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THE MECHANISM OF DEHISCENCE IN SESAME —
FEATURES THAT MIGHT BE USEFUL IN A BREEDING PROGRAMME

J. DAY
CSIRO Division of Tropical Agriculture,
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Abstract

By understanding the mechanism of seed retention in sesame, the most appropriate parents for a breeding
programme can be identified, and superior lines can be selected more effectively. An initial assessment of some
capsule traits thought to be related to seed retention, identified varieties with enhanced seed retention under
glasshouse conditions. Examination of capsule anatomy and capsule break-strength distinguished two Japanese
sesame varieties with particularly good capsule characteristics. These two varieties appeared superior to other
lines with a mutation of the id gene, suggesting that traits other than indehiscence might significantly contribute
to seed retention. Varieties released commercially by the CSIRO fared poorly in the analyses, providing hope that
better varieties can be developed by the CSIRO in the future.

1. INTRODUCTION

A component of the 'First Australian Sesame Workshop' held in Darwin Australia in 1995, was
development of strategies for a co-ordinated approach to the expansion of the Australian sesame
industry [1]. Crop attributes were listed in order of research priority for their potential to substantially
contribute to sesame improvement (Table I). By far the greatest priority was placed on improved seed
retention. My research is designed to address this priority and proposes to understand the mechanism
of seed loss and apply this knowledge to enhance selection of sesame lines with superior seed
retention. This paper reports progress towards achieving this goal.

TABLE I. PRIORITY ORDER DEVELOPED BY PARTICIPANTS AT THE 'FIRST AUSTRALIAN
SESAME WORKSHOP' FOR POTENTIAL TO CONTRIBUTE TO CROP IMPROVEMENT OF
SESAME IN AUSTRALIA. Adapted from Bennett and Wood [1]

Attribute Score
Seed retention 102
Range of maturity types 3 5
Resistance to diseases and pests 18
Sensitivity to temperature and photoperiod 17
More even seed colour 12
Synchronous capsule maturation 12
Shorter maturation period 10
More even seed size 9
Better harvest index 8
More rapid seedling growth 7
Germination at lower temperature 4
Shorter growing season 2

Seed retention is a major problem for the Australian sesame industry for two reasons. Firstly,
the potential areas for sesame production in Australia [2] generally experience low humidity. Seed
loss is thought to be greater in low humidity environments. Secondly, indeterminate growth of plants,
non-synchronous maturation of sesame capsules, and Australian farming practice combine to increase
seed loss when mechanically harvested at a late stage of maturity [3], Plants must be dry at harvest to
prevent vegetative plant material from blocking the combine and tainting the flavour of the seed
during harvesting [2], and because no further drying of the crop is undertaken before threshing [3]. In
Australia, up to 60% of seed on the plant can be lost before harvesting [4]. Recent agronomic work
has identified practices which can potentially reduce this loss to 10-20% [3].
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Seed loss from sesame has been, and continues to be, the focus of many breeding programmes,
particularly in the United States of America. The breeding programmes of M.L. Kinman, A.J. Martin,
D.M. Yermanos and D.G. Langham and D.R. Langham (Sesaco Corporation) had seed retention as a
major goal. Much of the early work involved incorporating the indehiscent (id) mutation into high
yielding lines. Mutation of the id gene increases the strength of the capsule wall thereby preventing
capsule opening and seed loss. Unfortunately, threshing the hard capsule without damaging the seed is
almost impossible [5], Work continued with the id gene in association with another mutation,
papershell capsule [6]. The programmes planned to combine the non-opening capsule resulting from
mutation of the id gene with the thin wall of the papershell capsule mutation. Varieties resulting from
these breeding programmes have met with limited commercial success. Sesaco Corporation has
continued to breed sesame with a focus on reducing seed loss under commercial production
conditions (Langham, page 95). My approach is to determine the association between seed retention,
and the anatomical and physiological characteristics of capsules of many sesame varieties, both to
understand the process of seed loss, and to identify traits which may improve seed retention. Selection
of lines with these traits could provide a starting point from which a commercially acceptable variety
suitable for Australian conditions can be developed.

2. METHODS

2.1. Capsule morphology of glasshouse grown plants

Sesame plants were grown in a glasshouse at the CSIRO Samford Research Station (27°33"S),
south-east Queensland, during November to April (summer) with shade cloth reducing light intensity
to 50%. The thermostat set point for the evaporative cooler was 25°C, maintaining air temperature
during the experimental period between 20°C and 35°C. Plants experienced high relative humidity,
commonly between 80% and 90%. Each 3 1 pot contained 2 plants growing in a potting mix consisting
of 4 parts shredded peat to 6 parts sand, with 10 g/1 Osmocote Plus (9 month slow release fertiliser)
and 4 g/1 each of dolomite and lime to adjust the potting mix to neutral pH and provide trace elements.
Plants were maintained by subirrigation.

All 140 sesame lines held in the CSIRO collection were planted, one pot of each line. Once the
bottom capsule had turned brown, one plant per line was harvested at soil level and stored upright in a
plastic floral tube to dry. Measurements of capsule opening from tip to tip, suture split length from the
tip toward the base, capsule length, the total number of seeds per capsule, and the number of seeds
retained by the capsule after the plant was inverted were taken from 5 capsules per plant. A visual
assessment of seed attachment was made (0 = poor attachment, 1 = moderate attachment, 2 = good
attachment).

2.2. Capsule anatomy of glasshouse grown plants

Seed collected from the above plants was used to grow two pots (4 plants) of two commercial
sesame culivars (1, 4), 13 lines with mutation of the id gene (10, 11, 12, 41, 43, 45, 46, 47, 49, 51, 56,
134, 135), and 12 other lines (8, 17, 26, 37, 70, 71, 86, 88, 97, 101, 109, 117) in the glasshouse as
described above, to allow microscopic examination of the capsules (see Table II for origins of lines).
Of the 140 sesame lines, these 12 latter lines held most seed in the first experiment. During growth of
the plants, flowers were individually tagged. One capsule per plant (4 capsules per line) was collected
12 days after flowering (DAF), and two 1-2 mm transverse sections taken from the mid-point and tip
(distal to the most distal seed) of the capsule. Sections were fixed for at least 48 hours in 2%
gluteraldehyde and 2% formaldehyde in 50 mM PO4 buffer, pH 7.0. Sections were dehydrated in an
ethanol series and embedded in Spurr's resin [7]. Thin sections (1-2 mm) were cut with a glass knife
on a Reichert Jung ultracut microtome, and stained with Toluidine blue (0.5% in 1% boric acid)
before microscopic examination and photography with Kodak Tri X-pan 400 film under a dissecting
microscope. The minimum endocarp and mesocarp tissue layer widths, the capsule radius via the
suture, and the minimum capsule wall width from the epidermis to the locule cavity via the vascular
bundle at the suture were measured from photographic prints of the sections.
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TABLE II. SESAME LINES USED FOR EXPERIMENTS REPORTED IN THIS PAPER

Line Identity Origin
Selected seeds. Developed by CSIRO.
Selected seeds. Developed by CSIRO.
Prof. Kobayashi, Toyama University, Japan.
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Kobayashi, Toyama University, Japan.
No. 454, from Sindos, Greece via FAO, Rome.
Cent. Asian Expt. Stn., USSR. Collect D.Bedigan, Univ.of Illinois, USA
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA.
Myanmar (Burma). Collected Don Beech.
Venezuela, via FAO, Rome.
Venezuela, via FAO, Rome.
From FAO, Rome.
Ag. Res. Stn,. Mokwa, Nigeria, via FAO, Rome.
Venezuela, from Nampula, Mozambique, via FAO, Rome.
Sudan, via FAO, Rome.
SEFERSA, Sinaloa, Mexico, via FAO, Rome.
Prof. Yermanos, Uni. California, Riverside, USA.
Prof. Yermanos, Uni. California, Riverside, USA.

1
4
8
10
11
12
17
26
37
41
43
45
46
47
49
50
51
55
56
57
70
71
86
88
97
101
109
117
134
135

Aussie Gold
Magwe Brown
Kobayashi 393
UCR82-5
UCR82-6
UCR82-9
Kobayashi TK27
Albino Sindos
Tashkentskii 122
UCR82-1
UCR82-3
UCR82-7
UCR82-8
UCR82-10
UCR82-12
UCR82-13
UCR82-14
UCR82-201
UCR82-202
UCR82-203
Miss White
Aceitera
Venezuela 51
Line X 30/46
Mbara
Caripucha
Mafaza light
Teras 77
UCR82-206
UCR82-208

2.3. Capsule break-strength

Two commercial cultivars (1,4), 14 lines with mutation of the id gene (10, 11, 12, 41, 43, 45,
46, 47, 49, 50, 51, 56, 134, 135), and 5 other lines (8, 17, 26, 86, 117) were grown at Gatton, south
east Queensland, in alluvial well drained light clay with a neutral pH. Seeds were planted 2 cm deep
in 6 m rows with 1 m between the rows, and thinned to an inter-plant distance of 10 cm. Individual
flowers were tagged. Twelve days after flowering (12 DAF), 20 capsules were collected from each
line and break-strength measured with a Lloyd LRX 2K5 fitted with a 500 N load cell. Capsules were
placed on their side with the plane of the suture vertical, on a hard plate so that an 8 mm probe
moving at a rate of 30 mm/minute would compress the capsule at the suture line adjacent to the most
distal seeds. A dynamic illustration of the change in resistance to movement of the probe during
compression of the capsule was produced by the Lloyd R Control (version 3.0) software (Fig. 1). The
fracture force (and fracture distance) could be calculated by subtracting the force (distance) at the
point of contact between the probe and capsule (zero point), from the force (distance) at the break
point. The break point was identified as the first point of inflection in the curve representing the
change in resistance to movement of the probe, signalling the change in resistance as the capsule split.
Often the change in inflection was abrupt (Fig. 1).
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FIG.l. The resistance to compression of a capsule (12 DAF) of sesame lines 10 (A) and 43 (B) as
measured by a Lloyd LRX2K5.

2.4. Statistical analysis

Mean parameter values for each sesame line were analysed using Principal Component
Analysis (PCA) (Minitab 8.21, Minitab Inc., Pennsylvania). PCA is a statistical method for
distinguishing between lines using information on more than two parameters. Briefly, PCA places
each sesame line in a multi-dimensional space based on the parameter means, then draws two or more
principal component axes which best separate the sesame lines, and finally provides an estimate of the
correlation between the parameters and the principal component axes.

3. RESULTS AND DISCUSSION

3.1. Capsule morphology of glasshouse plants

There was substantial variation in capsule morphology and seed retention between the 140 lines
grown in the glasshouse (Fig. 2). There was a strong positive relationship between principal
component axis 1 and seed retention and seed attachment, and a negative relationship with ratio of
split length to capsule length (Table III). Capsule opening was negatively related to principal
component axis 2 (Table III). The relationship was poor between capsule opening and seeds retained,
suggesting that the size of the aperture that occurs when a capsule splits is a poor estimate of the seed
retention properties of the capsule. Perhaps, once capsules are open enough for the seeds to escape,
further capsule opening is likely to have little influence on seed loss.

Seven lines were identified as superior in terms of seed retention, seed attachment, and reduced
split length (Fig 2, Table IV). Eight other lines (12, 17, 43, 49, 70, 71, 117, 134) showed good seed
retention characteristics. These 15 lines originate from many parts of the world (Table II).
Furthermore, only a few of these 15 lines have the id mutation in their background (11, 12, 43, 49,
134) suggesting that other genes, in addition to id, might have something to contribute to a breeding
programme aimed at enhancing seed retention. Two lines released commercially by the CSIRO (1, 4)
rated poorly in this analysis. There appears to be substantial room for improvement of seed retention
in the CSIRO breeding programme.

We must be wary of reading too much into this analysis because the data was collected from
only one glasshouse grown plant. Work is under way to reproduce this analysis under field grown
conditions.
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FIG. 2. The relationship, determined by principal component analysis, between the 140 sesame lines
in the CSIRO collection based on capsule morphology measurements of glasshouse grown plants. The
relationships between principal component axes and the parameters are shown in Table III. The lines
with best seed retention are labelled.

TABLE III. RELATIONSHIP BETWEEN PRINCIPAL COMPONENT AXES AND THE CAPSULE
MORPHOLOGY VARIABLES MEASURED FROM GLASSHOUSE GROWN SESAME PLANTS

Principal component 1 Principal component 2

Seeds retained (%)
Seed attachment index (0, 1, 2)
Suture split length/Capsule length
Capsule opening (mm)

0.647
0.571

-0.505
0.007

0.035
0.162
0.216

-0.962

TABLE IV. THE SESAME LINES WHICH PROVED TO BE SUPERIOR IN TERMS OF SEED
RETENTION OR PARAMETERS WHICH MIGHT ENHANCE SEED RETENTION, BASED ON
THE DIFFERENT ANALYSES

Analyses
Capsule morphology of glasshouse plants
Capsule anatomy of glasshouse plants
Capsule wall elasticity
Combined PCA

Lines
8,11,
10, 11
8,17,
8,12,

37,
,17
49,
17,

88,
,43
50
117

97, 101,
, 47, 49,

,134

109
70
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3.2. Capsule anatomy of glasshouse plants

In transverse section, the capsule anatomy of all sesame lines was essentially similar (Fig. 3).
Seeds are attached to the placenta in the centre of the capsule. The capsule wall consists of an
epidermis, and mesocarp and endocarp tissue layers. Mesocarp tissue is comprised of rounded
parenchyma cells. The endocarp sclerenchyma cells are heavily lignified. The endocarp layer extends
right around the seed from the carpel wall into the partition, but not into the placenta. The partition
divides each carpel into two locules. As the capsule dries, the mesocarp cells shrink, causing tension
between the mesocarp layer and the unshrunken cells of the endocarp layer. This tension causes the
capsule to split back from the tip and from the suture. The suture splits right along the partition, and in
some cases between the partition and the placenta. Seeds can then escape either from the tip of the
capsule where no partition exists, or from the side of the capsule through the split between the
partition and the placenta.

Examination of sesame capsule anatomy suggests three ways in which seed retention might be
enhanced.
1. Increase the mesocarp cell layers over the suture region from the suture vascular bundle to the

epidermis. This anatomy results from the id mutation ([8], Fig. 3B). Presumably these extra cell
layers resist the tension set up between the mesocarp and the endocarp as the mesocarp cells
shrink, thereby preventing capsule opening.

2. Decrease the difference between the mesocarp and endocarp tissue layers. If the thickness of
the endocarp layer or if the amount of lignification of the endocarp cells could be reduced, then
the tension built up between the mesocarp and endocarp during capsule drying would decrease.
There would be less force pulling the capsule apart.

3. Strengthen seed attachment.

A B

FIG. 3. Transverse sections from the mid-point of a capsule (12 DAF) of sesame line 1 (A) and line 47
(B). En = endocarp, Ep = epidermis, L = locule, M = mesocarp, Pa = partition, PI = placenta, Se =
seed, Su = suture, VB = vascular bundle. Bar = 1 mm.

Two measurements were made which might relate to mechanisms 1 and 2 above (Table V).
Capsule wall/capsule radius was calculated by dividing the minimum distance from the epidermis to
the locule cavity via the vascular bundle at the suture, by the distance from the placenta to the
epidermis via the suture. Endocarp/capsule radius was calculated by dividing the minimum endocarp
tissue layer width by the capsule radius via the suture. The lines which might potentially have
enhanced seed retention would have a small endocarp width and large carpel wall width (Tables IV
and V).
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3.3. Capsule break strength

Figure 1 indicates that resistance to downward movement of the probe increased as the probe
came in contact with the capsule. At some point, capsule compression reached a break point where the
capsule split. Depending on the sesame line, either the break point was discernible only by a change in
the slope of the resistance force curve, or (particularly those with the id mutation) a sharp drop in
resistance occurred following the break point before the resistance force again increased (Fig. 1). For
some lines it was possible to discern separate breakpoints where sutures on each side of the capsule
split (Fig. 1A). During maturation in the field, capsules of these lines might open more readily on one
side of the capsule than the other. Sometimes a third breakpoint occurred where the two capsule tips
pulled apart (Fig. IB).

TABLE V. COMPARISON BETWEEN SESAME LINES OF ANATOMICAL MEASUREMENTS
TAKEN FROM TRANSVERSE SECTIONS FROM THE MID-POINT OF CAPSULES. DATA
ARE MEANS OF 4 MEASUREMENTS

Line Endocarp/capsule radius Capsule wall/capsule radius Endocarp/capsule wall
0.14 0.14
0.15 0.11
0.18 0.12
0.22 0.09
0.28 0.09
0.21 0.11
0.19 0.07
0.17 0.12
0.16 0.13
0.14 0.14
0.34 0.08
0.21 0.10
0.19 0.13
0.24 0.09
0.22 0.09
0.25 0.10
0.17 0.12
0.17 0.09
0.14 0.14
0.16 0.14
0.16 0.12
0.19 0.10
0.14 0.12
0.17 0.13
0.17 0.12
0.17 0.12
015 013

The difference between the break point and the zero point provides two measurements, the
fracture force and the fracture distance. The fracture force measures the force required for the capsule
to split. The fracture distance measures the amount of deformation the capsule endures before the
capsule splits and is therefore a function of both the elasticity of the capsule wall and the fracture
force. The ratio of fracture distance to fracture force gives a good measure of the elasticity of the
capsule wall. There is a negative relationship between fracture force and capsule wall elasticity
(Fig. 4). Most of the lines with the id mutation (Yermanos lines, Table II) have greater break-strength
than other lines. Lines 4 and 117 have the greatest break-strength of those lines without the id
mutation (Fig. 4). High capsule wall elasticity might enhance seed retention of sesame by allowing
greater absorbance of force before the capsules split. Those lines with the greatest capsule wall
elasticity are listed in Table IV.
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1
4
8
10
11
12
17
26
37
41
43
45
46
47
49
51
56
70
71
86
88
97
101
109
117
134
135

0.019
0.016
0.021
0.021
0.027
0.023
0.014
0.020
0.020
0.019
0.026
0.021
0.024
0.022
0.020
0.026
0.020
0.016
0.020
0.022
0.019
0.019
0.017
0.022
0.020
0.020
0.020
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FIG. 4. Comparison of the fracture force and capsule wall elasticity of sesame lines. Data are means
of 20 capsules.

3.4. Comparison between measurements

Sesame lines were compared in a combined PCA using mean values for seeds retained,
endocarp/capsule radius, capsule wall/capsule radius, fracture force and fracture distance collected
from the experiments above. Three principal component axes were required to provide a useful
separation of the lines; even then the variables correlated poorly with any one axis (Table VI). The
lines were most usefully separated by principal component axes 2 and 3 (Fig. 5). Sesame lines in the
upper left hand quadrant of the graph had good seed retention, with moderately high capsule strength
and elasticity, and moderately low endocarp and capsule width (Fig. 5, Table IV). These lines might
provide a basis for breeding sesame lines with good seed retention.

TABLE VI. RELATIONSHIP BETWEEN THE PARAMETERS COLLECTED FROM THE
PREVIOUS ANALYSES AND THE PRINCIPAL COMPONENT AXES

Principal
component 1

Principal
component 2

Principal
component 3

Seeds retained (%)
Fracture force
Fracture distance
Endocarp/capsule radius
Capsule wall/capsule radius

Variability explained by axis

-0.217
-0.491
-0.516
-0.479
-0.465

56.3%

-0.764
0.37
0.358

-0.046
-0.385

23.6%

0.492
0.433
0.236

-0.668
-0.261

11.4%
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FIG. 5. The relationship between sesame lines determined by principal component analysis using
data from capsule morphology, capsule anatomy and capsule break-strength experiments. The
approximate relationships between the principal component axes and the parameters are shown.

4. CONCLUSION

This paper presents work in progress toward identifying particular sesame lines and traits which
might be useful for hybridisation and selection in a breeding programme with the aim of developing
lines with superior seed retention. Investigation of capsule morphology, capsule anatomy and capsule
break-strength indicated that there is variation between the lines, and that some lines, particularly 8
(Kobayashi 393) and 17 (Kobayashi TK27), deserve further investigation. Lines with the id mutation
were no better than other lines in any of the investigations, suggesting that genes other than id may
contribute significantly to seed retention. Lines 1 and 4, commercially released lines by the CSIRO,
did not fare well in any examination. There is substantial room for improvement in the CSIRO
breeding programme. Work is under way to compare sesame lines in different environmental
conditions with the aim of examining the relationship between seed retention, capsule anatomy and
morphology, and environmental conditions.
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