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Abstract

Introduction of sesame germplasm from Myanmar and Mexico was not satisfactory for successful
development of the Australian sesame industry. Therefore, a national breeding programme was undertaken by
CSIRO and the Northern Territory Department of Primary Industry and Fisheries (NTDPIF). The main traits
considered for selection were latitudinal adaptatioin, temperature response, growth habit, determinacy,
palatability, capsules per leaf axil, seed shattering and seed dormancy. The CSIRO breeding efforts started in
1989 with a hybridization programme using germplasm from Japan, Mexico, Myanmar, Rep. of Korea and
Venezuela. This programme resulted in selection in the F6 generation of branched types released under the names
'Beech's choice' and 'Aussie Gold'. The NTDPIF sesame breeding programme started in 1993 with
hybridization of introductions. The Mexican cultivar 'Yori 77' was selected for release, and after several years of
intraline selection the uniculm cultivar 'Edith' was released in 1996. Further breeding continues to improve seed
retention and resistance to charcoal rot.

1. INTRODUCTION

Agronomic and variety evaluation trials in the period 1979-1982 showed that sesame could be
satisfactorily grown in Australia [1]. The Burmese (Myanmar) cultivars, Hnani 25/160 and Hnan Dun,
with few upright basal branches, had the best growth habit (Fig. lc). Hnani 25/160 had better seed
retention than Hnan Dun. Unfortunately, the seed quality of these cultivars was substantially inferior
to that of the Mexican cultivars being traded in the world market, the seed being smaller and of
undesirable colour (off white for Hnan Dun and brown for Hnani 25/160).
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FIG. 1. Schematic diagram of sesame growth habits.

The Mexican cultivars were unadapted to mechanised production, being uniculm (Fig la), too
tall (up to 2.5 m), prone to uneven maturity and to severe seed shattering. Another serious
disadvantage of the Mexican cultivars was their susceptibility to phyllody, caused by a mycoplasma,
when the insect vector of the latter was present in the production area.
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In order to establish a successful sesame industry in Australia, there was an obvious need to
combine the desirable features of the Burmese and Mexican cultivars by breeding. A breeding
program would also need to produce varieties for the wide range of latitudes (14°S to 36°S) where
sesame could be grown in Australia, particularly higher latitudes where climatic conditions were less
variable and fanners were better resourced [2]. It was on this basis that a breeding program was
undertaken by CSIRO with the support of Sesame Australia. Breeding with a more regional focus was
also conducted by the Northern Territory Department of Primary Industry and Fisheries (NTDPIF).
These programs are described in this paper.

2. TRAITS FOR SELECTION

Based on literature reports and observations on field trials a number of desired traits for
incorporation in varieties for mechanised production was determined (Table I).

TABLE I. SELECTION CRITERIA FOR SESAME CULTIVARS SUITABLE FOR
MECHANISATION.

Plant part Selection criteria
Whole plant

Seedling

Capsule

Seed

Erect with few basal branches
Growth cycle of 100-110 days
Climatic adaptation: Drought tolerance

Photoperiod insensitivity
Cold tolerance (low base temperature)
Low heat unit requirement (high latitude)
Require >2500°C heat sum (low latitude)

Resistance to phyllody
Tolerance to pests and diseases
Uniform leaf abscision

Rapid germination over a wide temperature range
Rapid seedling emergence
Long radicle length for drought avoidance during establishment

Single capsule per leaf axil
Long narrow capsule with deep indent at top
Synchronous maturation
Good seed retention

White colour
Size >3.2g/1000 seeds
Oil content > 54%
Palatable with no distasteful flavours
Easy to decorticate
High content of anti-oxidants
Dormancy > one month

Latitudinal adaptation. Few cultivars with broad adaptation are preferred to assist establishment of an
industry. Photoperiod insensitivity (day neutrality) enables production over a wide range of latitudes
and also flexibility of sowing date. There is substantial variation in photoperiod response in sesame,
with selection for insensitivity being achieved by growing successive generations in summer in south
east Queensland (27° latitude) and in winter in north Queensland (19° latitude).

Temperature response. Cultivars for higher latitudes need cool temperature tolerance (a low base
temperature) for germination in cool soil and a low heat unit requirement to complete their life cycle.
This trait occurs in Korean cultivars [3] such as Suweon 21 and Kwangsang used in our breeding
program.
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Growth habit. The shorter stature, branched habit (Fig lc) is preferred for mechanised harvest. Plants
with this habit are generally more even in maturity and their stems have a smaller diameter and are
easier to cut than those of uniculm plants. Also, shorter stems feed through a harvester more easily
than long stems. Selection for this trait is simple and it was available in the Burmese cultivars.

Determinacy. Indeterminate cultivars are better able to maximise yield over time where climatic
conditions vary greatly from year to year, as in Australia, because they fully use available water.
Conversely, determinate cultivars may yield better in dry years but in wet years they tend to remain
green, and may produce secondary growth. In wet years chemical desiccation is less effective and
mechanical harvesting impossible.

Plant and seedpalatability. Although low palatability due to chemical compounds in plant vegetation
can provide tolerance to insects, the same compounds occur also in seed where they can make the
seed useless for tahini manufacture and of reduced value for other products. Selection for high
palatability is essential to ensure marketability.

Capsules per leaf axil. Either one or three capsules can occur in each leaf axil. Under rainfed
conditions in Nigeria and in a world survey, van Rheenen [4] found no relationship between number
of capsules and seed yield. For crops grown free of water and nutrient stress, higher yields could be
expected from three capsules per axil because of a greater 'sink' capacity. In Australia where most
crops are grown dryland and water stress frequently occurs due to highly unreliable rainfall, it has
been observed that multi-capsule cultivars have small seed and a high percentage of immature seed.
The potential for irrigated sesame production is low because the crop cannot compete economically
with alternatives such as cotton and soybean. Also, when sesame precedes cotton in a rotation,
volunteer sesame plants in the cotton crop pose an unwelcome weed problem.

Shattering. Seed loss during mechanised harvesting can be a serious problem [5,6,7,8]. Use of
indehiscent cultivars has proven unsatisfactory because of excessive seed damage, which leads to low
germinability and high free fatty acid content [9], during the harvest process. An alternative approach,
followed in Australian programs is to select for good seed retention within dehiscent capsules.

Seed dormancy. This trait is important, particularly for higher latitudes in Australia where maturing
crops may be subjected to autumn showers. Dormancy protects seed from premature sprouting and
quality deterioration and is thus essential for commercial reasons. Dormancy which occurs in Hnani
25/160 was used in the breeding program. Dormancy can be broken, when required, by heat treatment
— 10 minutes at 60 C or 20 minutes at 50 C. Breaking dormancy is necessary in a breeding program
when rapid generation turnover is planned.

3. CSIRO BREEDING PROGRAM

The program objective was to breed cultivars with a growth habit suited to mechanised harvest,
100-110 days crop duration, drought tolerance, photoperiod insensitivity, resistance to diseases, low
shattering loss and high quality seed. While the primary aim was to develop cultivars able to produce
economic yields when grown dryland, it was also desired that the material be responsive to irrigation
and fertilisation. Details of the breeding program (outlined in Table II) and results achieved are
described below.

Parental selection was made on the basis of origin and desired traits in order to include
adaptation to a wide range of latitudes and to include material with both preferred agronomic
characteristics and high seed quality. From a collection of 350 accessions, 18 cultivars were selected
as parents (Table III). Mexican and Venezuelan cultivars had good seed quality and low latitude
adaptation, Japanese and Korean cultivars provided adaptation to high latitudes whilst cultivars from
the dry zone of Burma had the preferred plant type, drought tolerance and resistance to phyllody.
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TABLE II. CSIRO SESAME BREEDING PROGRAM*

1989
1989-90
1990
1990-91
1991
1991-92
1992-93
1992
1993

F,
F,
F3

F4

F5

F6

F7

Hybridisation in glasshouse (211 crosses)
181 crosses grown at Lawes
36 populations grown at Lansdown
1990 populations grown at Dalby
332 lines grown at Lansdown
106 lines at Narrabri, Lawes, Biloela
16 lines at Narrabri, Pittsworth, Biloela, Katherine
2 lines for Plant Variety Rights (PVR) registration
PVR granted on Aussie Gold and Beech's Choice

* Latitude of test sites indicated in text.

TABLE III. PARENT CULTIVARS USED IN THE HYBRIDISATION PROGRAM AND
THEIR ORIGINS

Mexico Venezuela Burma
Institutol5 Aceitera Hnani 25/160
CIANO 27 Capsula larga Hnan Dun
Yori 77
Pachequeno
Pachequeno selection Korea Japan
Teras 77 Kwangsang Line 724
Cola de Borrego Suweon 21
Regional Canastra
Regional Padilla Selection
Anne
Eva

A total of 211 hybridisations produced 181 successful crosses. Hybridisations with Mexican
cultivars as the female were mostly unsuccessful. When seed was set from crosses between Yori 77
and Burmese and Korean cultivars it was sterile.

All Ft families and parents were grown in the field at Lawes (27 34'S) and of these, 36 were
selected for advancement to F2 following selection for phenology, growth habit and tolerance of
phyllody. Hybrids with nil or minimal branching were highly susceptible to phyllody and all progeny
of the Japanese line 724 were 100% susceptible.

F2 populations were grown in an irrigated dry season nursery at Lansdown (19 36'S) where
maturity ranged from 122 to 148 days. Single plants (1940) were selected on the basis of growth habit
and white seed for advancement to F3.

The F3 lines were grown at Dalby (27°11'S) in an irrigated nursery sown in December 1990.
Field selection of single plants within lines was for growth habit, maturity, seed retention, seed colour
and flavour. 900 plants were harvested and further selection applied for seed yield, size and oil
content and small floral nectaries1 which reduced the number of lines advanced to F4 to 332. Of these
lines, 210 were germination tested at ten temperatures from 10 to 50 to identify lines with a low base
temperature for growth. Of the 332 F4 lines, 221 (66%) were derived from the cross Hnan Dun x
Suweon 21 and its reciprocal.

1 It was found that crosses between lines with a single capsule per axil and lines with three capsules per axil
produced progeny with large floral nectaries. During threshing the nectaries separate from the stem and mix with
the seed. Because of similarity in size they are difficult to separate from the seed and are thus a contaminant.
Consequently, lines with large nectaries are commercially unacceptable.

66



2000

1500

75 1 0 0°

"S 500a)

• Narrabri
• Lawes
• Biloela

MW 62 91 92 129 136 142 339 392

FIG. 2. Seed yield (kg/ha) of eight F5 lines and cv. Magwe White grown at three locations.
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FIG. 3. Seed oil content (%) of eight F5 lines and cv. Magwe White grown at three locations.
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FIG. 4. Seed size (g/100 seeds) of eight F5 lines and cv. Magwe White grown at three locations.
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The F4 generation was grown during the dry season at Lansdown and selected for establishment
under low temperature, growth habit, plant height, seed yield and quality. Selection for broad
adaptation was based on F3 and F4 maturity times; 106 lines were advanced to the F5 generation.

Regional adaptation and the level of genotype X environment interaction were assessed in F5

from trials grown at Lawes, Biloela (24 24'S) and Narrabri (30 13'S). Large differences between sites
were recorded for seed yield, size and oil content (Figs 2-4). Seed yield was highest and oil content
was low at Narrabri because of the high fertility of the soil. Conversely, seed oil content was high at
Lawes with line 392 exceeding 59%. Selection reduced to 16 the number of lines advanced to F6.

Further regional evaluation occurred in the F6 generation with trials at Narrabri, Pittsworth
(27°43'S) and a low latitude site at Katherine (14°23'S). Lines 91 and 339 were selected for release as
Beech's Choice and Aussie Gold, respectively. Aussie Gold has been grown in Australia, Burma and
Saudi Arabia whilst Beech's Choice is now being tested in Burma.

Concurrently with the above selection program, a series of crosses (Table IV) was made
between F2 plants to generate further recombination of genes controlling seed size, oil content and
crop growth rate. Of 33 F] hybrids grown at Lansdown in 1991, 20 were advanced to F2 and 18 to F3.
The crosses (Suweon 21 x CIANO 27) x (Suweon 21 x Hnani 25/160) and (Hnan Dun x Suweon 21) x
(Suweon 21 x Hnani 25/160) provided more than half of the lines selected. Seed from F3 lines was
assessed for quality in Japan where it was favourably received. However, the breeding program was
suspended due to lack of funds.

TABLE IV. PEDIGREES OF SECOND CYCLE CROSSES AND NUMBER OF PLANTS
SELECTED FOR ADVANCEMENT TO THE F3 GENERATION.

Female
Plant
29-170
29-167
160-26
29-84
29-84
78-85
29-80
29-167
29-209
29-167
29-135
29-296

parent
Pedigree
Hnan Dun/ Suweon 21
Hnan Dun/ Suweon 21
Suweon 21/CIANO27
Hnan Dun/ Suweon 21
Hnan Dun/ Suweon 21
Suweon 21/ Hnani 25/160
Hnan Dun/ Suweon 21
Hnan Dun/ Suweon 21
Hnan Dun/ Suweon 21
Hnan Dun/ Suweon 21
Hnan Dun/ Suweon 21
Hnan Dun/ Suweon 21

Male
Plant
29-167
29-296
78-41
29-167
78-4
35-299
78-85
78-4
78-11
29-165
78-109
160-26

parent
Pedigree
Hnan Dun/ Suweon 21
Hnan Dun/ Suweon 21
Suweon 21/ Hnani 25/160
Hnan Dun/ Suweon 21
Suweon 21/ Hnani 25/160
Hnan Dun/ Teras 77
Suweon 21/Hnani 25/160
Suweon 21/Hnani 25/160
Suweon 21/Hnani 25/160
Hnan Dun/ Suweon 21
Suweon 21/Hnani 25/160
Suweon 21/CIANO27

No. plants
Selected

0
1
5
0
2
0
1
0
6
0
3
0

4. NORTHERN TERRITORIES BREEDING PROGRAM

Initially, in the NTDPIF program a collection of introduced accessions was evaluated and the
Mexican cultivar Yori 77 selected for release. Pachequeno was also considered well adapted [5,6].
Yori 77 was genetically variable and suffered high seed losses in commercial production so a program
of intraline selection for improved growth, seed yield and seed retention was undertaken leading to
the release of the uniculm cv. Edith in 1996.

To further improve seed retention, a backcrossing program was commenced in 1993-94 to
incorporate the good seed retention of Hnani 25/160 into Edith (Table V). BC3S2 lines are currently
being assessed in field trials. Because of problems experienced with hybridisation of Mexican
cultivars and the high temperatures experienced at Katherine, modified crossing techniques were
developed to facilitate this backcross program. Initially, the corolla and stamens of the female flower



were wholly removed and the subtending leaf excised at about the length of the pistil. The stigma was
pollinated and leaf and pistil inserted into a section of drinking straw. A 75% success rate was
achieved. Further improvement to 85% success was achieved by leaving the corolla in place and
removing anthers and effecting pollination through an incision in the side of the corolla.

TABLE V. NTDPIF SESAME BREEDING PROGRAM, KATHERINE

1993-94 Hybridisation in glasshouse (233 crosses)
1994 F! 171 crosses grown, backcrossed to cv. Edith
1994-95 BQ 4 populations
1995 BQSi backcrossed to Edith
1995-96 BC2

1996 BC2Si backcrossed to Edith
1996-97 BC3

1997 BC3S, selfed with selection
1997-98 BC3S2 selection in field

5. DISCUSSION AND CONCLUSIONS

Progress was made in the development of cultivars for mechanised production in Australia.
Beech's Choice and Aussie Gold have a branched growth habit, adaptation to a range of latitudes and
high seed quality. But further research and breeding are required to improve seed retention and
resistance to charcoal rot disease {Macrophomina phaseoli) which causes premature plant death and
consequent yield loss when crops mature under drought stress.

Hnani 25/160 has featured prominently in both Australian breeding programs and in the Khon
Kaen University program in Northeast Thailand. A selection from Hnani 25/160 has been released in
Thailand as KKU3 [10]. Whilst Hnani 25/160 has good seed retention, the strong adherence of the
seed to the septum is not entirely suitable for mechanised production as seed remains attached during
threshing and may be lost through the back of the header. Variation in the level of seed retention has
been observed in Hnani 25/160 and may be retrievable in progeny of hybrids with that cultivar as a
parent. An ideal mechanism would be strong attachment of the uppermost seed which would provide a
barrier to loss of detached seeds from the capsule. Mechanisms of seed retention are under study [11].
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