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3.0 COMPARISON OF CULTIVATED AND WILD ACCESSIONS

OF VIGNA VEXILLATA

3.1 Introduction

Many traits in grain legumes have been changed by domestication, such as seed retention,

reduced seed coat thickness, greater size of the harvested organs, correlative changes in size,

polyploidy and DNA content, more rapid and unifOlm germination, synchronization of

flowering and maturation, life cycle and breeding system and loss of bitter and toxic substances

(Donald and Hamblin 1984; Smartt and Hymowitz 1985; Evans 1993).

The development of an understanding of species diversity and the impact of past domestication

processes is a starting point for future crop improvement. It provides a basis for future plant

breeding efforts and as such accelerates V. vexillata development. Observation suggested that

several traits may have been changed by domestication in V. vexillata. For instance, seed

dehiscence, greater size of seed and change in non-harvested organs such as leaflet shape and

size. Karuniawan et al. (2006) reported no pod dehiscence in cultivated V. vexillata from Bali.

This trait is one of the earliest and most consistent differences between domesticated and wild

types in legumes (Evans 1993).

This experiment investigated genotypic variation between and within cultivated acceSSIOns

collected in two village regions in Bali (Tabanan and Jimbaran), Indonesia, and several

accessions of wild types from Africa, Australia and Indonesia. The latter included an accession

of the variety macrosperma (Marechal et al. 1978), which possessed a large seed size similar to

the cultivated accessions from Bali. Emphasis was placed on morphological and phenological

traits of potential agronomic, adaptive or taxonomic significance.

3.2 Material and methods

3.2.1 Germplasm

A total of 19 accessions of V. vexillata, comprising eight accessions from Indonesia, two

accessions from Australia and nine accessions from Africa (Table 3.1), was compared based on

several morphological, agronomic and phenological traits. Each accession represented a

collection from a specific location from different time of collection.

For the purpose of exploring the nature and extent of the genotypic variation in quantitative

traits among the 19 accessions of V. vexillata evaluated in Experiment 1, the accessions were

grouped for analysis of variance on the basis of prior infonnation, as shown in Table 3.1.

Firstly, the accessions were grouped into three main groups or "classes": cultivated accessions,
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var. macrosperma and wild accessions, with respectively 6, 1 and 12 accessions each class. In

tum, the cultivated and wild type accessions were each further grouped into two subclasses

based on the provenance of the accessions. The cultivated accessions were grouped on the basis

of whether they were sourced from Tabanan village (3 accessions) or Jimbaran village (3

accessions) in Bali, and the wild accessions were grouped into those accessions from Africa (8

accessions) and those from Austronesia (4 accessions).

Table 3.1 Provenance details for V. vexillata accessions evaluated in Experiment 1 in the Genetic
Garden facilities at James Cook University.

Class Provenance Accession identity Origin

Jim IA Jimbaran Village, Bali, Indonesia

Jimbaran Jim 1B Jimbaran Village, Bali, Indonesia

Jim2 Jimbaran village, Bali, Indonesia
Cultivated

Tab lA Tabanan Village, Bali, Indonesia

Tabanan Tab 2 Tabanan Village, Bali, Indonesia

Tab 3 Tabanan Village, Bali, Indonesia

val. macrosperma Africa CPI69030 Sudan, Africa

CPI16683 Zimbabwe, Africa

CPI29141 Kenya, Africa

CPl52905 Tanzania, Africa

Africa CPI52907 Zimbabwe, Africa

CPl57520 South Africa, Africa

CPI60458 Malawi, Africa
Wild

CPI69513 Zimbabwe, Africa

CPln012 Zambia, Africa

ACC 332 Binel Village, W. Timor, Indonesia

ACC 351 Kefamenanu, W. Timor, Indonesia
Austronesia

ACC 383 Kempsey NSW, Australia

ACC 390 Hervey's Range Qld, Australia

ACC, Australian Native Vigna Collection Accession Number; CPI, Commonwealth Plant Introduction Number

The cultivated accessions of V. vexillata were collected from Bali Island, Indonesia by Dr.

Agung Karuniawan during a collection trip between August and September 2001 to seven major

Indonesian Islands. There were 12 cultivated accessions that were introduced to Australia in

2005, but only 8 accessions passed the quarantine process. Six accessions were chosen for

Experiment 1 based on seed availability (Table 3.1). One available accession of V. vexillata var.

macrosperma, which exhibited large seed size as have been described in the cultivated Bali

accessions, was included.
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As a major centre of diversity of V vexillata, the African accessions were chosen to reflect

different forms and provenances from different regions (Table 3.1). These accessions had been

variously collected for pasture research in Australia, and a couple of them had been used in an

inheritance study of several selected qualitative and quantitative traits between African and

Australian accessions (James and Lawn 1991). Meanwhile, beside the geographical

consideration between East Timor, Indonesia and Australia, and the seed availability, the

Austronesian accessions were included in this study due to the consideration of South East Asia

and Australia as the second centre of diversity of V. vexillata. Those accessions were used to

provide large genetic diversity in this study. Thus, a comprehensive study of diversity in

cultivated and wild V vexillata could be made.

3.2.2 Cultural details

The experiment was carried out between August 29, 2007 and June 25, 2008 in the Genetic

Garden facilities of the School of Marine and Tropical Biology at James Cook University in

Townsville, Queensland, Australia. Plants were grown in spaced cylindrical PVC pots which

were located on wire mesh benches c. 1 m above the ground and exposed to the natural

environment. Individual pots were 250 mm in diameter and 250 mm depth and were painted

silver to reflect radiation and so reduce the temperature inside the pots. Each pot was filled with

equal volumes of vermiculite (Grade 3, Peter Bacon Enterprise PIL, T/AS Australian

Vermiculite) for the rooting medium and watered at least one day before sowing to provide a

suitable environment for germinating seeds.

Prior to sowing, seeds were scarified by removing 0.5 - 1 nun2 of the testa using a scalpel to

enhance water imbibition, and germinated in petri dishes lined with moist filter paper in a

controlled room set at 30°C. Germinating seeds were sown two per pot at a depth of c. 1.5 em,

when the radicle root was c. 5 mm long. In several accessions, when the number of germinating

seed was inadequate or a seedling was abnormal, seedlings were transplanted between

replications and/or re-sown to ensure unifOlm establishment. At 30 days after sowing (DAS),

plants were thinned to leave one plant per pot. A 1.2 m bamboo stake was placed vertically in

each pot to support the plant growth.

An application of 30 g Osmocote Plus® controlled-release fertiliser was given to each pot at

sowing time to provide sufficient nutrients for vigorous growth. For maintenance of growth, a

15 g application of Osmocote Plus® controlled-release fertiliser was sprinkled around the plant

and covered by vermiculite to c. 5 em depth, evelY three months. Plants were watered daily by

hand. To ensure plants were not stressed between waterings, additional water was provided

using a water-filled saucer under each pot.
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Insecticides and fungicides were applied whenever deemed necessary during the plant growth to

avoid da..rnage from insects and diseases. Dimethoate (at 0.3 g.kg-1
) was applied to control

beanfly (Ophiomyia phaseoli), while imidacloprid (0.125 g.r1
) was applied to control the pod

sucking bug (Riptortus serripes) , the brown bean bug (Melanacanthus scutellaris), and the

green vegetable bug (Nezara viridula). Applications of wettable sulphur (2.745 g.r1
) and

mancozeb (1.175 g.r1
) were given to control powdery mildew (Podosphaera xanthii). The

pesticide applications were effective in preventing all but very minor damage to the plants

during the entire experiment.

3.2.3 Experimental design and statistical analysis

Pots were placed on the benches and arranged in a randomised complete block design with three

replicates pots, each containing one plant per pot. Within each block, all pots were moved to a

new location three times during the experiment to reduce possible spatial effects (e.g. exposure

to wind, shading from nearby trees) within blocks. Prior to allocating the pots to individual

replicates, the three pots of each accession were ranked in order of initial size from largest to

smallest. The largest plants were allocated to replicate 1, and the smallest to replicate 3, so that

any initial differences in plant size, albeit small, were accommodated in the blocking

arrangement.

ANOVA analyses were performed using GENSTAT IV and SPSS 16.0 Graduate Student

Version software (SPSS, Inc). The analysis of variance partitioned the recorded genotypic

variation into variation between classes (with 2 degrees of freedom - df), variation between

provenances within classes (2 df) and variation between accessions within provenances (14 df 

comprising 2 within each Bali provenance, 3 within the wild Austronesian provenance and 7

within the African provenance). As relevant, correlation relations between selected variates

using least squares estimates were assessed using GENSTAT IV.

3.2.4 Data collection and measurement

Accessions were characterised for several qualitative (Table 3.2) and quantitative (Table 3.3)

attributes, based on the descriptors used by James and Lawn (1991) and Grant et al. (2003).

Specific emphasis was placed on a subset of these traits (Table 3.4) which on past experience

would be expected to differ between cultivated and wild plants.
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Table 3.2 Qualitative traits observed in 19 cultivated and wild accessions of V vexillata.

Trait

Leaflet shape

Leaflet width

Plant hair density

Plant hair length

Pod colour

Pod dehiscence

Seed testa colour & lustre

Disease reaction

Tuberfonn

Definition

I. Linear Ianceolate leaflets with obtuse bases

2. Ovate leaflets with cuneate bases

I. Narrow; mean length/width ratio> 2.5

2. Broad; mean length/width ratio «2.5

1. Terete or stiff

2. Sparse

3. Dense

1. Short

2. Long

1. Black

2. Grey or brown

1. Dehiscence

2. Non-dehiscence

I. Black speckled or dark brown, dull

2. Light brown or tan, shinny

I. Apparent immunity to powdery mildew

2. Susceptibility to powdery mildew

1. Simple

2. Compound

3. Forked

The growth habit of V vexillata is typically indeterminate, so that during the growing season,

successive flushes of vegetative growth, flowers and pods occur. Given the anticipated widely

different phenologies among the 19 accessions, it was decided to prune the plants back after the

first flush of pods had matured, and then allow them to regrow and produce a second flush of

pods. The plants would then be destructively harvested for measurement of tuber as well as

aerial traits.

In the event, some accessions, for instance all of the cultivated accessions and CPI 77012, did

not flower during the spring to summer period, whereas most other accessions had matured their

first flush of pods by the first week of December. It was concluded that those accessions which

had not flowered were sensitive to long photoperiods, and would not flower until shorter days

again occurred in late summer-autumn. In order to ensure their treatment was comparable with

the earlier-flowering accessions, these plants were therefore also pruned back on December 8,

2007, even though they had not yet flowered. All data (qualitative and quantitative traits) from
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planting time to pruning back are refelTed to as data of harvest 1, whilst all the data collected

after pruning back is refelTed to as data of harvest 2.

Table 3.3 Quantitative traits observed in 19 cultivated and wild accessions of V vexillata.

Traits

Size of tenninalleaflet on 6th trifoliolate leaf

Stem thickness at primary node, at 6th trifoliolate leaf stage

Flowering

First mature pod

Seed yield per plant

Dry above-ground biomass

Fresh weight of tuberous root at final harvest

Dry weight of tuberous root at final harvest

Tuber diameter at widest point

Weight of 100 seeds

Number of seeds per pod

Pod length and width at pod maturity

Peduncle length

Number of flower per peduncle

Number ofpod per fertile peduncle

Measurement

mm; length & width

mm; diameter

Date when first flower opened

Date when first pod ripened

g/plant for first flush ofpods

g/plant

g/plant

g/plant

mm; per plant

g/100 seeds

10 pods per plant; random

mm; first 5 mature pods per plant

mm; 5 per plant; random

5 peduncles per plant; random

5 peduncles per plant; random

Pruning back was conducted by cutting the shoot c. 20 cm above the level of the growth

medium in the pots. The excised shoots were oven-dried at 80°C for 72 hours to obtain dry

weight above-ground biomass for each plant in harvest 1.

All the qualitative descriptors, with the exception of tuber shape, were scored at maturity of the

first flush ofpods for each time of harvesting. The pods were harvested on a daily basis, as soon

as they lost chlorophyll, to prevent seed loss through pod dehiscence. The first 5 mature pods

for each accession from each replication were put in a 250 mm x 120 mm envelope and stored

in the constant temperature of 30°C for 2 weeks for pod dehiscence observation. Quantitative

pod and seed traits were measured as materials became available. Tuber shape and tuber fresh

and oven-dry weights were measured at final harvest. Tuber harvest index was calculated on a

per plant basis, as the ratio of tuber dry weight to total plant dry weight, which included

vegetative dry matter (both harvests), pod weight, seed yield, and tuber dry weight. Seed harvest

index was calculated also on a per plant basis, as the ratio of seed yield per plant to total plant

dry weight.
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Table 3.4 Anticipated differences between cultivated and wild traits in V. vexillata, based on the
ideas of Donald and Hamblin (1984), Smartt and Hymowitz (1985) and Evans (1993).

Traits Type of Cultivated type Wild type
observation

1. Pod dehiscence Qualitative none or at least less than in strong
wild type

2. Seed size Quantitative larger smaller

3. Seed testa colour Qualitative lighter colour dark colour

(light brown, shinny) (black, dark brown, grey, dull)

4. Pod size Quantitative larger smaller

5. Seed hardness Quantitative none or at least less than in yes
wild type

6. Growth and branching Qualitative determinate; erect or sub- Indetenninate; prostrate &
habit erect vining

Quantitative reduced number of nodes sprawling with long
and shorter internode internodes

length

7. Leaflet size and shape Qualitative larger; ovate to deltoid, smaller; lanceolate, narrow
broad

8. Stem Quantitative thick and more robust thinner
growth

9. Photoperiodism Quantitative reduced sensitivity, earlier strong sensitivity, later
flowering flowering

3.3 Results and discussion

3.3.1 Weather conditions

The experiment was sown in the springtime (August 29, 2007), and the plants grew over the

summer and into the following autumn or, for the very late accessions, the early winter (June

25, 2008). The seasonal variations in temperature in the genetic garden during the period of the

experiment were therefore large (Figure 3.1). Temperatures for the period prior to the first

cutting back (i.e. the pre-harvest 1 period) during the springtime and early summer were

characterised by daily minima in the range of 12°C - 24°C (weekly means ranged 12.9°e 

23.4°C) and daily maxima in the range of 30°C - 41°C (weekly means ranged 32.8°C - 39.0°C).

Over the summer-autumn period, prior to the harvest 2 period, daily minima ranged from 6°C 

24°C (weekly means range of 10.6°C - 22.8°C) and daily maxima ranged from 27°C - 43°C

(weekly means range of32.1°e - 39.4°C) (Figure 3.1).

Apart from the first 3 weeks, and in the late autumn-winter, night temperatures were mainly

above l5°e, whilst daily maxima often exceeded 35°e but did not exceed 41°C. So the daily

temperatures were likely to have been supra-optimal only on a few days at most. Overall, with
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those exceptions, the temperatures were generally favourable for plant growth. In photoperiod

sensitive genotypes, the effect of temperature on various phases of development is complex, but

1987; Rebetzke and Lawn 2006a), whilst low night temperature «12°C) has been shown to

slow germination in V. vexillata (Karuniawan and Lawn 2007). Sharp increases of temperature

above the optimum reduce rates of growth and development (Lawn and Williams 1987).
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Figure 3.1 Weeldy means for daily minimum and maximum temperatures during Experiment 1.

Daily minimum temperatures toward the end in the late autumn-winter (35-44 weeks after

sowing) fell under 15°C. Lawn (1979) reported slower plant growth of several Vigna spp. (V.

radiata, V. mungo, V. angularis and V umbel/ata) in cooler night temperatures.

Daily photoperiods during the period of the experiment, expressed as the time between civil

twilight sunrise and sunset for each day, were accessed from Geoscience Australia

(http://www.ga.gov.au/bin/astro/sunrisenset). Photoperiods ranged from 12 hours 28 minutes at

planting to 14 hours 6 minutes in mid-December, and then back to 11 hours 46 minutes in June

2008 (Figure 3.2).

Along with temperature, the main effect of day length is to determine the crop phenology, with

insensitivity to day length usually associated with earliness of flowering (Lawn and Williams

1987). In addition, stimulation of vegetative development relative to reproductive growth by

long photoperiods was repOlted in wild V. vexillata by Karuniawan and Lawn (2007), which

was consistent with short day photoperiodic response.
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Figure 3.2 Weekly means for daily photoperiod (including civil twilight) during Experiment I.

3.3.2 Qualitative traits

In general, all of the accessions were twining vines. However, there were large differences in

gross morphology between (Plate 3.1) and within the three main classes of accession.

3. cultivated Bali accession
(Jim 18)

b. wild accession
(ACe 390)

c. var. macrmperma
(CPI69030)

Plate 3.1 Morphological appearance of the three main classes of V. vexil/ata accessions recorded in
Experiment 1 the day before harvest I. The cultivated and var. macrosperma accessions appeared
more robust than the wild accessions. Scale bars (black) were 250 mm.

In qualitative telms, the most striking differences were those between the cultivated and the

wild accessions. In general, the cultivated Bali accessions (Plate 3.la) were morphologically

more robust than the wild accessions (Plate 3.lb), many of which were very gracile in

morphology. The single accession ofvar. macrosperma (ePI 69030, Plate 3.lc) shared many of

the attributes of the cultivated Bali accessions, in that it was generally morphologically more

robust than most of the wild accessions.
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Other differences occurred among the three main classes of accession, for instance, in pod

dehiscence. Generally, the pods of all the wild accessions readily dehisced whereas the

cultivated Bali accessions and especially var. macrosperma were at most weakly dehiscent.

Meanwhile, based on visual observation, var. macrosperma had slightly shorter internodes than

the cultivated and wild accessions, which made var. macrosperma appear more bush-like in

growth (plate 3.1c). Based on initial experiments, all the wild accessions had mainly hard seed,

whereas the cultivated Bali and var. macrosperma accessions germinated without scarification

(data not shown).

Variation in floral attributes was also evident among acceSSIOns, for example, flower size,

flower colour, and flower odour. Overall, the cultivated Bali accessions (plate 3.2a) had larger

flower size than most of the wild accessions (Plate 3.2b) and var. macrosperma (Plate 3.2c).

Within the wild accessions, all the Austronesian accessions had slightly smaller flowers than the

African wild accessions. In terms of flower colour, all 19 accessions had purple colour with

different colour gradations, from light purple (ePI 52907) to dark purple (ePI 29141). The

cultivated Bali accessions tended to have a slight pinkish hue (Plate 3.2a). Meanwhile, in terms

of flower odour, the cultivated Bali accessions had the strongest perfume compared to all other

accessions. No measurements were made to quantify this difference.

3. cultivated accession
(Tab IA)

b. wild accession
(CPI77012)

c. var. macrosperlllo
(CPI69030)

Plate 3.2 Flower size and colour of representative accessions from three main classes of V. vexillata
observed in Experiment I. Scale bars (white) were 10 mm.

Observations are presented in Table 3.5 of seven putative qualitative traits for which variations

were recorded among the 19 accessions. All of the cultivated Bali accessions were very sparsely

pubescent with very small hairs « 0.5 nun), with stems and leaves appearing almost glabrous

(Table 3.5). In contrast, the var. macrosperma accession was densely pubescent.
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Table 3.5 Observations on seven qualitative traits for the 19 accessions of V. vexillata.

Class Accession Pubescence
LeafIet Leaflet Pod Testa

Disease
Tuber

shape width colour colour form

uniform powderyJim lA
sparse,

ovate broad
grey-

red- simple
short brown

brown
mildew

uniform
powdery

Jim IB
sparse,

ovate broad
grey-

red- simple
short brown

brown
mildew

uniform
powdery

Jim 2
sparse,

ovate broad
grey-

red-
some

short brown
brown

mildew forked
Cultivated

uniform
Tab lA

sparse,
ovate broad

grey-
red-

powdery some
short brown

brown
mildew forked

uniform
powderyTab 2

sparse,
ovate broad

grey-
red- some

short brown
brown

mildew forked

uniform
powderyTab 3

sparse,
ovate broad

grey-
red-

some
short brown

brown
mildew forked

uniform
powderyvar.

CPl69030 dense, long ovate broad
grey-

simplegreen-maCl'osperma brown
brown

mildew

ACC 332 terete, short lanceolate black
speckled powdery some

narrow
black mildew forked

ACC 351 terete, short lanceolate black
speckled powdery somenarrow

black mildew forked

ACC 383 terete, short ovate broad
grey- speckled powdery some
brown black mildew forked

ACC 390 terete, short lanceolate black
speckled powdery some

narrow
black mildew forked

uniform
CPl16683 dense, long ovate broad

grey- some
brown

grey- none
forked

brown

CPl29141 dense, long ovate broad
grey- speckled mixed

simpleWild brown black reaction

CPl52905 terete, short lanceolate black
speckled somenarrow

black
none

forked

cpr 52907 sparse,
ovate broad black

speckled powdery
compoundshort black mildew

cpr 57520 sparse, long mixed mixed black mixed
powdery some
mildew forked

cpr 60458 terete, short ovate broad
grey- speckled powdery

simple
brown black mildew

cpr 69513 sparse, long ovate broad black
speckled powdery some

black mildew forked

cpr 77012 terete, short ovate broad black
speckled mixed some

black reaction forked

The pubescence of the wild accessions was variable. All four Austronesian accessions had short,

terete (stiff) hairs on stems, leaves and pods, giving them a raspy feel. Several of the African

wild accessions (CPI 52905, CPI 60458, and CPI 77012) also had short terete pubescence, while

others (e.g. CPI 16683 and CPI 29141) had dense longer hairs more like those on the var.

macrosperma accession. Leaflet shape in the cultivated Bali accessions was invariably broad-

ovate, whereas the wild accessions included both broad-ovate and narrow-lanceo1ate leaflet
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shapes. The leaflets of the val'. macrosperma accession were broad-ovate, similar to the

cultivated Bali accessions. James and Lawn (1991) reported that in crosses between wild

African and Australian V vexillata accessions, leaflet shape was controlled by two major genes,

one for ovate vs. lanceolate shape and one for leaf width (broad or narrow).

Generally, all the cultivated Bali accessions and var. macrosperma had either grey or brown pod

colour, whilst most of the wild accessions had black pods (Table 3.5), but it was evident that the

pod colour trait was not stable. It apparently depended on the environment (perhaps

temperature) and the duration that the pod remained on the plant before harvest. Longer

durations of the pod remaining on the plant led to darker (black) pod colour. Higher temperature

accelerated the change to darker (black) pod colour. Seed testa colour of the cultivated Bali

accessions and of the var. macrosperma accession was uniform reddish or grey brown, whereas

most of the wild accessions exhibited speckled grey or black seeds. Most accessions showed

symptoms of powdery mildew infection on the leaves at some stage during the season, mainly

in the cooler months of autumn. However, two accessions (CPI 16683 and CPI 52905) were

disease free (Table 3.5). Because the pots of these disease-free plants were intermingled with

the susceptible plants, it is unlikely that they simply 'escaped' infection in all replications.

3.3.3 Morphological traits

The key statistics from the analysis of variance for selected morphological traits are shown in

Table 3.6. For each trait, the F-ratios are shown for the effects at each level of the analysis,

together with (in parenthesis) the percentage of the total sums of squares due to the total

variation among the accessions that was accounted for at that level. The means for the

individual traits are shown in Table 3.7 for the three main classes of accession, and for the

provenance subclasses in the cultivated and wild accessions. The variation among the individual

accessions for a subset of the traits is shown in Figure 3.3. In general, there were large and

statistically significant (P ~ 0.01) differences between the accessions for all the morphological

traits shown in Table 3.6 at all levels of analysis, with the exception of 100 seed weight (at the

level of accessions within provenances) and tuber diameter (at the levels of provenances within

classes and accessions within provenances). There was also no significant effect of provenances

within classes (P > 0.05) on terminal leaflet length (Table 3.6).

Differences between accessions in stem thickness were mainly due to the difference between the

three main classes of accessions, as evidenced by the fact that 72% of the sums of squares were

accounted for from that level in the analysis (Table 3.6). Stem thickness for the var.

macrosperma was 8.6 mm, more than two times the stem thickness for the cultivated Bali

accessions and three times that for the wild accessions (Table 3.7). There was no significant
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effect of provenance within the cultivated Bali acceSSIOns, nor among accessions within

provenances for this trait (Figure 3.3a).

Table 3.6 F-ratios for the different sources of variation in selected quantitative morphological
traits among 19 accessions of V. vexillata. The proportion of the total sums of squares for genotypic
variation that was explained by the different groups and subgroups of accessions is shown in parenthesis.

F-ratios
Between classes Between Between

Traits provenances accessions
within classes within

pl'ovenances

Stem thickness (mm)
1162.4** 248.6** 30.2**

(72%) (15%) (13%)

22.6** 0.2 ns 5.1**
Terminal leaflet length (mm)

(39%) (0%) (61%)

372.2** 182.6** 28.4**
Terminal leaflet width (mm)

(50%) (24%) (26%)

109.6** 180.8** 25.6**
Leaflet length-width ratio

(42%) (36%)(22%)

114.5** 8.7** 11.6**
Peduncle length (mm)

(56%) (4%) (40%)

725.9** 17.5** 5.9**
Flower per peduncle

(93%) (2%) (5%)

75.7** 21.8** 9.5**
Pods per fertile peduncle

(46%) (13%) (41%)

209.5** 15.9** 7.3**
Pod length (mm)

(76%) (6%) (18%)

3947,7** 291.7** 20,2**
Pod width (nun)

(90%) (7%) (3%)

Seeds per pod
184,7** 73,0** 15.5**

(50%) (20%) (30%)

1165.1** 22.4** 2.8*
Weight of 100 seeds (g)

(96%) (2%) (2%)

Tuber diameter (mm)
22.9** 1.6 ns 3.3*

(48%) (3%) (49%)

ns, *, ** indicate statistical significance at P > 0.05, P :s; 0.05, P :s; 0.01 respectively
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However, there were differences in stem thickness due to provenance within the wild accessions

(Table 3.6, 3.7). On average, the African accessions had thicker stems than the Austronesian

accessions, mainly because four accessions, cpr 16683, cpr 29141, cpr 52905, and cpr 60458

had 3 - 4 rom stem diameter (Figure 3.3a). A 2-f01d increase in stem diameter as a result of

domestication in adzuki bean has been reported by Kaga et al. (2008).

In terms of terminal leaflet length, most of the differences were due to the differences between

the main classes of accession (39%) and the accessions within provenances (61%), with no

effect of provenance within the main classes of accession (Table 3.6). On average, terminal

leaflet length for the cultivated Bali accessions was shorter than the wild accessions, whilst var.

macrosperma CPI 69030 had longer terminal leaflets compared to the wild accessions (Table

3.7). Among the African accessions, CPI 52905 and CPI 57520 had significantly longer

terminal leaflets than the other accessions, about 100 - 120 rom long (Figure 3.3b). Meanwhile,

within the Austronesian accessions, ACC 330 had the longest terminal leaflet, whilst the

shortest terminal leaflet was observed on ACC 383 (Figure 3.3b).

The differences in terminal leaflet width were mainly due to the differences between the main

classes of accession (50%), with relatively smaller differences between provenances within

groups (24%) and accessions within provenances (26%) (Table 3.6). On average, the wild

accessions had much narrower leaves than the Bali accessions and var. macrosperma, even

though the Bali accessions leaves were still narrower than val'. macrosperma (Table 3.7). On

average, the Austronesian accessions had 12.4 rom terminal leaflet width, less than a third of the

average width of the African accessions (Table 3.7), mainly because five African accessions,

CPI 16683, CPI 29141, CPI 60458, CPI 69513, and cpr 77012, had a terminal leaflet width

more than 40 rom, whilst three of four Austronesian accessions only had less than 20 rom

tenninalleaflet width (Figure 3.3c). Garba and Pasquet (1998a) classified val'. macrosperma as

at least semi-cultivated, based on its large leaflet size as one consideration. Increase in leaf size

as a result of domestication was also reported in adzuki bean (Kaga et al. 2008).

Based on terminal leaflet length and width, a calculation of terminal leaflet length-width ratio

was made for each accession. Differences between provenances within classes were slightly

greater than for the two other levels of analysis (Table 3.6). On average, the cultivated Bali

accessions and var. macrosperma had more ovate-shaped leaves than the wild accessions,

especially the Austronesian accessions which had acuminate shapes (Figure 3.3d).

Most of the differences between accessions in peduncle length were due to the differences

(56%) between the three main classes of accession (Table 3.6). On average, peduncle length for

35



the cultivated Bali accessions was 228.4 mm, much longer than peduncles of the var.

macrosperma accession (166.7 mm) and the wild accessions (140.1 mm) (Table 3.7). However,

the differences between accessions ·within pro'venances weie also moderately large (about 40~/o),

due to the differences among the wild accessions (Tables 3.6, 3.7). On average, the African

accessions had slightly shorter peduncles than the Austronesian accessions, mainly because of

cpr 52905 had peduncles less than 50 mm long (Figure 3.3e).

Table 3.7 Means for selected morphological traits measured on cultivated, var. macrosperma and
wild groups of V. vexil/ala, and within the cultivated and wild groups, the different provenances of
the accessions. Means within a row followed by the same letter are not significantly different (P > 0.05).

WildTraits Cultivated Bali

Jimbaran Tabanan

var.
macrosperma --------

Africa Austronesia

Stem thickness (mm)
3.7 a

3.7 b
3.7a

8.6 a 2.7 c
3.1 a 1.7 b

Telminalleaflet length (mm)

Terminal leaflet width (mm)

Leaflet length-width ratio

Peduncle length (mrn)

Flower per peduncle

Pod per fertile peduncle

Pod length (mrn)

Pod width (mm)

Seeds per pod

Weight of 100 seeds (g)

Tuber diameter (mm)

82.9 c
82.9 a 83.0 a

61.2b
61.4 a 60.9 a

1.36 b
1.35 a 1.36 a

228.4 a
229.1 a 227.6 a

8.4 a
8.3 a 8.5 a

3.0 a
3.0 a 3.1 a

129.9 b
131.0a 128.9 a

6.4 a
6.4 a 6.5 a

B.4c
13.9 a 13.0 a

6.9 a
6.8 a 7.0 a

42.0 a
39.4 a 44.6 a

135.3 a

74.6 a

1.82 b

166.7 b

2.5 b

2.3 b

147.8 a

5.9 b

20.1 a

4.6 b

36.3 a

95.4 b
93.3 a 99.7 a

31.4 c
40.9 a 12.4 b

5.51 a
3.25 b 10.01 a

140.1 c
130.2 b 159.9 a

2.4 b
2.7 a 1.6 b

1.9 b
2.2 a 1.4 b

98.8 c
102.8 a 90.7 b

4.2 c
4.4a 3.7 b

17.1 b
16.0 b 19.2 a

1.6c
1.9 a 1.1 b

25.3 b
26.6 a 22.7 a

Most of the differences between accessions in the number of flowers per peduncle (93%) were

due to the differences between the three main classes of accession (Table 3.6). On average, the

number of flowers per peduncle for the cultivated Bali accessions was 8.4, more than three
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times the number for the var. macrosperma accession and the wild accessions, both of which

were similar (Table 3.7). There were differences due to provenance within the wild accessions

(Tables 3.6, 3.7). On average, the African accessions had slightly more flowers per peduncle

than the Austronesian accessions, mainly because three accessions, CPI 60458, CPI 69513 and

CPI 77012 had 3-4 flowers per peduncle (Figure 3.3f), while all of the Austronesian accessions

had fewer than 2.

Differences between the accession classes in terms of pods per fertile peduncle were much

smaller than in flowers per peduncle (Table 3.6). Mean pods per peduncle for the cultivated Bali

accessions was only about half as much again as the wild types and var. macrosperma (Table

3.7). The fact that the numbers of pods per peduncle of the cultivated Bali accessions was much

closer to the wild types than the number of flowers indicated that fewer flowers resulted in a

pod in the cultivated types. The reproductive growth of the cultivated Bali accessions mostly

started late in the season when night temperature was lower (c. 15°C at 33 weeks after sowing),

and it is possible that pod set in those accessions was affected by low temperature. Low

temperature effects on reproductive growth have been also reported in some other legumes e.g.

low pod set in soybean (Lawn and Hume 1985; Kurosaki and Yumoto 2003) and flower and

pod abortion in chickpea (Siddique and Sedgley 1986; Nayyar et al. 2007). Among the wild

accessions, there was considerable variation between and within provenances (Table 3.6, 3.7).

While the African accessions averaged more pods per peduncle than the Austronesian

accessions, most of this was due to the greater numbers in the three African accessions that had

more flowers per peduncle (Figure 3.3g).

Differences between accessions in pod length were due to the differences between the three

main classes of accession (Table 3.6). On average, pod length for the cultivated Bali accessions

was 129.9 mm, shorter than pod for the var. macrosperma accession but longer than the pods of

the wild accessions (Table 3.7). Differences due to provenance only occurred within the wild

accessions (Tables 3.7). On average, the African accessions had slightly longer pods than the

Austronesian accessions, mainly because three accessions, CPI 60458, CPI 69513 and CPI

77012 had pods >100 mm, while all the Austronesian accessions were < 100 mm in pod length

(Figure 3.3h).

Most of the differences between accessions in pod width were due to the large differences

(90%) between the three accession classes (Table 3.6). On average, the Bali accessions had the

broadest pods, about 6.4 mm, compared to 5.9 mm pod width for the var. macrosperma

accession, whilst at an average 4.2 mm, the wild accessions had the narrowest pods (Table 3.7).

There were also differences due to provenance within the wild accessions (Tables 3.6, 3.7). On
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average, the African accessions had broader pods than the Austronesian accessions, mainly

because all the African accessions, with the exception ofCPI 77012, had a pod width of >5 mm,

wl:tHe all of the Austronesian accessions had pods <4 mIll wide (Figure 3.3i).

As with the other pod traits, most of the differences between accessions in seeds per pod were

also due to the differences between the three main classes of accession (Table 3.6). On average,

the number of seeds per pod for the cultivated Bali accessions was 13.4, much lower than the

number for both the var. macrosperma accession and the wild accessions. In addition to

genotypic effects on the number of seed per pod, there was a possibility that the numbers of

seeds in the cultivated Bali accessions were also affected by the low temperatures that those

accessions experienced in their reproductive growth. It has been rep0l1ed in soybean (Lawn and

Hume 1985) and chickpea (Srinivasan et al. 1999; Clarke and Siddique 2004) that low

temperature during reproductive growth affected the pollen formation and germination, and also

the growth of pollen tube, and consequently the subsequent seed set. The var. macrosperma

accession had more seeds per pod than the wild accessions (Table 3.7). There were differences

due to provenance within the wild accessions (Tables 3.6, 3.7). On average, the Austronesian

accessions had more seeds per pod than the African accessions, and were closer in that regard to

the var. macrosperma accession (Table 3.7). Within the African wild accessions, three

accessions, CPI 16683, CPI 57520 and CPI 57520 had fewer than 15 seeds per pod, whilst all

the Austronesian accessions had 15 - 20 seeds per pod (Figure 3.3j).

The weight of 100 seeds was used to estimate seed size. Of all the morphological traits

evaluated, the differences in the weight of 100 seeds between the three main classes of

accession (96%) were the most pronounced (Table 3.6). On average, weight of 100 seeds for the

Bali accessions was 6.9 g, about one and a half times the weight for the var. macrospenna

accession and more than four times the weight for the wild accessions (Table 3.7). There were

differences in 100 seed weight due to provenance within the wild accessions (Tables 3.6, 3.7).

On average, the African accessions had slightly bigger seed than the Austronesian accessions,

mainly because three accessions, CPI 16683, CPI 29141 and CPI 52905 had 2-3 g per 100

seeds, whilst three Austronesian accessions, ACC 332, ACC 351, and ACC 383 had very small

seeds (less than 1 g per 100 seeds - Figure 3.3k). Domestication of adzuki bean has resulted in a

10-fold increase in seed weight as reported by Kaga et al. (2008).
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Figure 3.3 Means for selected morphological traits measured on 19 accessions of V. vexillata in
Experiment 1. (a) stem thickness; (b) terminal leaflet length; (c) terminal leaflet width; (d) leaflet
length-width ratio; (e) peduncle length; (f) flowers per peduncle; (g) pods per fertile peduncle; (h)
pod length; (i) pod width; G) seeds per pod; (k) weight of 100 seeds; and (I) tuber diameter.
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Unlike many other traits, while there were clear differences in average tuber diameter between

the three main classes of accession, there were equally large differences between accessions

within provenance groups within both the cultivated and wild groups (Table 3.6). On average,

the tuber diameter for the cultivated Bali accessions was similar with the var. macrosperma

accession, and wider than the tubers of the wild accessions (Table 3.7). There were no overall

provenance effects within either the cultivated or the wild accessions (Tables 3.6, 3.7). Jim 2

had the widest tubers (p ~ 0.01) of the accessions from Jimbaran village, whilst Tab 2 had the

thinnest tubers (P ~ 0.01) of the accessions from Tabanan village (Figure 3.31). Among the wild

accessions, the African accession CPI 57520 had the widest tubers of all, whilst there were no

differences among the Austronesian accessions (Figure 3.31).

3.3.4 DI1' matter, seed and tuber yield traits

The key statistics from the analysis of variance for dry matter, seed and tuber yield traits are

shown in Table 3.8. The trait means are shown in Table 3.9 for the three main classes of

accession, and for the provenance subclasses in the cultivated and wild accessions. The

variation among the individual accessions for a subset of the traits is shown in Figure 3.4.

Table 3.8 F-ratios for the different sources of variation in quantitative agronomic traits among
19 accessions of V. vexillata. The proportion of the total sums of squares for genotypic variation that was
explained by the different groups and subgroups of accessions is shown in parenthesis.

F-ratios
Between classes Between Between

Traits provenances accessions
within classes within

provenances
10.1** 13.0** 4.2**

Total dry matter (TDM)
(19%) (25%) (56%)

61.1 ** 0.9 ns 3.0*
Total seed yield per plant (g/plant)

(73%) (1%) (26%)

0.4 ns 1.7 ns 3.1 **
Fresh weight of tuber (g/plant)

(2%) (7%) (91%)

0.2 ns 0.8 ns 2.5**
Dry weight of tuber (g/p1ant)

(1%) (4%) (95%)

33.3** 13.9** 6.9**
Seed harvest index (SHI)

(35%) (14%) (51%)

0.9 ns 0.1 ns 4.4**
Tuber harvest index (THI)

(3%) (0%) (97%)

ns, *, ** indicate statistical significance at P > 0.05, P ~ 0.05, P ~ 0.01 respectively
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There were generally large, statistically significant differences among accessions for most of the

yield-related traits (dry matter, seed yield, tuber yield and harvest indices) measured III

Experiluent 1 (Table 3.8). For seed yield, Inost of the differences betv,een accessions In

agronomic traits were due to the differences between the three main classes of accession,

consistent with the observations for many of the morphological traits examined in Section 3.3.3.

For all the other traits, however, the largest source of variation was among individual accessions

within the different provenances of the cultivated and wild groups (Table 3.8).

Table 3.9 Means for agronomic traits measured on cultivated, var. macl'ospel'ma and wild groups
of V. vexillata, and within the cultivated and wild groups, the different provenances of the
accessions. Means within a row followed by the same letter are not significantly different (P > 0.05).

Traits Cultivated Bali Var. Wild
Macl'ospel'ma

Jimbaran Tabanan Africa Austronesia
230.2 a 208.6 ab 185.9 b

Total dry matter (TDM)
230.3 a 230.1 a 206.5 a 144.8 b

Total seed yield per plant 33.1 b 51.0 a 17.7 c

(g/plant) 33.1 a 33.0 a 16.6 a 19.7 a

Fresh weight of tuber
192 a 185 a 163 a

(g/plant) 178 a 206 a 187 a 114 a

Dry weight of tuber
36.1 a 40.0 a 32.2 a

(g/plant) 38.2 a 33.9 a 36.1 a 24.3 a

0.146 b 0.253 a 0.107 b
Seed harvest index (SID)

0.147 a 0.145 a 0.087 b 0.147 a

0.138 a 0.183 a 0.171 a
Tuber harvest index (TID)

0.144 a 0.132 a 0.172 a 0.169 a

In terms of total dry matter or biomass per plant (TDM), the cultivated Bali accessions produced

on average more dry biomass (230.2 g/plant) than the wild accessions (185.9 g/plant), whilst

var. macrospenna was intermediate between these two classes, and not significantly different

from either (Table 3.9). There were no significant effects of provenance within the cultivated

Bali accessions on dry biomass, but there were differences due to provenance within the wild

accessions (Tables 3.8, 3.9). On average, the African accessions produced more dry biomass

than the Austronesian accessions, and indeed, were similar in this trait to the var. macrosperma

accession. Among the individual accessions, the wild African accession CPI 52905 produced

most TDM (>290 g/plant), exceeding even Jim 2, which was the most vigorous of the cultivated

Bali accessions (Figure 3.4a).
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As noted above, most of the differences in total seed yield per plant (73%) were due to large

differences between the three accession classes (Table 3.8). There were no significant

differences bct'Vvccn provenances within classes, but modeiatelyT large diffeiences ber"veen

individual wild accessions within both the African and Austronesian provenances. Among the

accession classes, the seed yield of the cultivated Bali accessions averaged nearly twice that of

the wild accessions, but was still less (P ~ 0.01) than that of the var. macrosperma accession

(Table 3.9). Differences between the wild Africa accessions were greater than within the

Austronesia accessions. Three African accessions, CPI 16683, CPI 52907 and CPI 69513,

produced> 20 g total seed yield, whilst two, CPI 29141 and CPI 60458, produced less than 10 g

of seed (Figure 3.4b). Of the four Austronesian accessions, only ACC 390 produced a seed yield

per plant comparable with the highest of the African accessions (Figure 3.4b).

In terms of the fresh and dry weights of tubers, there were no overall significant differences

between the three main classes of accession or between the different provenances. The only

significant differences observed were between individual accessions in the different cultivated

and wild provenances (Table 3.8). Among the cultivated Bali accessions, Jim 2 and Tab IA had

the largest tubers (300 - 350 g fresh weight) (Figure 3.4c). Among the wild African accessions,

CPI 52905 had significantly larger tuber fresh weight (mean >450 g) followed by CPI 57520

(mean >300 g). All of the other wild accessions, including all those from Austronesia, had

relatively small tubers « 220 g - Figure 3.4c). Differences in tuber dry weight largely reflected

those in fresh weight (cf. Figure 3.4c and Figure 3.4d), with some minor re-ranking among the

individual accessions. For example, among the wild African accessions, CPI 57520 had the

greatest tuber dry weight, indicating that its tubers may have been less succulent and perhaps

more fibrous than those of CPI 52905 (Figure 3.5). Tuber water content for each accession was

presented in Figure 3.5.

On average, the var. macrosperma accession had higher SRI (0.253) than either the wild or the

cultivated Bali accessions (Table 3.9). There were no significant effects of provenance within

the cultivated Bali accessions, whilst within the wild accessions, the Austronesian accessions

had higher SRI (mean 0.147) than African accessions (Table 3.8, 3.9). Among the Austronesian

accessions, SRI was relatively higher in the three Australian accessions, ACC 332, ACC 383

and ACC 390 than in the Indonesian accession ACC 351 (Figure 3.4e). The SRI of the val'.

macrosperma accession (Figure 3.4e) was comparable with some species of Vigna that are

cultivated for their seed (Lawn 1979), whereas most of the cultivated and wild accessions had a

SRI similar to that of some of the wild Vigna species (e.g. Lawn and Rolland 2003, Rebetzke

and Lawn 2006b).
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Figure 3.4 Means for yield-related traits measured on 19 accessions of V. vexillata. (a) total plant
dry matter (TDM), (b) total seed yield per plant, (c) fresh weight of tubers, (d) dry weight of
tubers, (e) seed harvest index (SHI) and (f) tuber harvest index (THI).
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Figure 3.5 Mean for tuber water content measured on 19 accessions of V. vexillata.

As for SHI, there were no overall differences in tuber harvest index (THI) between the three

main classes of accession or provenances within classes. There were, however, significant

differences between accessions within the different provenances (Table 3.8, 3.9). Similar to the

other tuber traits measurements (fresh and dry weight of tuber), among the cultivated Bali

accessions, Jim 2 and Tab lA had higher TID compared to the other accessions within each
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provenance (Figure 3.4f). Meanwhile, CPI 57520 had the largest THI within the African

provenance (mean >0.45) (Figure 3.4f).

3.3.5 Phenological traits

The key statistics from the analysis of variance for selected phenological traits are shown in

Table 3.10. The means for the individual traits are shown in Table 3.11 for the three main

classes of accession, and for the provenance subclasses in the cultivated and wild accessions.

The variation among the individual accessions for these traits is shown in shown in Figure 3.6.

Table 3.10 F-ratios for the different sources of variation in phenological traits among 19
accessions of V. vexillata. The proportion of the total sums of squares for genotypic variation that was
explained by the different groups and subgroups of accessions is shown in parenthesis.

F-ratios
Between classes Between Between

Traits provenances accessions
within classes within

provenances
984.1 ** 33.2** 24.2**

Flowering (days after sowing)
(83%) (3%) (14%)

1279.8** 31.5** 24.1**
First mature pod (days after sowing)

(87%) (2%) (11%)

382.7** 2.1 ns 1.4 ns
Seed development period

(97%) (0%) (3%)

ns, *, ** indicate statistical significance at P > 0.05, P:::; 0.05, P:::; 0.01 respectively

Overall, there were highly statistically significant (p :::;; 0.01) differences between accessions in

all phenological traits observed in Experiment 1 at all levels of analysis, with the exception of

the seed development period, for which there was no significant differences at the levels of

provenances within classes and accessions within provenances (Table 3.6).

Most of the differences between accessions in days to flowering and days to first mature pod

were due to the differences between the three main classes of accessions, as shown by the fact

that 83% and 87% of the sums of squares were accounted for at that level in the analysis,

respectively (Table 3.10). On average, the cultivated Bali accessions flowered 224 days after

sowing, more than four times longer than val'. macrosperma and three times longer than the

wild accessions to produce flowers (Table 3.11).

Despite their having been reported as cultivated, the accessions from Bali remain strongly

photoperiod sensitive. This suggested that these accessions have been only partially

domesticated. In this experiment, which was carried out in Townsville at Lat. 19°15'00"8, the
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cultivated Bali accessions were very late flowering, and did not flower until late autumn - early

winter when sown in spring or summer. In general, wild accessions from several wild Vigna

species aie quantitative short day" plants, "with the degree of sensitivity to photoperiod of

different accessions related to their different latitudes of origin (Grant et al. 2003; Lawn and

Holland 2003; Rebetzke and Lawn 2006). V vexillata var. macrosperma and all wild

accessions, with the only exception of CPI 77012, flowered in the longer photoperiods over

summer. There was a possibility that the floral induction in those accessions had already

occurred before the longer photoperiods, as was reported by Karuniawan and Lawn (2009) in an

experiment using extended day length treatments of some wild Indonesian and Australian

accessions of V vexillata from different latitudes of origin. Unfortunately, data for the exact

latitude of origin could not be obtained for each accession that was used in this experiment.

Therefore, the effect of latitude origin could not be further explored in relation to phenology.

Meanwhile, the cultivated Bali accessions had their first mature pod at 261.9 days after sowing,

compared with 70.7 days and 98.6 days after sowing for var. macrosperma and the wild

accessions, respectively. There were differences due to provenance within the wild accessions

for both traits (Table 3.6, 3.7). On average, the African accessions had longer times to produce

flowers and first mature pods than the Austronesian accessions. The African accession CPT

77012 was particularly slow to flower and set pods (Figure 3.6a, 3.6b).

Table 3.11 Means for phenological traits measured on cultivated, var. macl'ospenna and wild
groups of V. vexillata, and within the cultivated and wild groups, the different provenances of the
accessions. Means within a row followed by the same letter are not significantly different (P > 0.05).

Traits Cultivated Bali Var. Wild
macrospel'ma

Jimbaran Tabanan Africa Austronesia

Flowering (days after 224.0 a 54.3 c 82.4 b

sowing) 225.2 a 222.8 a 93.4 a 60.5 b

First mature pod (days after 261.9 a 70.7 c 98.6 b

sowing) 261.9 a 262.0 a 109.4 a 77.1 b

Seed development period
37.9 a 16.3 b 16.2 b

(days) 36.7 a 39.2 a 16.0 a 16.6 a

Differences between accessions in the length of the seed development period were due almost

entirely to the differences between the three main classes of accession (Table 3.10). On average,

the seed development period for the cultivated Bali accessions was 37.9 days, more than two

times longer than the seed development period for the var. macrosperma accession and the wild
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accessions, both of which were similar (Table 3.11). There was no significant effect of

provenance within the cultivated and wild accessions, nor among accessions within provenances

for this trait (Table 3.10, 3.11). The cultivated Bali accessions required 30 - 45 days for seed

development, whilst all the wild accessions and var. macrosperma only required 10 - 20 days

for that stage (Figure 3.6c).

250.0 -('

1»ia--NfJ-I0.liH"Ai-----f>N----0.J1--------------------:=--------
200.0 I

iA')(b1-I~-I:":><f.l_Il('i<I---\(\<N--IXU------------
150.0 I

i~]__{)<tI-I>CI:I-~_fXI4--k:>O---
100.0 I

i AXPI-~~XI:t___l>ClI4----IK)cl}---l>(H----,
50.0 I
0.0 -1-.~~~~~~~~~~&

I I I I • • I I I I I I I I I I I I I
300.0

250.0

200.0

150.0

100.0-

50.0

0.0 .J..d~s::Jqidll:~~I:qm~.~m

I I • I I I I I I I I I I I I I I I I

I I • I II II II III II 1'1 I I
Accession identity

Figure 3.6 Means for selected phenological traits measured on 19 accessions of V. vexillata. (a)
time to flowering, (b) time to first mature pod and (c) duration of the seed development period.

Even though CPI 77012 was also very late flowering, compared to other wild accessions, that

accession flowered earlier «200 days after sowing) than all the Bali cultivated accessions (>200

days after sowing (Figure 3.6a). At that time, the mean weekly daily minima were still c. 20°C
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and c. > 13 hours of photoperiod, whereas by 32 weeks after sowing, the temperatures were

down further and photoperiod was < 13 hours (Figure 3.1, 3.2). Short days and low

temperatures in late autumn have been reported to delay seed maturity in several Vigna spp.

(Lawn 1979a).

3.3.6 Interrelationships among tr'aits

There were many significant cOlTelations between pairs of quantitative traits observed in the 19

accessions that were used in this experiment. Generally, many of the morphological traits were

inter-correlated (Table 3.12). Most of them also were correlated to the agronomic traits (total

seed yield per plant and TDM) and to the phenological traits (time to flowering, time to first

mature pod, and seed development period) (Table 3.12). Many wild type traits were apparently

inter-correlated. For instance, narrow leaves, which was measured as length/width ratio, was

strongly positively correlated with thinner stem (r = 0.52*), fewer flowers (r = 0.57*) and pods

per peduncle (r = 0.70**), smaller pod length (r = 0.56*) and width (1' = 0.60**), earlier

flowering (1' = 0.53*) and pod maturity (1' = 0.52*), and smaller seeds as measured by weight of

100 seeds (r= 0.54*) (Table 3.12).

Seed size, which was measured as weight of 100 seeds, is a trait mostly found to increase with

domestication. The trait strongly COlTelated with many traits that also would be expected to

increase with domestication, e.g. thicker stem (1' = 0.47*), larger leaflet size (1' = 0.54*), more

flowers and pods per peduncle (r = 0.94** and l' = 0.74**, respectively), and larger pod length

(r = 0.82**) and width (0.98**). Positive cOlTelation between seed size and pod length have

been also repol1ed in other study of V. vexillata (Grant et al. 2003) and in wild mungbean

(Lawn and Rebetzke 2006). Meanwhile, pod width in other legumes also have been reported to

be associated with seed size, e.g. in V. lanceolala (Lawn and Holland 2003), and Phaseolus

vulgaris (Dursun 2007), largely reflecting the physical effect of seed size on pod shape and size.

The strong correlation between seed size and particularly in pod length and width suggested that

both pod length and width traits might have been used as an early selection for seed size.
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Table 3.12 Linear correlation co-efficients among pairs of quantitative traits observed on the 19 accessions of V. vexillata.

Traits! ST TLL TLW LWR PdL FP PP PL PW SP WS TO TOM SY FWT owr 8H1 THI F FMP SDP

ST 1.00

TLL 0.36 1.00

TLW 0.74" -0.23 1.00

LWR -0.52' 0.55' -0.84 1.00

PdL 0.18 -0.36 0.56' -0.32 1.00

FP 0.27 -0.48' 0.71" -0.57' 0.77" 1.00

PP 0.44 -0.42 0.86" -0.70" 0.66" 0.S3·· 1.00

PL 0.74" -0.05 0.S2·· -0.56' 0.60" 0.74" 0.80" 1.00

PW 0.57' -0.17 0.79" -0.60" 0.61" 0.90" 0.73" 0.84" 1.00

SP -0.10 0.31 -0.44 0.49' -0.23 -0.6S'· -0.54' -0.37 -0.67" 1.00

WS 0.47' -0.23 0.73" -0.54' 0.70" 0.94" 0.74" 0.S2" 0.98" -0.67" 1.00

TO 0.30 -0.01 0.37 -0.27 0.41 0.59" 0.31 0.45 0.7'" -0.63" 0.70" 1.00

TOM 0.39 -0.15 0.45 -0.49 0.01 0.49' 0.46' 0.52' 0.54' -0.55' 0.50' 0.42 1.00

SY 0.57' 0.10 0.50' -0.26 0.53' 0.48' 0.43 0.72" 0.66" -0.12 0.68" 0.47' 0.07 1.00

FWT 0.17 0.23 -0.02 -0.05 -0.29 0.08 .0.08 0.01 0.23 -0.54' 0.18 0.62" 0.56' -0.09 1.00

DWT 0.13 0.34 -0.10 0.06 -0.25 -0.01 -0.21 -0.04 0.17 -0.43 0.12 0.66" 0.43 -0.09 0.93" 1.00

SHI 0.30 0.23 0.15 O.OS 0.39 0.12 0.10 0.33 0.27 0.20 0.30 0.17 -0.43 0.85" -0.31 -0.27 1.00

THI -0.06 0,44 -0.34 0.29 -0.3\ -0.28 -0.48' -0.32 -0.\1 -0.21 -0.15 0.50' -0.03 -0.17 0.73" 0.87" -0.13 1.00

F 0.15 -0.54' 0.62" -0.53' 0.74" 0.96" O.SO'· 0.67" 0.79" -0.66" 0.85" 0.55' 0.50' 0.38 0.08 0.00 0.02 -0.27 1.00

FMP 0.\5 -0.53' 0.61" -0.52' 0.74" 0.97" 0.79" 0.6S·· O.S\·' -0.67" 0.S7·· 0.56' 0.50' 0.40 0.09 0.01 0.04 -0.26 0.99" 1.00

SOP O.IS -0.38 0.55' .0.4\ 0.70" 0.95" 0.66" 0.66" 0.8S·· -0.67" 0.94" 0.62" 0.47' 0.51' 0.14 0.06 0.17 -0.20 0.89" <l.n·' 1.00

ST, stem thickness; TLL, terminalleatlet length; TLW, terminalleatlet width; LWR, length/width ratio; PdL, peduncle length; FP, number of flowers per peduncle; PP, number ofpods
per peduncle; PL, pod length; PW, pod width; SF, number of seeds per pod; WS, weight of 100 seeds; TO, tuber diameter; TOM, total dry matter; SY, total seed yield per plant; FWT,
fresh weight of tuber; DWT, dry weight of tuber; SRI, seed harvest index; THI, tuber harvest index; F, time to tlowering; FMP, time to first mature pod; and SOP, seed development
period.

* **, indicate statistical significance at P ::; 0.05, P ::; 0.01 respectively
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Smartt (1986) suggested that large seed size can also be correlated with low yield and the best

yields are more often obtained from genotypes with medium sized seeds in legume. In contrast,

it was evident that the seed size trait in this experiment strongly cOlTelated to seed yield per

plant (1' = 0.68**). Seed size also had strongly correlation with three phenology traits that had

been observed in this experiment, i.e. time to flowering (1' = 0.85**), time to first mature pod (1'

= 0.87**) and seed development period (1' = 0.94**). The correlations between larger seed size

and the late time to flowering and first mature pod were unexpected, because domestication

usually favours earliness as well as larger seed size. In contrast, larger seed size and longer seed

development period would be expected to occur as seed size was increased through selection.

High seed yield is one of the traits that often prefen-ed in breeding of grain legumes. As

observed in the seed size trait, high total seed yield per plant also strongly con-elated with some

traits that are found to increase by domestication, e.g. thicker stem (1' = 0.57*), more flowers per

peduncle (1' = 0.48*), larger pod length (1' = 0.72*) and width (1' = 0.66*), and sm (1' = 0.85**).

Even though the number of flowers per peduncle had a significant positive correlation with total

seed yield per plant, based on this experiment, it was evident that the number of pods per

peduncle had no significant con-elation with total seed yield per plant. It suggested that there

were other factors which influenced the pod set in V. vexillata (e.g. temperature and photoperiod

during reproductive growth). Meanwhile within the phenology traits, high seed yield only

correlated with longer seed development period (1' = 0.51 *).

Inter-correlation among the phenological traits was observed in this experiment. As to be

expected, time to flowering was strongly correlated with time to first mature pod (r =0.99**).

While the strong cOlTelation between those two traits would be expected, their strong correlation

with the seed development period (1' = 0.89** and l' = 0.92**, respectively) was not expected,

because domestication usually favours the earliness as well as a longer seed development

period. Surprisingly, shorter time to flowering and to first mature pod, both traits favoured

during domestication, strongly correlated with some wild type traits, e.g. fewer flowers (r =

0.96** and r = 0.97**, respectively) and fewer pods (1' = 0.80** and r = 0.79**, respectively)

per peduncle, smaller pod length (1' = 0.67** and l' = 0.68**, respectively) and width (1' =

0.79** and l' = 0.81 **, respectively), and higher total dry matter (1' = 0.50** and r = 0.50**,

respectively). It suggested that there were other factors that affected the expression of those two

traits (e.g. the latitude of origin). The effect oflatitude origin on the phenology traits have been

reported in V. vexillata (Grant et al. 2003) and other Vigna species, e.g. V. lanceolata (Lawn

and Holland 2003) and V. radiata (Rebetzke and Lawn 2006).
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3.3.7 Interpretation of the observed genotypic variation

There was huge variation among accessions that was observed in this experiment. In general,

the largest variation was obsenTed among the three different classes: cultivated Bali accessions;

var. macrosperma; and wild accessions, and most of the differences distinguished the cultivated

traits, as a result of domestication, from the wild traits.

Some traits, e.g. greater seed size, larger leaflet size, more robust growth habit, higher seed

yield and higher seed retention, which are often associated with domestication were mostly

exhibited by two classes of accessions, i.e. the cultivated Bali accessions and var. macrosperma.

Meanwhile, other traits, such as low seed retention, smaller seed size and smaller leaflet size,

which were exhibited by the wild accessions, are often associated with the adaptation to natural

enviromnents. For instance, pod dehiscence is well known as a survival mechanism by seed

dispersal where the smaller seeds are easier to be dispersed or buried (Donald and Hamblin

1984). During domestication and subsequent plant breeding, many crops lose or at least reduce

their ability to adapt to natural enviromnents and more dependent on human interaction (Lush et

at. 1980; Donald and Hamblin 1984; Evans 1993), which made them unfit for long-term

survival in the wild (Smartt 1978; Donald and Hamblin 1984). In contrast, some traits also have

been favoured during domestication, e.g. thicker and robust stem as in var. macrosperma, which

could lead to greater resistance to lodging.

The earliness, which is often measured as days to flowering or days to maturity (Fery 1980), is

favoured during domestication, particularly where water may be a limiting factor (Fery 1980;

Adeyanju 2007). Among the three classes of accessions, var. macrosperma exhibited the earliest

days to flowering and days to maturity compared to two other classes of accessions. Despite

possible latitude of origin influences in phenology expression among accessions, the pattern of

response in time to flowering in this experiment, particularly in the cultivated Bali accessions,

was consistent with quantitative short-day photoperiodic adaptation, where the longer

photopeliod appeared to significantly prolong the growth and delay flowering. It suggested that

the cultivated Bali accessions were not adaptable to subtropical environments where the

photoperiod may be a limiting factor for the cultivation of those accessions.

In terms of agronomic relevance, greater seed size in the cultivated Bali accessions and var.

macrosperma contributed to higher seed yield per plant, but it did not automatically result in

higher SHI in the cultivated Bali accessions. This may have been due to their high TDM, as a

result of longer photoperiods which the cultivated Bali lines would never experience when those

accessions are planted in Bali. In val'. macrosperma, the robust bush-like growth habit

significantly reduced TDM and as a consequence may have increased SHI. In addition, the
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cultivated Bali accessions and val'. macrosperma exhibited larger leaflet size and thicker stem

compared to the wild accessions, which apparently led to a higher seed yield per plant, as has

been suggested by Donald and Hamblin (1984).

3.4 Summary and conclusions

Based on a comparison of three accession classes of V vexillata, the cultivated Bali, var.

macrosperma and wild classes, there was a huge variation for traits of taxonomic, agronomic

and adaptive interest among 19 accessions which were collected from Africa, Australia and

Indonesia. The largest variation was observed within the wild accessions, particularly the

variations between the Africa and Austronesia accession provenances. There was much less

variation observed within the six cultivated Bali accessions.

In general terms, there were some traits that are often associated with domestication observed in

the cultivated Bali and val'. macrosperma accessions, which distinguished those two classes

from the wild accessions, e.g. large seeds, high seed yield per plant, large non harvest organs

(leaflet size and stem thickness), robust growth habit, and no or at least less pod dehiscence. In

contrast, high sensitivity to photoperiod, a trait that is not favoured in domestication, was still

observed in the cultivated Bali accessions. That trait significantly differentiated the cultivated

Bali accessions from val'. macrosperma.

In general, the data suggested that both the cultivated Bali and var. macrosperma are

domesticated or at least partially domesticated fonns of V vexillata. In spite of the fact that the

cultivated Bali accessions were being cultivated (Karuniawan et al. 2003,2006) and larger seed

SIze was exhibited by them compared to val'. macrospenna, based on many traits that are

favoured during domestication, var. macrosperma appeared more domesticated than the

cultivated Bali accessions. For example, val'. macrosperma had thicker stems, more robust

bush-like habit and less photoperiod sensitivity. On the other hand, the Bali accessions had

larger seeds, more flowers and pods per peduncle, and a longer seed filling period.

The small variation observed within the cultivated Bali accessions suggested that the widening

of the gene pool of those accessions is urgently needed to improve cultivated V vexillata by

hybridising those accessions with other sources of available genes within V vexillata gene pool,

including wild V vexillata. The study of the compatibility between accession classes and the

inheritance of the traits in V vexillata was therefore the next step to gain the understanding of V

vexillata in order to improve the plant.
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4.0 HYBRIDISATION BETWEEN CULTIVATED AND WILD

ACCESSIONS OF VIGNA VEXILLATA

4.1 Introduction

Hybridisation is a key breeding method that utilises cross-pollination between genetically

different parents to obtain gene recombination, mostly for valuable traits of commercial interest

(SIeper and Poehlman 2006). Occasionally, this method is done for specific purposes, within a

general framework of generating variability, e.g. for genetic analysis and evaluation of parental

lines (Acquaah 2007). The results from artificial hybridisation also provide valuable

infonnation on reproductive behaviour, genetic barriers, and phylogenetic relations, all of which

can assist the use of germplasm resources for crop improvement (Oliveira and Valls 2003;

Singh et a1. 2007).

In legumes, in addition to generating genetic variability, hybridisation has been used for various

breeding objectives, e.g. seed yield and seed quality improvement, resistance to diseases and

insects, and nitrogen fixation improvement (Boulter 1982; Singh 2006; SIeper and Poehlman

2006; Singh et al. 2007; Herridge and Rose 2000). Examples of specific legume breeding

objectives include breeding for high yield in mungbean (Sadiq et at. 2006), breeding for

resistance to pod sucking bugs, flower thrips, Maruca vitrata, bmchids, and Striga gesnerioides

in cowpea (Fatokun 2002), and breeding for improvement of nitrogen fixation in soybean

(Glycine max (L.) Merr.) (Herridge and Rose 2000).

Several hybridisations of V. vexillata, either intra-specific or inter-specific, have been done by

researchers for different reasons. For instance, intra-specific hybridisation has been conducted

to investigate inheritance of selected traits among Australian and African accessions (James and

Lawn 1991) and to explain inheritance of resistance to cowpea mottle carmovims (CPMoV)

(Ogundiwin et at. 2002). Meanwhile, inter-specific hybridisation mostly has been attempted to

transfer genetic resistance to diseases (cowpea aphid borne mosaic virus and cowpea yellow

mosaic virus) and pests (Callosobruchus maculatus, Maruca vimta, and Striga gesnerioides)

from V. vexillata to V. unguiculata (Gomathinayagam et al. 1998; Fatokun 2002).

In order to gain a better understanding of the potential for using hybridisation to improve V.

vexillata, hybridisations were undertaken between and within three classes of V. vexillata

accessions (cultivated, var. macrosperma, and wild accessions). Emphasis was placed on the

ease of hybridisation between the cultivated types and the other types of V. vexillata accessions,

the viability of hybrid seed from each hybridisation, the fertility of the hybrids and the

identification ofhybridisation barriers, if any, among the different parental combinations.
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4.2 Material and methods

4.2.1 Germplasm and hybridisations

A subset of 17 accessions (Table 4.1) from among those used to evaluate the phenotypic

expression of selected traits was used to study the level of crossability. Hybrid population

development was carried out for some selected hybrids. F I hybrids, F2 progenies, and progenies

from the backcross (BC) to each parent (BCPI and BCP2) from selected hybridisations were

examined for segregation ratios of selected traits in Experiment 4 (see Chapter 6).

Table 4.1 Provenance details for selected V. vexillata accessions evaluated in hybridisation studies
in the shade house facilities at James Cook University.

Class Provenance Accession identity Origin

Jim lA Jimbaran Village, Bali, Indonesia

Jim IB Jimbaran Village, Bali, Indonesia
Jimbaran

Jim 1 Jimbaran Village, Bali, Indonesia

Jim 2 Jimbaran village, Bali, Indonesia
Cultivated

Tab lA Tabanan Village, Bali, Indonesia

Tab I Tabanan Village, Bali, Indonesia
Tabanan

Tab 2 Tabanan Village, Bali, Indonesia

Tab 3 Tabanan Village, Bali, Indonesia

val'. macrospel7na Africa CPI69030 The Sudan, Africa

CPI16683 Zimbabwe, Africa

CPI29141 Kenya, Africa
Africa

CPI52905 Tanzania, Africa

CPI60458 Malawi, Africa
Wild

CPI77012 Zambia, Africa

ACC 332 Binel Village, W. Timor, Indonesia

Austronesia ACC 351 Kefamenanu, W. Timor, Indonesia

ACC 390 Hervey's Range Qld, Australia

ACC = National Vigna Collection Accession Number; CPI = Commonwealth Plant Introduction Number

The flowers of V vexillata open only once, with the viability of pollen and the receptivity of the

stigma of any given flower restricted to a few hours on the day that flower opens (James and

Lawn 1991). Because of the difficulties in flowering synchronisation among the 17 accessions,

hybridisations necessarily depended on flower availability. Most of the wild accessions and var.

macrosperma were self-fertilised and in some instances even cleistogamous. In contrast, all of

the Bali accessions and one of the African accessions (CPI 29141) appeared to mostly rely on
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insects or wind to pollinate their flowers, as indicated by a general failure to set pods in the

shade house unless the flowers were 'tripped' by hand.

Hybridisation by hand pollination, which was used to obtain F1, hybrids for each of the parental

pairs and for hybrid population development, was carried out based on the method of Bull

(1987) and James and Lawn (1991), with some modification as follows: the emasculation was

carried out before sunset on the day preceding pollination. Flower buds, which were due to open

the following morning, were chosen for emasculation. The wings were parted by pushing them

apart with a pair of fine forceps. The keel was then opened on one side using one side of the

forceps and the anthers and stigma were exposed by pushing the base of keel. The anthers were

then extmded and carefully nipped so that no pollen remained in the bud. Pollination was

carried out on the following morning. The stigma of the emasculated female parent was exposed

and wiped with fresh pollen using ripe anthers from the male parent, and the flower was tagged.

Some of the hybridisations were conducted in preliminary studies between November 2006 and

April 2007, but as detailed later, most were undertaken during the period from April 2007 to

October 2008. As noted above, a key limitation to achieving specific hybrid combinations was

the availability of flowers, which in tum was affected by the prevailing photoperiod. Consistent

with the observations in Experiment 1, the earlier flowering accessions generally flowered in the

shorter days in spring, whereas the later flowering accessions did not flower until short days

were experienced in the late summer - autumn. Most of the hybrids involving earlier flowering

parents were thus achieved in spring-early summer, whereas most of the hybrids involving later

flowering parents were achieved in late summer-autumn. For some of the hybrids involving the

Bali genotypes, plants were induced to flower by confining them to artificially shortened

photoperiods during the summer (see below).

The hybrid combinations attempted between the 17 accessions listed in Table 4.1 are

summarised in Table 4,2, together with, for each of the successful hybrid combinations,

summary information on the progeny generations constructed, the generations that were

evaluated in subsequent studies and the observations that were made.
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Table 4.2 Summary of the hybrids made between different V. vexillata accessions, the progeny
generations that were constructed, the generations that were evaluated and the observations that
were made. (n.a. = hybrid not achieved, n.v. = hybrid seed non-viable; 1 = percentage of successful
hybridisations, 2 = number of seeds set per pod, 3 = seed viabilit'j by germination, 4. = phenotypic
observations, 5 = inheritance shldies).

Male parent
Female Generations Generations
parent constructed evaluated

Hybrid combinations attempted to establish genetic compatibility

Observations
made

(a) Cultivated Bali x Cultivated Bali

Tab lA Jim lA

Tab 2

Tab 3

Tab 3

Tab 2

Tab 2

Jim lA

Jim 2

Jim 1

Jim lA

Jim 1

Jim 2

Jim IA

Jim IA

Jim IB

Jim 2

Jim IA

Jim lA

Jim IB

Jim 1

Jim 2

Tab lA

Tab lA

Tab 1

Tab 2

Tab 2

Tab 2

Tab 3

Tab 3

Tab 3

Tab 3

F]
f), BCPt. BCP2,

Fz
F), BCPt. BCP2,

Fz
F1

F,

F]

F1

F]

F]
Ft. BCP), BCPz,

Fz
F1

FI> BCPI> BCPz,
Fz
F]

F]

F]

F]

n.a.

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

(b) Cultivated Bali x var. macrospe1'lua

Jim 1 CPI 69030

Tab I CPI 69030

(c) var. macrosperma x Cultivated Bali

n.a.

n.a.

CPI69030

CPI69030

CPI69030

CPI69030

CPI69030

CPI69030

CPI69030

CPI69030

(d) Cultivated Bali x Wild

Jim IA

Jim IB

Jim lA

Jim IB

Jim 1

Jim 2

Tab lA

Tab 1

Tab 2

Tab 3

ACC 351

ACC 351
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n.v.

n.a.

n.v.

n.v.

n.v.

n.v.

n.a.

n.v.

n.a.

n.a.

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3



Table 4.2 (continued)

Male parent
Female Generations Generations Observations
parent constructed evaluated made

Hybrid combinations attempted to establish genetic compatibility

(d) Cultivated Bali x Wild (continued)

Tab 3 ACC351 F1 F1 1,2,3

Jim 1 ACC 390 F1 n.a.

Jim IB ACC390 F1 n,a.

Tab lA ACC390 F1 n.a.

Jim 1 cpr 16683 F1 n.a.

Jim 2 cpr 16683 F1 n.v. 1,2,3

(e) Wild x Cultivated Bali

ACC 351 Jim lA F1 FI 1,2,3

ACC 390/ACC 351§ Jim lA F] 1,2

cpr 16683 Jim lA F] n.v. 1,2,3

ACC 390 Jim IE F] n.a.

cpr 16683 Jim IE F] n.v. 1,2,3

cpr 60458 Jim IE F] n.v. 1,2,3

ACC 351 Jim 1 F] n.a.

cpr 16683 Jim 1 FI n.v. 1,2,3

CP152905 Jim 1 FI n.a.

cpr 60458 Jim 1 F] n.v. 1,2,3

ACC 332 Jim2 FI n.a.

ACC 351 Jim2 FI FI 1,2,3

ACC 390/ACC 351 Jim2 FI 1,2

cpr 16683 Jim2 FI n.v. 1,2,3

cpr 60458 Jim 2 FI n.v. 1,2,3

cpr 77012 Jim2 F, n.v. 1,2,3

ACC 351 Tab lA FI n.v. 1,2,3

ACC 390 Tab lA F, n.v. 1,2,3

ACC 390/ACC 351 Tab lA FI n.a 1

cpr 77012 Tab lA FI n.v. 1,2,3

cpr 16683 Tab lA F, n.v. 1,2,3

CP152905 Tab lA F] n.v. 1,2,3

CP160458 Tab lA F, n.a. 1

ACC 351 Tab 1 FI n.a. 1

CPl16683 Tab 1 FI n.v. 1,2,3

CPl60458 Tab 1 F, n.v. 1,2,3

ACC 351 Tab 2 FI n.v. 1,2,3

ACC 390 Tab 2 F} n.v. 1,2,3
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Table 4.2 (colltilluetl)

Male parent
Female Generations Generations
parent constructed evaluated

Observations
made

Hybrid combinations attempted to establish genetic compatibility

(e) Wild x Cultivated Bali (cOlltbllletl)

(t) var. maCl'Osperma x Wild

ACC 390/ACC 351 Tab 2

CP116683 Tab 2

CP160458 Tab 2

ACC 332 Tab 3

ACC 351 Tab 3

ACC 390 Tab 3

ACC 390lACC 351 Tab 3

CP116683 Tab 3

CP160458 Tab 3

CP177012 Tab 3

CP169030

(g) Wild x Wild

CP116683

n.a.

F] n.a.

F] n.v

F] n.a.

F l F1

F l n.v

F l n.a.

F1 n.v

F1 n.v

F1 n.v

F1 n.v.

F j n.a.

F j F l

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

(h) Wild x Cultivated Bali

ACC390 Jim 1A FI, BCPI, BCP2
PI, P2, F1, BCPI, 1,2,3,4,5

BCP2

ACC 390 Jim 2 FI, BCPI, BCP2
PI, P2, F1, BCPI,

1,2,3,4,5
BCP2

(i) var. macrosperma x Wild

CP169030 CP129141 F1 F1 1,2,3,4

CP169030 CP160458 F1 FI 1,2,3,4

CP169030 ACC390
Fl , BCPh BCP2, Ph P2 , F1, BCPI, 1,2,3,4,5F2 BCP2, F2

§ Indicates hybrid, male/female

4.2.2 Measures and analysis of genetic compatibility

The main measure of genetic compatibility between the several different combinations of

accession (Table 4.2a-g) related to the ease with which viable, self-fertile hybrids were able to

be obtained following cross-pollination. As discussed in detail later, the extent of genetic

compatibility varied greatly between different parental combinations. For some combinations of

genotypes, cross-pollination readily resulted in the formation of pods with numerous, viable,

self-fertile hybrid seed. In a few instances, cross-pollinations failed to result in any pods being

set. In other instances, numerous cross-pollinations were required to achieve some pod set,
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sometimes with only a few seed. Sometimes where pods were formed, the pods abscised before

the seed were able to develop, or some or all of the seeds that formed in the pods were

shrivelled. III other instances, the hybrid seed that were obtained were viable but the hybrid

plants proved infertile.

Measures that were used to establish the degree of compatibility for individual combinations of

genotypes were the percentage of successful hybridisations ([number of successful

crosses/number of attempted crosses] x 100), the number of seeds set per pod, and the

percentage of viable seed ([number of normal seed/number of seeds set] x 100). Seed viability

was assessed using the seed germination technique described in Section 3.2.2.

The hybrid generations that were produced for particular genotype combinations depended on

both their genetic compatibility and their relevance to the aims of the thesis. For example, for

many genotype combinations, the generations able to be observed were necessarily constrained

where severe genetic incompatibility was encountered. In many of these situations, observations

were possible at best on a small number of F] plants only. Where genetic compatibility was

strong for many genotype combinations, it was sufficient for the aims of the thesis to simply

establish that viable, self-fertile F1 hybrid plants were able to be obtained. In the case of the wild

Austronesian x wild African hybrids, it was considered adequate for the purposes of this thesis

to simply corroborate the observations of James and Lawn (1991) that viable, self-fertile F1

hybrid plants were able to be obtained from these hybrids. As noted above, in the case of the

hybrids between cultivated Bali accessions from different provenances, it was decided to

discontinue observations because genotypic differences in Experiment 1 proved negligible.

Two sets of hybrid populations were advanced beyond the F I generation in order to enable

observations to be made on the phenotypic expression of selected qualitative and quantitative

traits in the different generations that were available (Table 4.2h-i). For putative qualitative

traits, the aim was that observations be made on segregation ratios of the different phenotypes in

the parental, Flo F2 and backcross generations. For putative quantitative traits, observations on

the distributions of phenotypes were to be made in the respective generations. In the event, the

F1 hybrids between the wild and cultivated Bali accessions (Table 4.2h-i) failed to produce F2

seeds, even after extensive tripping of flowers. However, some successful backcrosses were

obtained. In contrast, the hybrids involving var. macrosperma and the wild African and

Australian accession freely set pods without tripping. For the hybrids listed in Table 4.2h-i, the

percentage of successful backcrosses ([number of successful backcrosses/number of attempted

backcrosses] x 100), the number of backcross seeds per pod, and where relevant, the number of

FI flowers tripped and the number of F2 seeds per pod, were recorded.
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Only the observations on the genetic compatibility for the hybrid combinations listed in Table

4.2 arc presented in this chapter. Observations on the expression of selected traits for the five

hybrid combinations listed in Table 4.2h-i are presented in Chapter 6.

4.2.3 Cultural details

Most of the plants used for the hybridisation and population development studies summarised in

Table 4.2 were grown in the shade house facilities of the School of Marine and Tropical

Biology at James Cook University in Townsville, Queensland, Australia. In addition, several

hybridisations and backcrosses were undertaken in an open garden enviromnent at 2 Jade Court,

Annandale, Townsville, Queensland. In the latter environment, the possibility of cross

pollination by insects might have been higher than in the more controlled enviromnent of the

shade house. While several different sowing times were used to increase the chance that flowers

from different genotypes were available at the same time, especially for population development

of the crosses listed in Table 4.2b, major sowings of most accessions were made on April 16,

2007 and on March 28,2008.

All the plants in the hybridisation studies were grown in spaced circular PVC pots, which were

located on wire mesh benches c. 1 m above the ground. Individual pots were 200 mm in

diameter and 200 mm depth and were painted silver as described previously in Section 3.2.2.

Each pot was filled with vermiculite (Grade 3, Peter Bacon Enterprise PIL, T/AS Australian

Venniculite) for the rooting medium, and watered at least one day before sowing to provide a

suitable enviromnent for germinating seeds. Every four months, additional vermiculite was

added to refill the pots.

Prior to sowing, seeds were scarified and genninated as described previously in Section 3.2.2.

Germinating seeds were sown one per pot at a depth of c. 1.5 em, when the radicle root was c. 5

mm long. After plants were established, a 0.9 m bamboo stake was placed vertically in each pot

to support the plants.

For some hybrids, F I seeds were very precious because only a limited number were able to be

obtained. Therefore, additional F I plants were propagated from stem cuttings for use in

subsequent hybrid population development. Pieces of stem with c. 2-3 nodes each were cut and

the leaflets trimmed by removing c. three quarters of their area to reduce evaporation. The bases

of the stem cuttings were then immersed in fresh water, in beakers placed out of direct sunlight

on well-lit window ledges. Within 7-8 days, the cuttings had produced roots, and were

transplanted into the rooting medium described previously.
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An application of 15 g Osmocote Plus® controlled-release fertiliser was given to each pot at

SOWil1g tilnc to provide sufficient nutrients fOi initiating vigorous growth. For maintenance of

growth, a 15 g application ofOsmocote Plus® controlled-release fertiliser was sprinkled around

the plant and covered by vermiculite to c. 5 cm depth, every two months. Plants were watered

daily by hand. In the summer, water was provided direct to the rooting medium and during

autumn, winter and spring, via a water-filled saucer under each pot to prevent the rooting

medium from becoming excessively wet.

Imidacloprid (0.125 g.r l
) was applied as necessary to control mealy bug (Maconellicoccus

hirsutus). In addition, applications of wettable sulphur (2.745 g.L-1
) and mancozeb (1.175 g.L'I)

were given to control powdery mildew (Podosphaera xanthii). Both mealy bug and powdery

mildew mostly infested the plants during the cooler period of autumn. Sulphur was also applied

to control spider mite (Tetranychus urticae), mostly in the summer when the temperatures and

humidity inside the shade house were very high. In addition, the floor of the shade house was

hosed regularly, to moisten the environment to reduce the infestation of spider mite.

4.2.4 Manipulation of photoperiod

Observation during Experiment 1 suggested that all of the Bali accessions were sensitive to long

photoperiod, and that they would not readily produce flowers unless the photoperiod was less

than 13 hours. Based on that observation, it was decided that photoperiod manipulation would

be required to promote flowering of the Bali accessions during the summer - early autumn

period (from November 19, 2007 to April 6, 2008). A reduction in photoperiod length to 12

hours was achieved by locating the Bali accessions and their hybrids in chambers covered with

black plastic (c. 0.05 mm). The plastic covers were removed each morning and remained off for

a 12 hr period each day (Plate 4.1a). Then each evening, the covers were replaced so that the

plants were in darkness (Plate 4.1b). Prior to photoperiod manipulation, all the Bali accessions

and their hybrids were pruned back on November 16, 2007, as described in Section 3.2.4.

63



a. Black plastic covers when opened b. Plants when covered by black plastic

Plate 4.1 Manipulation of photoperiod was carried out for the cultivated Bali accessions and their
hybrids in hybridisation and population development experiments.

4.3 Results and discussion

4.3.1 Weather conditions during the artificial hybridisation period

The temperature conditions in the shade house during the period between January 2008 and

May 2008, when most of the artificial hybridisation was undertaken, are illustrated in Figure

4.1. As was the case for Experiment I (see Chapter 3), temperatures were relatively warm

earlier during the summer season, becoming cooler during the later autunm period. Mean

monthly diumal minimum temperatures ranged from 23.0°C in January-Febmary down to

14.3°C in May. Daily minimum temperatures were very occasionally as high as 25°C and as low

as 8°C Mean monthly diumal maximum temperatures ranged from 40.2°C in January down to

36.2°C in May (Figure 4.1). Daily maxima very occasionally went as high as 44°C in January

Febmary, and as low as 31°C in May. Photoperiod ranged from over 14 hours in January

Febmary down to 11 hours 48 min in May (Figure 4.2). As noted above, some initial

hybridisations were also carried out in a nearby suburban garden during the period November

2006 to November 2007. Local temperatures were not recorded for this environment.

In general, there were no serious technical difficulties experienced in emasculating the flowers

and later pollinating them with fresh pollen from other accessions. Emasculation was carried out

the day before the flower was due to open, to reduce the possibility of self pollination. Pollen

transfer was made on the moming that the pollen donor and pollen receptor flowers opened.
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Figure 4.2 Weekly means for daily photoperiod (including civil twilight) during Experiment 2.

4.3.2 Temporal profile of artificial hybridisations

The temporal profiles of attempted hybridisations between the diverse genotypes, and of the

numbers that were successful, are shown in Figure 4.3a. Similar profiles for the backcrosses

within the cultivated Bali x cultivated Bali populations are presented in Figure 4.3b and for the

cultivated Bali x wild populations in Figure 4.3c. The main factor determining when the

artificial hybridisations were attempted was the availability of suitable flowers on both the

prospective pollen donor and pollen receptor parents. Often, suitable flowers were available on

one parent but not the other. The numbers of suitable available flowers, and thus hybridisations

attempted, were greatest in May and least in January. This reflected the fact that in some

(mainly Bali) accessions flowering was delayed by the long mid-summer days.
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Figure 4.3 Number of attempted and successful hybridisations, and number of attempted and
successful backcrosses that were conducted in Experiment 2.

Based on the experience with other Vigna species (e.g. Lawn 1979, Rebetzke and Lawn 2006a),

the extent of the delay in flowering presumably reflected the latitudes to which the different
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accessions were originally adapted. As days shortened toward autunm, more accessions were

induced to flower and it became possible to attempt more hybrid combinations. In addition, it

was evident that some flower buds of the Bali accessions which successfully flowered under the

photoperiod manipulation treatment, as outlined in Section 4.2.4, abscised when the flowering

plants were again put under long photoperiods. Flower bud abortion caused by a combination of

high night temperature (>20°C) and long photoperiod (>14 hours) has been reported in cowpea

(Ehlers and Hall 1996).

Most hybridisations were carried out in May 2008 (c. 70 attempted hybridisations from different

hybrid combinations) but only about 30% of them resulted in pods (Figure 4.3a). In contrast,

only about 43 hybridisations were attempted in April but more than 50% of them were

successful in producing a pod. Reflecting the low availability of flowers, only 19 hybridisations

were attempted in January and none of them resulted in set pods (Figure 4.3a).

Most of the backcrosses involving the cultivated Bali x cultivated Bali accessions as listed in

Table 4.2i were carried out between February and April (Figure 4.3b). Overall, the percentages

of successful backcrosses within the cultivated Bali hybrid combinations were higher than the

percentages of successful hybridisations and backcrosses involving cultivated Bali and wild

accessions, during each month when hybridisations and backcrosses were attempted (Figure

4.4). The high level of compatibility within the cultivated Bali accessions was consistent with

the observations fi'om Experiment I (see Chapter 3) that there were strong similarities among

the cultivated Bali accessions of Tabanan and Jimbaran provenance. The lowest percentage of

successful backcrosses in the cultivated Bali x cultivated Bali crosses was observed in February,

when less than 60% of 27 attempted backcrosses resulted in pod set. In contrast, the percentage

of successful backcrosses was more than 80% from 26 and 29 attempted backcrosses in March

and April, respectively (Figure 4.3b).

Backcrosses involving the Austronesian accession ACC 390 and the cultivated Bali accessions

(ACC 390 x Jim lA and ACC 390 x Jim 2) were conducted between January and May. The

highest percentage of successful backcrosses was observed in March, when more than 15% of

attempted backcrosses successfully set pods (Figure 4.3c).
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It is possible that the hybridisations undertaken in January and February were less successful

(Figure 4.4) because of negative effects of high temperature, the effects of longer photoperiods

or a combination of both. Exposure to high temperature, particularly during pre-anthesis as in

Experiment 2, may have influenced the rate of either pod set or seed set, possibly due to one or

more aspects, e.g. abnormal pollen development caused by damage to pollen mother cells

(Wanag and Hall 1984; Porch and Jahn 2001), anther indehiscence (Wanag and Hall 1984;

Ahmed et ai. 1992; Porch and Jahn 2001) or reduction in pollen viability (Ahmed et ai. 1992;

Prasad et ai. 1999; Porch and Jahn 2001) of the male parent. High temperature, particularly

night temperature (>20°C), has been reported to reduce pod set in cowpea (Ahmed et al. 1992;

Ehlers and Hall 1998), with the extent of damage strongly influenced by photoperiod (Ehlers

and Ha111998). However, the level of sensitivity to high temperature and/or photoperiod differs

among species, and even within species (Ehlers and Hall 1998; Rebetzke and Lawn 2006b). In

general terms, longer days tend to inhibit pod set in quantitative short day plants like tropical

legumes (Lawn 1989).

Conversely, it is likely that the low success rate for hybridisations in May (Figure 4.4) was due

to sub-optimal temperatures, as the mean minimum for that month was only 14.3°C (Figure 4.1).

In soybean, which is more cool tolerant than the Vigna species, pollen development of tropical

genotypes was adversely affected at night temperatures as high as 16°C (Lawn and Hume 1985).

For all three groups of hybridisations that were undertaken, success levels were greatest in

March and April (Figure 4.4), when almost 90% of the hybridisations involving the cultivated

Bali accessions were successful.
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4.3.2 Genetic compatibility among accessions

The aggregate numbers of attempted hybridisations and the numbers of these that were

successful are presented for each hybrid combination in Figure 4.5, whilst the aggregate

percentages of successful hybridisations are shown for each hybrid combination in Figure 4.6. A

detailed summary of all the hybridisations and backcrosses undertaken between and within the

different V. vexillata classes is presented in Table 4.3.
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(C, cultivated Bali accessions; M, var. macrosperma accession; W, wild accessions).

The percentages of successful hybridisations within the cultivated Bali accessions and

hybridisations between var. macrosperma and the wild accessions were higher than for other

hybrid combinations (Figures 4.5, 4.6). More than 80% of the 27 and the eight respective

attempted hybridisations were successful. Both of the cultivated Bali x cultivated Bali and var.

macrosperma x wild hybrid combinations resulted in apparently normal seeds with no evidence
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of any hybrid breakdown, and which readily germinated. The lowest percentage of successful

hybridisatiolls was obtained from crosses between the cultivated Bali accessions and the var.

macrosperma accession, with less than 40% from 36 attempted hybridisations resulting in a pod

(Figure 4.5, 4.6). In addition, all the hybrid seed from the cultivated Bali x var. macrosperma

crosses were shrivelled (Plate 4.2). This experience suggested that there were post-fertilisation

barriers between the cultivated Bali accessions and var. macrosperma. This result was

unexpected, because there were many evident similarities between these two classes of

accession, including their robust habit (large leaves and thick stems) and their large seed size.

Plate 4.2 Seed morphological appearance of five different hybrid combinations recorded in
Experiment 2. The seeds from hybrid combinations of cultivated Bali x var. macl'ospel'lna
accessions and cultivated Bali x wild (African) accessions were shrivelled (a and b, respectively).
The seeds from hybrid combinations of cultivated Bali x wild (Austronesian) accessions, var.
macrospel'lIla x wild accessions, and wild x wild accessions were normal (c to e, respectively). Scale
bars (black) were 10 mm.

4.3.2.1 Genetic compatibility within the cultivated Bali accessions

There was almost no difficulty in obtaining F I hybrids when cultivated Bali accessions from

Jimbaran and Tabanan provenances were used either as the male or the female parent in

hybridisations with each other. The only difficulty experienced was in obtaining flowers to be

hybridised during those months when long photoperiod prevailed (November to April). This

difficulty was overcome in large part by manipulating the photoperiod as described previously

in Section 4.2.4.

The percentage of successful hybridisations for each hybrid combination within the cultivated

Bali x cultivated Bali group, as indicated by hybrid pod formation and seed set, ranged between

0% and 100% (Table 4.3a). Overall, 85% of the total number of attempted hybridisations within

the cultivated Bali accessions was successful (Figure 4.6). Of a total of 14 different hybrid

combinations that were attempted within the cultivated Bali accessions, only one combination

(Jim 1B x Tab 3) failed to set any pods. In this cross, flower abscission occurred within 1-2 days

after pollination (DAP).
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Table 4.3 Summary of the hybrids made between different V. vexillata accessions to establish
genetic compatibility and for genetic analysis. Data for each hybrid combination include the
number of attempted hybridisations, the percentage of successful hybridisations, the range in
numbers of putative hybrid seed per pod set, and for those combinations where pods were not set,
the range in days after pollination when flowers or pods abscised.

Number of % of Number of Seed Pollination

Male parent Female attempted successful seed per
development to

parent
hybridisations hybridisations pod set

period abscission
(days) (days)

Hybrid combinations attempted to establish genetic compatibility

(a) Cultivated Bali x Cultivated Bali

Tab IA Jim IA 2 100% 3-12 30-31

Tab 2 Jim IA 2 50% 13 n.a

Tab 3 Jim IA 100% 3 n.a

Tab 3 Jim IB 0% 2

Tab 2 Jim 1 100% 4 30

Tab 2 Jim 2 100% 4 n.a

Jim IA Tab lA 2 100% 5-8 n.a

Jim 2 Tab IA 2 100% 5-7 n. a

Jim 1 Tab 1 100% 8 32

Jim IA Tab 2 6 67% 2-13 n.a 1-2

Jim 1 Tab 2 2 100% 4-9 31-32

Jim2 Tab 2 4 100% 6-15 n. a

Jim lA Tab 3 100% 3 31

Jim2 Tab 3 100% 12 30

(b) Cultivated Bali x var. macrosperma

Jim 1 ePI69030 2 0% 2-3

Tab I CPI69030 2 0% 2

(c) val.. 11lacrosper11la x Cultivated Bali

cpr 69030 Jim IA 3 100% 6-9 35-38

CPI69030 Jim IB 2 0% 2-3

CPI69030 Jim 1 8 50% 3-8 45 1-3

CPI69030 Jim2 4 100% 5-10 40

CPI69030 Tab lA 3 33% 35 1-2

ePI69030 Tab 1 10 30% 3-6 38-40 1-4

cpr 69030 Tab 2 2 0% 2

CPI69030 Tab 3 5 40% 4 38-39 1-3

(d) Cultivated Bali x Wild

Jim lA ACC 351 6 67% 10-12 n. a 2-16

Jim IB ACC351 100% 6 n. a

Tab 3 ACC351 7 86% 4-11 31 2

Jim 1 ACe 390 2 0% 3-11
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Table 4.3 (colltillued)

Numbel'of %of Number of
Seed Pollination

Male parent
Female

attempted successful seed per
development to

nq ....Gnt "o,..:n..l abscission1''' ......... '" hybridisations hybridisations pod set
}' .......v ....

(days) (days)

Hybrid combinations attempted to establish genetic compatibility

(d) Cultivated Bali x Wild (colltillued)

Jim IE ACC390 0% 10

Tab lA ACC 390 5 0% 10-15

Jim 1 CPII6683 2 0% 3

Jim 2 CPII6683 100% 32

(e) Wild x Cultivated Bali

ACC 351 Jim IA 2 50% 8 37 2

ACC 390/ACC 351 Jim IA 5 80% 4-10 n. a n. a

CPII6683 Jim IA 5 60% 6-9 33-34 2-3

ACC 390 Jim IB 3 0% 1-4

CPII6683 Jim IE 4 25% 5 35 1-2

CPI60458 Jim IB 3 67% 2-3 35 2

ACC 351 Jim 1 4 0% 2-4

CPII6683 Jim I 12 17% 4-5 34-35 1-4

CPI52905 Jim 1 0% 5

CPI60458 Jim I 2 50% 4 34 3

ACC 332 Jim 2 3 0% 2-3

ACC 351 Jim 2 3 33% 3 36 1-2

ACC 390lACC 351 Jim 2 3 33% n.a n.a n.a

CPII6683 Jim2 2 50% 5 36 2

CPI60458 Jim 2 100% 6 38

CPI77012 Jim 2 2 100% 4-7 37-38

ACC 351 Tab IA 2 50% 4 36 2

ACC 390 Tab IA 8 13% 36 2-4

ACC 390lACC 351 Tab IA 12 0% n. a

CPI77012 Tab IA 2 50% 8 34 4

CPI16683 Tab IA 5 40% 3-5 33-34 2-4

CPI52905 Tab lA 2 50% 10 35 5

CPI60458 Tab IA 3 0% 2-4

ACC 351 Tab 1 2 0% 2-3

CPII6683 Tab I 6 33% 3-4 33-34 1-3

CPI60458 Tab 1 2 100% 6 33

ACC 351 Tab 2 4 50% 1-4 34 2

ACC 390 Tab 2 8 13% 38 1-3

ACC 390/ACC 351 Tab 2 10 0% n.a
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Table 4.3 (continued)

Male parent
Number of %of Number of

Seed Pollination
Female

attempted successful seed per
development to

n'1l ..o..,t no.... inA abscissiont' ... "' .... hybridisations hybridisations pod set I'~' .u~

(days) (days)

Hybrid combinations attempted to establish genetic compatibility

(e) Wild x Cultivated Bali (continued)

cpr 16683 Tab 2 3 0% 2-3

CPI60458 Tab 2 3 67% 4-5 30-33

ACC 332 Tab 3 2 0% 2-3

ACC 351 Tab 3 4 50% 3-6 34 3

ACC 390 Tab 3 3 33% 4 36 4-5

ACC 390/ACC 351 Tab 3 3 0% n. a

cpr 16683 Tab 3 5 20% 5 33 2-3

CPI60458 Tab 3 4 25% 6 33 2-3

CPI77012 Tab 3 4 50% 6-7 34 3

(t) var. mocrosperma x Wild

cpr 69030 cpr 16683 3 67% 24-30 n.a

(g) Wild x Wild

cpr 60458 ACC 351 0%

cpr 16683 ACC 390 100% 17 17

cpr 60458 ACC 390 2 50% 7 16

Hybrid combinations used to evaluate phenotypic expression of selected traits and where relevant, segregation
ratios in progeny populations

(h) Wild x Cultivated Bali

ACC 390 Jim lA 9 67% 2-11 36-37 2-4

ACC 390 Jim 2 5 80% 5-8 36-37 2

(i) var. macrosperma x Wild

cpr 69030 CPI29141 100% 12 12

cpr 69030 cpr 60458 100% 12 18

CPI69030 ACC 390 4 100% 8-20 15-18

n. a. - data not available, mainly for initial hybridisations carried out in 2006 and 2007.

Variation in the number of seeds per set pod was large, and ranged from a low of two up to 15,

with an average of eight seeds per set pod (Table 4.3a). The reason for this large variation is not

known but may have related to the hybridisation technique. For example, in some cases, while

all care was taken, some damage may have occurred to the stigma surface, or insufficient pollen

may have been transferred. Whatever, the hybrid seeds were nonetheless nonnal (non

shrivelled) and readily germinated. The resultant F1 plants were vigorous and generally self

fertile. Due to the general failure of flowers on the cultivated Bali plants to set pods in the shade

house (see section 4.2.1), the flowers on all of the F 1 plants were 'tripped' by hand to obtain F2

generation seed.
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Backcross generations to each parent in some selected hybrid combinations that were evaluated

(Table 4.2) "were also easily obtained. Based on obseniation of the seed, all the backcross seeds

and F2 generation seed from the F I plants were quite normal, with no evidence of any shrivelling

or other atypical nature. As noted previously, the several cultivated Bali x cultivated Bali hybrid

populations that were generated were not further evaluated, due to the very limited genotypic

differences between the parents that were observed in Experiment I (see Chapter 3).

4.3.2.2 Genetic compatibility between cultivated Bali and var. macrosperma accessions

In most instances, the cultivated Bali accessions were utilised as the female parent in the

attempted hybridisations with val'. macrosperma because the former had many flowers while the

latter had a large amount of pollen (Table 4.3b,c). The percentage of successful hybridisations

between different cultivated Bali x val'. macrosperma combinations ranged between 0% and

100%, with 46% of the total number of attempted hybridisations when val'. macrosperma was

used as a male parent resulting in a pod (Table 4.3c). In contrast, no F 1 hybrid seed was

achieved from limited attempted hybridisations utilising val'. macrosperma as the female parent

(Table 4.3b). In both ways of hybridisation, the flowers that failed to set a pod abscised 1-4

DAP (Table 4.3b,c).

The number of hybrid seeds per set pod ranged between one and 10, with an average of six

seeds per set pod (Table 4.3c). In subsequent germination tests, all the hybrid seeds failed to

genninate, indicating lack of viability. All the hybrid seeds absorbed moisture, as indicated by

increased size and softening, but then no further development was observed. Within seven days,

those hybrid seeds were rotten.

4.3.2.3 Genetic compatibility between cultivated Bali and wild accessions

Again, the cultivated Bali accessions were mainly utilised as the female parent in hybridisations

with wild accessions, as listed in Table 4.3d,e. The average hybridisation success was about

40% (Figure 4.6). About 44% of attempted hybridisations from all hybrid combinations

successfully set a pod when the cultivated Bali accession was used as the male parent, whilst

about 32% of attempted hybridisations were successful when the cultivated Bali accession was

used as the female parent.

Generally, the flowers that had been pollinated abscised 1-5 DAP when the hybridisation failed,

with the exception of some of the hybrid combinations that used the cultivated Bali accessions

as the male parent. In those hybrid combinations, pods were set but then abscised 10-16 DAP

(Table 4.3d), suggesting that the hybridisation interruption occurred post-fertilisation. Embryo
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abortion can be caused by one of several factors, e.g. exposure to high temperature (Gross and

Kigel 1994) or to embryo and endosperm disintegration, which commonly occurs in inter-

specific hybridisations (Ladizinsky 1998).

Where pods were set, the numbers of seeds per pod ranged from one to 11, with an average of

six seeds per set pod (Table 4.3d,e,h). All the hybrid seeds that were obtained from

hybridisations between the cultivated Bali accessions and wild African accessions were

shrivelled (Plate 4.1). In visual observation, the pods grew normally until about 21 DAP and

then changed colour quickly from green to yellow. However, the pods did not then immediately

abscise. The response was consistent with abnormal embryo development caused by emblyo or

endosperm disintegration (Ladizinsky 1998). According to Pickersgill (1993), the most common

cause of abortion of hybrid seeds is failure of the endosperm to develop normally. In addition,

in legumes, the endosperm may be short-lived, disappearing before the seed is mature.

In subsequent germination tests, the shrivelled seeds failed to germinate. It is possible that

viable plantlets may have been obtained using in vitro embryo rescue techniques. When embryo

breakdown occurs at an advanced stage of embryo development, hybrid embryo rescue has been

done to obtain hybrid plants (Pellegrineshi et ai. 1997; Ladizinsky 1998). Embryo rescue

methods have been generally used to rescue young embryos from inter-specific hybridisations

prior to abortion due to genetic barriers in Vigna (Chen et al. 1989; Gomathinayagam et aT.

1998; Fatokun 2002; Palmer et aT. 2002), but successful embryo rescue may depend upon the

specific parents, and the embryo should have reached at least the heart stage (Ladizinsky 1998).

In contrast to the experience with the wild African accessions, most of the seeds that were

obtained from hybridisations between the cultivated Bali accessions and wild Austronesian

accessions were apparently normal (Plate 4.2) and successfully germinated using the same

technique as used for the other hybrid combinations. During further development, however,

there were two post-zygotic balTier mechanisms observed. The first mechanism was hybrid

inviability or seedling lethality. Seedlings of hybrids of cultivated Bali accessions x ACC 351

lacked vigour, and died within 14 to 25 days after sowing (Plate. 4.3). Often, these seedlings

developed only primary leaves or at most one or two trifoliolate leaves. This type of barrier is

usually associated with abnOlmalities in shoot and root development (Ladizinsky 1998). The

second balTier mechanism observed was hybrid sterility. Hybrids of cultivated Bali accession x

ACC 390 crosses grew into very vigorous mature plants that flowered freely (Plate 4.3), but

failed to set any pods, even after flo"wers were tripped. Hybrid sterility is commonly caused by

meiotic ilTegularities (Ladizinsky 1998). A limited number of backcross pods were successfully
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obtained from these hybrid combinations when the F1 plant was used as the female parent. Even

then, there were very few seeds set per pod.

Plate 4.3 Genetic breakdown mecbanisms observed in hybridisation of cultivated Bali x wild
Austronesian accessions. Hybrid inviability observed in ACC 351 x Jim IA and hybrid sterility
observed in ACC 390 x Jim 2 (a and b, respectively).

4.3.2.4 Genetic compatibility between var. macrosperma and wild accessions

In hybrids between var. macrosperma x wild accessions, the percentage of successful

hybridisations for each combination ranged between 67% and 100% (Table 4.3f,i), or about

80% on average (Figure 4.6). Because of the restricted availability of flowers when these

crosses were made, var. macrosperma was only utilised as the male parent in hybrids with three

African accessions and one Austronesian accession. In all instances, apparently normal seeds

were obtained (plate 4.1). The number of seeds per set pod ranged between one to 20, with an

average of II seeds per set pod (Table 4.3f,i).

4.3.2.5 Genetic compatibility within wild accessions

Only a limited number of hybridisations between the wild accessions of African and

Austronesian origin were attempted in this thesis, largely in order to establish that these

combinations could be made using the current techniques. The emphasis in this thesis was on

exploring the compatibility of the cultivated accessions from Bali, and var. macrosperma, with

each other and with the wild accessions. James and Lawn (1991) had previously explored

hybrid combinations between wild African and wild Austronesian accessions in some detail.
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From the three hybrid combinations, there was one hybrid combination (CPI 60458 X ACC

351) that failed to set a pod, and the flower which had been pollinated abscised the next day.

The other two crosses resulted in pods with 7 and 17 seeds respectively. All the seeds were

normal (plate 4.1) and gelminated readily using the technique outlined in Section 3.2.2.

4.4 Summary and conclusions

It was clear that the success of the artificial hybridisation technique used in these studies, in

particular, the months when hybridisations were more successful, was influenced in part by the

prevailing environmental conditions. Most likely, the lower success early in the period was due

to warm temperatures and longer photoperiods, while late in the period, cool temperatures were

likely a problem. Nonetheless, successful hybrids were obtained in a large number of instances,

at success rates generally comparable with those obtained by plant breeders.

While many successful hybrid combinations were obtained, there were clear underlying

differences in genetic compatibility between accessions from the three different V. vexillata

classes. Some hybrid combinations exhibited no evidence of genetic breakdown. However,

other combinations exhibited breakdown at one or more stages of development: pollinated

flowers abscised, pods set but abscised prematurely, pods matured but hybrid seed were

shrivelled, hybrid seed appeared normal but failed to germinate, hybrid seed germinated but

young hybrid seedlings died, and/or hybrid plants were vigorous but sterile.

In general terms, the genetic compatibility of the different combinations of the three classes of

accession were broadly consistent regardless of the combination of accessions used. However,

for those combinations where incompatibility was observed, the stage when hybrid breakdown

OCCUlTed depended on the particular combination of accessions being used. Generally, in terms

of the observed genetic compatibility of particular hybrid combinations, there seemed to be

minimal influence of whether a parent was used as a male or a female.

Nonnal hybrid seeds were readily obtained from three combinations of classes: the cultivated

Bali x cultivated Bali, the var. macrosperma x wild, and the wild x wild hybrid combinations.

Backcross seeds were also readily obtained from the cultivated Bali x cultivated Bali hybrid

populations, with minimal evidence of incompatibility between the several accessions of

different provenance. Likewise, advanced generations were obtained from the var.

macrosperma x wild accession combinations. The compatibility of the wild African accessions

with the wild Austronesian accessions was consistent with the previous experience of James and

Lawn (1991).
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Despite the morphological similarities between the cultivated Bali acceSSlQns and the var.

macrosperma accession, it was clear that genetic barriers prevented easy hybridisation between

them. Genetic barfiers were also evident in all the hybridisations involving the cultivated Bali

accessions and the wild accessions, whether of African or Austronesian provenance. All hybrid

seeds which were obtained from hybridisation between cultivated Bali accessions and var.

macrosperma or wild African accessions were shrivelled and failed to germinate. In contrast,

normal seeds were achieved from some of the cultivated Bali x wild Austronesian hybrid

combinations, but hybrid inviability or partial sterility were detected during later development.

In the partially sterile hybrids, a limited number of backcross seeds were obtained with very low

percentage of success, but only when the F1 plant was used as the female parent.

It is possible that a wider sample of val'. macrosperma acceSSlQns may have identified a

combination more compatible with the cultivated Bali accessions. However, that seems unlikely

given the strong compatibility of var. macrosperma with the wild accessions, and the

incompatibility of both with the cultivated Bali accessions.

Ladizinsky (1998) argued that the level of crossability between cultivated plants and their wild

relatives can be used to infer the degree of relatedness between them. The responses observed

here suggest that the cultivated Bali accessions are genetically distinct from wild African, wild

Austronesian and var. macrosperma accessions which in tum are closely related. Based on the

gene pool concepts of Harlan and Wet (1970), when genetic barriers are detected, as observed

here in the hybrids between the cultivated Bali accessions the other two classes, it suggests that

the cultivated Bali accessions do not belong to the same gene pool as val'. macrosperma and the

wild accessions. In contrast, var. macrosperma and the wild accessions, whether of

Austronesian or African origin, apparently belong to the same gene pool based on their strong

genetic compatibility.

It is possible that viable plants may have been obtained from some of the hybrid combinations

where breakdown occun-ed, using embryo rescue techniques (e.g. see Palmer et al. 2002). This

technique would only be relevant, however, where the hybrid seeds developed to a sufficiently

advanced stage. Given that the timing of hybrid breakdown depended in part on the particular

combination of accessions being evaluated, it is likely that, within the Bali cultivated x val'.

macrosperma and Bali cultivated x wild hybrid combinations, the choice of accessions to be

used as parents may affect whether embryo rescue techniques could be relevant. Even so, given

the experience here, rescued plants may well still be sterile.
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Embtyo rescue techniques were considered outside the main aims of this thesis. However, it

was considered desirable to gain a better understanding of the nature of the genetic barriers that

occUiTed in the hybrids between the cultivated Bali accessions and the val". macrosperma /wild

accessions. Studies aimed at providing a clearer understanding of the nature of the genetic

bal1'ier mechanisms in selected hybrid combinations are described in the next chapter

(Experiment 3).
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