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Abstract

In many legume crop species, early-formed fruits or those located closest to
the photosynthate are more likely to mature than other fruits. This is so in the
Vicia faba crop. Based on physiological, nutritional and genetical aspects of seed
development, several hypotheses are documented. However, Vicia faba pollen fer-
tility has not been adequately studied. Thus, a series of experiments, consisting of
studies of both in vitro and in vivo pollen viability, pollen tube growth and fertil-
isation ability were conducted using highly inbred lines (6-13 generations). Some

of the in vivo experiments were conducted under Ethiopian field conditions.

In some lines, even a low level of stress at 20°C for 4h at 100% relative humidity
(RH), caused a dramatic drop in mean percent pollen germination. The overall
results indicated that there was considerable variation (p>0.001) among the lines

studied, in response to high temperature (20 to 35°C) and 100% RH.

Vicia faba pollen showed high variability in fertility level. Overall significant
differences exist in fertility (p>0.01) among the genotypes studied. A fertility
gradient exists along the stem: in most genotypes the fertility declining towards
the upper nodes. In all of the genotypes, the first nodes carried more highly fertile
pollen than the middle and the last flowering nodes. Also The middle nodes were
more highly productive than the last nodes in all the genotypes. Thus, success of

fertilisation depends to a degree on the source of pollen used.

In an experiment concerning pollen storage, freshly dehiscent anthers desic-
cated at 25°C/6h and freeze dried for 45min, stored in either LN2 or at -80°C,
gave more than 80% viability after 9 months of storage. Desiccation at RT for

24h and storage in either LN2 or at -80°C and at -20°C, still maintained pollen
viability >80%.

Mixed pollination studies conducted indicated that pollen from one or other
of each pair of inbred lines, mixed on an equal weight basis, performed better as
pollen parents on some maternal lines than on others. The importance of these
findings with respect to synthetic variety and hybrid seed production in the text is

discussed. The probable existence of genetic self-incompatibility is also discussed.
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No one supposes that all the individuals of the same species are cast in the
same actual mould. Therefore, man selects only for his own good: Nature for that
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1.1

1.1.1

Chapter I

INTRODUCTION

Biology, classification and origin

The faba bean belongs to the family Leguminosae, sub-family Papilionoidae.
It is an annual with generally stiff straw, the stem being hollow except at nodes.
Like other legumes, the root system is composed of a strong tap-root and sec-
ondary, spreading roots. The growth habit is mainly indeterminate; growth and
flower induction continue while the lower part of the stem bears flowers and then
pods. Reproductive nodes usually begin between nodes three and five, typically
continuing to approximately node twenty to twenty nine. The flowers are borne on
racemes which develop acropetally, the pedicel lengths varying considerably. The
dominant faba bean flower colour is white with dark spotted wing petals and a
dark standard petal but there are also pure white flowers and white flowers with
pink streaks on the wing petal. There are cultivars of white flowers with yellow or
red spots on the wing petals. The overall height of the stem varies from 45 to
over 200 cm; branching at soil level is common but there are also genotypes where

branches are produced higher up the stem.

Classification

With certain reservations, the Muratova (1931) intraspecific classification
mainly based on seed size still provides the basis for Vicia faba classification.
However, some classifications give Vicia and Faba distinct taxonomic positions
(Cubero 1973). According to Cubero (1973; 1974; 1981), faba beans are a Vicia
species but should bear a monospecific, sub-genus status. Therefore the position
of Vicia faba is under considerable debate. Some authors have classified Vicia
and Faba as two distinct genera. An alternative viewpoint is that Vicia faba

exhibits pure Vicia characters, and there is no reason to place it in a new, distinct
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1.1.2

genus (Cubero, 1984). He summarises the alternative taxonomic classifications

as follows:

1 ) Faba bona medikus (faba vulgaris Moench, asynonym) which places faba beans
in a separate genus but related to Vicia. This has been supported by some

flora from Iran.

2 ) Sub-generic rank, placing faba beans as the only species of the sub-genus

Faba of genus Vicia.

3 ) Specific rank in section faba of the genus Vicia. Included in this are faba
beans as species in the genus Vicia, sub-genus (or section) Faba, Vicia nar-

bonesis, Vicia galilea, Vicia johannis and Vicia bithynica.

Another school of thought (Pickersgill, 1986) contends that the classical in-
traspecific divisions are becoming almost impossible to maintain. Alternative tax-
onomic groups based on seed size and seed weight are Faba major (broad bean),
F. equina (horse bean), F. minor (tick bean) and F. paucijuga (Indian types). Of
these, the horse bean and tick bean are often included together as field beans.
In this type of classification there are considerable overlaps between the taxa and
different authors tend to define them in different ways (Lawes et al., 1983). Some-
times groups are also further sub-divided on the basis of agronomic and/or mor-
phological traits; broad beans for example, may be divided into long pod and
Windsor types (Pickersgill, 1986).

Biology

The species Vicia faba is characteristically diploid (2n=12), although the ex-
istence of a tetraploid (2n=4x=24) has been described by Poulsen & Martin
(1977) after colchicine treatment of mutant lines. These were some of the pollen
mutant called ”Po-I” lines. In the field, the tetraploid plants are morphogenetically
similar to the diploid plants; however, the tetraploid faba bean is agronomically
unadapted. It develops late, has a low level of resistance to disease and other
adverse environmental conditions, a low rate of tillering and low fertility (Martin

& Gonzalez, 1981). Faba bean is taxonomically the most isolated of the Vicia
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1.1.3

species, with larger and fewer chromosomes than the others. The deoxyribonu-
cleic acid (DNA) content is also greater in Vicia faba than any other Vicia species
(Bond, 1976; Poulsen & Martin, 1977; Cubero, 1982; Lawes et al., 1983).

Origin of the crop

Zohary & Hopf (1973) suggested that V. faba might share a common an-
cestry with V. narbonensis and V. galilaea but this was rejected by Lawes et al.
(1983) due to its lack of a close cytogenetic relationship with the two wild species.
Based on the assumption that autogamy is the primitive condition, Ladizinsky
(1975b) suggested that the paucijuga type of India and Afghanistan was more
likely to be the ancestor of V. faba. However, Cubero’s (1973) conclusion that
weak allogamy is the more primitive condition and autogamy an adaptation to
demanding environments disagrees with this. At present it can only be said that

faba bean has evolved from an unidentified or extinct wild ancestor.

The centre of origin of faba bean is also uncertain. Due to inconsistencies in
archaeological evidence, Ladizinsky (1975b) rejects the Middle East and instead
suggests Central Asia as the centre of domestication of V. faba. However, Whit-
combe (1981) considers the crop’s centre of origin to be S.W. Asia and Hawtin
(1981) broadly agrees, naming the Mediterranean-West Asia region. Smart (1984)
puts the whole of the Mediterranean basin and the Near East as the areas of do-
mestication. With this in mind, Zohary (1977) claimed that because faba bean
was widely distributed by 3000 BC, domestication must have begun around 5000
BC. Hanelt (1972) preferred not to be precise but concluded that the origin of
cultivation must have been somewhere in the area between Afghanistan and the

Eastern Mediterranean region during the period 7000-4000 BC.

However, in the absence of convincing wild ancestors and strong archaeologi-
cal evidence, most authorities (Bond, 1976; Hawtin, 1981; Whitcombe, 1981;
Hawtin & Hebblethwaite, 1983; Lawes et al., 1983; Pickersgill, 1986) agree
with Cubero (1974) that faba bean must have originated in the Near East, from

where it later spread;
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i. across Anatolia then through the Danube region to Europe, as far north as

Scandinavia
ii. along the North African coast to the Iberian peninsula
iii. from Mesopotamia to the Indian sub-continent and Afghanistan

iv. along the Nile valley as far as the South Ethiopian highland plateau.

After this, secondary centres of diversity must have become established in
Afghanistan and Ethiopia (Bond, 1976), both mountainous countries where the
faba bean is well adapted. At these high altitudes, cultivation was often in isolated
valleys, probably with a limited number of insect pollinators available (Lawes et

al., 1983).

Having become established as one of the economically important crops in the
grain culture of the world as long ago as 3000 BC (Zohary, 1977), by the Iron
Age Vicia faba was well established in the vast geographical area from Central Asia
to Western Europe and from Ethiopia to Scandinavia (Ladizinsky, 1975; Bond,
1976; Hawtin & Hebblethwaite, 1983; Lawes et al., 1983). There is great
uncertainty as to when the faba bean reached parts of the Far East other than
India and Afghanistan; mainland China for example. Some authorities (Bond,
1976; Hawtin & Hebblethwaite, 1983; Lawes et al., 1983) however, agree that
the arrival of Vicia faba major in that country must have been in the 13th century

AD with the silk trade. A similar spread must have taken place into the Japanese

islands.

Although a new centre of diversity seems to be becoming established now in
the mountainous region of Peru (Lawes et al., 1983) faba bean was not present
in the New World before Columbus’ 1492 exploration. Faba bean is thought to

have been introduced to Latin America during the conquest of the continent by

the Spanish and Portuguese (Bond, 1976).
25



1.1.4 Importance of Vicia faba as a crop

The nutritional value of Faba bean is considerable; like meat, it is rich in
protein, hence the term “poor mans meat” (Ali et al.,, 1981) but, unlike meat, it is
also rich in carbohydrates. The protein is characteristically deficient in the sulphur
amino acids cystine and methionine but contains high levels of lysine (Frolich et
al., 1974; Griffiths & Lawes, 1977, 1978; Simpson, 1983). A recent report by
Griffiths (1984) shows a considerable range (23-39%) in protein content among
genotypes and populations of diverse geographical origin, much of the variation
reported being due to genetic rather than environmental causes. As a protein
source, faba bean is important for both humans and livestock and has been so in
the Old World since the Bronze Age (Hyams, 1971).

Vicia faba minor and equina are mainly used for livestock in developed coun-
tries (Hebblethwaite & Davies, 1971). Faba major is used as a green cooked
vegetable in the Mediterranean countries (Hawtin, 1981) and also canned or frozen
for consumption, for example, in the U.K. Third World countries cannot yet afford
to use faba bean seed as livestock feed. In fact, in spite of the large numbers
of domestic animals in African countries, their populations are mainly dependent
on legumes for their protein. In Ethiopia for example, the large rural population
and the poor sector of urban dwellers depend on faba bean for the protein they
require. The high price of animal protein compels the urban dwellers to use a
cheaper source such as faba beans, while the rural sector always prefer to sell their
livestock for much-needed cash. The majority of rural people are long accustomed
to the use of faba beans as a staple food (Gabrial, 1981; Ali et al, 1981). Cur-
rently, there is encouraging interest in developed countries in the processing of faba
beans to produce textured vegetable protein as a meat substitute in the human

diet (Simpson, 1983).

Other uses of Vicia faba depend on the inherent ability of its root nodule bac-
teria to fix atmospheric nitrogen as utilizable nitrate; it can for instance contribute
45-552 kg N/ha annually (Roughley et al., 1983). This characteristic of the crop
makes it very valuable as a means of replenishing soil nitrate and improving soil

quality, particularly in the Third World, for example Ethiopia, where the purchase
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of chemical fertilizer is untenable. In developed countries, V. faba is used as a
break crop where continuous cereal cropping has been practised. This prevents
the build up of cereal diseases and pests and reduces the cereal weed population
(Hebblethwaite & Davies, 1971; Dyke & Prew, 1983).

Despite its importance as a source of cheap protein and as a soil conditioner,
Vicia faba has been subject to severe fluctuations in production levels, particularly
in the technologically advanced nations. These were due, for example, to the
decline in the requirement of feed for draught horses and the lack of ability of
the crop to compete with more profitable and reliable crops such as the high-
yielding, semi-dwarf wheats available as a result of the Green Revolution in the
1960’s (Hebblethwaite & Davies, 1971; Hawtin & Hebblethwaite, 1983).
However, in the last 15 years there has been a revival of interest in the crop due
to the rapid population increase particularly in the Third World, the rising cost of
feed protein and the need for agricultural diversification in Western Europe. This

has stimulated the production of a large body of scientific information about faba

bean.

In terms of total faba bean production, China is the single largest producer
contributing 65% of the world’s total, followed by Ethiopia which accounts for
only 7% (Hawtin & Hebblethwaite, 1983). In Northern and Eastern Europe
the leading producers are Czechoslovakia, the U.K. and France, while in the south
Italy is the main producer (Hawtin & Hebblethwaite, 1983). The production
of faba bean in the U.K., Italy and France declined in 1970’s and early part of the
1980’s (Hebblethwaite & Davies, 1971; Hawtin & Hebblethwaite, 1983).
Currently it is gaining favour as an alternative crop, a factor responsible for the

current increase in production.

Both area planted and tonnes produced in Ethiopia are increasing in relation
to chick peas and lentils, even though the output per hectare remains stagnant.
Provided it is possible to remove some of the major inherent production problems

such as unstable yields, faba bean may have a more promising future.
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1.2 Agronomic and economic problems with faba bean production

Of primary importance to faba bean growers is its grain yield; thus the need to
achieve stable yields largely determines production practices. Unfortunately, like
all other legumes, the grain yield of faba beans is notoriously low and unstable
compared, for example, to cereals. The mean harvest index for faba bean is no
more than 30% even in developed countries, compared with an average of 45%
for cereals (Thompson, 1983). Problems in attaining stable yields, coupled with
small profits, result in fluctuations in the area given over to faba bean production.
Faba bean production, with details of management, techniques and problems is
well documented (Hebblethwaite & Davies, 1971; Dyke & Prew, 1983; Heb-
blethwaite et al., 1983).

Yields vary from year to year even under the same management and production
practices. The abscission of flowers and young pods is the single most important
factor contributing to low yields; this will be discussed later (1.2.4). However, pests
diseases, weeds and weather conditions also play a major part in determining faba
bean yield. For example, adverse conditions such as the winter frosts occurring
in the Ethiopian highlands not only reduce plant populations but also weaken
those that survive, making them more susceptible to disease and water stress.
Thus, quality as well as yield of grain is reduced. Water stress substantially de-
creases both grain yield and total dry matter production (Hebblethwaite, 1981;
Dantuma & Thompson, 1983). In some cases, appropriate irrigation regimes
and deep ploughing (Hebblethwaite, 1981) with correct fertilizer application and
weed and disease control (Hebblethwaite et al., 1983), have improved grain yield.

1.2.1 Weeds

In general, faba bean competes poorly with weeds but the crop will not be lost
totally even if not weeded. The Ethiopian peasant farms are a good illustration;
there is no soil preparation and the practices of weeding and hoeing are unknown,
yet the crop is still produced. A weed problem prevailed in Western Europe prior to
the advent of herbicides (Hebblethwaite & Davies, 1971; Gates, 1978; Smith,
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1982; Dyke & Prew, 1983; Hebblethwaite & Hawtin, 1983). Even if annual
weeds are controlled there are, as yet, few selective herbicides for the control of
broad leaved weeds such as cleavers (Galium aparine). This severely restricts
production of the crop. However, the use of effectively-translocated, non-selective
herbicides such as glyphosate and the recent discovery of other herbicides which
selectively control many grass weeds (e.g. common couch, Agropyron re})ens) in the
faba bean crop promise to reduce the severity of this problem (Hebblethwaite
& Hawtin, 1983).

When total crop failure due to weed infestation occurs it is due to a parasitic
weed called broomrape (Orobanche spp.), sometimes referred to as “parent para-
sitic disease” (Cubero, 1983). There are several species of Orobanche; the econom-
ically important ones are O. crenata, O. ramosa and O. aegyptica. These thrive in
cool, humid conditions; thus faba beans grown in the Mediterranean regions, in-
cluding North Africa, the Near and Middle East, are under threat from devastating
infestations of O. crenata. In Morocco and Malta, cases are reported of farmers
giving up faba bean production completely because of Orobanche. Orobanche as a
weed does not occur in the faba bean growing region of Sudan (personal observa-
tion, 1986) but Orobanche species are observed in Ethiopia. The possible danger
these present has not yet been fully appreciated.

So far, no single effective control for Orobanche has been devised although
biological control by the fly, Phytomyza orobancheae, and incorporation of genetic
resistance have been proposed (Cubero 1983; Hebblethwaite et al., 1983). The
most effective means found so far involves spraying glyphosate onto the emerging
shoot of the parasite (Hebblethwaite et al., 1983). Another chemical means of
controlling is by incorporation of Dazomet at 25kg/ha which has been reported to

give excellent control of Orobanche crenata, if applied before planting (Zahran &

Rabeia, 1989).

1.2.2 Pests

Faba bean is prone to damage by several insect pests, the most serious of which
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are the Aphis species. Aphis fabae, the black bean aphid causes the most damage,
followed by Aphis pisum. Both damage crops by direct feeding on faba bean and
by serving as vectors for viral diseases. The extent of damage caused and the
population dynamics of these aphids were evaluated by Cammell & Way (1983).
These insect pests are well established in many parts of the world, from temperate
to tropical regions but under Ethiopian conditions Aphis pisum is a serious pest
only sporadically. The most popular means of controlling aphids is by spraying
with systemic organo-phosphorus and carbonate compounds (Cammell & Way,
1983; Hebblethwaite, 1971). However, faba bean depends predominantly on
bee pollinators and systemic insecticide treatment will kill the bees unless care
is exercised in spraying. Plant genetic resistance has also been sought (Bond &

Lawes, 1975).

Other faba bean pests such as the stem nematode Ditylenchus dipsule (Kuhn,
1857; Filipjev, 1936), root lesion nematodes ( Pratylenchus spp.) and root knot
nematodes (Meloidogyne spp.) are described, along with methods of control, by

Hooper (1983).

The third category of economically important faba bean pests has been fully
dealt with by Bardner (1983) who describes the damage incurred by a diverse
assemblage of over 50 pests. Some are the cause of widespread crop losses, while
many are only minor pests. Faba bean leaf miners (Liriomyza congesta), for ex-
ample, are very serious pests in Egypt and the Sudan (Kemal, 1981; Siddig,
1981), while African ball worm (Hilitus armigera) can devastate crops in years
when early October weather conditions become cloudy and humid. Of the storage
pests of faba bean, bruchids (Bruchidus spp.) are the most serious problem unless
they are chemically controlled, e.g. with 2,5-malathione (Kemal, 1981; Siddig,
1981). Cow-pea seed beetle (Callosobruchus maculatus F) is an important storage
pest in Egypt (Siddig, 1981). Recently it was observed that an F1 faba bean is
more resistant than five parental lines to this pest (Waly et al., 1989).
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1.2.3 Disease

All three main classes of disease, i.e. fungal, viral and bacterial, can reduce or
totally prevent the production of faba bean. Of these, fungal diseases are the most
serious problem. They are widespread in all the major geographical areas where
faba bean is grown and may cause substantial crop losses when environmental
conditions favour them. Attack by insects predisposes the crop to these fungal

attacks.

Fungal diseases may be further sub-divided into diseases of the root and shoot.
Root infections of Vicia faba frequently involve more than one pathogen; these
are often referred to together as the root-rot complex. Stem rot, Sclerotinia is a
widespread problem and Fusarium root and shoot rot even more so. In Sudan high
soil temperature has been reported as a predisposing factor for wilt and root-rot
disease complex (Saeed et al, 1989). No economic and simple means of fungal
control has so far been suggested in the literature (Salt, 1983). Under Ethiopian
conditions, the root and stem rot fungi thrive in the black clay soil where drainage
is difficult; as a result, production of faba bean in this soil is avoided unless the

soil is first formed into a series of ridges 40-50 cm apart to allow drainage.

The major fungal leaf pathogens of Vicia faba are Botrytis spp., Uromyces spp.
and Ascochyta faba. Severe epidemics of these shoot fungi may cause substantial
damage to crops depending on the severity of infection, the time at which infection

occurs, the weather conditions and the geographical location (Hebblethwaite &
Davies, 1971; Gaunt, 1983).

The two major Botrytis species limiting faba bean production are Botrytis
fabae and Botrytis cinerea. B. fabae is the more aggressive and can devastate faba
bean crops in the Mediterranean region (Mohamed, 1981) and winter beans in
Northern Europe (Hebblethwaite & Davies, 1971; Smith, 1982; Gaunt, 1983).
It has regularly been a major contributory factor to faba bean grain yield losses.
Botrytis cinerea is also considered aggressive, occurring as small chocolate spots on
the leaves of faba bean grown in most fields. On the Ethiopian highland plateau,

in the zone described as the dega zone (coal zone) with an average altitude of 2400
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to 3300 m, chocolate spots disease is considered one of the major factors reducing

the yield of faba bean crops.

‘So far, the only means used to control the Botrytis diseases has been treatment
with fungicides and systemic chemicals such as the benzimidazole group (Gaunt,
1983). Recently, a source of genetic resistance has been identified by Khalil et al.
(1984). Every year, plants from nursery trials are sent to interested institutions all
over the world by ICARDA to test the host pathogenicity reaction under different

environmental conditions.

Ascochyta fabae, or leaf spot, has been reported as occurring in most of the faba
bean growing regions (Gaunt, 1983). In its virulent condition it attacks all parts of
the faba bean plant above the ground, including pods and seeds (Hebblethwaite
& Davies, 1971; Gaunt, 1983). The seed then becomes a means of transmission
in addition to the pathogen being transmitted by the wind during sporulation.
Selection of disease-free seed of a suitable quality probably affords the best prospect
for control of this disease. In modern commercial seed production, chemical control
is used. Seeds are treated by soaking in thiram or dressing with benomyl and
thiobendazole and foliage is sprayed with chlorothalonil (Gaunt, 1983). Recently,
sources of genetic resistance have been identified by Khalil et al. (1985) from
the UK and by Hanounik (1984) from ICARDA, Syria. In Ethiopia, Ascochyta
faba has been identified but is considered a minor problem in the major faba bean

production areas.

Uromyces fabae (rust) is very widely distributed and prevalent in all the geo-
graphical areas where faba bean is grown. Infection becomes acute in areas with
climatic conditions which are warm but drier than the conditions optimal for Botry-
tis faba. Cases of severe infection may result in total defoliation, leading to the
arrest of normal grain-filling processes (Gaunt, 1983). Large crop losses due to
Uromyces infection have been reported in Upper Egypt by Mohamed (1981) and
in the Sudan by Hussien (1981). In Ethiopia, rust is most troublesome in the
mid-altitude region of the dega at 1800-2000 m. The fungicide Mancozeb has been
mentioned as a means of controlling the fungus by Mohamed (1981) and Gaunt
(1983). Genetic resistance has recently been identified by Khalil et al. (1984;
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1985) and, as for Botrytis resistance, ICARDA distributes material for the study

of host-pathogen interactions under different climatic conditions.

The less important viral diseases include bean leaf roll virus, bean yellow
mosaic virus, broad bean stain virus and broad bean true mosaic virus. These
occur in all the major faba bean growing regions including Europe, the U.K.,
North Africa and the Mediterranean and are mostly transmitted by aphids such
as Acyrthosiphon pisum (Chapman, 1981; Smith, 1982). Control of the insect
and the use of clean seeds are recommended to reduce infection (Cockbain, 1983;
Smith, 1982). In Ethiopia, the viral diseases are not considered important in the

major faba bean growing regions.

1.3 Flower and young pod abscission

The abscission of flowers and young pods has been ascribed to various causes,
one of which is poor pollination. Although some pollen grains are found on the
stigmas of undisturbed flowers, there may not be enough to fertilize all the ovules
unless the plants are ‘tripped’ by insect pollinators. Flower morphology, size of
the stylar hairs, angle of the style and shape of the keel all determine how soon
the mass of pollen can reach the stigma (Kambal et al., 1976). Observations by
Soper (1952), Free (1966) and Free & Williams (1976) showed that isolated
plants near the edge of a field were frequently visited by pollinating insects to trip

the flowers and deposit pollen on the stigmas.

Parthenocarpic pod formation also limits yield of the crop (Kambal, 1969;
Kogure et al., 1978; Chapman et al, 1979). Chapman et al. found that
virtually all the abscised pods they examined contained embryos, supporting the
view that after fertilisation the numerous sinks in operation compete with one
another to such an extent that the young pods fail to grow. However, Rowland
et al. (1983) reported that, under field conditions, more than 50% of flowers had
no fertilized ovules; these subsequently aborted. They found that overall, the
frequency of successful fertilisation was greatest in the ovule position nearest the

style, of those flowers towards the base of a particular inflorescence. Depending
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on the cultivar, the fertilisation frequency was also generally higher at the upper

flowering nodes.

Nevertheless, fertilisation failure is unlikely to be the only major cause of flower

abscission (Kambal, 1969; 1976; Free & Williams, 1976; Kambal et al., 1976;
Chapman et al., 1979; Gates et al, 1981; Rowland et al, 1982; Gates et al,
1983). Tripping all the flowers of both autosterile and autofertile lines enhanced

the level of pod set but considerable flower abscission was still observed - more

than could readily be accounted for by assuming that some of the tripped flowers

were not fertilized (Smith, 1982c).

il.

iil.

iv.

vi.

vii.

Other factors affecting flower abscission include;

genotype

climatic factors e.g. temperature, light and moisture availability
agronomic practices such as plant density

salinity

nutrient supply

distribution of assimilates

balance of plant growth regulators

(Kambal, 1969; Chapman & Peat, 1978; Chapman et al,, 1979; El-Fouly,

1981; Hebblethwaite, 1981; Peat, 1983). Some of these will be discussed below.

1.3.1 Plant growth regulators

Tt has been reported that endogenous plant growth regulators (PGR) can

control physiological processes involved in reproduction either directly, or indi-

rectly through various metabolic pathways (El-Fouly, 1981; El-Antably, 1976a;
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1976b). Imbalance in this control can lead to flower drop. The levels of auxin, gib-
berellic acid (GAj3) and cytokinins (cyt) are high relative to abscisic acid (ABA)
early in flowering but not at flower shedding (El-Antably, 1976a; 1976b). El-
Beltagy & Hall (1975) found that the endogenous ethylene content increases
along with ABA during flower and pod shedding. El-Beltagy et al. (1976),
Newaz & Lawes (1980), Chapman & Sadjadi (1981) and Smith (1982c) stud-
ied the effect of growth regulators on flower and pod retention. No correlation was
found between endogenous auxin concentration and abscission; however, the anti-
auxin Tri-iodo-benzoic acid (TIBA) enhanced the ability of the inflorescence to

compete with the apex for assimilates and prevented flower shedding.

The removal of flower racemes reduced the shedding of flowers on successive
nodes (Smith, 1982c); removal of 10 or 20 flowers on the first ten nodes reduced
flower shedding by 15% and 35% respectively (Duc & Pickard, 1981). Pod set
was also considerably improved by removing the stem apex after flowering at the
fifth node, although this did not prevent flower abscission (Chapman et al., 1978;
Duc & Pickard, 1981). Removal of the stem apex, a major source of growth reg-
ulators, thus, stimulated the development of an effectively-determinate, terminal
inflorescence. Mutants where apex senescence is genetically controlled demon-
strate a pattern of flower abscission similar to that of non-determinate cultivars;
thus, inducing determinacy, either surgically or genetically, does not prevent flower

abscission (Gates et al., 1983).

The removal, or complete shading of leaves increases flower drop and has a
negative effect on seed yield; this shows the importance of the leaves in the supply
of assimilates for pod development (Hodgeson & Blackman, 1957; Tamaki et
al., 1972; Kogure et al., 1978; Smith, 1982c).

Although removal of the stem apex increases the number of pods set and
the number containing seed (Chapman et al., 1978; Duc & Picard, 1981) it
does not increase the seed yield. According to Gehriger & Keller (1980), the
total biomass limits grain yield; however, Crompton et el. (1981) maintain that

the pods set first compete with growing vegetative parts as well as newly formed
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1.4

pods for assimilates. Others agree, blaming this competition for pod shedding
(Jaquiery & Keller, 1978b; Gehriger, 1980; 1982; 1983; White, 1984).

Gates et al. (1981) reported that inadequate vascular development in the
pedicel and peduncle prevents the pods from competing efficiently with vegetative
sinks; thus the pathway for assimilate transport is limiting rather than the amount
of assimilate available. Radio-labelled carbon has been fed to plants in an attempt
to elucidate the pathway by which assimilates reach the developing pods (Cromp-
ton et al, 1981; Smith, 1982c). It was found that although a high proportion
of the C!4 accumulated by pods came from the subtending leaf, assimilates could
not be transported to nodes below the leaf. There appears to be no direct vascular

connection between the subtending leaves and racemes (McEwen, 1972; Gates,

et al., 1983).

A new cultivar has been generated with an independent vascular supply (IVS)
and improved synchrony of flower anthesis within racemes (Gates et al, 1981).
This gives it a competitive advantage during pod fill but does not solve the other

major problem of pollen germination and successful fertilisation.

Breeding systems and objectives

Faba bean has an intermediate breeding system, ranging from total or partial
allogamy to complete autogamy according to genotype and conditions. This can be
efficiently exploited in breeding programmes. Characteristically, faba bean shows
30-45% outcrossing (Holden & Bond, 1960; Bond & Poulsen, 1983), although
a maximum value of 84% (Bond & Poulsen, 1983) and a minimum value of 2.1%
(Voluzheva, 1971) have been reported. Most cultivars require the flowers to be
tripped by bees or other insects (Free, 1966; Free & Williams, 1976) although
some cultivars or land races from North European, Middle Eastern, Indian and

African populations will set pods without tripping (Lawes, 1973; Hawtin, 1981;
Bond & Poulsen, 1983).

There have been no successful attempts to cross Vicia faba with closely related
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1.4.1

wild species such as V. narbonensis, V. bithynica, V. johannis and V. galileae
(Bond, 1976; Ramsay et al., 1984). Such interspecific hybrids would be a useful

way of introducing genetic variability into breeding programmes.

The majo.r objectives of breeding programmes are;
i. increased self-fertility (Lawes, 1981)
ii. early seed maturity (Aylmer & Walsh, 1979)

iii. increased yield and yield stability (Sjodin, 1971; Chapman et al, 1978;
Chapman, 1981; Naye, 1981; Hawtin, 1981).

Of these, improving the yield and its stability is probably the most impor-
tant. The factors determining yield are discussed above (1.2) and include; onset
and duration of flowering and grain-filling, number of tillers, plant height, harvest
index, resistance to pests and diseases, flower abscission and anatomical features
such as the independent vascular system for the channelling of assimilates (Heb-
blethwaite & Davies, 1971; Picard, 1974; Chapman, 1978; De Varies, 1979;
Gates et al., 1981, 1983; Depace & Filipettii, 1983; Hebblethwaite, 1983;
White et al., 1984). '

Temperature effect on pollen germination and fertilisation

Pollen longevity and viability is affected by environmental conditions such as
relative humidity, light and above all, temperature regime. Fluctuating tempera-
tures appear to increase flower shedding in a variety of legumes (Coroiness, 1933;
Davis, 1945) and high temperatures also adversely affect fruit set, for example
in Phaseolus vulgaris, where maximum pod set is achieved at 20-25°C (Binkely,
1932; Dale, 1964; Mark & Smith, , 1969; Kuiper, 1972). Dale (1964) found
little or no fruit set in P. vulgaris at 35°C; any that did occur at this temperature
was parthenocarpic. However, Halterlein et al. (1980) found that temperatures
up to 35°C were unlikely to affect pod set in P. wvulgaris although Davis (1945)
reported that a temperature of 24.5°C reduced pod set in white beans (Phaseolus

vulgaris L).
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1.4.2

This reduction in polllen germination and seed set at elevated temperatures
is not characteristic of legumes alone: pollination of Brassica napus ssp. oleifera
is better at 15°C than at 20°C (Coural, 1985); stigma secretion, pollen germi-
nation and tube growth are vastly reduced at 35°C in Acacia (Marjinson &
Sedgely, 1985) and pollen formation and pollination of tomato (Lycopersicum
esculentum, Mill.) at low temperatures (15°C day/8°C night) gives particularly

vigorous progeny (Maisonnevue et al., 1986).

The growth and development of faba bean generally is affected by temperature,
as is organ senescence. It is thought that low temperatures (e.g. 14°C) may have
more effect on the duration of growth than its absolute rate (Dennter & Elston,
1978). According to von Herzog (1978) the absolute growth rate, which deter-
mines morphological features such as the length of the shoot axis and internodes
and plant weight, should not be used as a criterion to identify cold tolerance; this

is determined rather by COg assimilation and the change in this after cold stress.

Dekhuijzen et al. (1981) found that newly formed flowers and pods aborted
much more rapidly under a 26°C day/16°C night regime than at a constant tem-
perature of 16°C. Stoddard & Cockwood (1986) believe that pollination failure
at low temperatures is due to a selective effect of temperature during the winter
and during the flowering season. Pollination failure is not due to loss of pollen
viability; Gupta & Munty (1985) showed that Vicia faba pollen stored at 4°C
for four to five months was still viable while Lim (1979) showed that pollen stored

at 20-25°C maintained its viability for only two hours.

Pollen tube growth

Investigators of pollen tube growth biology have historically emphasised ei-
ther incompatibility response (Heslop-Harrison, 1975) or alteration of expected
Mendelian ratios as a result of differential pollen tube growth rates (Pfahler &
Linskens, 1972; Currah, 1981). In recent years the importance of differential
pollen tube growth rates expressed during gametophytic competition in the ecol-

ogy and evolution of species has been given considerable attention (Mulcahy et
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al., 1975). Successful pollen germination, tube growth and fertilisation are vi-
tal for seed set in any grain crop. An enormous amount of information is thus
available on pollen biology and the physiology and biochemistry of pollen has fre-
quently been.reviewed (Johri & Vasil, 1961; Linskens, 1964; Preston, 1965;
Heslop-Harrison, 1971; Mascarenhas, 1975; Mulcahy & Ottaviano, 1983).
Discussion here will be limited to pollen competition during germination and fer-

tilisation and the effects of temperature on faba bean pollen.

There are many reports in angiosperms of competition between pollen of dif-
ferent genotypes: Pfahler, (1965; 1967a; 1967b), Mulcahy (1971; 1974; 1983),
Ottaviano et al. (1983) and Yamada & Murakami (1983) discuss this phe-
nomenon in maize; Currah (1983) reports it in onion; Sarr et al. (1983) in pearl
millet; Barnes & Cleveland (1963) in alfalfa and Mulcahy (1983) in Geranium.

As a result of a large number of pollen grains produced by each individual
plant and the competition of several pollen tubes in the same style, selection is
expected to be more effective on the male gametophyte than on the female coun-
terpart. Male gametophytic fitness arises from paternal plant traits. These are
pollen grain yield per plant, shedding time and duration and pollen grain traits
such as competitive ability within the anthers, viability, germination time, tube
growth rate and selective fertilisation (Pfahler, 1975). A positive response to ga-
metophytic selection has been obtained for specific selective traits such as tolerance
of low temperature in Lycopersicon (Zamir et al., 1981, 1982; Zamir & Vallejos,
1983), of salinity in Solanum (Sacher et al, 1983) and of heavy metals in Silene
dioica and Mimulus guttatus (Searcy & Mulcahy, 1985a, 1985b). Also a positive
correlated response for sporophytic traits has been detected in an open-pollinated
population of maize (Ottaviano et al., 1982; Ter-Avanesian, 1978); in cotton,
wheat and Vigna sinensis, Mulcahy, et al. (1975); in Petunia, Schlichting et al.
(1987). Also in Lotus corniculatus and Cucurbita pepo, selection applied to pollen
competitive ability resulted in the sporophytic generation for traits that are an
expression of plant growth and vigour. These characters are controlled by genes
expressed both in the gametophytic and the sporophytic phases (Ottaviano et
al., 1988).
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Pollen grains contain stored resources. These resources are relatively limited
and most pollen tube growth depends on resources obtained from the stylar tissue
(Vasil, 1974). If many pollen grains are present competition among pollen tubes
for limited stylar resources could reduce overall pollen tube growth (Cruzan,
1986). On the other hand high pollen tube density could enhance pollen tube
growth rates (Ter-Avanesian, 1978a; Cruzan, 1986; Bertin, 1988), provided

there is sufficient resource for the pollen tube growth (Cruzan, 1986).

The genetic constitution of pollen allows competition during pollen germina-
tion and variation in the rate of pollen tube growth according to genotype (Barnes
& Cleveland, 1963; Pfahler, 1965a; 1965b; 1967; Mulcahy, 1971; 1974; Otta-
viano et al., 1983; Hill & Vard, 1986); this is called gametophytic competition.
The faster the rate of pollen tube growth, the greater the chance of successful
fertilisation of the ovules. Competition between the pollen tubes containing the
gametes of different genotypes can occur when pollen of one genotype outnumbers
the other (Mulcahy, 1975; Stephenson & Bertin, 1983; Willson & Burley,

1983). The larger number would have more chance of out-competing the smaller

number.

When a mixture of pollen arrives on the stigma of a flowering plant, gameto-
phytic competition plays an important part in determining the relative out-crossing
success of a genotype (Bateman, 1956; Harding & Tinker, 1969). In this situ-
ation, faster growing pollen naturally achieves higher fertilisation rates which en-
hances reproductive success. The ability of the gametophyte to compete can give
an indication of the fitness of the subsequent sporophyte generation (Mulcahy et
al., 1975; Ottaviano et al, 1975; 1980; 1983; Ter-Avanesian, 1978; Mulcahy,
1974; 1979; Schennske & Pautler, 1984). This selection at the gametophytic
stage is advantageous, allowing rapid selection of superior gametes which will give
rise to superior sporophytes. Pollen competitive ability is also affected by stylar
length; the selection pressure exerted is greater with a long stylar column (Otta-

viano et al., 1983; Hill & Lord, 1983; 1986).

The above concept is supported by evidence of considerable gametophytic gene

expression and a large amount of sporophytic genetic overlap. This is to say that a
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large proportion of genes are expressed in both phases of the life cycle. Tanksley
et al. (1981) in tomato and Sari-Gorla et al. (1986) in maize have shown that a
large proportion (60 and 72% respectively) of a plant’s structural genes coding for
isozymes in the sporophyte are also expressed in the pollen. Furthermore it has
been shown that of 32 different genes controlling endosperm development in maize,
21 (66%) are contributed by the male gametophyte. These are usually expressed in
corresponding sporophytes in germination time and tube growth rate (Ottaviano

et al., 1988.

In insect-pollinated species such as Vicia faba, a large amount of pollen is
usually deposited on the stigma. Nevertheless, the number of pollen grains an
insect transfers is limited compared with the number that would be deposited on
the self stigma as a result of tripping (Rowlands, 1958, 1960). This reduces the
variation in number of pollen grains present at the start of germination compared
with wind-pollinated plants, where the bulk of pollen grains deposited at any one
time are nonself-pollen (Mulcahy & Mulcahy, 1975).

Both insect pollination and closed carpels in angiosperms are thought to in-
tensify gametophyte competition (Mulcahy, 1974); this results in the exclusion
of haploid genomes without high metabolic vigour from sporophytes. Hoekstra
(1983) suggests that the more successful pollen may have transferred some of its
synthetic processes, normally carried out on the stigma, to the maturation stage

in the anther thus shortening the lag phase of germination.

Pollen competitive ability can be inferred from studies of seed and pod set
and seedling vigour as well as pollen germinability and rate of pollen tube growth
(Bookman, 1984; Van der Kloef, 1984). Genetic markers for the quality of pollen
have been assessed (Sari-Gorla et al, 1975; Sari-Gorla & Rovida, 1980) and
electrophoretic screening has also been used (Marshall & Ellstrand, 1985).

Pollen germination and its tube growth rate is always affected by pollen geno-
type (Pfahler, 1967; Pfahler & Linskens, 1972; Sari-Gorla et al., 1975); ma-
ternal genotype (Pfahler, 1967; Sari-Gorla et al. 1975) and pollen tube density
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1.5

(Ter-avanesian, 1978a; Gorchov, 1988). The major external factor, tempera-
ture, has a profound effect on pollen germination and pollen tube growth under
field conditions (Chen & Gibson, 1973; Mackill et al, 1982; Hoekstra et al,
1989 ; Warrag & Hall, 1984).

Summary

Studies of faba bean seed production have been carried out which have led
to progress in preventing flower and young pod abortion (Gates al., 1983). Faba
bean genetics and genetic variability have been intensively studied (Afalhein,
1981; Chapman, 1981; 1984). However, little work has been carried out on the
effect of varietal differences in pollen germination and competition or on the effect
of temperature on pollen tube growth. Such information would be of value in the

selection of faba beans for higher, more stable yields.

In Zea mays the rate of pollen tube growth is positively correlated with growth
of the resultant sporophyte (Ottaviano, 1980); this offers a chance to select at
the gametophytic level for better adaptive mechanisms. According to Stoddard
(1986a), abortion is independent of fertilisation in affecting the number of maturing
seeds. This study aims to show whether temperature affects pollen competitive
ability and fertilisation by looking at its effects on pollen germination, tube growth
and effectiveness in carrying out fertilisation. Faba bean inbred lines of diverse
geographical origin have been subjected to various temperature stresses in vivo
and in vitro under field conditions in Ethiopia for the whole year of 1988 and in
vitro during 1987 in Durham, England. Of the total 80 inbred lines field-grown
in Ethiopia, eleven were examined for pollen tube growth in their pistils using
fluorescence microscopy. A crossing programme both in Durham and Ethiopia has
been conducted with nine inbred lines to study pollen competition; equal weights
of two different pollen genotypes were used. The resultant F1 hybrids were studied
using gel electrophoresis to determine the effect of pollen competition as a result of
making crosses with mixed pollen from a pair of genotypes. Also using six Durham
and one Ethiopian selections, parameters associated with pollen storage technique

have been monitored for nine months in the University of Durham laboratories.
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1.6 Objectives of the present study

Vicia faba is notorious for its unstable and low yield. The importance of more
gametophytic characters as contributing factors to these yield defects has not been
studied in detail. Therefore, the present study was conducted to provide detailed

information on six main aspects of Vicia faba reproductive biology. These were:

1 ) The effect of temperature stress on flower shedding and pod development

under field conditions in Ethiopia.

2 ) The effect of temperature and high relative humidity stress on pollen germi-

nation and pollen tube growth under laboratory conditions.

3 ) The effect of storage conditions (including pre-storage desiccation) on pollen

longevity under storage.
4 ) Variation in pollen fertility during reproductive growth.

5 ) The extent of potential gametophyte competition between pollen samples

from various pairs of Vicia faba inbred lines, when these were applied to stig-

mas.

6 ) The magnitude of extreme temperature stress on pollen germination, pollen

tube growth and fertilisation under the Ethiopian growing conditions.
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