black-and-white photographs of good quality.
Photographs and figures should be suitable for reduction to a printed size of 8.5 or 17.4 cm wide. Photocopies are not acceptable
for publication in FABIS Newsletter.

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

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

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

Define in footnotes or legends any unusual abbreviations or symbols used in the text or figures.
Provide the full name of journals and book titles. Use the following formats for references.

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

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

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

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

Thesis: El-Hosary, A.A. 1981. Genetic studies of some strains of field beans (Vicia faba L.). PhD Thesis. Menoufia
University, Egypt.



ICARDA Publications and Services

ICARDA Publications

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

LENS Newsletter

The newsletter of the Lentil Experimental News

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

Rachis (Barley and Wheat Newsletter)

This publication is aimed at cereal researchers in the
Near East and North Africa region and other
Mediterranean-type environments. It publishes short
scientific papers on the latest research results and news
items. Rachis seeks to contribute to improved barley
and wheat production in the region; to repest results,
achievements and new ideas; and to discuss research
problems. For further information or to subscribe,
write to: Rachis/CODIS.

Graduate Research Training Awards, Opportunities
for Field Research at ICARDA

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

candidates who are enrolled at national universities
within the ICARDA region. Men and women who are
selected for the program will have an opportunity to
conduct their thesis research work at ICARDA
research sites under the co-supervision of university
and center scientists. For further information on terms
of award, nomination procedure, selection criteria,
appointment conditions, the university's
responsibilities, and the student’s responsibilities, write
to: GRT Program, Training Coordination Unit.

Opportunities for Training and Post-Graduate
Research at ICARDA

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

Library Services

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

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

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

Tel. +963-21-213477, 225112, 235221
Fax +963-21-213490, 225105, 744622
Telex (492) 331208, 331263, 331206 ICARDA SY
E-mail ICARDA@cgnet.com
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