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L. Eyrecabive Suwmnary

-t

Cnlloetinn of dwiﬁ&ling germplasm resources, study of their
morpho-physinlogiral  and  genetic variation, wutilization 1in
hybridization, mutation breeding and anther culture programs were
undertaken to establish a wide genetic and infra;structural base
for szsame (Sesamum indicum L.) improvement. Over 1400 exotic and
35 lercal germplasm accessions collected from different regions

reprzecnt the s2cond largest genetic collection in Sri Lanka after

rier and mne of the largest genetic collections of sesame in the

world encompassing accessions with useful agronomic characters such
As detocrminate growth, indehiscent capsules, short maturation
p.rind, low seed shattering and reaction to day lenqgth, pest,
disease and drought resistance etc. 'New genetic characters that
could solve cultivation and processing problems such as disease
resistance, photo-insensitivity, easy dehulling, low shattering
have been combined with high yielding adapted cultivars through

mutation induction and cross breeding. Crosses with high heterosis

L

and comhining ability have been identified. Natural cross
pollination in sesame under field conditions in Sri Lanka was found
to bhe vrelatively high (4-5.1%). Péssibility of reducing
crntamination by sampling seeds from lower capsules of early-
flowering varieties and upper capsules of late-flowering varieties
has been shown. Possibility of overcoming narrow adaptation of
pure linss due to genotype-environment interaction by using multi-
lines has heen demonstrated. 1nitial work in the devélopmeni of
a protorol for using deubled haploid technelogy for increasing the
efficiency of sesame breeding was undertaken and high rates of

~allus induction wae achieved.



. Posmalrch Objectives:

2.1 Advantages nl sesame

N

tScearym indicus L) is an 21l seed crop grewn larg:ly

"
b

in thr Jzee diveleped countries (LDC) under “marginal conditions"
by subsistznce farrmers. Out of 6.67 mln. hectares of se<ame grown
thronahout ths world in 1985, 6.65% mln. hectares or Y9.,9% wvas
loacatzd in LDPC. India (2.2 mln. ha), China (0.9 =mln. ha), Burma
{".+ Yy hal are the wmajer producers in Asia. Sudan (1.1 nmln.
By, Mioeria (0,.2% mln, ha), Semalia (0.15 mln. ha) and Nexico
(" 1¥ el had o are dirpertant in ether parts of the werld (FAD,
1=4~)y.  Th.. ~v~p has important agricultural ’dvantages. 1t grews

sgrls

m

well oAn tropical to temperate clirates, it can grow and set
und.1 £airly high temperatures giving satisfactery yields in harsh
climaree, it can grow on stored soil moisture without (or very
Mrrl.y rainfall or irrigatieon. The land races have =volvaed und.-x
P g cenarions and  give satisfacrory yiclde ander  such
mopditions, Sgeav:oae a goeord crop is retation (Joshi, 1961, Weiss,
1971, Rrav AanA Ahoda, ‘YiY, aehri, 14sy).

Th: rairm advwantan. nf ezgagze toy poorer sortione of the

tavedine ~enenpity de the availability ¢f a rzady warket for s:isarme
g2 A= ths denand is =vsar increasing in the inteynatimpal 1yr-ade
due te 1ts wids use in bhaking and confectionery industries and alsn
the valus ot 01l and rake. Therefore the price fluctuation

according to productimrn is minimal 1in sesame and farmers Are

arsul .d of szllinyg ti:ir product (Salunkhe & Desar, 149¥6).



In Sri Lanka, coconut is the single largest traditional source
of ediblr 0il, occupying 0.45 mln. ha in the Wet and Intermediate
cones nt ths low and mid country. However due to industrial
develeprment, rapid urbanization, development of tourism etc¢, in
this part of the country, the area under coconut has shown a
tendency to decrease, thus reducing the surplus availahle for
export., Thz Vet Zone and the wetter part of the Intermediate Zone
have bzen planted to the three major plantation crops - tea, rubber
and coconut, Thzrefore the potencial area for increasing the
production of annual field crops lies in the Dry Zone and drier
parts ;f the Intermediate Zone which account for more than 75% of

the land area of the Island.

Sesame has been a traditional crop in this area and is grown
by the suhsistence farmers. Any increase in yield through varietal
irprover~nt which does not cost additionally to the farmers will

therefore benefit the poorer sections of farming community.

2.2 Problems of cultivation

The most important annual oilseed crop in Sri Lanka is sesame
with an estimated 33000 ha producing 15000 MT of seed at an average
yvyield of 455 kg ha-!. This yield is fairly high when compared to
the world average of 353 kg ha! or to India, the main producer

(205 kg ha-!') (FAO, 1985).

Although the mean yields of sesame are low, potentially they

could be considerably higher. The main reason for the low yields



is <h. !=:. +t irpreved cultivars. The yield fluctuation across
environm nte is high due to narrow adaptation of existing cul-
tivAayrs. Sansitiviry of existing cultivars teo <day length is one
reason for this narrow adaptability (Ghosh, 1455, Weiss, 1971,
Tennar and Rhargava, 1939, Pathirana, 1934). The existing

irrigacion =tc, as the land races have been selected under

‘maryginal conditions’'.

F2ete and Nic-asse are partly responsible for the low yields.
in Sri Lanka, blight caused by Phytophthora nicotianae Var
Fs1782t173 is the single mest yield reducing disease, particularly
ir. tk- Sonutl and Southzastern in parts. Other irportant diswases

arz alsc s~11 bornz2, caused mainly by Macrophemina, Fusarium and

(1]

Fhizoctonza although powdery mildew is also widespread during some
s2acons. It was envisaged to develop high yielding cultivars with
inrreased reeistance to Phytophthora blight and to identify other

~ajor 1mportances for future breeding programmes.

-

(]

diezasas o

Sted shattering due to dehiscence of capsules at maturity and
indeter~inate growth habit resulting in non—dniform ripening ot tﬁe
capsules can result 1in é;vere yield 1losses, particularly 1if
harvesting is delayed or mechanized (Weiss, 1971, Ashri, 1938,
Khalid, 19¥8). The only indehiscent genotype available to breeders
and found in 1Y46 by Langham has other disadvantage (Ashri, 1989)

and has nnt resulted in any commercial varieties.

It is obvious that these defects of the sesame crop are due

to the lack of concerted breeding efferts, partly bhecause it is a

4
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Tiop of ths LDC countries and the poorer sections of farming
comrunity, werking on ‘marginal' lands. Sféawm has not been
included in th-= bfeeding programs of any of the CGIAR network cf
Intecrnational Agricultural Research Institutes. As a result the
i~proveresnt has been slow due tq‘the lack of widely bas2d germplasm
rescurces, research on breeding, genetics, selection methods etc.
Due te the emphasis placed on cereal (and pulse crops in the last
d=7ad.) inproverent in the past, oil crops in general and sesame
in particular has been neglected by the national research programs

o the LD ~ourtries,

Inspirs of poor adaptability, low yield, seed shattering,
guescptilitity ta diseases, lack of seeds of improved cultivars
gee3rme can net b2 replaczd from many of its growing areas diis to
the lack et arpcr suirable o1l ~r food rrops which are adapt.- 1 to
the cliwat:c and edaphi. conditions and to the cY-~pping systare
tashra, tuewy), It is alsc indispensable in snwg'popular bakery

-

rroincts and ~contactioneries.
2.3 Germplasm studies

Prerequisite for any breeding program that can have an impact
is the availability of a rcollection of germplasm accessions
representing the diversity and genetic variability of the crop.
On: of the rajor objectives c¢f the present project was to collect,
evaluate and maintain tﬁe cultivars of different origin. Empleasis
vas to be placed on collection of traditional land races that are

i-cirng lost with the introduction of new varieties or other crops.



Those collected materials were screen:zd tor yield and other
desirable characters that can meet the new demands for intensive

cultivarion.
2.4 Cultivar improvement

The s=2same plént has to be restructured and reconstructed to
cuit the modern cropping systems and agricultural practices if it
is to hecome a more remunerative crop in the future. The only
arailapls weans of achieving this ie to include the genntypes of
Aiv=srse nmrigin in a crossing prograr and to 1induce mutations to
ja~1ines variability for characters not present in the collected
g-.rmplagr (Anon, 19¥l, Anen, 1985, Ashri, 1937, 198%). The
Eybridizat2en program  WAS aimed at comhining Phytcephthora
r.eietar~: (fathirana, 1992) with day neutrality (Pathirana, 1934)
and det=ivinate growth hahit to produce cultivars adapted to
intensiv.: crorping systems. 0il yields per unit area was to be
inrreass4 threugh a ¢rossing programme involving high yielding
genatypss with high cil culrivars, particularly Anuradhapura local

sel. 1.

yith irproved yield, it was expected that s=zsame will become
A rorpenint of the intensive cropping systems. Thus in India for
sxampls, the mean yield of sesame has steadily increased during the
19¥0'e due to intreduction of the crop to irrigated areas or to

summer crop with assured irrigation using newly improved varieties

(Fai and Bhatnagar, 198d).



The n:nt etag. would be to exploit the hetzresis in a hybrid

e A procaation pr?qramﬁg. RAlthongh 1t wae propmsed to induce
S.oytoplascie o rall srerilify in the original propesal, the panel ot
ravizwirs of the project proposal advised against embarking on this
program as it could dilute the efferts of other more urgent needs
ot 1improverent. Hence the programme was directed at estimating

rosis in difterent combinations of crosses sn that it could be

har

"

zipleited an future when the time is right.

J.5. Multi lines

annthzr aspz~ot that need the attention of rescsarchers is the

conczrn ibouwr rne dangsr of genctic vulnsrability »f cultivars as

a xr

hy

sult of increase in homozygnzity and homogeneity of varieties.
Th# land racss are generally nixtures of different genotypes and
th-refore bave A natural buffering whereas breeder selected
horwozygous lincs could be extremely vulnerable to diseases, pests

-

as wzll as snvironmental Tcthanges.

Ther=tore the possibility of using multilines instead of pure

lines was alsn invzstigated.

2.6. Doubled haploid method in sesame improvement

Use of diploidized haploids through anther or microspore
culture h»¢ great potential in increasing efficiency selection,
particularly frr stress conditions and also in decreasing the tipe
of the brczrding process (lMorrison & Evans, 198¥; Snape, 1484;

Szarejke et al., 1991).
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Att-wpts were undertaksn in the latter stages of the prolect

ta A.vilep a protocol for haploid production.

2. Methods and Results
3.1 Methods

1.1.1 Germplasm collection & studies

Exntic germplasm was introduced through correspondence with

sesame breeders throughout the world. The local material was

O

callrct-d in ccllection expeditions and from local markets during
the harvesting period. The collected germplasm was grown in
l'at~hes with the recommend~d cultivar MI 3 at 10 row intervals.
The zxpcriments were replicated twice in most cases. The charac-
teyirarion wae done according to IBPGR sesame descriptors (IBPGR,
lavd), Ahmut 5-10 flowers per entry were selfed by using an
adhcsive or by fastening the tip ot ﬁnopened corolla with thread.
Seeds fre~m these capsules were used for preservation and 1in the
fRps rimerte, Three taxiretric methods were used to analyse the

A4ta qenp.ratszd  from scoring for twenty eight morphological

characrevs,
1.1.2 Hybridization, heterosis, combining ability and selection

Cultivars were selected for hybridization on the basis of
their aszngraphical origin, differences in chararters and yield
components and presence of desirable characters. In F: the
heternsis for yield and compeonents was measured on the mid-parent

and high parent basis.



stul

in

In the s=zqregating pepulations the progesnies of succe
crres-< were acvanced Ey different methods such as bulk, pedigree,
einyl: se=d descent and early generation testing procedures
(Detaile in appendiz 1). The bireeding lines generated from crosses
in the early part of the preoject are now in advanced breeding
nurseries. Snme have undergone farmers' field testing successful-

1y,

Thrs: 4diallel crossss wers carried out in additicn tn the
norwal hybridizatien prograr. Theee included two 6 x A Aiallels
withour *hez reciprocals and one ¥ X ¥ complete diallel. Thz field
trials wvith diallels were planted in 3-4 replications and data

analyzics ~arried ocut accoriing to Griffing (1956), considering tha

=

par=snt as a tixed sample (for details see appendix 2).

Thz advanced breeding lines showing promise were evaluated for
vield and agronomic characters at two or three locations per season
in plats of 10-15 m¢ in randormized complete hlock design using MI

L variety as rhe control.

Where possible, all the experiments were statistically
analyzed using GLII, ANOVA, CORRE, REG, CLUSTER, DISCRIM and c¢ther
procedures of the SAS statistical package in an IBM personal

computer (SAS, 1987).



d.1.3 Multi lines

Thz multilocational testing of breeding lines emanating from
the bresding program showed high response to environment in some
ct them. Therefore three breeding lines selected from the same
populaticn wer. mixed in different proportions and tested at three

locaticns ith the original breeding lines, MI 4 ‘control) and MB

28w | a whits seeded brittle s<ed coat line).

The lines ¥3-9, $3-10 and 83-14 from the ~ress Suduthala 102
(111 3 2 A1) cress were selected for the study. Givein Lelow are

th: preparrione of mixtures:

ffixmture 1 - 33-3% of every breeding line
liixture 11 - B23-9 - 25%

¥i-10-25%

83-14-50%

Hixture 111 = _ g3-9-60%
83-10-20%
¥3-14-20%
B3-9-20%

-

g-10-40%

Hixture 1V

83-14-40%

At each location the experiment was planted in four replica-

ticons in Randorized Complete Block Design.

10



J.1.4 StudiFrs cn natural cross pellination

Gernplasm collected nezd to be preserveé in its original form
as far as possible, HNatural cross pellination is the major snurce
of contamination of genetic collections of sesame. Studies were
undsrtak-n to estimate th: degree of out-crossing under fiwld
conditirne at twe locations using three cultivars with contrasting
morphol~gi7al characters, Seeds were sampled from upper, riddle
and lover pertions of plants of the three varieties having a tew
tave diffe-rence in tire taken to flowering. The degree of
Tt gpen et yplc out-crossing was estirated by scoring the number of

I'lante with dominant characters in the recessives genotyps (Details

ir appeendis 1),
1.1.5 1Induced mutations

InAucticn of mutations using physical and cherical rutagenic
gcnts vae attempted with the aim of improving rﬁe existing adapted
cultivars and to irprove the indehiscent cultivars (i1d id gznotype)
which always have several undesirable characters such as corrugated
leaf, semi-sterility of pollen leading to fewer seeds per capsule
etc. Garma rays, diethyl sulphate and ethyl methanc sulphonate
wiere uscd as the mutagenic agents. Preliminary studies were

undertaken to estimate the optimal doses of mutagens as the

previcus studies have given a wide range of LDio values (see

appzndix 4).

11



In controlled selection expsriments, 1t was attempted to
vstizate thes variability and heritakility of gquantitative charac-
tere an irradiated populations ard tce compare ths rasults with
}roadscns: heritabilities and variability in the germplasm
c2llection (se= appendix 5). The promising mutants were included
in variety testing program along with the promising breeding lines

trom the hybridization program ( see appendix 6 and 7).
d.1.6 IMrought resistance studies

M ouzht in thé early stages of growth and at flewzring can
veduc. the yield inspitse of the well known drought resistant
quantiries of sesams (Weiss, 1Y¥3). Studies were undertaken with
rrprov:id gonotypes emanating from the breeding program to assess

ths degrz. of resistance to simulated drought conditicns and other

m

thozactsrs associated with drought tolerance. The studies involved
th« {ollowing aspects:
{a) Seud germinition in manniteol and polyethylenrne qglycel at
different osmotic pressures,
(b) Beshaviour of steomata under artificially inducad water
st1oee by detaching leaves,
te)  Storatal density
(d) sShoot / root ratio in plants grown in 1% 1 buckets.
le) Other morphological characters such as leaf area,
puksscence.
(£} Evapotranspiration and dry matter accumilation under

vArying water regimes in pot experiments in the green

house.,

12



4.1.7 Doubled haploid method for sesame improvement

The tuture of sesame crop will largely depend on the ability
cf breeders to develop new varieties with improved characters for
changing requirements of moedern agricultures. .The classical
hresdinyg r=thods require relatively long periods to develop new

cultivare, The Doubled Hapleid (DH) method requires short period

1=+,

fo1r *he do 2loprront of cultaivars if efficient protocols for haploid

prodaction, Jdrprinidization and in vitre screening procedures are

availabl: tilcrraison & Evans. 1983; Snape, 1989; Szarejke et al.,

-

199l ., Iurashige and Skocog (1976) medium with ditlerent concentra-

-t

’

‘;

ions of 2, 4-D, IAA and BAP was u-~sd to induce callus and f£or
teg-neration studiecs of arthers frorm MI 2 cultivar. Efferts of
<mplart ayg: and ot different laight regim-3 (total darkness and

12 hrs lighrt por day) were investigated fer callus induction { see

arr=ndis 7).

3.2 Rersuvilts

2.2.1 Germplasm collection and evaluation

The cnllartion of gerrplasm represents sixty two countries in

the awericsn, African, Eurecpean, Asian and Australian contiaents.

0

Exicept for the 15 morphologically different varieties identified
in Sri Lanka the largest collections were from Korea (155), Turkey

{i2g), wsaA (106), Egypt (55), China (58), India ({54), Pakistan

?

(

[1=3

5

—
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Twenty eight morphological characters were studied and
attempts were made to establish patterns of similarities in the
wide variation observed by means of three faximetric methods. The
variability studies indicated wide genotypic variation of charac-
ters indicating the ancient nature of the crop and its wide
ecological adaptation. The degree of environmental variability of
the same biometrical character fluctuated with in certain limits
in different cultivars, whereas different characters showed highly

significant differences even in the same genotype.

The taximetric analysis yielded five major groups of cultivars

and five characters accounting for 85% of the variance.

3.2.2 Hybridization and selection

Over 250 different combinations 6f crosses were made success-
fully. Selections were made using different methods in the
segregating populations, Five segregating populations originating
from geographically diverse parents were subjected to five methods
of selection for yield. There were no significant differences
among methods of selection but the genotypes selected had sig-
nificant differences among themselves for yield. Genotype-
envivronment interaction of the selected- genotypes was more
pronounced in crosses developed from exotic parent material. More
high yielding lines with less genotype - environment interactions

could be selected in crosses involving atleast one locally adapted

high yielding cultivar (see appendix 1). Therefore much attention

14



crosses for developi linzes with high yisltd and
crosses £or developing linzes wit gh y

N
T

wae pard o thy
stability of pertormance. Lines with Phytophthorra resistanycs
fratariany, 1992y, lew-reaction to day length such as Anstralisn
Introdusrtion, high ¢il content and large seeds were included in
many rcrosses and some of the advanced promising lines hLave these

varietise A< parents.

J.2.3 Heterosis and combining ahility

Th= F; gzneration of rany creosses was more vigorous than the

in
[

rarsnts. Thi ffzern was apparent in plant he~ight, hrapching,
cmirkher of capsules and leaves and in seed yield. High hetercsis
wag apparznt in crosses invelving either high 2 low or low x low
y1z14ing parents, confirming observations of previous workers
19%1: Ibhrahim =t al., 19%3; Krishnaswapli et al.,, 14Y385%;

Lichnan, i9%%),  The heternsis ranged from 5%-65% in our ctudies

bae the hich hoterotic cressee n2ed to he checized once more,

The. rcorbining abkilifty was studied in thre« diallel cresses,
Tho yivcll and many r=lated characters recorded significant GT2 and
SChR rmean squares except 1000 seeds weight.. GCA and SCA componsnts
ware =wqually impertant in determining the characters., SChA
cormpenant had a great influence in yield indicating presence of
nen-additive gene action in determining yield in sesame (appendix

iy

-t e
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4.2.4 Natural cross-pollination in sesame

The rzsults of natural cross-pellination (NCP) studies

indicated 4-5.1% intergenotypic out-crossing in three varieties ard

at tvo locariens, Unlike in previous studies (Langham, 1v44;
HMuhamed 2t al,, 1965; van Fheenen, 196%; Khidir, 1972; van
Phecnen, 19%0) the seeds were sampled from upper, middle and lower

porticns of the plant in three varieties differing in time taken
tn flowering and maturity. This enabled to conclude that the lower
Fortion of early-flowering genotype and upper portion of the late-
mAtnrity aenotype carry extremely low proportion of seeds derived
fror our-crossing (appendix 3). The results indicated the nesd for
coentrelled self- ¢ sib-pollinations for purity maintenance in
J-rrplaer and breseding plets., However, contamination dus to HNCP
7an bs rednrzd by sampling seede frem the lower capsules of early-
matumaty and redium-maturity geneotypes and from upper capsulee of
lats-vaturity genotypes in plots where pollination control is not
prracticed, Th: rasults obtained in these studies will he irportant
in fntope censxderations of rethods for germplasm maintenance and

poliinarion contrel (appsndix J3).
J.2.5 Induced mutations

our studies on radio-sensitivity of sesaps

(o)

Pesultse o
cenfirmed th: notion that its seeds are extremely resistant to
irradiation. Even 2fter irradiation with 1750 Gy gamra rays, the

seeds of 11T 3 variety germinated. HMever:heless the optimum doses

16
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tor inucing useful rutations was tound te be in the rangs of 500-

o fer 1T 2 and 600-750 for MI X, Varjetal differences in

-
-

tadiation s-nsitivity were also found {(appendix 4).

Selectrion eyperiments indicated that lower - doses are more
ue-ful -1 inducing micre-mutations involving yield and other

quantiratic rraits  (appendiy 5). Ilore gesnetic variation and

in o2 2nacated by higher hevitabhility of Ha-Iu regression than

in l:-1' v.gr=¢sion (appendix 5).

A rimher of mutants vith changed rmorphological, physiolagical
and anatorical characters have been isnlated and cenfirmed in high
yitlding, 1locally adapred varieties (appendix &). The eAarly-
flowering and zarly-maturity mutants, those with increased nurher
L orarertie per leaf axil (in MI 2.variety), branching in I 3
Tarl-fy wte, are useful in future bregding programs And some have
Lermpds S hickey yioldcrhan their parent varieties recommended for
Tultisarion faprarsiz AV, The hritcle cesd ecmat rutant [IB 29 of
HI 2 wari -ty will b: useful in the post-harvect rroceesing of
szsare (Anneiure 6). By back-crossing with white seadsd varietiss,
dAifferept colour variants and white seeded breeding lines with
mutant character have been isolated. The original mutant MR 26y
wae t.eted in farmers fields in the Hambantota District and i1 bhas

reeorad o 01,2% higher yield than MI 3 variety in ten farmerg’

ficlds,

17
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The sesds of wvaristy UCR ¥2-2021S having inAdshigerent rarenles
weld iriadrated with the hope of hieaking the linkage ~f thsz
indehiscant character with undesirable effects of id jd asnotypa,
In a populaticon ot wore than 150000 M; plants representing ahout
4npn 1y plants, twno mutants without undesirable rcharacters were
fannd. At raturity it was found that the indehiscent character was
alen lost., This indicates that the id id locus has pleiotrepic

clfecte and th:ire is a need for search of alternate sources of

ind.hiscunr» or better sced retention.

J4.2.6 Advanced yield testing, superiority of mixtures

(]
"y
—

1 [

o

Prorigi seame lipze  dAsveleped  through  eslectine

ST 33ty pepnlations and by rutation breeding were t.sted in

rulrirssational trials. These trials revealed the superiority of

A:. Jr.--4ing lines and rurants dzveloped fror NI 2 vAariety

[~ TN

-

tapl.reile &y, The breeding liness #3-Y, %3-10 and %¥3-14 isclated

in th esn s-or-gating pbopulation fror the cross Sudu Thala 102
» o Ur o r o Al were all outsrtanding but  showed high Gurotype-
Enviiren--nt interaction. The seeds of the threz breedinyg lines
when mixed with 60% of 83-9 and 20% each of ¥13-10 and X3-14

recorded the highest yield and stability._ These lines were

elected in F: and inspite of ths presence of sope degree of

)

rog=nzity in each line, the performance improved when mixed.

oy
7

f

m

.This indicatzs the high genetic vulnerability of pure linse and

thivefore carly-generation selection should be practiced in sesame,

€

Peceibility ~f 1 lzasing risture of lines with similar merphologi-

~al and ph:nrlogical charastere ic heing considered.

18



Tn 14991 ftuwo Aadvanczd hbreeding lines were tested ir tan
torxmezre’ tielde in Hoﬁ%raga1a Distriet, in the Southeast nof <ri
Lanlkg, Th: twa lipcs 23-14 and ¥3-10 recorded d1.4% and 29.5%
highsre av wam. vield, Tn the Harhantata District the 'brittrle eccd
oAb mrant! IR 29w yrecordod 24,2% bigher yield than MI 2 varizty

in 10 farwere fields.

2.2.7 1Investigations on diseases of sesame

The ro-s.Aarch on identification and isolation nf Ajeraccs was
contin:zd to the Southern Region hecause higher incidence oecure
*he-re dn: e eyltivation 1n wet gseasan. FPathogenicity tests
vevsal:s 1 vhe presanes of Altzrnaria sesamnicola, Csrcospora s=ca»1,
Fuespyuip ~wpyeporpn and Phytophthora nicotianae var. Farasitica.

Hinh dneid nee of Altarparia s-<sa=icola at the Imiversity Pecoarch

1

areand e Phytophthora hlaght  at the yeerayelh fayrs tlis
Foygimnal snarcultural FResearch Station, Anyumabnlap.lesea  was
~hs.rved.  Teering for sensitivity to fungicides in vitro showed

thar 10 g Aai ml-! of RidnwTil (84% Mancozeh and 16% metalaxyl)

completsly inhibited mycelial growth of Alternaria sesamicola.
3.2.8 Drought resistance studies

The characters associated with the drought resistance
qualitizs of selected sesame genotypes were studied in different
¢.ries of experiments. The genotypes with more leaves such as & i-
10 and ¥3-14 recorded less evapotranspiration (ET) and vice versa.
Seed ger “inarion in solutione with high osmatirs patential have hwen
need to <tndy the drought resistance at s-adling stage (Tahle 1),
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Prenlta indirated that arceceinn o, 131 {rnr Thailand and (1T

* had a highrv capacity of gerrination under high nsmetiec paren-

rials. When artificial drought was irposed under green house

conAditions, arcessinn No. 132 (Thailand) was the earliest to wilt

and 1T 3 and %3-14 took the longest ftime. Fastest to recover Wwas

MB 24w, Accession 142 which wilted faster then other varieties

veenrdazd the longest period to recover (Tabhle 1).
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Table 1 - Some characters associated with drought resistance in

sesame breeding lines and accessions compared with MI 3.

No of ET per  Seed Germination % Time Time
Genotype leaves at cm? of to to
flowering 1leaf at Mannitol, Polyethene wilt recover
flower- 6 atm. glycol,
-ing 2.3 atm.
131 32 de 0.36 b 33 ab 34 ab 133 b 46 ab
132 19 e 0.40 b 25 ¢ 40 a 99 b 66 a
135 54 b 0.20 a 26 bc 20 cd 126 b 41 ab
83-10 72 a 0.20 a 13 4 33 ab 128 b 48 ab
¥3-14 85 a 0.17 a 14 4 28 be 186 a 52 abk
MB 32 35 cd 0.27 ab ni ni ni ni
MB 24w 48 bc 0.22 a ni ni 108 b 32 b
MI 2 42 cd 0.29 ab ni ni ni
MI 3 32 de 0.39 b 34 a 33 ab 191 a 35 ab

™

ni - not included in the experiment.

Values dencoted by the same letter are statistically not signiiicant

according tc DMRT.
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Secams shows heterophylly. Therefore the leaf area
measuremants are complicated without automatic measuring devices.
Therefore we desveloped regression equations for leaf area based on
ths length of 1leaf for three different 1leaf shapes, namely
lan-eolate, ovate and tripartite. Further experiments sith these
formulas showed that the leaf area derived by these formulae highly
corielats vith the actual leaf area, with correlation coefficients
ranging from 0.¥7 to 0.9¢ in different varieties and among

dAifferent leaf shapes.

3.2.9 ponhled haploids - rallus induction ftrom anthers

As the first stage of anther culture for using doubled
haploids for secame bhreeding, callus tissue has bheen induced at
high per-~ent nf success in the MS 5 medium us<d. This medjnm

inviudes U, 4-D, IAA and BAP in concentrations of 10, 2 &% 2 mg 1-!

r-gpuctavely with the basal salts cof Murashige and Skoog (1976).

+
-

Th: stags of the ex-plant, light and temperature oprimal feor the

indurtion ot callus an !5 5 medium have been found (appendix ¥).

a. Impact, Relevancet and Technology Transfexr

The exotic and local germplasm collection made during the
projszct is th2 second largest (by number of accessions) genetic
collection after rice in Sri Lanka. By the number of countries of

origin, it ig the most corprehensive. This material represents a

wide rangr of variability for morphological, physiological and
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aqeperic ~haitart.re and will serve the sesare breeders in Sri Lanka

A thyrnaherr the world.

Thez breeding naterial developed in the hybridization and
putation induction programs reépres:snt new SOUrces of genetic
variability and have adaptive features required for Sri Lankan
conditions. The advanced, more promising breeding lines will be
in-luded in th= National Coordinated Trials in sesare corndursted hy
th: Dezpartment of Agriculture (DOA) for release to farmers. This
will k2 tho first instance when the DOA will inciude breeding lines

ds veloped by breeders other than from DOA.

The D0a ertended its suppert during the preject perinod by
allowing the evaluation of breeding lines and germplasm at 1ts
Peczarch Stations in Girandurukotteh Angunakolapelessa and Maha
IMvppalla-a, This enabled the estahlishment of collaborative
avrang w.nts reeylting in new project activities. Council for
neyricutaral Research }Blicy (CARP) has granted Rs. &¥uvlOn/= to
the Frincipal [nvestigator for further studies with the collected
nermplasr. The Pathology Divicion of Central Agricultural Research
Tinetituts, Gannoruwa, Peradeniya and Division of 0Qilseeds,

Agqricultiural Research cration, Angunakolapelessa are callahorating

in this project,

Sarvodaya Rural Enterprises Developrment Services, (REDS), an
f:n,  parricipated in  the villane level testint of prorising
hreeding lin=s. Farmer families in Moneragala and Hambantota

Districte participated. Promising breeding lines have Aalready got
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into the hands of farmers through this activity. In LDC's where
certified seeds of crops are often not available, farmers' field
testing in growing areas will enable the farmers to select and use
the seeds of the cultivar of his preference. Growing of the test
varieties using relatively advanced technology '(row seeding
fertilizer application, weeding etc.) in the farmers' fields

convinced the farmers of the advantages.

Another project proposal for the development of a dehuller for
'brittlg seed coat mutant' and to organize village level growing
and dehulling is being considered by the Hambantota Intergrated
Rural Development Project (NOKAD funded). Once this project is
implemented, dehulled seeds will be supplied by farmers to oil
mills. Harischandra Mills, Matara has already indicated its
willingness to buy dehulled seeds at a premium price. The dry
dehulling will be possible with the new mutant, thus enabling the
processing of the seeds in the areas of production, generating

employment and income in- the rural areas.

The Principal Investigator was able to meet a number of sesame
researchers from different parts of the world during his attendance
at conferences, resulting in international collaboration. Already
one proposal has been prepared and submitted to the UNDP for an
international research network in sesame. The proposal was
prepared at a group consultation in Vienna convened jointly by FAO
and IAEA. Other international funding sources have also been
approached for financial assistance in collaborative research

projects.
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A tissue culture facility at the Agricultural Biology Section
of the Department of Agronomy has been established with partial
funding from project. 1Initial work on doubled haploids for sesame
improvement has been started. This will pave the way for future
research and training in tissue culture and plant biotechnology,
a field with the potential of a second cycle of 'green revolution'
to overcome hunger and povefty in LDC's. The facility is already
in use for demonstrating tissue culture techniques for under-
graduate students. several graduates have already acquired skills

in tissue culture during their work in the project.
5. Project Activities / Out puts

The P.1I. attended several meecings and conferences with full
or partial financial assistance from tie project. The abstract or

full paper presented is listed with the names of authors.

01. Widanagamage, K. ,~ and Pathirana, R. (1987). Correlation and
path analysis of gquantitative characters in sesame (Sesamum

indicum L.). Proc. Sri Lanka Assoc. Adv. sci, 43 (1) 32.

02. Kariyawasam< J., Rajapakse, R., Pathirana, R., and Jayasena,
K.W. (1987). Investigations on the diseases of sesame
(Sesamum indicum L.) in Southern Region of Sri Lanka. Proc.

sri Lanka Assoc. Adv. Sci., 43 (1)59.
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Fathirana, B., P~rern, R.UALS., Ie+=ragala, M., and Fem.adasa,
N.A. t1988). Fhotoperiod 1esponse studies iu sesame (Scsamun
indions L) Proc. Int. Conf. Res. in Plant Sce. and 1t's
FPelevance to Future, Univ. of Delhi, ey Delhi, Tndia. 1'1: -

80.

Pathitana, R., and F=rara, R.A.S. (192%). Charactcrization
of th~ wumld eceane (Sesamom indicum 1,.) collection far
Aot phie phy~ialogiell traits. Proc. Int. Conf. on Res. 1in
Mlant Sci. and 1t's Relevanre to Futuvre, Univ. of 1 Thi, 1w

M tha, india, pp. 26071,

Fathiyana, R., F=1-1a, P.A.S., and Necpagala, 1. (1988).
Combining ability analysis in sesame (Sesamum indicum 1..)
e v Lo photoperiaods, Proc. %XVI 1ut. Congr. Genetics.,

Teronte, Canada. Genome, Vol. 30, Suppl. 1, abst. 43.74.5,

Fathiryana, F. Wrerasinvhe, I.D.II., Ferera, R.ALS.,  And
Wanagnliyaygs, C. (L9883}, Genetic analysie of sezawme  and
I eeding studiec for its dmprovement. In : 011 Crops:
Sunflower, Linseed and Sesame, Ed. Abbas Omran. Proc. Ath

Nil myops Netwyerk Moy Kehop, Hjore, Fenya. pr.  19.4-on.

Intcrrrat ional Development PResearch Centee, Canada,

Fathirana, F., andl Perera, R.A.S. (198%). Intraspecific

variatinn in  Sesamum  indicuw L. with relarion teo jt's
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08.

09.

lo.

11.

classification. Proc. dth Int. Symposium of Plant

Biosystematics, Kyoto, Japan, July 10-14, 19%9. p-10-33.

Pathirana, R. (1990). Gamma ray induced field tolerance to
Phytophthora disease in sesame. 1In : Mutation Preeding of 0il
Seed Crops. Proc. Res. Co-ordination Mtg., 20-24, Nov. 1989,
Bombay, India. 1International Atomic Energy Agency, Vienna,

pp. 34-40.

Pqthirana, R., (1991). 1Increased efficiency of selection for
vield in gamma irradiated populations of groundnut and sesame
through yield comjponent analysis. In : Plant Mutation
Breeding for Crop Improvement, International Atomic Energy

Agency, Vienna, Austria. Vol. 2, pp. 299-1316.

Pathirana, R. (1991). 1Induced mutations in sesame facilitate
adapting crop to intensive agriculture. In : Proc. EUCARPIA
Symposium on Genetic Manipulation in Plant Breeding. 26-30,

May, 1991, Reus, Spain GI. P2.

Pathirana, R. (1992). Yield and quality improvement c¢f sesame
through induced mutations and cross breeding. In : The second
Int. Symp. on New Genetical Approaches to Crop Improvement.
15-20 Feb., 1992, Karachi, Pakistan (Full paper in press).
The publications resulting from the project are given as

appendices.
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Dr. Rohan Rajapakse visited Field Experiment Station in Ubon
Ratchathani Thailand in 1987 and P.I. visited several sesame
research stations in Thailand during 1992. The P.I. also visited
the Faculty of Agriculture, Hebrew University of Jerusalem and the
Israel Gene Bank. During the visit o¢f IAEA expert, Dr. M.A.Q.
Shaikh, the P.I. participated in organizing a workshop in Mutation
Breeding for Crop Improvement held at the Insgitute of Fundamental

Studies, Kandy. About twenty five plant breeders participated.

Several farmer training workshops were held at Moneragala and

Hanmbantota Districts in collaboration with REDS.

The B.Sc. (Agric.) degree at the Faculty of Agriculture,
University of Ruhuna, requires the submission of a research report
during the final year for specialization subject. Following

reports were completed under this project:

01. vidanagamage, Kusum. 1986. Variability, heritability,
correlation and path-coefficient analysis of some quantitative
characters in a model population of sesame (Sesamum indicum

L.) 83 p. Supervisor :-Dr. R. Pathirana.

02. Juyaratne, G.A.S.A., 1986. Evaluation of a collection of
sesame (Sesamum indicum L.) genotypes for qualitative
characters. 89 p.

Supervisor : Dr. R. Pathirana.
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03.

04.

05.

06.

07.

0§.

Wijesekera, G.P.S.C. 1987. Analysis of quantitative
characters in sesame (Sesamum indicum L.). 70 p.

Supervisor : Dr. R. Pathirana.

Meepagala, Mala 1987. Combining ability analysis of
characters at flowering and yield components in
sesame (Sesamum indicum L.) under two bhotoperiods. &3 p.

Supervisor : Dr. R. Pathirana.

Adipola, Meeta 1987. Evapotranspiration in Sesame.

Supervisor : Dr. K.D.N. Weerasinghe.

Gammanpila, Sandhys. 1990. Effect of different doses of
gamma rays on sesame (Sesamum indicum L.) seeds. 32 pP.

Supervisor : Dr. R. Pathirana.

Siriwardene, Manohari, 1990. Drougnt resistance studies in
sesame.

Supervisor : Dr. K.D.N. Weerasinghe.

Balachandra, Nayana. 1991 Pe¢tformance of some breeding lines
of sesame {Sesamum indicum L.) in mixtures and pure stands.
43 p.

Supervisor : Dr. R. Pathirana.
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09. Fernando, Sandhya, 1992. Investigations on drought resistance
and variability of quantitative characters in a sesame
(Sesamum indicum L.) collection. 69 p.

Supervisor : Dr. R. Pathirana.

6. Project Productivity

Most of the objectives of the project were accomplished.
However the screening of the germplasm and breeding lines for
disease resistance, mainly for Phytophthora blight under artificial
inoculation could not be accomplished. The frequent change of
Research Assistants, disruption of work due to closure of Faculty
during the period of civil unrest and the difficulties with regard
to methodology were the main reasons. This aspect will be achieved
in the CARP project where the Chief Plant Pathologist of the
Central Agricultural Research Institute, Peradeniya will be a

collaborator.

The establishment of a tissue culture facility and anther
culture for sesame improvement was not-envisaged in the initial
project proposal. In later correspondence with USAID Office,
concurrence for starting this werk was obtained and this aspect

will be actively persued in future research.
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Plate 1 - General view of sesame field at

Mapalana Reseach Farm.

Plant 2 - High yielding breeding line 83-10.
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Plate 4 ~ Variety 'Improved Baco' with indehiscent

capsules showing associated undesirable characters.
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Plate 6 - Callus induced from anthers of MI3 variety.
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Key Words = Breeding methods, Genotype - environment
interaction, Generation advance, Heritability,

Sesamum indicum (L.), Selection criteria.

Summmary

Sesame (Sesamum indicum L.) lines selected by bulk, early
generation testing, pedigree and single seed descent procedures
were tested for yield and other agronomic characters in Fe¢ and F2.
There were significant differences among lines for yield and other
characters but the differences were not due to method of selection.
llore high yielding lines were isolated by the bulk method and in
the cross involving tws local cultivars when two seasons means and
performance in each individual season were considered. The cross
involving two exotic cultivars did not produce a single line
superior to local recommended variety. Genotype-environment
interaction was highly significant only for the lines derived from
this cross. In lines hérived from crosses involving atleast one
local cultivar, genotype-environment interaction was either not
significant or significant at 5% level. Heritability estimates
ranged from 22.1% -~ 38.1% for yield, 41.8 - 75.7% for plant height
and 24.3 - 41.0% for the number of capsules per plant. The results
indicate that breeding lines with high yield and better
adaptability can be generated by selection in sesame populations
derived from crosses involving atleast one high yielding, locally

adapted cultivar. Upto 80% breeding lines may be safely discarded

after two seasons of testing.
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Abbreva-ions: EGT - Early generation Testing
GXE - Genotype x Environment.
SSD - Single seed descent
MSS - Modified single seed descent
BM - Bulk method

PM - Pedigree method

Introduction

Fesame is a major annual oil seed crop of the world and in
Sri Lanka. Demand for sesame seed in the international trade is
increasing due to the high quality of its o0il and wide use in
confectioneries and bakery products (Weiss, 1983; Salunkhe & Desai,
1986; Ashri, 1989). Production of sesame is conczntrated in the
developing, tropiczl countries and is grown mainly by small
holders. As a result the crop has:received less attention by
breeders (Brar & Ahuia, 1979; Weiss, 1983; Ashri, 1989). In
recent years there have’been intensive efforts in different parts
of the world to assemble the dwindling germplasm resources of this
ancient crop. Some collections were more cqmprehensive and others

were rather limited in scope (Thangavelu et al., 1985; Paroda et

al., 1987; Ashri, 1990).

Introduction, sometimes accompanied by mass- or single-plant
selection proved successful in several countries where this has
been practiced. Hybridization programmes have been initiated to

generate new variability and/or to combine specific traits (Ashri,

2



1985; 1989; Lee & Choi, 1985; Pathirany et al., 1988). There is
much scope for this approach in varietal improvement, particularly
for increased yield as genetic variability for this trait seems to
have been exhausted within local populations due to continuous
selection (Rajan, 1981; Weiss, 1983; Anon, 1985; Ashri, 1989).
Although many pProcedures are available for selection and generation
advance in segregating populations of self-pollinated crops, their
relative efficiency in selecting for yield is not known for sesame.
Therefore an attempt was made to compare effectiveness of selection
for y}eld by four standard methods of selection and a modified
procedure for single seed descent method which could be applicable

to small seeded crops grown under high plant density.
Materials and Methods

Five crosses were selected for the study on the basis of high
degree of heterosis in Fi and good general performance in the F2.
All crosses except one -(No. 4) had a parent cultivar originating
in sri Lanka (Table 1). The variety MI 2 is recommended in Sri
Lanka, Sudu Thala and MI 3 x AI (a pure line selected from a cross)
have performed well in the National Co-ordinated Sesame Triéls
conducted by the Sri Lanka Department of Agriculture and 180/52 is
& Phytophthora tolerant mutant isolated recently (Weerasena, 1988,

Pathirana, 1992).

The spaced F: plants were grown at the Mapalana Research Farm

of tie Faculty of Agriculture, University of Ruhuna during the

f
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Southwest monsoon season, 1987. At maturity one seed was harvested
from each plant per cross for Single Seed Déscent (SSD) procedure.
One seed from each Fis and F« plant were.bulked for generation
advance as usuall: practiced in the SSD procedure. The seeds
selected for SSp procedure were space planted in Fa and F¢ with out
removing any extra plants. 'Three seeds from each F2 plant were
harvested for Modified Single Seed Descent procedure (MSS) and
were planted at normal spacing. Ten days after emergence, the
weaker seedlings were removed to maintain the number of individuals
ber cross similar to the original F: plant number. This procedure
was repeated in Fj;, In the F« 150 best looking plants per
pcrulaticn were selected for growing Fs progeny rows out of which

16 best performing lines were selected for both SSD and MSsS

Procedures for yield testing in Fe¢ and F-.

Half the total weight of seedsvfrom each Fz2 plant per cross
was bulked and grown in 300 m? plots. Thereafter total bulks were
used for planting until F« for the ‘bulk method (BM). The best
looking 150 plants were selected in Fs, threshed individually and
grown in 3 m row plots. The highest yield?ng 16 lines were saved

for field testing in Fs and F7.

The remaining seeds from each F: plant were grown in 5 m rows
and half of each row was thinned to 10 cm between plants. 1In the
non thinned part, three plants each were selected from the best
looking fifty rows for the pedigree method (PM). 1In the F; and Fq4

generations 2-5 selections were made from the best looking rows
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and in Fs generation 16 highest yielding lines were selected for
Fe and F7 yield tests. In the 50 best looking rows of spaced
plants, three plants each were selected for the early generation
testing (EGT) method. The F¢ seeds of one hundred and fifty EGT
plants per cross were planted in 5m rows, which que divided into
2 m for spaced plant selection and 3 m for yield testing. Three
selected plants per family served as the three replications for
testing family performance in the 3 m length of each row allocated
for yield testing. Three plant selections were made in the space
planted section of the highest yielding replications of the best
50 fa$ilies in Fs4.  These selections were yield tested in Fs and
the best 16 lines from the highest yielding replications were saved
for yield testing in Fe¢ and F7 in comparison with lines emanating

from other methods.

The 16 best lines from each of '‘the five methods were yield
tested with the recommended variety MI 3 as control in a randomized
complete block design g%th four replications. Each population was
planted as a separate experiment. Five meter rows were spaced at
30 cm and plants from the central four meters were used for yield
testing. Estimates of plant height and number of capsules per
plant were taken in Fs and'Eubsequent generations in the selected

plants. Days to flowering and maturity were also observed in Fe

and Fi.

The Fs generation was grown at the Agricultural Research

Station, Giradurukotte. Both growing seasons were used for rapid

e



generation advance. The experimental results were analysed by
procedures ANOVA, GLM, CORR & REG of the Statistical Analysis
Systems (SAS, 1987) package for microcomputers. The heritabilities
of yield in different populations were estimated by the standard
unit 'b' based on the correlation coefficients (Frey and Horner,

1957).

Results

?he analyses of variance showed that there were highly
significant differences in yield for the two seasons and for the
selections in methods (Table 2). However the differences among
selections were not due to the methods of selection. The
interaction of genotypes with the seasons was significant in four
of the five populations. The interaction effect was highly
significant in the cross involving two exotic cultivars, Cola de
Borrego and Hnani. The interaction of genotypes with seasons in
the selections from the cross 180/52 x Instituto 81 was not
significant. The heritability of yield was relativelv 1low.
Highest value was recorded for the cross No. 4 involving two exotic
cultivars, closely followed by the cross.180/52 x Instituto 81.

The lowest heritabilility was in the cross No. 3 involving two local,

Sri Lankan varieties (Table 2).

There were 400 lines derived from five populations selected
by five different methods. The number of lines which were among

the highest yielding 20% without considering the population is



given in Table 3. The L .1k method produced more high yielding
lines when two seasons means as well as individual season means
are considered. The eighty highest yielding lines recorded a 10.8%
increase in yield over the overall mean. Early generation testing
method produced the largest number of high yiel@ing lines after
bulk method. Other methods recorded almost similar numbers of
lines among the highest yielding 20% except for the low number of
lines in pedigree method when both seasons are considered
individually. The yield of individual lines as a percentage of the
yield of MI 3 (control variety in all experiments) was considered

LY

for selecting the best 20% lines for yield .

The variation in agronomic characters ip breeding 1lines
selected for testing in different populations is compared with the
recommended variety MI 3 in Table 4 for the data of more favourable
Southwest monsoon season, 1991. Pépulation 3 derived from the
cross of two local cultivars produced more lines with high yield
and increas:d number of-capsules. The cross number 4 involving two
exotic cultivars did not produce a single line exceeding the yield
of MI 3 variety. The lines from this cross were late in flowering
and maturity. The other three populations.produced several lines
exceeding the yield of the recommended variety MI 3. ‘They in
general produced more capsules per plant and were taller than
average. The heritability estimates for plant height were much
higher than for number of capsules per plant and for yield (Table

2 & 4).



Discussion

The hybridization programmes in sesame have been followed
mainly by mass- or single-plant selection or bulk population
procedures (Anon., 1985; Lee & Choi, 1985; Ashri, 1989). No’
attempts seem to have been made to compare efficiency of different
procedures of selection in segregating populations. This could be
due to the fact that development of improved varieties of sesame
by cross-breeding is still in its early phases in many countries
(Ashri, 1989). Results of the present study indicate that visual
selection for yield or -early generation testing in sesame
populations can both lead to lines with increased yield, provided
that suitable crosses are used in which atleast one adapted local
cultivar is included. Nevertheless use of several yield components
having direct relation to yield such as number of capsules, short
internodes, increased length of fruiting zone etc. may increase
the effectiveness of selection as demonstrated in other experiments
(Ibrahim et al., i§83). Regression, path-coefficient and
discriminant function analysis in sesame have revealed efficient
selection indices (Chavan & Chopde, 1981; shukla, 1983; Gupta &
Chopra, 1984; Reddy, 1984; Saxena & Mathur, 1988) but these have
rarely been'applied for selection in sesame breeding. Breeders
have so far relied on direct selection for yield inspite of its low
heritability as revealed in this study and in others (Solanki &
Paliwal, 1981; 1Ibrahim et al., 1983; Pathirana et al., 1988:

Pathirana, 1991).

N
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Although visual selection is not considered to be a very
accurate method for discriminating yield and should be used purely
to discard the poorest 1lines, this method employed in four
selection procedures used in this study seem to be as effective as
EGT method. Based on the combining ability studies Rathnaswamy &
Jagathesan (1984) successfully applied early generation selection
procedure. The poor adaptability of cultivars is a widely
encountered problem in sesame, as many cultivars are responsive to
day length and temperature (Brar & sahuja, 1979; Weiss, 1983;
Thangavelu et al., 1985; Ashri, 1989). Highly significant G x E
interaction recorded for the selections in the cross involving two
exotic varieties and its absence or low level of significance in
selections from crosses involving local cultivars indicate the
importance of inclusion of adapted, high yielding local cultivars
in the crossing programmes for developing breeding lines with wider
adaptability. Due to high G x E effects in sesame, it is desirable

to have more than one years data before discarding breeding lines.

In the future breeding programmes of sesame which is grown
mainly under stress environments, the problem of yield stability
of pure lines produced by classical breeding methods will be of
paramount importance. Tw; inajor genetic mechanisms promoting
stability are individual buffering and population buffering
(Cessarili et al., 1991). .Individual buffering being a property
of heterozygotes as shown by Allard and Bradshaw (1964),

exploitation of population buffering should be aimed in the

development of cultivars of self-pollinated diploid species such

~



as sesame. Population buffering is a mechanism of stability
associated with genetic heterogeneity and therefore multi lines or
variety mixtures could provide high yielding populations with
increased yield stability. Mixing of breeding lines of sesame
selected from the same segregating population has improved yield

stability acrcss environments (Pathirana, Unpubl. data).

About half the lines (35 out of 80) selected on the basis of
two season's means were among the top 20% each season (Table 3).
The bqlk method produced more lines with high' yield, although the
highest yielding lines based on the means of two season's data were
‘produced by pedigree, EGT and SSD producers. This aspect need no
further discussions as there were no significant differences among
methods of selection in any of the populations studied. Therefore
further investigatione should be dirgcted at increasing selection
efficiency using selection indices as high heritability of some of
the yield components such as seed size have been reported (Ibrahim

et al., 1983; Pathirana; 1991).
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Table 1 - Parent genotypes used in the crosses and their origin.

Population
No.

Cross

Country of
origin of parents

MI2  x 125 Boﬁ

180/52 x Instituto 81
Sudu Thala x (MI3 x AI)
Cola de Borrego x Hnani

SI 70 x MIZ

Sri Lanka, Japan
Sri Lanka, Mexico
Sri Lanka (both)

Mexico, Burma

.India, Sri Lanka
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Table 2 - Analyses of variance and heritability estimates for yield
in lines derived from five sesame populations/ and five

selection methods.

Source of variance Populations

1 2 3 4 5
Seasons (s) x %X x X x X LB x %
Methods (1) ns ns ns ns ns
Selections in M * % x % * % * % * %
GD X S x ns x XK x
Heritability 28.4 36.2 22.1 38.1 29.8

*, ** - Significant at 5 and 1% level, respectively.

ns - Not significant.

G - Indicates genotype which is the combination of methods and
selections in methods.

17
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Table 3 - The number of 1lines among the different methods of
selection that were in the top 20% based on 2 seasons'

means and in both seasons in five sesame populations.

Methods Yield
SSD MSS BM PM EGT Total % of
meane®
Top 20% lines based
on means of 2 14 15 20 15 16 80 110.8

seasons.

Humber of lines that
were in top 20% 6 7 9 5 8 35 113.2

both seasons

® = Mean yields were conmputed on the basis of total 400 lines
selected in the five crosses.
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Table 4 - Character means

Sesame populations

and range of selected lines in five

compared with 'MI1 3°

variety and

heritability'estimates (Southwest.monsoon season, 1991).

Population MI 3
1 2 3 4 5

Days to Mean 29 31 30 32 27 29
flowering Range 27-33 28-35 27-35 28-38 24-32
Days to Mean 84 89 92 94 87 89
maturity Range 85-94 84-95 85-100 85-102 83-95
Plant Mean 87 93 101 94 89 96
height, Range 74-95 79-102 88-119 85-117 80-102
cm Herita-

~bility 71.3 67.5 41.8 75.7 52.9
Ho of Mean 61 63 74 56 67 70
capsules "
per plant Range 49-73 58-81 61-388 41-67 56-79

Herita-

~bility 32.1 37.8 24.3 36.8 41.0
Yield, Mean 85 97 107 78 94 101
g plot-! Range 66-109 76-118 88-122 62-93 78-111
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In a diallel of seven sesame varieties originating in different latitudes, heterosis was
pronounced for the mmber of leaves, plant height at flowering and at matwrity, dry plant weight,
pumber of capsules and seeds per plant and seed yield. However, hybrids of local high yielding
cultivar MI 2 did not record appreciable heterosis for yield. GCA and SCA Bmean squares were
significant for all characters except sced size. GCA and SCA camponents were equally important in
determining the characters. SCA component had the greatest influence on seed yield. Local variety
MI 2 recorded positive GCA effects for all characters, including the highest effects for number of
capsules and seeds per plant and for yield. Three crosses ot late-maturing variety Criollo de Faloon
mﬂtmoofdmrmmualandyM'MSuaummnnnﬂmxknlmaxmﬂld¢1&]ndians£mrm&dyﬂﬂd.
simtaneous exploitation of both additive and non—-additive genetic components’in a biparental mating
system involving local high yielding cultivars and early-maturing exotic material followed by

recurrent selection may hasten the rate of genetic improvement of yield and its stability in sesame.

Key Words: Diallel analysis, Heterosis, General combining ability,
specific combining ability, Selection of parents,

variance components.

Narrow adaptation of cultivars and land races of sesame
| Fesamum indicum L.) is considered to be a major reason for the low
yields of this important 0oil crop (Brar and Ahuja, 1979; Weiss,
1983: Ashri, 19g9). Cultivars originating in relatively higher
ratitudes tend to mature early in the tropical zone and are less
sensitive to day length providing valuable material for breeding
genotypes with wide adaptation-(Weiss, 1983). Introgression of
genes from cultivars originating in different agroclimatic zones

through hybridization could lead to genotypes adapted to a wider

1 \J/



range of environments, increasing the adaptability and stability

of sesame yields (Yermanos, 1980; Weiss, 1983; Ashri, 1985).

With the availability of male sterility (Osman and Yermanos,
1922; Ramahatan et al., 1992)) and a polypetalous corolla mutant
genotyp2 (Murty and Bhatia, 1990) which can further enhance the
observed high levels of out crossing (Yermanos, 1980; Weiss, 1983;
Ashri, 1989), interest has developed in the use of F; hybrids for
the increase of sesame production. High degree of hetercsis for
different characters including yield and the low seed rate have
also encouraged investigations on heterosis and combining ability
in sesam:. Relatively high estimates of combining ability and
heterosis have been observed even among crosses involving local
cultivars (Murty, 1975; Osman, 1985; Dora and Kamala, 1986; 1987;

Ray and Sen, 1992).

However the lack of successful combinations with good general
and specific combiningrébilities (Frishnaswamy et al., 1985) and
non-availability of high heterosis among crosses involving high
Yielding parents (Ibrahim et al., 1983) has been discourajing in
some studies. The objective of the present investigation was to
estimate the combining ability and hybrid performance in a diallel

cross 1involving seven promising genotypes from diverse agro-

climatic zones, including the only determinate genotype of sesame

-used widely in hybridization programmes (Ashri, 1985; 1989;

Wongyai, 1991).

'



Materials and Methods

Seven cultivars originating in different latitudes showing

relatively good performance in Sri Lanka and their all possible Fi

crosses excluding the reciprocals were grown in a Randomized

Complete Block design with four replications at the Mapalana Field
Research Station of the Faculty of Agriculture, University of
Ruhuna in the Southern Low Country Intermediate Zone of Sri Lanka

during Southwest monsoon 1991.

The cultivars used in the crosses are as follows:

1. Australian Introduction (AI)- Introduced from Australia in the
early 1960's and showing good adaptation to both monsoon
seasons (Pathirana, 1984). Yield potential in Sri Lanka

ranges from 800-1100 kg ha-!.

Bjal Sadovski (BS) - Non branching, early-maturing cultivar

[ ]

witlh one capsule per leaf axil. Introduced from Bulgaria.

3. NI 2 (111) - Profusely branching local cultivar with black
seeds.'Released in 1960°'s and has recorded the highest yields

in variety trials in Sri Lanka. A selection from a local Sri

Lankan land race.

-



4. oro Short (0S)- A compact plant with short internodes, early

maturing and three capsules per leaf axil. Introduced from
USA.
5. Criollo de Falcon (CF). A late flowering cultivar with a

profuse initial growth before flowering. Has tolerance to

powdery mildew and collar rot. Introduced from Venezuela.

6. Determinate (DM)- An irAuced mutant of Israeli variety T 65
(Ashri, 1985). The only known sesame genotype having
determinate growth habit, with the apical meristem giving rise

to a floral bud. Growth continues with the axillary buds.

7. suweon 21 (SW) - Introduced from South Korea. Has a vigorous

growth during the early phase of developrent.

The twenty eight genotypes (21 crosses and 7 parents) were
grown in single row biots of 3 m length and 30 cm between rows.
The plants were spaced at 10 cm within rows. The total rainfall
of 532 mm received during the growing season was evenly distributed

and no irrigation was required.

Fifteen random plants per plot were tagged at the early phase
of growth and all the data were recorded on these plants. Data on
a plot basis was also recorded for yield. The character
measurements or observations were recorded according sesame

descriptors (IBPGR,1984).



The number of seeds'per plant was counted in an electronic
secd counter - totalizer adjusted for sesame seeds. The effects,
differences between effects and the corresponding standard errors
for the sources, GCA and SCA were estimated according to model 1,
method 2 of Griffing (1956), corsidering parents as a fixed sample.
The components of variation for

GCA (Veca = 1/6 g1? ) and
SCA (Vsca = 1/21 S1)¢ ) for all traits were also

estimated (Griffing, 1956).
Results and Discussion

Significant differences among the means of parents and among
the means fcr the crosses were found for all traits except 1000
seed weight. The grand mean of parents was significantly different
from the grand mean of the crosses for the number of leaves at
flowering, plant height at flowering and maturity, plant dry

weight, number of capsules, number of seeds and seed weight per

rlant., There were no significant differences for 1000 seed weight.

Several crosses exhibited significant heterosis. The number
of cross®es with significantly positive high parent heterosis for
different characters were as follows: Number of leaves - 4, plant
height at flowering and maturity - 4, dry plant weight - 5, number
of capsules - 7, number of seeds - 9 and seed yield per plant - 7.
The cultivars which produced the majority of crosses with

significantly high positive heterosis were those having lower yield



such as Determinate and Bjal Sadovski. Australian Introductioa
was also involved in three hybrids which recorded high heterosis
for sernd yield. This cultivar is widely used in the hybridization
programmes in Sri Lanka as it is less sensitive to the differencss

in day length during the two growing seasons (Pathirana, 1984).

None of the.hybrids of the local high yielding cultivar MI 2
exhibited appreciable levels of heterosis (at least 5% over high
yielding parent). Gupta (1981), 1Ibrahim et al., (1983),
Krishnaswami et al., (1985) and Lichuan et al., (1988) also
observed that heterosis of sesame hybrids was higher in low x high
yielding varieties than high x high yield varieties. This could
be cne reason for not having F; hybrid cultivars of sesame in
widespread use although some of the necessary conditions for their
production have been met (Osman anq Yermanos, 1982; Ashri, 198%;

Murty and Bhatia, 1990; Ramahatan, 1992).

The analysis otrvariance recorded significant F values for the
genotypes in all the characters studied except 1000 seed weight.
Therefcre combining ability analysis was not performed for }000
seed weight. Combining gbility analysis revealed significant GCA
mean square values for all the characters. The SCA had a similar
tendency as GCA but the number of seeds and seed yield per plant
were significant at 5% level only (Table 1). The combining ability
has been found to be significant even in dialled crosses produced
from cultivars originating in the same country (Gupta, 1981; Singh

et al., 1983; sharma and Chauhan, 1985%; Dora and Kamala, 1987).
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In a line % tester analysis using five Indian varieties as testers
and lines originatingﬂin different agroclimatic zones, Krishnadoss
et al., (1987) found that GCA variances were significant for all

characters except 1000 seed weight.

Baker (1978) critically assessed the relative importance of
general and specific combining ability in Griffing’s (1956) fixed
and random models. The 1low level of significance (at 5%
prcbability) ot SCA mean square for seed yield and the number of
’seeds per plant in our study indicate that the bést performing
progeny for these cnaracters may be produced by cressing the two
parents having highest GCA. Nevertheless interactions seem to have
an accountable effect in determining the performance of individual

crosses and therefore interpretations of GCA should be made with

care.

The components"of variation‘ showed different patterns
according to the characters. Thus, the GCA component was higher
for plant height (both at flowering and maturity) and plant dry
weight. Apparently additive genetic effects are of greater
sigrnificance than non-additive effects for these characters. lost
of the other characters studied had higher SCA component than GCA
component (Table 1) suggesting. the importance of non-additive
effects. The SCA component had the greatest influence on seed
yield. In some pr;vious studies on the combining ability in
sesame, the predominance of non-additive or dominance gene action

for many characters including seed yield has been reported {singh



et al., 1923; Krishnadoss et al., 1985; Dora and Kamala, 1987).
levertheless, greater contribution of GCA is also not uncommon
{Gupta, 1981; Sharma and Chauhan, 1985) indicating predominance of

additive gene action in some combinations.

The local high yielding cultivar MI 2 recorded positive GCA
effects for all the characters, including the highest effect for
seed yield as well as the number of seeds and number of capsules
which are the two direct yield components included in this study.
High positive GCA effects were recorded also in Criollo de Falcon,
the late maturing, tall genotype. 1It's high GCA effects of number
of seeds and capsules, plant dry weight, plant height and number
of leaves are noteworthy. However the GCA effect of seed yield of
Criollo de Falcon was negative (Table 2). The early-maturing
cultivar Bjal Sadovski also recorded a positive GCA effect for seed
yield. The negative GCA effect of Determinate was negligible and
it should be possible to use this genotype effect .vely in breeding

programmes to develop determinate, high yielding cultivars.

The crosses with the largest SCA effects for seed yield were
AI x DM, OS x CF, BS x CF and AI X CF.' Crosses with low SCA
effects (negative) were MI x CF, AI x OS, MI x DM and CF x DM.
Thus, three crosses of Criollo de Falcon and two crosses of
Australian Introduction recorded high SCA effects and two crosses
each of MI 3, Criollo de Falcon and Determinate recorded low and
negative SCA effects for yield. The number of capsules per plant

also had similar trends except for the high SCA effects of AI x SW,



CF x bM and DM x SW and low SCA effects of MI x DM and CF x SW.
Highly positive SCA effects of the crosses BS x CF and DM x SW for
plant height, and highly negative SCA effects of MI x CF and AI X

MI crosses are also noteworthy.

It is clear £from this study that improvement of yield, yield
contributing characters and maturity would be possible by the
simultaneous exploitation of both additive and non-additive genetic
components. Therefore, biparental mating fcllowed_by recurrent
selection may hasten the rate of genetic improvement for these
characters. The 1local high yielding parents which have good
genelal combining ability for yield and related characters would
be utilized in hybridizaticn programme with exotic early-maturing

cultivars for improving yield and its stability in sesame.
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Table 1 - Mean squares of the diallel analysis of variance and

components of variation for different characters.

_ Mean squares Compcnents of Variaticn

Traits GCA SCA Vsca Vsca
Days to flowering 207 .7** 52.4** 17.3 49.1
Flant height
at flowering 919.4** 68 .4** 94.6 51.5
Ihimbeyr of leaves
at {lowering - 446.,64*" 706.4** 462.2 637.8
Plant height 1598.4*" 75.6** 169.2 45.8
Internode length 17.0** 4.1** 0.6 1.17
Dry plant weight 764.4** Bl.2** 75.9 52.0
Humber of capsules 745.9** 90.9** 72.8 71.3
Humber of seeds 1067858.7** 302213.8* 85072 159119
Seed yield 3.98** 3.o09* 0.10 2.33

* and ** significant at 5 and 1% levels, respectively.

-
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Table 2 - Estimates of general combining ability effects for parent

cultivars.

Days Plant Number Plant Dry Number Number Seed
Parents to height of height plant of of yield
flow- at leaves wei- capsu- seeds
ering flowe- -ght -les
ring
AT 0.2 1.1 2.2 3.¥ -2.6 -0.3 -50.8 -0.11
BS -1.5 -9.,9 ~-18.0 -7.9 -5.1 -5.5 -65.3 0.34
NI 2.9 5.8 13.8 9.2 1.3 12.6 596.7 1.37
0s -2.9 -5.3 ~-13.9 -9.9 -5.9 -8.5 =-1371.6 -0.68
CF 9.5 19.7 34.4 24.7 20.1 12.3 115.4 -0.12
DN ~-3.5 -5.2 -18.2 -8.3 -1.9 -1.4 181.4 -0.02
sV -2.4 -6.2 -0.3 -11.5 -5.7 -9.2 -4°5.% ~0.78
S.E.ar 0.9 1.9 2.8 2.6 2.5 2.1 178.7 0.41
S.E.
(gr~qg)) 1.4 3.2 4.5 4.7 3.7 3.1 267.4 0.64

15

A\



Appendix 3

Paper submitted to 'Plant Breeding'

Title:

Matinral Croaoss PollinatLon in Sesame

P. Fathirana
Diepattw nt of  Aguonowmy
Faculty »af Aqmiculiare
Miveygeity ot Puhuna
Famburnpitiya

Sri Lanka.

Addy ess for Corvrespondence:
Napt. nf Crop Scienty
University of Guelph
Gu-1ph
Ontario

CanAada NIG 2WT.



NBSTRACY

e seeqee (3 s andaenm L) gentypes gith radLast ing wor phological characti 16 were gresm in
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sesamum  Indicum L., natural cross-pollination, Out ~crussing,

getie E3 0 pm ity, seed production, germplasm maintenance.

For all practical purposes sesame (Sesamun indicum L.) 1is

consideved to he self pollinated although some degree of natural
cross pollination (ncF) is present (Brar and Ahula, 197%, Yeiss,

143, Ashvi, 1989). Under wAany conditions and in many cultival s



the degree of NHCP does not exceed 10% (Langham, 1944, Joshi, 1961,
Huhammed ¢t al., 1965, wan Rheenen, 1968, 1980, FKhidir, 1972,
Chaudhari and Zope, 1977). Nevertheless, rates as high as 50 - 65%
have alse Lein reported (Richharia, 193%/9 as quoted by Joshi,
1961 and Ure, 1976 as quotsd hy Osman, 1985, van Fhecnen, 1980,
Aslni, 1253). This high deyree of variation in cutcrossing of
sesame nzressitates studies under particular environmental
¢onlitinne vwhers variety maintenance, breeding and seed production
arc practiccd.  The study reported here was undeytaken to obtain
infortmat ion on the extent of natural cross-pollination (ICF) in
two popntlar S1i Lankan varicties and a breeding line. The study
vas conduetel Jdnring Seuth - Wost monsoon seAason, in which more
thay @0 of the sesame is pmoaduced in the country. The expeviment
wimioked the conditions nnday which the warly generation breeding
lines and the geimplasm cellections are evaluated and waintained.
One of th- locations selected for the experiment is th- <site fo1
the esvalnation and maintenance of a duplicate set of the womld

g=tmplasu collection of sesame made by Frof. A. Ashiri (19390).

MATERINALS AND METHODS

Two local varieties 'MI2' and 'MI3' used in the experiment are
cultivated in Sri Lanka and have contrasting characteristics. The
breeding line '83-14' has successfully undergnne the final testing
in farmers' fields before release. These genotypes differ in tipe
taken to £1owering and maturity with an average diffetencs of 3-5

days. The single capsule per leaf axil and branched stow


http:iund,.cr

characters of 'MI2' and '83-14' are dominant over three capsules
and non-branched stem-in 'MI3'. The lobed basél leaves of '83-14°
are dominant over simple leaf character of the other two varieties.
The pink colour of the base of the corolla tube in 'MI3' &and '83-
14' is dominant over the puréle spots in 'MI2’. The coloured
(purple) lip of corolla in 'MI2' and 'MI3' is dominant over the
white 1lip of corolla in '83-14'. All the mentioned characters are
sirply inherited (Brar and Ahuja, 1979) and have often been used
as markers for estimating the out-crossing in sesame (Langham,

1944, Joshi, 1961, Martinez and Quilantan, 1963/64, Muhammed et

al., 1965, van Rheenen, 196%,1980, Khidir, 1972, Osman, 1985).

The seeds for the experiment were produced by controlled self
pollination of typical plants of each genotype multiplied
subsequently in isolation with further checking for any mixtures.
The selfed seeds of each genotype were sown in the last week of
April 1990 in alternate rows with a distance of 30 cm between rows
and 10 cm within row.’ The experiment was conducted during the
south-west monsoon season of 1990 at the Kengalla field of the
Institute of Fundamental Studies near kandy and at the Mapalana
Research Farm of the Faculty of Agriculture, University of Ruhuna
wher2 the largest sesame collection in the country is maintained

and an intensive breeding programme has also been in progress since

1986 (Pathirana et al., 19838).

At both sites the row length was 12 m and there were 28 rows

of each genotype alternating with the other two. At maturity the



five basal capsules (lower part) and last five fully developed
capsules (upper part) from each plant were harvested and bulked
accord.ng to row number and genotype. The rest of the capsules
(middle part) were harvested separately discarding the border
plants and rows. The seeds thus collected were sown in parts
during the three succeeding seasons and the progenies of 'MI2' were
scored for pink spots inside the corolla tube ard for lobed basal
leaves, progenies of 'MI3' variety for one capsule per leaf axil,
branched stem and ;obed basal leaves and '83-14' progenies for

coloured coroeolla lip.

RESULTS

The variety ‘MI 3' flowered firét, 3 and 7 days before 'MI 2°'
and '83-14' respectively. Flowering in all the genotypes lasted
for about six weeks. - The percentage out-crossing as assessed by
the counts of plants wilh dominant characters in the progenies is
given in Table 1. Although the total out-crossing percentage in
the three varieties at the two sites was similar, the seeds from
the middle portion of the plants recorded more dominant characters
than in the upper or the lower portion, indicating higher rates of
NCP in the middle portion. The lower portion of the early-
flowering variety 'MI3' recorded the least amount of NCP. 1In the
late flowering genotype '83-14' the upper portion had less NCP than

in the middle and lower portions (Table 1).



The lobed basal leives in '83-14' genotype which appear in F
hybrids with 'MI2' and :hIJ' cultivars allowed separate estimation
of the out-crossing percentage in the latter two varieties with
'83-14' (Table 2). The lower portion of 'MI3' plants recorded none
{at Kengalla site) or very few (0.07% at Mapalana site) hybrid
seeds derived from NCP with '83-14°'. The NCP was greater in the
middle and upper portions. The lower portion of 'MIZ' variety,
which also flowers a fcw days earlier than '83-14' recorded less
than average out-crossing with '83-14'. The total amount of out-
crossing of 'MI3' (early-maturinyg variety) with '83-14' {late-
maturing variety) was much less than that of "MI2' (medium maturity

variety) at both sites (Table 2).

DI SCUSSION

llechanical admixture and cross-pollination are the two major
reasons for contamination of seed crops. The formexy can be
eliminated by good management. Dealing with the latter 1is rather
difficult. Estimates o% NCP under different conditions should be
available before precautions ayainst it are taken. Although the
mode c¢f pollination very largely ensures self-fertilization
(Yermanos, 1980, Weiss, 1983, Ashri, 1989) the long flowering
period and the abundance of honey bees and other insects

in sesame fields (Langham, 1944, Yermanos, 1980, Weiss, 1983,

Osman, 1985) expose the plants to cross-pollination.

From the experimental evidence presented it is clear that NCP

is sufficiently high for protection to be necessary to maintain



genetic purity at Sri Lankan locations where sesame germplasm
maintenanre, breeding work and seed production are practiced. The
extent of NCP is about the average reported for many countries such
as India (Joshi, 1961, Muhammed et al., 1965, Brar and Abhuja,
1979), Nigeria (van Rheenen, 1968) and Sudan (Khidir, 1972). 1t
shoul’ be noted that the rates of NCP reported in this study are
based on intergenotypic hybrids. The intragenotypic (sib)
pcllinations have not been accounted for, and the latter could be
even greater due to simultaneous flowering of plants of the same
genotype. Although the high degree of 65% NCP reported in India
by Richharia (1938/9 as quoted by Joshi, 1961 and Osman, 1285) is
regarded to be an overestimate as it was based on the number of
oif-type plents in various cultivars (Osman, 1985), similar high
rates (60% and 65%) were reported also by Uzo (1976, as quoted by
Osman, 1985) in California. The extent of NCP in HMexico under
summer conditions was similar to our results, but was higher (15%)
during the winter when insect populations were greater (Martinez
and Quilan*an, 1963/64). Varietal differences in outcrossing

percentage ranged from 2.67% to 51.72% in another experiment in

lNigeria (van Rheenen, 1980).

partitioning of the plant into three portions for the
estimation of NCP gave results having important practical
implications. The first formed capsules of early-flowering
genotype 'MI 2' and the capsules that form last in the late-
flowering genotype '83-14' carry less proportion of seeds derived

from incergenotypic cross-pollination than other capsules. 1In the

'



early-flowering 'MI 3' the first formed capsules carry extremely
small proportion (none at Kengalla and 0.07% at Mapalana) of seeds
derived from out-crossing with '83-14', the late-flowering

genotype.

The three genofypes used in this experiment produce an average
of 47-63 capsules per plant. As only the five basal and five
terminal capsules were sampled for estimating the MNCP in the lower
and upper parts of the plant, a larger proportion of capsules were
left for the middle part (ca 35-50). Therefore the estimates of
NCF for middle part of the plant should be more representative of
average cross-pollination than the overall values calculated on the
basis of total number of progenies from differeht parts carrying
dominant markers. This is because similar number of plants were
grown from seeds belonging to different parts of the plant to score
NCP, although a larger proportion of seeds came from the middle
part. The NCP in the middle part was greater than the overall NCP

and reached 9.11% in 'MI 3' at Kengalla.

In 73% of research stations in 25 countries, the collections
of sesame cultivars are maintained under open pollination (van
Rheenen, 19&0). Controlled self-pollination is generally not
practiced due to a large number of accessions in many collections
(Thangavelu et al., 1985, Paroda et al., 1987, Ashri, 1990),
limitations of manpower at the time of flowering when
hybridization has hiéher priority and because the plant Lkreeders

tend to devote their efforts conly to a limited number of lines at



any one time (smith and Duvick, 1989). Considering the high degree
of NCP in sesame in many countries, efforts should be taken to
maintain the germplasm collections and breeding 1lines under
controlled self pollination. 1f this is not always possible,
sampling of seeds from the first formed capsules of early-maturing
cultivars and from capsules maturing last in the late-maturing’
cultivars can reduce the degree of contamination. sampling of seeds
of first formed capsules in cultivars of intermediate maturity
group can also reduce the contamination due to out-crossing. Thus,
in the present experiment, the variety 'MI2' of intermediate
maturity had a lesser proportion of hybrid seeds in the

lower pertion of the plant than in the middle or upper portions

(Tables 1 and 2).

To decrease the extent of contamination in seed production
plots, plantings of seeds from the first formed capsules of early
and medium-maturity varieties and from top portions of the late-

maturing varieties should be used.
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Table 1

- Comparison of intergenotypic cross-pollination (%)

in

different parts of the plants in three sesame genotypes,

in two locations and total number of plants tested.

Seeds from

% hybrids in

MI 2 MI 3 83-14
Rengalla site
Lower part 1.51 1.03 3.73
MIddle part 7.16 9.11 7.48
ipper part 3.59 3.98 2.49
Overall 4.47 5.00 5.10
Mapalana site
Lewey part 2.08 1.31 3.67
11iddle pAart 6.56 6.17 6.64
Upper part 3.14 4.07 2.27
Overall 4.23 4.02 4.24

Overall No. of Plants
Site
Kengalla 6821 12070 8140
llapalana 8804 14295 11226
14
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Table 2 - Comparison of intergenotypic cross-pollination (%) in
different parts of plants in MI 2 and MI 3
varieties with line 83-14 in two locations and total

number of plants tested.

% hybrids in
Seeds from

MI 2 MI 3
Rengalla site
Lower part 0.44 0
Middle part 4.00 2.10
Upper part 2.64 2.24
Overall 2.61 1.47
Mapalana site
Lower part 1.11 0.07
Middle part 4.00 2.75
Uprer part 2.08 2.08
Overall 2.58 1.72

Overall No. of Plants

Site
Kengalla 6821 12070
Mapalana 8804 14295
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Appendix 4

Paper submitted to J. Natn. Sci. Coun. Sri Lanka.

RESPONSE OF SESAME GENOTYPES 1TO SEED

IRRADIATION

R. Pathirana, Department of Agronomy, Faculty of Agriculture,

University of Ruhuna, Kamburupitiya.
ABSTRNACYT =

Due to high degree of variation in radiosensitivity of Sesame
(Sesamum indicum L.) cultivars observed in the past, two
recommended cultivars with different morphological characteristics
were studied in detaid for sensitiviéy to seed irradiation. The
experiment was conducted in four replications with MI2 and MI3
cultivars. The results clearly indicated that when growth
reduction, percent survival and germination were considered as
criteria of radiosensitivity, MI3 is more resistant to irradiation
than M12. Fifty percent reduction of different growth parameters
ranged from 500 - 700 Gy in M12, whereas for MI3 variety, the range
was from 750 - 1250 Gy. The lower doses in these ranges should be
more wuseful in mutétion breeding experiments with these two
cultivars. Due to the wide variation in sensitivity of different
sesame genotypes to irradiation, it is necessary to estimate the

radiosensitivity of cultivars being used for mutation breeding

before deciding on the dosage.
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Censidering the range of variatien 1in reaction to seed
ivialiatinn okerrved in® Fenltivars of different origin, it was
dc~ided tn etndy din drtail, the response of twn morphelogically

dis=imilar secame cultivars MI2 and MI2 to gamma jrradiation.
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non branching stem. The phyllotaxy is opponsite, resulting in
clnstered Aarvrangement of capsules on the stem. This variety has

leecrr yic1d potential than HIZ.
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JV7At Y reeictanrce  snhown  in pretinus  experiments 14, Seed
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“in the eyperimental firlAd of the Tnatitut, -+ Findamrnt 21 Studiera
At ¥engalla in th~ wid conntiy intermediate zanc during the Son

west monsnon srason, 1990,
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Two hundred seeds ber dose per variety were grown in a
randomized cemplete  bhlock design with four replications.
mirradiated seeds servgd as the control. Seventeen plants rer

replicate were randomly chosen and used for measurements.

Another 'batch of 20 plants per replicate were used for
wprooting at 15 days after germination to estimate the plant dry

weight, shont and root length and other seedling characters.
RESUI. TS AND DISCuUsSsSION

The reaulte of seed germination and phenological observations
Are given in Fig. 1 and 2. Increase in radiation dose did not
adversely Aaffect the germination or germination rate 1in both
cultivars., Therefore, the common observation that sesame seed is
resistant to irradiation 2 holds true in our experiments with MI2

and MI3 cultivars,

With the increase in radiation dosage, the growth and
development of the emerged seedlings were retarded. The flowering
and maturity of plants were delayed by about 10 days or more in
MI2 variety irradiated with doses greater than 800 Gy and in MI3
variety irradiated with doses higher than 1000 Gy. Although, the
germination was not affected, many of the emerged seedlings failed
to survive at later stages of development in high dose treatments.
There was no appreciable effect on plant survival in treatments

with gamma-ray doses lesser than 625 Gy in MI3 and 400 Gy in MI12,



but it was drastically reduced when the dosage was increased
further. Survival wa.s about 50% in the 875 Gy treatment in MI3 and

600 Gy in MI2 (Fig. 1 and 2 ).

Growth reduction in irradiation experimen?s is wvery often
measured by plang height 3:¢., The plant height in our experiment
was recorded every five days and the data upto the 30th dAay are
presented in Fig. 3 and 4. The differences were highly signjficant
statiarirally, but the measurements taken on the 15th day produced
the least coefficient of variation and the best separation into
groups. Fifty percent growth reduction (GR 50 value) at every
stage of growth of MI3 variety was between 875 and 1250 Gy. For
1172 variety the doses required to cause GR 50 were lower and ranged

from 500 - 700 Gy.

The differences in the number of leaves on the stem among
treatments were also statistically significant but the group
dAifferentiation was not so striking as in the case of plant height
(rig. 5 ). Even the plants derived from the highest dosage
recorded about 70% of the number of leaves of the control. This
indicates that the plant height reduction is brought about mainly
by the shortening of the internode. Therefore, plant height is a

better criterion for growth reduction studies than the number of

leaves on the stem.

Fifteen day old seedlings were uprooted and several seedling

characters were estimated. The results of the analysis of variance



(Tahle 1 ) agree with the data on plant height (Fig. 3). As the
trend in the two varieties was similar, only the data for MI3
variety are presented (Table 1). Fifty percent growth reduction
in root lerngth was detected in the range 1250 - 1375 Gy for MI3 and
800 - 900 Gy for MI2. The GR 50 values for epicotyl and hypocotyl
length of hoth varieties were lower. For MI3 they were in the
range 750 - 875 Gy and for MI2 the range was 500 - 700 Gy as in the

case of plant height.

Alrhough the statistical analysis revealed significant
results, the weight of the seedlings and dry weight of root or
shrot recorded less reliable results due to higher coefficient of
variatrion. HNevertheless, GR £50 was in the range of 750 Gy and 1000
Gy for MI3 and 500 - 700 Gy for MI2 varieties. The high
coefficient of variation and difficulties in the estimation of
weight with Aacruracy in small seedlings make height measurements

more reliabhle in estimating growth reduction.

The high level of resistance of sesame seeds to irradiation
when germination 1is considered? and the differences in the
radiation sensitivity of different sesame gehotypes observed by .
other authors, K 2:7:.€.9.11.12 gare substantiated by the present
experiment with two morphologically different genotypes. It is
clear from these results that the MI3 variety tolerates higher
doses of gamma rays than MI2 variety. Based on the growth
reduction sctudies tne most suitable doses of gamma-rays for
mutation induction using locally reconmended sesame cultivars lie

in the range of 750-1000 Gy for MI 3 variety and 500-700 Gy for MT

v
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3 variety. Lower doses within these ranges should he more useful
as a grearer proportion of emerged seedlings could survive and
contributre seeds for selection in subseguent gennrationsl It 1is
also evident from these experiménts that cseeds of sesame cultivars
cshonld be tested for radiosensitivity before deciding on a dose for
mutation breeding. This is because the doses which do not produce
any cffect on some cultivars may be lethal or semi-lethal on

another g=2notype.
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Table .1 ‘- Effect of gamma radiation on various growth

characters at seedling stage (15) days

Dose Root Epicotyl _. Hypocotyl Fresh Root dry Shoot dry 1,; leaf
(Gy) length length length weight weight weight length
(cm) (cm) (cm) (cm) (5. ) (me) {em)
00 3.750 8.633°  2.533°  1.327°  9.20° 175.3°  4.50°
250 37° 7000  2330°  1.080° 7.63%  162.0% © 4.4g8
500 3.60° 6417 1.600°  0.823%  770% 1454 3335
625 3.183°t 5417 1400 o0.700¢¢  5.70%¢ 123.7%¢  3.18%
750 2.78%¢ 4.50 ¢ 1.267% 0417 5oobede  ggoped  3.08b
875 2.508%<d  3.967* 0.950°¢  0.370¢/  5.6obd  83.00d 2.g5b
1000 '2.133%%  3.487¢/  0.600%  0.277¢/ 2.40%/  57.00% 2.15¢4
1125 2.167°%¢ 3,150/  0.567° 0.237¢/  2.90°d/ 4900 | 5gdes
1250 2,334 2.100/9  0.433¢/  0.197¢/ 410/ 46407  1.75de
1375 1759/ 1.783¢ 0.100/  0.200¢/  4.00°deS '44.50"’e 1.28¢/¢
1500 1.48¢/ 1.1187 0.000°  G.070*/  1.70/ '16.90¢ 1.00/¢
1750 1.13/ 0.773  0.000¢  0.052 . 2.20¢/ 14.90°  0.667¢
CV% 17.324  18.401 21.62 38.61 34.05 30.55 16.31
F value 11.94 33.4 49.56 14.88 6.31 14.18 30.44
Pr>F 00001 0001 00001 00001 00001  0.0001  0.0001

10
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Captions for the figures. Numbers on opposite side of figure.

Fig. 1 - Germination, phenology and survival of gamma ray
treated sesame seeds of MI 3 cultivar.

Fig. 2 - Germination, phenology and survival of gamma ray
treated sesame seeds of MI 2 cultivar.

Fig. 3 - Plant height of MI 3 variety treated with different
doses of gamma rays.

Fig. 4 - Plant height of MI 2 variety treated with different
doses of gamma rays.

Fig. © - Number of leaves up to l0th day in MI 3 sesame treated

with different doses of gamma rays.
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POPULATIONS OF GROUNDNUT AND SESAME
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Abstract

INCREASED EFFICIENCY OF SELECTION FOR YIELD IN GAMMA IRRADIATED
POPULATIONS OF GROUNDNUT AND SESAME THROUGH YIELD COMPONENT
ANALYSIS,

The variability parameters of quantitative characters were studied in collections of
sesame and groundnut. The genotypic covariances were used to estimate the genotypic corre-
lations and path coefficients (direct effects) of each character on yield by a partial regression
procedure. Seeds of two groundnut culivars (GN-13 and ‘Victnam') and one Sesame cultivar
(MI 2) were irradiated with different doses of gamma rays and selectiors were based on the
M, and M, plant performance. The heritability of characters with low environmental varia-
bility was high in the collection of both crops. The shelling percentage of groundnut was the
only exception. The seed yield of both crops recorded high environmental variability and low
heritability, indicating the need to look for alternate characters for yield breeding. The number
of pods and the 100 seed weight recorded the highest correlation and direct effect on ground-
uut yield. The direct effect of the 1000 seed weight in sesame was positive, in spite of the
negative correlation. The variability and mutant parent to progeny heritability of the majority
of characters were greater in M, than in M,. The yield components recorded higher heritabil-
ity than the yield in mutant populations. The high yielding groundnut mutants, which out-
yielded the national check, were selectod for seed size and the number of pods in low dose
(50-100 Gy) gamma ray treatments. Preliminary results with sesame mutants indicate that
selections carried out in the 200-600 Gy treatments for increased capsule number and seed
size are better. Proper yield component analysis, and selection based on the results thereof,
could increase the efficiency of mutation breeding fot yield improvement, -

* Research carcied out with the ‘suppod of the IAEA under Research Contract
Nos 2676/RB and 5442/RB and Technical Assistance Project RAS/5/013,
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1. INTRODUCTION

The induction of easily identifiable mutants that could lead to changes in plant
architecture associated with increased yield has been practised successfully over
several decades [1, 2]. However, less attention has been devoted to changes in the
quantitative nature in mutant populations, perhaps because of the difficulty in detect-
ing such mutations (micromutations). Selection of normal looking plants in mutant
populations ard testing of their progenies for increased mean values for desirable
quantitative cheracters have been proposed in mutation breeding programmes [3, 4].
The present study was undertaken in order to estimate the changes in genetic varia-
bility of yield components and other related quantitative cheracters that can be
achiev.d through gamma irradiation in two important tropical oilseed crops, namely,
groundnuts (Arachis hypogaea L.) and sesame (Sesamum indicum L.), ard to inves-
tigate the relationship apd heritability of such characters in & practical mutation
breeding programme. The results are compared with the correlations and bread sense
heritabilities estimated in studies of the germplasm collections of the two crops.

2. MATERIALS AND METHODS

2.1. Groundnut

Sixteen quantitatively inherited characters werc estimated in 120 cultivars of
groundnut adapted to Sri Lanka; they were selected from the 312 cultivars tested.
All the cultivars belonged to the Spanish bunch group (variety vulgaris) of subspecies
fastigiata. Ten plants per cultivar were analysed in field experiments. They were
grown in a raadomized complete block design with two replications at the Agricul-
tural Reseaich Station, Angunakolapelessa, in the semi-arid area of southern
Sri Lanka. " . ‘ ‘

The seeds of two cultivars with a wide adaptability to the different agro-
ecological zones of Sri Lanka (GN-13 and *Vietnam') were irradiated with six doses
of %Co gamma rays (ranging from 50 to 450 Gy). The M, plants were sampled by
harvesting the first four pods and selection was made for approximat:ly % of the
plants showing the highest yield, seed size, number of pods per plat, number of
seeds per pod and shelling percentage in the M; tulks and the M, progenies. Visual
selection was also practised in the remaining populations. For details of the proce-
dures used, see Refs [5, 6]. The selected lines were tested against the parent varieties
in M, in a randomized complete block experiment end parent to progeny regres-
sions were used to estimate the heritability of different characters in the mutant selec-
tion experiment. The mean values of the progenies were computed from a random
sample of five plants.- ‘
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2.2. Sesame

Eleven quantitative characters were studied in a collection of 60 genotypes
grown in a randomized completc block design with two replications at the Research
Farm of the Faculty of Agriculture, University of Ruhuna, Mapalana, in the southern
intermediate zone of Sri Lanka. Ten plants per plot were randomly selected for data
recording, making a total of 20 plants per treatment. The genotypes szlected for the
study originated in 13 countries in which sesame is widely cultivated.

In the first series of mutation experiments, the seeds of the highest yielding
sesame cultivar in Sri Lanka (MI 2) were irradiated with ten doses of gamnma rays
(ranging from 100 to 1000 Gy at 100 Gy intervals) from a ®Co source at the
Central Agricultural Research Institute, Gannoruwa, Peradeniya. Ten grams of seed
per dose (1000 seed weight = 3.2 g) were irradiated. In a subsequent experiment,
three doses (200, 400 ard 600 Gy) wete used on 10 g of seed per dose.

Unlike groundnut, selection in segregating M, and M; populations of sesame
was carricd out on a single plant basis. The M, and Mj; plant selections were tested
in subsequent generations on a plent to progeny basis. The characters estimated on
five random plants per progeny were used for regression analysis,

2.3, Statistical analysis

The total phenotypic variability observed in the variety screening experiments
of the two crops was partitioned into genotypic and environmental variance; on the
vasis of these values, the coefficients of variation were computed for each character.
. ¥ genotypic covariance components were used to compute the genotypic correla-
tion coefficients; on the basis of these genotypic correlations, a partial regression
method was used to compute the path coefficients (direct effects) of different charac-
ters with yield and also the indirect effects [7). The results ~€ the selection experi-
ments in irradiated populations were used to compute the heritability of characters
in the mutant parent to progeny [8].

3.  RESULTS
3.1. Model pcpulations
3.1.1.  Environmental variabiliry
Studies of the environmental variability of different charecters in the model
populations (constituted from diffzrent genotypes) of the two crops revealed certain

regularities. Thus, the environmental variability in seed yield and in closely
associated characters such as the number of capsules and seeds per plant in sesame

\\
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TABLE 1. VAR!ABILITY AND HERITABILITY ESTIMATES FOR CHARAC-
TERS IN SESAME

Range of Genntypic
Character Range Mean  CPViromaental ey Heritability

variability

+ (CV%) (CV%) H)

Capsule 1.84-3.15 . 223 | 5.6-11.8 10.9 80.2
length (cm) e e
Days to 271424 323 0 34-1L0 15.4 70.8
flowering . .
1000 seed - 2.33-3.77 " 3.8 - 5.6-12.2 8.3 68.2
weight (g)
Height :o first 11.7-45.5 249 12.3-27.5 29.3 71.0
flowering node
(cm)
Plant 22.3-70.1 4.7 14.4-25.2 18.6 65.6
height (cm) :
No. of nodes 7-45 17.1 23.5-39.9 38.3 56.7
No. of capsules 4.4-22 9.6 34.5-65.5 19.3 36.2
Seed yield 1.0-4.1 1.9 42.4-78.7 21.2 21.5
per plant (g)

were much higher than the plant height, capsule length and 1000 seed weight
(Fig. 1). Similarly, in groundnut the pod yield, seed yield, and the number of pods
and seeds per plant hed a much higher environmental variability than the 100 pod
weight, 100 seed weight, number of seeds per pod and shelling percentage (Fig. 2).
The two figures reveal that the environmenta! variability of the same character is
contrasting genotypes has insignificant differences. The differences in the level of
environmente! variability in contrasting characters could be significant. *

3.1.2. Genorypic variability and heritability
The genotypic variability and heritability of some of the characters in the

- sesame and groundnut collections studied are presented in TablesI and II,
respectively. The heritability in the sesame collection was high for many of the
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TABLE 1II. VARIABILITY AND HERITABILITY ESTIMATES IN
GROUNDNUT

Range of Genotypic
Character Range Mean envnr?nrfu‘:nul variability Heritability

variability

(CV%) (CV%) (HY

No. of seeds 1.6-2.7 23 7.8-10.8 10.4 41.3
per pod
100 seed 43-58 50.7 10.5-15.1 18.8 70.7
weight (g)
Shelling 68.7-74.3 71.0 5.6-10.2 6.0 31.2
percentage
No. of pods 16.5-32.1 24,1 42.2-48.3 45.3 46.0
No. of seeds 39.0-61.0 49.8 44.1-48.9 449 46.9
Seed yield 1792-2201 2093 44.8-51.7 4.1 46.1
(kg/ha)

characters, particularly those with low environmental variability. Low heritabilities
were recorded for those characters with high environmental variability. The environ-
mental variability and heritability were intermediate for the number of nodes.
The heritability values of yield and related characters in groundnut were not
as low as those in sesame. The environmental variability of these characters was very
similar. In groundnut, the weight of i00 seeds had the highest heritability and the
shelling percentage the lowest. Of all the characters with a relatively low environ-
mental variability, only the shelling percentage of groundnut had a low heritability.

3.1.3. Correlations and path coefficients

The genotypic correlations among characters in the 60 cultivars representing
the model population in” sesame are presented in Table III. All the characters
recorded highly significant positive correlations with yield, except the 1000 seed
weight and the capsule length, which were negatively related, not only to the yield
but also to all the other characters.

Of the characters studied, those that can serve easily as selection criteria in a
breeding programme were used in the path coefficient analysis of sesame. The nega-
tive correlation of seed size (1000 seed weight) with yield was found to be due to



TABLE M. GENOTYPIC CORRELATIONS (ry) AMONG CHARACTERS IN SESAME

Days to 1000 seed Height to first Plant No. of No. of Seed

flowering weight flowering node height nodes ° capsules yield
Capsule length —0.39 0.56%* —0.48* —0.46* -0.47+ -0.35 —0.39*
Days to flowering — -0.32 0.91%= 0.96** 0.81*¢ 0.38+* 0.86**
1000 seed weight - —0.60** —0.61*+ —0.86%* —0.84¢+* —0.64**
Height to first - 0.95+* 0.97¢ 0.68++ 0.97*+
ﬂowering‘ node
Plant height - 0.84¢+ 0.53%+ 0.90%*
No. of nodes - 0.63*+ 0.71%
No. of capsules - 0.60**
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"TABLE IV. PATH COEFFICIENTS AND INDIRECT EFFECTS OF YIELD
COMPONENTS ON SEED YIELD IN SESAME

Relationship 1000 seed weight No. of nodes  No. of capsules  Capsule length

Correlation ~0.636** 0.709¢+ 0.602¢¢ -0.385*
coefTicient (r)

Path cocfficient (p) 0.525 0.793 0.504 -0.117

Indirect effects

1000 seed weight - ~0.683 -0.422 ~0.060
No. of nodes -0.455 - 0.317 0.054
No. of capsules ~0.442 0.499 - -0.262
Capsule length -0.264 +0.100 0.203 -

TABLE V. GENOTYPIC CORRELATIONS AMONG YIELD COMPONENTS IN
GROUNDNUT

No. of seeds Shelling 100 seed Szed weight
per pod percentage weight per plant
L] '
No. of pods 0.121 . 0225, ,,. 0.444° 0.912¢*
per plant _ —
No. of seeds per pod - v 0471% . 0092 0.215¢
Shelling percentage ' - 0.425%¢ 0.416%¢
100 seed weight e - 0.392%¢
No. of seeds 0.942¢¢ " 1 0.404%* " . 0.305¢¢ 0.854%%
. o e e IR . . .
Pod weight 0.23i* "' ' 0.400%¢ ' 0.386°¢ 0.994»

N
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TABLE VI. PATH COEFFICIENTS AND INDIRECT EFFECTS OF YIELD
COMPONENTS ON SEED YIELD IN GROUNDNUT

Relationship No. of pods Noécc:fp:cds 100 seed weight
Correlation 0.912¢# 0.215* 0.392¢+
coefTicient (r)
Path coefficient (p) 0.838 0.076 0.347
Indirect effects
No. of pods — 0.107 .0.03%
No. of seeds per pod 0.009 - 0.007
100 seed weight 0.015 0.032 -

negative indirect effects via the number of nodes and capsules per plant. The direct
effect of the seed size was found to be positive. The direct effect of capsule length
was negative, but less than its correlation with yield (Table IV).

The numnber of pods, number of seeds and the pod weight per plant were found
to have highly significant genotypic correlations with seed yield in groundnut
(Table V). The other characters recorded relatively low values. The number of pods
per plant, the number of seeds per pod and the 100 seed weight, which form the seed
yield components in groundnut, were used in the path analysis. The indirect effects
were negligible and, as a result, unlike sesame, the path coefficients were close to
the values of correlation coefficients (Table VI).

3.2, Mutant populations
3.2.1. Variability and heritability in sesame

Figure 3 compares the variability of characiers in sesame in the M, popula-
tions with the parent cultivar MI 2 for some selected gamma ray doses. Doses within
the range 3C0-600 Gy showed consistently higher variability than others. The M,
populations showed increassd variability over the parent for all the characters
studied. The relative increase in variability is higher for those characters with less
environmental variability, such as the length of the capsule and the plant height at
flowering and maturity, than for characters with high environmental variability. Of
the characters with high environmental variability, the number of capsules showed
a higher relative increase in variability in M, than the seed yield and the number of
nodes per plant (Fig. 3).
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TABLE VII. HERITABILITY IN IRRADIATED POPULATIONS OF SESAME

Populztion M, parent to M, progeny M, parent to M, progeny

Dosage (Gy) 0 100 300 400 700 0 100 300 400 700
Capsule 33 124 276 29.5 8.4 52 18.8 414 21.4 i0.5
length

Days to 74 21.8 346 39.7 20.2 1.2 18.4 38.6 47.6 244
flowering

1000 seed 6.6 8.5 104 8.6 114 4.2 27.8 544 47.8 28.7
weight

Plant height 10.7 13.5 179 18.5 10.0 9.5 24.8 39.2 444 28.5
No. of nodes 53 11.4 12.8 18.4 16.7 38 28.C 324 18.7 18.6
No. of capsules 0.7 7.8 9.6 12.7 6.8 4.8 14.8 26.7 18.1 12.0
Seed yield 1.8 3.7 5.7 0.4 8.5 0.2 12.7 26.2 10.5 11.2

ole
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The M, parent to M, progeny and the M, parent to My progeny heritabilities
in sesame were higher for characters with low environmental variability than for
those with higher levels of envirouments! variability (Table VII). However, in the
majority of cases the heritability in irradiated populations was lower than in the
model populati.n studied (Fables Il and VII). The heritability of characters was
higher in the selection experiment carried out in M; than in Mg, and also in the dose
range 300400 Gy.

3.2.2. Variability and heritability in groundnut

The variability of characters in the M, and M; populations of the gamma
irradiated groundmit variety ‘Vietnam’ is presented in Fig. 4. The effect of radiation
was greater for the 100 seed weight than the number of seeds per pod and the shelling
percentage among the characters with Jow environmental variability. The increase
in variability after irradiation was much greater for the number of pods than the seed
yield or the pod yield per plant (Fig. 4).

The heritability estimates for the M, parent to M, progenics and the M,
parent to M, progenies, presented in Tatle VHI for the two cultivars of groundnut
studied, show high values for seed size arnong the stable characters (characters with
low environmental variability) and for the number of pods among the characters with

‘a high degree of environmental variability. The variability was greater in the M,
than in the M, populations for most of the characters. Heritabilities were also
higher when selected in Mj than in M, (Table VIII).

TABLE VII. HERITABILITY IN IRRADIATED POPULATIONS OF
GROUNDNUT?

M, parent to M, M, parent to M,

Character progeny Contro! progeny Control
No. of branches 0.13 0.08 0.28 0.0}
No. of seeds per pod 0.29 0.04 0.34 0.05
Seed size 0.33 0.10 0.49 0.07
Shelling percentage 0.22 0.04 0.28 0.00
No. of pods 0.26 0.07 0.39 0.10
Pod weight per plant 0.24 0.06 0.35 0.02

* Pooled data for two varicties anc « different gamma ray doses.
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4. DISCUSSION

The regularities of environmental variability in the different characters
observed in the model populations need consideration in a breeding programme,
Thus, selection will be easier for characters with low environmental variability than
those with higher values, given that the genotypic variation is the same. However,
the data from our experiments show that the genotypic variability of the different
characters is not similar.

This dissimilarity is reflected in the differences in heritability of characters
with similar environmental variability. Thus, in groundnut, for example, the shelling
percentage and the 100 seed weight have low environmental variability. In spite of
this, the heritability of shelling percentage is much lower than that of 100 seed
weiglit. The implication is that it is much easier to select for increased seed size than
for shelling percentage, although both characters constitute the yield components,
Similar results have been reported in studies undertaken with 20 strains of groundnut
in Gujarat, India {9]; however, the heritability values were relatively higher than
those in our studies.

Although the selection pressure applied on different characters was the same
(5%), the resulting high yielding groundnut mutants, which out-yielded the national
check in multilocational trials [10), were traced back to selections made for the seed
size (mutants 180/21 and 180/22) and the number of pods (mutants 280/20, 980/4
and 1080/2). None of the high yielding mutants resulted from selections for yield
per se. When the results of path analysis are considered, it is interesting to note that
the number of pods and the 100 seed weight recorded the highest direct effect on
yield.

Therefore, it seems that the efficiency of yield breeding could be increased by
studying the variability and the relationships among charactcrs in a representative
model population grown in the environment for which the breecing programme is
planned. ‘

Also, in locations other than ours, there seems to be a potential for improv.ng
groundnut yield through selection for increased seed size. Thus, for example, the
enhanced pod yield of ‘Trombay Groundnut' varieties in India is also attributed to
increased kernel size [11-12). The possibility of improving yield through selection
for seed and pod size has been suggested in populations with mean values of the
100 secd weight that are greater than‘ours [14-16] and in crosses involving large and
medium kernel varieties [17-18].

The differences in variability caused »y the doses used need to be considered
in selecting proper doses for yicld breeding using induced mutations. The importance
of using larger dose ranges in studying the induced variability for quantitative
characters has been stressed [3). Thus, in our experiments the dose ranges of
300-600 Gy in sesame have recorded more variability in M, than in lower or
higher doses. This observation is of further importance since sesame shows a high
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level of resistance to radiation {4). When response to selection in different genera-
tions is considered, all the characters resporded better in the My than'in the M,
generation. The selection response differences in tF ~ two generations wvere higher in
groundnut than in sesame. This may be due to the polyploid nature of groundnut,
which takes longer to segregate than diploids. The results agree with the recommen-
dations that when seeds are irradiated selection for quantitative characters should
begin in generations not earlier than M, {2, 3, 19).

In sesame there is a possibility of selecting for improved characters already in
M,, since there is increased variability for most of the characters (Fig. 3) and
response to sclection (Table V.I). As response to selection is better in M;, it is
desirable to siart selection in this generation. The response in both generations was
similar for the date of flowering, which indicates that early or late flowering mutants
may be isolated with success in M,.

The heritability of characters in the model population of sesame is relatively
higher than that in groundnut. This may be due to a diversity in the collection which
we received from the Food and Agriculture Organization of the United Nations. The
groundnut collection studied represented genotypes better adapted to the country,
selected from earlier screening trials. The negative correlation of seed size
(1000 seed weight) and capsule length with other characters and yield observed in
the sesame coliection was suspected to be dué to several indehiscent cultivars
received from the University of California at Riverside (UCR NS varieties); these
have long capsules and few large seeds per capsule, resulting in low yields. The low
yield of cultivars that incorporate an indehiscent gene of the id/id type has been
observed widely (4, 19, 20). This was confirmed when the data were analysed
without the UCR varieties; the correlations were then positive.

The path coefficient analysis further revealed this bias. The direc effect of
1000 seed weight was found to be positive (Table IV) when the effect of the other
characters was removed by the partial regression method we employed. The negative
effect of capsule length on yield was also less after path analysis.

When the results of the selection experiment in sesame are considered, the high
heritability of characters with low envirormental variability needs to be emphasized
(Table VII). These include capsule length, days to flowering and 1000 seed weight.
The plant height, which recorded a medium level of environmental variability, gave
a better response to selection than seed yield and the number of capsules, but less
response than the more stable characters. The high heritability of capsule length and
the medium heritability of plani height have been reported in four crosses of
sesame [21]. '

The number of capsules per plant, 1000 seed weight and plant height in sesame
have bezn considered by many workers as the main contributory factors to
yield {19, 22-24]. Probably because of the availability of a great amount of natural
variation for quantitative characters [22-24], fewer attempts have been miade to
improve these characters through mutation breeding. The morghologically changed

»
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natural (such as the id/id genotype for indehiscence) [4, 19, 20, 22] and induced

mutants [4, 22, 25] have been used in limited breeding programmes. Therefort,

comparison of our data is difficult. The selections made in the present breeding
programme are being studied for their performance. The results will be valuable
because of the lack of detailed studies on she induced variability of quantitstive
characters in sesame using mutagenic agents.
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ABSTRACT

Mutations were induced with gamma rays in two contpasting
sesame cultivars MI2 (Black seeds) and MI3 (White seeds). A range
of morphological mutants that can contribute to increased seed
yield could be isolated and confirmed. Improvement of one yield
component in general led to the decrease in one or more other
components. However, some mutants with three capsules per_axil,
short internodes and long capsules recorded higher yield than the
parent variety. Some white seed mutants of MI2 variety and a
brittle seed coat mutant which can be easily decorticated recorded
higher seed yield in multilocational trials. Brittle seed coat

character is being transferred to other cultivars through backcross

procedure.

INTRODUCTION

Sesame {(Sesamum indicum L.) is the major oilseed crop in Sri
Lanka. Low and fluctuvating yield of this crop has been attributed
not only to poor management, low‘ inputs and environmental
constraints, but also to the lack of adapted, high yielding
cultivars showing good response to fertilizer, pest and disease
resistance etc. (Brar and Ahuja, -1979; Weiss, 1983; Anon, 1985,
Ashri, 1988). 1Inspite of the fact that sesame is an ancient crop,
the available germplasm for indehiscent capsules, determinate

growth habit and resistance to major diseases is very limited and

cf)
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very often have undesirable pleiotropic effects or linkages (Weiss,
1983; Ashri, 1988). Therefore, additional variability for these
gharacters were sought by the use of induced mutations. Character
improvement that can lead to increased yield, adaptation, improved
quality of the crop and enhanced cross pollination .to utilize the
hybrid vigor that has been observed widely (Goyal and Kumar, 1988;
Jadon and Mehrotra, 1988; Osman, 1989; Sasikumar and Sardana, 1990;
Sodani and Bhat Nagar, 1990) were aimed in the ‘selection of

mutants.

MATERIALS AND METHODS

The cultivars and germplasm entries that have potential for
further improvement were identified in the varietal screening and
evaluation experiments. The cultivar MI2 which has recorded the
highest yield in multilocational trials was used in the mutation
breeding experiments wiéh the aim of improving its potential yield
and seed quality. This cultivar has a basal branching habit,
alternate leaf arrangement, one bicarpellaté capsule per leaf axil
and ble:-k seed coat. The black seeds have a lower market value

than the white sesame seed. Therefore improved white sesame lines

were also sought in the segregating populations.

The only white sesame cultivar recommended for cultivation in

Sri Lanka is MI3. This cultivar has a different plant architecture
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than MI2. It is non branching with three bicarpellate capsules per

leaf axil. Leaf arrangement is opposite.

After detailed studies on radiosensitivity, the doses selected
for mutation induction in MI2 were 200, 400 and 600 Gy. Twenty
grams of seeds per dose were irradiated in MI2 (1000 seed weight
= 3.1 g). The MI3 variety was found to be more resistant to
irradiation and hence higher dose levels of 600, 750 and 900 Gy
were used on 20 g (1000 seed weight 3,1 g) seed samples.
Irradiation was carried out with gamma rays from the ¢°Co source at

the Central Agricultural Research Institute, Gannoruwa, Peradeniya,

Sri Lanka.

The mutagen treated populations in their first generation were
grown in Randomized Complete Block design with two replications and
the parent varieties as control. Both single plant and bulk
methods were used to sa@ple the M: population. Seeds from the
first formed five capsules of M plants were harvested. Selection
in the M generation‘was carried out for both morphological and
biometrical characters. In the M generatién the seed colour and

other seed coat characters were observed and selected.

Once confirmed, the mutants with greatest potential were yield
evaluated in 15 m* plots in Randomized Complete Block design with
three replications. Fifteen plants per plot were randomly sampled
for estimating the yield components. The most promising mutants
from replicated trials were yield tested in three locations in the

3



Low country Intermediate zone, Mid country Intermediate zone and
Low country dry zone. The white seeded MI3 cultivar served as the
control for white and cream seeded mutants. The results were
statistically analysed using ANOVA and GLM.procedures of the SAS

package for personal computers (SAS,1987).

RESULTS AND DISCUSSION

The selections for quantitative characters in Mz and M3
populations of MI2 variety were evaluated and the selection
efficiency iﬁ different dose levels and the heritabilities for
different characters in mutant populations have been established
(Pathirara, 1991). The present paper deals with the performance
of individual mutants and the mutants selected for simply inherited

characters useful in the breeding programme.

The number of true breeding mutants for different characters
isolated from the two recommended varieties is summarized in table

1. The mutants with short internode, branched stem (in MI3), three

flowers per leaf axil (in MI2), tetracarpellate ovary and long’

capsules have the potential to increase the seed yield by
influencing yield components and harvest index. Therefore these

mutant lines are used widely in the crossg breeding programmes.

The mutants with three capsules per leaf axil isolated in MI2

variety were shorter than the parent variety. The branching



mutants in MIJ3 variety were also shorter than the non-branching
parent variety. Therefore back crossing and crossing with taller,
high yielding genotypes is being performed to improve the yield

potential of the mutants.

The polypetalous corolla mutant isolated in MI2 variety was
highly sterile and only few seeds per plant were produced even in
crosses with normal plants. A normal polypetalous corolla mutant
has been produced (Murty and Bhatia, 1990) which.should be useful
in increasing the natural cross pollination for making hybrid

seeds.

Some of the characters reported in our study have been induced
in Japanese sesame varieties (RKobayashi, 1981), in India (Murty et
al. 1990) and Egypt (Ibrahim, 1990 ). The seed colour in sesame
has been found to be inherited by simple genes in many cases and
in our programme many mutants with lighter colours could be
identified in MI2Z which is a black seeded cultivaf. Most of the
selected types were either brown or cream coloured, but a few white
coloured lines could also be identified in Ms; and Ms generations.
Some of the white seeded mutants have simila? yield potential as

the parent and therefore could be valuable commercially.

The most useful mutant should be the one with brittle seed
coat character. The seeds of this mutant can be decorticated by
rubbing between hands. The usual procedure for sesame

decortication in o0il mills or for confectionery purposes is rather



complicated and leads to some decline in the quality. With the
development of proper dehullers, the brittle seedcoat mutant
character should solve the problem of decortication at domestic and

industrial levels.

Improvement of one yield component can lead to the decline of
another due to yiela component compensation (Adams, 1967; Adams and
Gratfius, 1971; Zakri and Grafius, 1978). Therefore, we studied the
vyield components of the mutants in detail and compared them with
the parent variety (table 2). Mutants having short internodes had
shorter capsules and lower number of seeds per capsule. However,
some lines with shorter internodes have similar or better yield
than parent due to higher number of capsules in them. A higher
number of seeds per capsule was found in long capsule mutants.
Relatively lower number of capsules per plant in many of these
mutants would have been the factor that deprived the expected
higher yield. Those mutants with three capsules per axil in MI2
variety were the highest yielding among the morphological mutants
(Table 2). Using exotic germplasm for the three capsules per axil
character, van Rheenen (1988) found that the number of capsules per

ax»il has no influence on the yield in his bfeeding experiments.

Similar to the germplasm lines with tetracarpellate capsules,
the mutants with increased carpel number have shorter capsules
resulting in lower number of seeds. Therefore, in sesame, the
placental area for seed attachment does not seem to increase

proportionate to the increase in the carpel number due to



shortening of the capsule. Therefore as in most of the recommended
cultivars throughout the world, the bicarpellate capsule seem to
have the highest yield pgtential. However, it should be noted that
the tetracarpellate capsules have better seed retention at

maturity.

The mutants of MI2 variety in their M« generation were tested
at Girandurukotte in the Low country Intermediate zone where high
potential for the expansion of sesame cultivation exists. The
results of promising mutants in this experiment condqcted in two
replications in a Randomized Complete Block design with the parent
variety as control is given in table 3. Several mutants which
exceeded the parent variety significantly for more than two

characters including yield were revealed in this experiment.

As the white sesame seeds have a higher premium price in the
market, the mutants with white or cream coloured seeds were tested
separately with MI3 as the control. 8Six such mutants were included
in the advanced yield trials conducted in three replications at two
locations. The trials were conducted at the experimental field of
the Institute of Fundamental Studies at Kengaila in the Mid country
intermediate zone and at Bata atha farm in the Low country Dry
zone. The yield, age and the number of capsules per plant of the
mutants at these two locations are summavized in table 4. The
higher yield of the mutants derived from MI2 variety compared with
MI3 variety was not surprising as MI2 variety has a higher vield

potential than MI3. The highly branched and tall plants of MI2



variety produce more capsules than unbranched MI3 variety. The
lower yield at Bata atha farm was due to heavy infestation by
shoot webber (Antigastra catalaunalis) at the early phase of growth

which retarded the plants.

These sesame mutants with white and cream seeds were further
tested in multi-locational trials during the succeeding seasons in
four replications in Randomized Complete Block design. The sites
selected for testing were at Kengalla, Mapalana (University farm
in the Low country Intermediate zone) and Kurunegala (Low country
Dry zone). The results of two seasons of testing are presented in
table 5. The results indicated the superiority of MB 29 and MB 33
over the recommended cultivar. During the South west monsoon
season MB 1 and MB 13 also recorded higher mean yields than the
recommended cultivar. The results of these experiments reveal that
the mutant with brittle seed coat character MB 29 can contribute

to a great extent in the sesame industry.

’

-

Work is underway to transfer the brittle seed coat character
to other promising breeding lines which have been developed through

cross breeding of cultivars and mutants.
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Table 1 - Useful mutants selected and confirmed in two cultivars

of sesame.

Mutant Parent Number of True
Character cultivar Breeding Mutants
Short MI2 5
Internodes MI3 2
Increased MI2 4
Pubescence MI3 1
Tetracarpellate MI2 6
Ovary MI3 3
Polypetalous MI2 1
Corolla
Changed MI2 2
Corolla colour MIJ3 5
Early maturity MI2 14
MI3 2
Late maturity MI2 3
MI3 6
Branched stem MI3 2
Long capsule MI2 3
MI3 6
Short capsule MI2 7
Three flowers
per axil MI2 3
One flower
per axil MI3 8
Chang2d seed MI2 12
Colour MI3 11
Brittle
seed coat MI12 1
Others MI2 13
MI3 8
13



Table 2 - The variation for some yield components among desirable
mutants of MI2 variety.
Mutant Capsule Number of Number Yield
character length, ¢m seeds of per
: per capsule capsules plant,
Short
Internode 3.1+40.2 61.3+46.2 50.9+6.9 4.8+0.8
-3.4+40.2 -68.4+6.5 -52.7+8.2 -7.8+1.2
Tetracar-
-pellate 1.7+40.1 55.8+4.1 36.2+4.5 3.8+0.7
ovary -3.0+40.2 -67.8+8.5 -41.7+7.1 -6.1+0.8
Long
Capsule 3.%+0.2 66.4+4.5 45.7+7.2 5.0+40.8
‘ -4.340.3 ~75.2+6.0 -48.3+7.5 ~7.3+1.2
Three
flowers 2.8+0.2 52.4+43.8 46.3+6.9 5.7+0.7
per axil -3.440.2 ~-67.7+5.2 -53.7+8.1 -8.2+1.4
Parent
(M12) 3.6+0.2 69.0+5.2 48.8+7.7 6.7+0.9
14
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Table 3 - Yield and other characters of sesame mutants in Mq

compared with MI2 (Girandurukotte, 1988).
Plant Number Number 1000 Sseed Seed Weight
Treatment height, of of weight, per
cm Capsules Seeds per g Plant, g
per plant Capsule
MB 1 128 54.2 78.0* 2.71 10.2.
MB 7 115 68.8* 63.9 3,03 9.1
MB 4 97 91.4* 68.7 3.30 7.2
MB ¥ 119 74.0* 54.9 3.20 9.1
MB 10 111 44.4 69.2 3.13 8.8
MB 13 129 50.6 79.6* 3.43* 9.1
MB 15 96 47.8 65.6 3.33 7.2
MB 16 114 49.3 62.9 4.20* 12.7*
MB 17 86 31.1 37.0 3.73* 1.3
MB 25 146 61.8 73.5 2.93 7.9
MB 29 108 64.7 59.6 3.57 9.7
MB 30 129 92.9* 58.6 3.40* 13.1*
MB 32 139 gb.?* 76.7 3.07 13.8*
MB 33 127 69.9* 59.8 3.33 11.1
MI 2 117 48.1 63.6 < 3.20 7.2
Cv, % 9.0 16.8 13.0 3.5 25.4
pr > F 0.0001 0.0001 0.0003 0.0001 0.0001
LSD 17.8 17.5 14.0 0.20 3.89
15



Table 4 - Performance of sesame mutants compared with MI3 variety
(1989).
Aget®! Number of =) Yield, kg ha-! Mean
Capsules Pallekele Bata atha
MB 1 90 42 721+ 495 608
MB 7 86 40 595 601 598
MB 13 87 44 1590** 520 1055
MB 29 88 41 827* 403 615
MB 32 88 40 1090** 540 815
MB 33 85 45 1121** 505 813
MI 3 80 38 600 524 562
(control)
CV% 18.5 37.2
(a) - mean of two locations
*, »x -~ yijeld significantly higher than MIJ3 at 5% and 1% levels,

’

respectively.
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Table 5 - Performance of sesame mutants in regional trials (means
of three locations and two seasons).

Mean
Mutant/ Age, Plant Number yield, kg ha-!
variety days height, of

cm capsules Maha (a) Yala(b)

1990/91 1991
MB 1 88 96.8 37.1 492 939
MB 7 85 90.5 40.8 684 725
MB 13 86 99.6 37.5 517 1003
MB 29 86 97.8 40.6 1011 925
MB 32 87 97.0 37.7 620 651
MB 33 86 98.4 40.7 865 1123
MI 3 85 93.7 36.8 824 871
(a) Maha - North east monsoon season
(b) Yala - South west monsoon season
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2. Introduction

Sesame (Sesamum indicum L.) is the major annual oilseed crop
grown in Sri Lanka. The average yields of sesame ;re rather low
with a seasonal fluctuation from 378 kg ha-! to 7v0 kg ha-! [1].
There is much higher potential for this crop as some 3esame
varieties have recorded yields over 1450 kg/ha [1,2). Low yields
of sesame have been attributed not only to poor management, low
inputs and environmental constraints but also to the lack of
suitable cultivars with wide adaptability, high yield potential

with tolerance to biotic and ariotic stresses [3 - 6].

Narrow adaptation of cultivars, indeterminate growth habit,
shattering losses and pest and disease attack are some of the major
constraints to increased yield in sesame (5,6]. Inspite of the
fact that sesame is afn. ancient crop, the available genec for
indehiscent capsules, determinate growth habit, resistance to some
of the major diseases and pests are very limited and very often
have undesirable pleiotropic effects or linkéges [(3-6). Therefore
character improvement of thete genotypes and additional variability

in the adapted local varieties through induction of mutations could

be rewarding.

It 1is necessary to decorticate the sesame seeds before
processing for oil or use in confectioneries, as the testa carries
over 99% of the oxalates, the only toxic constituent in sesame

seed. The testa imparts a slightly bitter taste to the meal,
2
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resulting from chelation of the calcium content by o#alic acid.
Decortication also substantially increases palatability,
digestibility and protein content of the meal [4,7]). Cultivars
whose seeds can be easily decorticated will be useful in developing

countries where machinary are not available for this purpose.

Although sesame is considered to be a drought resistant crop,
the drought at certain phases of growth can cause severe growth and
yield reduction. Water stress at seedling and flowering stages are
the most important in this respect. The mutants selected for
improved yield and disease resistance in Sri Lanka [8,9) were
tested for their resistance to drought by direct and indirect

methods and results are reported here.

With the objective of using doubled haploids in the breeding
of sesame, attempts are being made to develop a protocol for
efficient haploid production from sesame anthers. Optimal stage
of the explant and culture conditions for efficient callus
induction and sub-culture of anthers of MI 3 variety are described

here.

3. Materials and Methods

3.1. Genotypes used for mutation induction

The cultivars that have potential for further improvement were
selected for mutagenic treatment. Due to wide variation reported

in radio-sensitivity of seeds of sesame cultivars, optimal doses



for seed irradiation were selected after growth reduction studies
with MI 2 and NI 3 cultivars. For MI 2 variety doses in the range
of 100 to 100V Gy were used and for MI 3 variety 100 to 1750 Gy
were used for radiation sensitivity studies. The irradiated seeds
were grown in three replications in a randomized.complete block
design and germination percentage, plant height, survival

percentage and seed yield were studied.

The cultivar MI 2 which has recorded the highest yield was
used to further improve its potential vield and the seed quality.
This cultivar has -black seeds, basal branching habit and it
produces one bicarpellate cavsule per leaf axil. The cultivar MI
3 was also used in mutation breeding and is unbranched, has three
capsules per leaf axil and white seeds. Both are recommended for

cultivation in Sri Lanka.
3.2. Ssampling and selection procedures

First formed five capsules of surviving M; plants were used to
collect seeds for single plant progenies or making bulk populations
for selection. Selection for shorter intern;de, longer capsules,
more erect branches (in MI 2) to reduce seed losses at harvest and
to accommodate more plants per unit area, narrow leaf, increased
pubescence, three capsules per leaf axil (in MI 2) were carried
out in the second and third generations after mutagen treatment.
Normal 1looking plats with increased number of capsules were

selected for biometrical measurements and the best were carried



foreward. Details of selection procedures for quantitative

characters have been reported [10].

In the third and subsequent generations, selected plants as
well as plants grown in bulks from unselected material were

screened for seed colour and other desirable characters.
3.3. Yield evaluation
After preliminary screening in breeding nurseries, the

promising mutants were tested in larger plots with other promising

breeding lines and with MI 3 variety as the control. The multi-

locational experiments were conducted at the Resea~ch Farm of the -

Faculty of Agriculture at Mapalana in the 1low country of
southwestern Sri Lanka; at the Field Station of the Institute of
Fundamental Studies at Kengalla in the mid country intermediate
zone, at Kurunegala in the 1low country dry zone and at the
Government Farm, Batatha, in the low country dry zone of southern
Sri Lanka. The varietal écreening methodology has been described
in detail [8]. Some mutants were back crossed to the parent
variety or crossed with other material where'further improvemenp

was desired.

Seeds of UCR 82-203 NS, a cultivar with indehiscent capsules
but with other undesirable side effécts [4,6,11) were irradiated
With gamma rays, treated with Ethyl methane sulphonate and diethyl

sulphate, with the objective of breaking any linkages as it has not

”
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been possible to separate the indehiscence from the undesirable

traits so far [11).
3.5 Anther culture

For establishing callus from sesame anthers, Murashige and
Skoog (MS) medium [12) supplemented with different concentrations
of 2,4 dichlorophenoxy acetic acid (2,4-D), 3-indole acetic acid
(IAA) and 6-benzylaminepurine (BA) were used, as earlier studies
have indicated the suitability of this medium [{13]. Different
concentrations of hormones and light regimes used have been

described [14). Anthers of white seeded recommended cultivar MI

3 were used.
4. Results
4.1. Varietal differences in radiation sensitivity

The growth reduction studies conducted with two recommended
cultivars MI 2 and MI 3 revealed that MI 3 is more resistant to
gamma radiation than MI 2 and that 50% grcwth £eduction (GR 50) for
plant height was in the range of 750-1000 Gy for MI 3 and 500-600

Gy for MI 2 (Fig. 1). The germination percentage also showed

similar trends (Fig. 1).



4.2. Selection of mutants and variability created

Selections in irradiated populations were carried out for
obvicus morphological changes which could contribute to increased
yields as well as for quantitative characters. For this purpose
bulk populations sampled from first formed five capsules of the M;
plants as well as single plant progenies were used. Results of
selection, heritability and correlations among characters in
different generations have been reported elsewhere [10]. The
variation observed in selections in preliminary screening of
mutants in M4 and ﬁ: generations is presented in table 1. At the
preliminary screen;ng stage the mutants recorded higher mean yield,
plant height and number of capsules. The mean number of seeds per
capsule was less in mutants selected from MT 2 variety than in the
parent as only few selections could be made directly for this
character. The mean number of seeds per capsule has also recorded
an increase in the mutants of MI 3 variety although direct
selection for this character was attempted only in few cases. This
variety generally records lower number of seeds per capsule (Table

1).
4.3. performance of mutants in regional trials

The high yielding mutants were included in the major yield
trials of the breeding programme and were tested in different
locations along with the othe:' higher yielding breeding 1lines

selected from the segregating populations and germplasm collection.



The mean performance of the mutants compared with the control
MI 3 variety at two or-three locations during each growing season

is given in table 2.

The mutants MB 29 and MB 33 have consistently outyielded the
recommended variety, throughout the period of testing. Out of the
. six seasons of testing MB 15 recorded lower yield than MI 3 only
during the northeast monsoon season of 1990/91. Due to relatively
poor performance of MB 7 and MB 32, they were discontinued from the

testing programme in 1992.
4.4. Drought resistance of mutants

Different criteria were used to study the degree of drought

resistance of the mutants as against the parent cultivars.
4.4.1. Seed germination under increased osmotic pressur:a

Moisture stress can be simulated by increasing the osmotic
pressure of water. Germination in solutions of high osmotic
Pressure is one way of estimating the tolerance of genotypes to
moisture stress at seedlina stage. Germination percentages of
mutants in manitol solutions upto 8 atm and polyethylene glycol
upto 4 atm are given in table 3. Seed germination in manitol was
highest in MI 3 variety. Many mutants derived from MI 2 variety
had greater capacity to germinate than the parent. Particularly

noteworthy in this respect are MB-~29w and MB 33.

),
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There was & relationships between germination percentage in
manitel and pclyethylene glycol. The mutants MB 29w and MB 33
recorded higher germination percentage in pol&ethylene glycol
solutions as in the case of manitol.

4.4.2. Stomatal frequency and behavior

Stomatal frequency and behavior of stomata under.water stress
could give further indications of drought resistance of genotypes.
Some of the mutants of MI 2 variety, including.-MB 33 had less
number of stomata per unit area than the parent cultivar (table 4).
Faster reaction of stomatal apparatus to water stress induction
could be another indication of drought resistance. This was
studied in several mutants. Leaves at different stages of growth
were studied in separate experiments but the reaction of stomata
to simulated water stress was similar in leaves of different age
in the same genotype. Therefore mean values of percentage decrease
in width of stomatal aperéure in some of the mutaﬂts studied is
given in Fig. 2. Mutants MB 1-1 and MB 30 recorded more efficient
closure of the stomatal apperatus to induced water stress, compared
to the parent variety MI 2. The rate of closure of stomata of MB-

29w was much slower.
4.4.3. Other characters of mutants

The morphological and agronomic characters of the most

promising mutants of MI 2 variety selected from the preliminary


http:including.MB

screening nurseries were studied in detail. Some of the characters
which could contribute to increased drought recistance are
presented in table 4. The total leaf area was least in C 37 and
greatest in C 10. Other mutants had a leaf area comparable to the
parent variety MI 2. Although the stomatal frequency of mutants
was not much different from the parent in general, MB 30 recorded
a relatively higher number of stomata. The MI 3 variety which was
used in later experiments on mutation breeding had less than half
the number of stomata per unit area than MI 2 variety.' It had a
lower shoot/root ratio as well. Most of the mutants also recorded
less shoot/root ratio than MI 2 variety. The mutants MB 29w, MB-1

and MB 1-1 had the most prolific root system among the mutants.

Drought during the flowering perisd can severely affect seed
yield of sesame [3,4]. The shortest period of flowering was
recorded in MB 29w and C-8. The leaf pubescence, although did not

exhibit much variation, was higher in MB-1 and MB 1-1.
4.5. Results of seed irradiation of UCR 82-203 NS variety

In a population of more than 150000 M2 plaﬁts of UCR 82-203 NS
variety, representing about 40000 M parent plants, two mutants
were recovered which have lost the undesirable gffects associated
with the indehiscent character. At maturity it was found that
thirse mutants had lost the indehiscent character as well and were
like a normal shattering vériety. In subsequent trials they

recorded 2-3 times higher yield than UCR 82-203 NS [15].

10
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4.6. Isolation, confirmation and improvement of morphological

mutants

The number of mutants of MI 2 and MI 3 varieties with changed
morphological characters which could be effectively used in a
breeding programme are given in table 5. These mutants have been
confirméd in subsequent generations after selection. Details of

these mutants have been described earlier [8].

A mutant isolated in the Ms; generation of MI 2 variety treated
with Ethyl methene sulphonate was found to have a brittle testa
which can be easily removed by rubbing the dry seeds. This mutant
was back-crossed to parent variety and was also crossed with white
seeded cultivars for selecting improved, brittle seed coat
genotypes. A line MB -29w selected from a cross of MB 29w with

local variety Sudu Thala has shown promise.

The yield of MB.29 and MB 29w is similar to MI 2 and is higher

than that of MI 3 variety, the only white sesame cultivar released

in Sri Lanka.

The polypetalous corolla mutant (table 5) was fourd to be

sterile and could not be maintained over several generations.

11
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4.7. Sesame anther culture

Flower buds of 5-7 mm length and 36-48 h prior to anthesis
incubated at 8°C for 24 h gave the highest rate of callus
induction. Continuous darkness'after plating was better.than a
photoperiod of 12 h., The MS 5 medium recorded the highest rate of
callus induction (Table 6) ac well as callus formation after
reculture (Table 7). MS 5 medium contained MS salts supplemented
with 10 mg 1-t 2,4-D, 2 mg 1l-! of both IAA and BA. Other media
used 1in the studies and details of culturé conditions for

successful callus induction have been discussed in detail [14].

5. Discussion

5.1. Raidosensitivity

High level of resis’‘ance of sesame seeds to irradiation when
formation is considered [16] and the differences in the radiation
sensitivity of different sesame genotypes observed by other workers
[16-20] are substantiated by our experiments with two
morphologically different sesame cultivars. It is clear from the
results that the MI 3 variety tolerates much higher doses of gamma
rays than MI 2 variety considering germination after irradiation
as well as growth reduction studies. There seems to be a very high
variation in growth reduction in sesame genotypes after irradiation
and therefore different genotypes to be used in mutation breeding

should be tested for radiosensitivity before deciding on doses.

12
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5.2. variability created through mutation induction

Easily identifiable, morphological mutants or those with
resistance to diseases have been induced in sesame using mutation
breeding methodology. Induced variability in quantitative
characters has been dercribed recently [18)] and seems to be
promising from the results presented here. When selected for one
yield component, a change in the other components generally occurs
due to compensatory effects [19]. Nevertheless, yield increase
can be achieved in individual lines as well as in the mean yield
of all selected lines if the population is 1large enough and
selection pressure is high (Table 1). Thus, except for number of
seeds per capsule in MI 2 variety, all the other yield components
have higher mean values in the selected mutant lines even compared
with the parent. The range of variability is also quite high,

offering many lines for advancing to yield trials.

The mutants selected purely for quantitative characters and
those with changes morphological characters can be treated as
‘eXceptionally valuable material for further improvement of sesame
because there mutants were induced in locally adapted, recommended
and high yieldiﬁg cultivars . These mutants have been included in
the ongoing hybridization programme. The mutants MB 29w (white
seeded brittle seed coat genotype) and MB 13 will be handed over
to the Department of Agriculture for testing in the National

Coordinated Trials.

13



5.3. Drought resistance

The water requirements of different genotypes can differ at
various growth phases of the plant. A genotype may be more tolerant
to water stress at an early growth phase while a second may be more
tolerant at a later stage of growth. Seeds of MB 29w and MB 33
have shown better capability of germinating at high asmotic
potentials than other mutants. Low shoot-root ratio of MB 29w, MB
1 and MB 1-1 should be considered as advangeous when growing them
in drought prove environments. Short period of flowering in MB 29w
is also advantageous as drought at flowering stage <can
substantially reduce yields of sesame [20]. Shorter flowering
period reduces the risk of drought and also facilitates

synclrronous maturity minimizing shattering losses.

5.4. indehiscence in sesame

The two mutants which have lost the undesirable effects of id
id genotype were later found to have lost the indehiscent character
as well. These were recovered from a population of about 150000
M2z plants. The indehiscent character is.governed by a single
recessive gene [21] and our objective was to break the linkage of
indehiscent character with other undesirable effects. The lose of
undesirable characters along with the indehiscent character implies
that the undesirable effects are a pleiotropic effect rather than

a liked character as speculated by some anthers [22]. Therefore,

14
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search for genotypes should be made to improve the seed retention

of sesame at maturity.
5.5. Callus induction from anthers

According to the only published results of auther culture in
sesame, the Korean cultivars used have recorued 5501% callus
induction when 25 mg 1-! of 2,4-D and 1 mg 1-! of BA were included
in the MS medium [23]. 1In the present experiment, the MS medium
containing 10 mg 1-! of 2,4-d with 1 mg 1-! of BA ;ecorded a higher
rate of callus induction than MS 2 medium with 15 mg 1-!' 2,4-D.
These results are consistent with the findings that the different
genotypes may require different media for callus induction from

anther of the same species [24].

Shortening of 'the breeding cycle using doubled haploid
technology can be achieved only if different stages take short
periods [25}. All the media which were capable of producing callus
were efficient in this context as they induced callus within 2-4
weeks. Nevertheless, MS 5 was the most sucvessful medium where
callus induction took place within 2 weeks and a greater proportion

of anthers produced callus.
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Table 1 - Means and ranges of performance of mutant lines compared

with parent cultivars.

Materials Age, Plant Capsules Seeds 1000 seed Seed yield
days height, per per weight,g of plant-!
cm plant capsules
Mutants of 93 11¢ 54 59 3.3 8.4
'MI2'43 (78-99) (81-146) (31-93) (37-80) (2.8-4.2) (1.3-13.8)

lines in M4®

MI2 89 117 43 64 3.2 7.2

33 lines 90 123 56 63 3.1 8.7
in Ms® MI2 (83-96) (90-137) (28-69) (44-82) (2.7-3.5) (5.8-10.2)

MI2 90 131 53 69 2.9 8.4
Mutants of 91 98 41 63 3.2 7.7
'MI3*' 78 (74-96) (83-126) (29-54) (41-381) (2.7-3.9) (3.5-12.7)

lines in Ma®

MI3 85 94 35 58 3.1 5.8
35 lines in 88 95 42 57 . 3.3 7.4
Ms® (75-92) (78-119}) (30-62) (38-74) -(2.8-3.7) (3.811.4)
MI3 84 89 - 37 52 3.2 5.2

The range for mutants are given in paranthesis 40 high yielding

mutants selected visually.
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Table 2 - Performance of Sesame mutants in regional trials

Yield, kg/ha

Treatment Age
Mahea @ Yala b Maha Yale Maha Yala
1989/90 1990 1990/91 1991 1991/92 1992
MB 1 88 - 628 492 989 508 968
MB 7 85 - 721 684 725 339 -
MB 13 86 1055 742 517 1007 461 793
MB 29 86 - - 1011 925 5565 655
MB 32 87 815 718 620 651 387 -
MB 33 86 - - 865 1123 475 804
MI 3{control) 85 561 684 824 871 440 728
Number of
locations 3 2 2 3 2 2
a& - Maha -~ MNortheast monsoon season.
b - vyvala - Southwest monsoon season.
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Table 3 - Percentage germination in Manitol and Polyethylene Glycol

solutions.

Manitol solution Polyethylene glycocl
Treatments Water

4 atm 6 atm 8 atm 3 atm 3.5 atm 4 atm

MB 1 100 42 4 0 87 66 42
MB 1-1 100 39 7 0 85 68 53
MB 2 98 44 8 3 81 71 54
MB 7 100 58 14 6 91 51 45
MB 13 99 39 8 2 76 49 35
MB 29w 100 67 238 13 92 79 81
MB 30 100 48 10 4 80 67 45
MB 32 100 59 11 3 83 59 40
MB 33 99 63 19 8 86 76 70
C 8 98 57 10 4 78 62 54
c 1v 100 38 6 0 79 63 52
c 37 100 22 4 0 86 78 56
MI 2 94 53 7 0 79 54 37
MI 3 99 94 74 30 91 69 53
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Table 4 - Some characters related to drought resistance in sesame

mutants.

Treatment 1leaf area, Stomata Shoot: Days Duration Leaf
cm? per mm? . root ratio to of flower- pube-

by weight flower -ing, scence®

days

MB 1 443 50 5.6:1 40 35 3.0
MB 1-1 430 43 5.4:1 41 35 2.7
MB 2 367 52 13.5:1 35 31 2.0
MB 29w 411 56 5.3:1 42 26 2.0
MB 30 510 73 7.6:1 36 31 2.0
MB 33 449 42 8.7:1 36 34 3.5
C 660 46 7.0:1 42 27 2.0
c 10 995 46 9.0:1 41 25 2.3
MI 2 438 56 12.6:1 36 33 2.1
M1 3 340 24 6.8:1 35 36 2.3

a - Glabrons - 0; Moderate pubescence - 5;
Extemely high pubescence - 10
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OPTIMIZATION OF MEDIA AND CONDITIONS FOR CALLUS INDUCTION
FROM ANTHERS OF SESAME CULTIVAR M1 3
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Abstract :  Murashige and Skoog (MS) medium supplemented with different
concentrations of 2,4-dichlorophenoxyacetic tcid (2,4-D), 3-indoleacetic acid (IAA)
and 6-benzylaminepuripe (BAP) were used to induce callus from anthers of sesame
(Sesamum indicum L.) cultivar M1 3 as ain initial step towards developing a protocol
for the haploid production for use in the breeding Anthers from llower buds 3648 h
before anthesis incubated at 8° C for 24 h in the dark gave the best resuits. Out of
the media studiod, MS; medium containing 10 mg/l of 2,4-D and 2 mg/l each of IAA
and BAP gave the highest rate of callus induction (46%) within 2.3 weeks of plating.
For sub-culturing, both MS¢ and MS, (5 mg/l of 3-indoleacetic acid and 3 mg/l of
benzylaminepurine) media gave sausfactory results, with MSg recording 78% and
MS, 607 callusing Calli produced tn these two media were soft and yellow-coloured.
In MSg medium they exceeded 2 mm in diameter. These calli have been trauslerred
to regencration media for optimising conditions for haploid production.

Key words: Anther culture, Sesame, Gingelly, Sesamum indicum L., haploids, callus
induction

INTRODUCTION

Sesame (Sesamum indicum L.) is an important oilseed crop with a large number of
-land races and cultivars adapted to a wide range of climatic conditions.™ It is
economically the most important annual oilseed crop in Sri Lanka. For all practical
purposes it is trcated as a self-pollinated species although varying degrees of
cross-pollination have been rt;porlcd.l'J'7 Doubled haploids (DH) offer an efficient
and rapid method of improving self-pollinated crop species if suitable Protocols for
haploid production, diploidization and regereration are available 3! The DH
method has already been uscd to improve a range of agronomically important
characters in several crops such as rice,1"12 barley,n' 4 wheat'>1® and Brassica
sp."'w Modified Murashige and Skoog (MS) medium has been used successfully to
induce callus from sesame anthers of cultivars of exolic origin.zo'21 However, under
the same culture conditions significant differences among genotypes have been
observed.!®P223  Therefore, efficient haploid production from locally udapted high
yielding cultivars is a prerequisitc for using this methodology in crop improvement.
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Optimal stage of the c;;planl and culture conditions for efficient callus induction
and sub-culture of anthers of MI 3 variety, the only recommended white sceded
sesame cultivar in Sri Lanka are reported here.

MATERIALS AND METHODS

The cultivar MI 3 used in this study is the only recommended variety in Sri Lanka
having white seeds. It has a non-branching stem, opposite lcaf a~rangement with three
bicarpellate capsules per leaf axil. Flower buds in threc stages of development were
studied for callus formation from anthers. These were the small (48-60 h before
anthesis), medium (36-48 h before anthesis) and large buds (24-36 h before anthesis).
Flower buds were surface-sterilized with 70% ethanol for 5s and then rinsed in
autoclaved distilled water prior to cxtracting anthers under aseptic conditions for
plating. Callus formation from anthers freatcd at 8% C for 24 h and 48 h was compared
with untreated ones which were dircetly plated without cold treatment.

Murashige and Skoog (MS) medium®” has been the most effective one for callus
induction in sesame.’®?! Five MS bascd media with different levels of hormones were
used in the present studies (Table 1). The pH value of media was adjusted to 5.8 *
0.1 with 0.1 N NaOH or 0.1 N HCl. The effcct of the presence or absence of light on
the callus induction of plated anthers was also investigated. The effects of the total
absence of light and a photoperiod of 12 h per day from fluorescent tubes at 2000 lux
were compared. The plated anthers and subcultured calli were maintained at a

temperature of 25 + 1°C.

Table 1: Hormone composition of MS medin used in the experiments (mg/l)

Medium
Hormones MS, MS, MS; MS, MS;
2,4-D 10 T 20 . 10
IAA - - - 5 2
BAP 1 1 - 3 2
RESULTS

Flowers at the ‘medium stage’ having a length of 5-7 mm and 36-48 h prior to anthesis
gave the highest rate of callus induction. The flower buds of this stage were therefore
used in subsequent experiments. Qut of a total of 1077 anthers which produced calli,
947 (88%) remained green until longitudinal splitting. Of the 6123 anthers which
turned brown within a few days of plating, only 613 (109) produced calli. Thus, 9%
of the anthers which turned brawn failed to produce callus.
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In the preliminary studics with different temperatures of pretreatment of anthers,
the highest number of calli (199 out of 1200 plated anthers) were produced when the
anthers were incubated at 8° C for 24 h. Incubation at 8° C for 48 h resulted in the
callus production from 154 out of 1200 anthers. Direct plating without a cold
treatment resulted in only 71 anthers producing callus out of 1200 anthers. This
experiment was conducted only with MS; medium and further experiments were
carried out using anthers from flower buds of ‘medium stage’ of development
incubated at 8° Cfor 24 h.

Among the media uscd MS), MS;, MS4 and MSs were capable of inducing callus
from anthers of MI 3 variety (Table 2). All four media had one or two of auxins 2-4
dichlorophenoxyacetic acid (2,4-D) and 3-indoleacetic acid (IAA) and a cytckinin
6-benzylamincpurine (BAP), whereas MS3 medium which failed to induce callus had
only 2,4-D, but in greater concentration than the rest (Table 1). Callus induction in
MSs medium occured within 2 weeks of plating compared to 3-4 weeks in other media.
A relatively greater proportion of anthers plated on this medium produced callus
(Table 2). The first response of most anthers that gave callus was the longitudinal
splitting within a week after plating. Continuous darkness was better than a
photoperiod of 12 h per day on MS; and MS4 media for callus formation (Table 2).
Experiments on callus induction with MSs medium were therefore continued in the
absence of light.

Table 2: Callus induction capacity of media from anthers of medium size (5-7 mm)
flower buds of sesame

Medium Treatment Number of anthers Percentage of
producing callus callus induction
MS; Light 199 17
MS, ~Light 80 7
Dark 11 9
MS; Light 0 0
Dark 0 0
MS, Light 60 5
Dark 80 7
MSs Dark 547 - 46

* 1200 anthers were plated for each treatment.

Calli derived from anthers were ciltured in four different MS based media viz.
MS;, MS3, MS4 and MSs (Table 1). Resgaonse to reculture was found to be different



312 K K.D.S. Ranaweera & R. Pathirana

in the four media (Table 3). The MSs medium containing three hormones proved to
be the best among those tested. Calli formed on the MS; medium were relatively hard
and brownish. They were globule like structures less than 1 mm in diameter. When
these calli were transferred again to MS4 or MSs media, they formed callus tissues
similar to those usually grown in the latter two media, being yellowish and soft.
However, calli subcultured from MS; and MSs media were more capable of callusing
than those from MS;.

Table 3: Callus formation on different media after reculture

Response of plated callus

Medium Characteristics
Pereentage of Size of callus
callus formation formed
MS, 45507 + brown, globular
and hard calli
MS3 . 0 -- -
MS, 600 £ 1.7 + yellowish soft calli
MSq 778 18 ++ + yellowish soft calli

+ - Allcalliless than | mm in diameter
+ + - More than 80% of calh of 1.2 mm diameter
+ + + - More than 80% of calli greater than 2 mmin diametcer

DISCUSSION

»

Shortening of the breeding cycle uqinﬁ DH technology can be achieved only if
different stages take short pcriods.s'”' ‘18 All the media which were capable of
producing callus were efficicnt in this context as they induced callus within 2-4 wecks.
Nevertheless, MS was the most successful medium as callus induction in it took place
within 2 wecks compared to 3-4 weeks in other media. Moreover, a greater
proportion of plated anthers produced callus in this medium.

The position of anthers on the medium at the time of plating also seems to have an
influence on the callus induciion. This aspect needs further investigations and should
contribute to increasing the callus yield.

According to the only published results of anther culture in sesame, the Korean
cultivars used have given 55.1% callus induction when 25 mg /l of 2,4-D and 1 mg/l of
BAP were included in the MS medium?® Our experiments indicate that
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concentration of 15 mg/l of 2,4-D with 1 mg/l of BAP (MS;) does not give a
satisfactory rate of callus induction. The MS; medium containing 10 mg/1 of 2,4-D
with 1 mg/l of BAP recorded a higher rate of callus induction than MS; medium with
15 mgl 24-D. These results are consistent with the findings that the different
genotypes require different media for callus induction from anthers of the same
species.”

Anthers from flower buds 36-48 h before anthesis, incubated for 24 h at 8° C when
plated on MSs medium and kept in total darkness produced the highest rate of callus
induction in the present experiment. With the objective of producing haploid plants,
calli obtained from anthers of MI 3 varicty have been transferred to regeneration
media with different ratios of hormones. Besides, different media with natural sources
are being tested for anther culture of several promising sesame genotypes including
MI13.
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