L

I

=

CROSS COMPATIBILITY BETWEEN e
Sesamum indicum L. AND S. malabaricum

BY
LALI K. S.

. THESIS 3
SUBMITTED IN PARTIAL FULFILMENT OF THE
REQUIREMENT FOR THE DEGREE OF
MASTER OF SCIENCE IN -AGRICULTURE
FACULTY OF AGRICULTURE
KERALA AGRICULTURAL UNIVERSITY

DEPARTMENT OF PLANT BREEDING
COLLEGE OF AGRICULTURE
' VELLAYANI, TRIVANDRUM

1987



DECLARATION

I hereby declare that this thesis entitled

A"Cro%s aampatiﬁil;ty'between Sesamum indicum L. and

S. malabaricum® is a bonafide record of f@searéh work
done by me during the course of research an§>that the
thesié has not-previously formed the basis for the award
to mé of any degree, diploma, associateship, fellowship

or other .similar title of any other University or Society,

M ‘l,:_n,a

-—

LALI, K.S.

Vellayani;
1{}""“'2“‘1 987 *



CERTIFICATE

Certified that this thesis entitled "Cross
compatibility between Sesamﬁm indicum L. and 8. palabaricum"
‘ is a record of research work done indepehéently by
Kum, Lali, K.8. under my gﬁidance-and supervision and
that it has not previously formed the basis!for‘fhe éward

- of any degree, fellowship or associateship to héb.

R e
- Dr. V. GOPINATHAN NAIR,
~ Chairman, '
Advisory Committee,
Professor and Head,
Department of Plant Breeding.

Vellayani,
10==2-~1987.



APPROVED BY:
Chalrman

Dr. V. GOPINATHAN NAIR

Menbers:

1. Dr. SVERUP JOHN
2, Dr. M.C. NAIR

'3, Dr. P.D. VIJAYAGOPAL

External Examiners:




 ACKNOWLEDOENENT

1 wish to. placs on vecord my éeen &@nga af

gratituﬁa tﬁ mr@ Ve CGopinathen Mair, ?rafesﬁwr aﬁﬁ ﬁeaﬁg

m@partmﬁnt af ?iant Ereeéing and Chairman mf my~&§visory o RS

| Cammitte@ for suggewting the research pwaaectg imspirzng '
| @uléanee, auﬂsﬁruati?@ eri%icism, cangtant encaurag@ment'
and tim@ly help thr@ugh@uﬁ the conduct of this studf &s
well aﬁ.in the preﬁafatian @f thig ﬁhesiﬁ.-'

I take this appartunxty t@ exprea% my mincare
‘thanks to Dr. a%erup Janna Agsistant Professory. Dapartm@ﬂt
of Plant Ereeding and mamberF aﬂviﬁary e&mmiﬁt&e Lor {
rendering. cmmstaﬁt atﬁentiang whole hearted help and

enaguragament at all stages of this research prsﬁramme.

I am,thamkful'%a'@rg Pfﬁ >Vijayag@p&1,-?r@fessbr,
r:epammm of Agricultural Botany and Dr, M.C. Nair,
Profe&sary Bapartmant of P&amt Pathalmwy9 m&mbars of the
'Vaﬁviﬁary committee for thelr timaly.suggesti@as,aﬁﬁ-

valueble help.

I express my sincere thenks to Sri. Abdul Hameed,
Professor, Department of Soil. SBcience and Agricultural

Chemistry for the help in taking the photographs,



| I au thankful to the members of the staff and
students of the Department of Plant Breeding and all my
friends fbv theiy timely help and whole hearteé'cs~operatiaﬁ,

, My thenks are also due ta'my parents aﬂ&'sisters"
for all the help and encouragement given to me during the

. investigation and praparatieﬁ of the thesis.

The award‘qf,Junior Fella@ship by the Indian
Ccunciliaf_Agrieultural Research is also gratefully

’acknawladgeé.

LALT, K.S.



CONTENTS

INTRODUCTION S . - 1
REVIEW OF LITERATURE ' ,
TERTATE - rone | 37
MATERIALS “AND METHODS |
RESULTS |
DISCUSSION - o &
S | -
SUMMARY - | 93

| ~ | | - - | AT S
' REFERENCES S ‘ L

ABSTRACT | - | 1 =%



Y. B

LIST OF TABLES

Title

Distinguishing characters of

Sesamum indicum varieties.

. Morphological deseription of T
Sesamum indicum and S. malabaricum. .

,Gapsuie and seed set in

Sesamum indicum x S. malabaricum
Cross&ﬁg . s . S« *

Capsule and seed get in
Sesamun malabaricum x S. indicum
Crosses, '

Capsule development in flowers
emasculated but not pollinated.
Ga@sulezsetﬁinghwith style exeision

at different time intervals after
self poliination.

Length -of capsules under natural
and cross pollinations in -

Besamum indicum varieties,

Length of capsules under patural
and cross pollinations in
Sesamum malabaricum,.

Breadth of capsules under natural

~and crogs posllinations in

10

11

Sesamum indicum varieties.

Breadth of capsulés‘undef natural
and cross pollinations in ‘
Sesamum malabaricun,

Number of seeds per capsule under

natural and crogs pollinations in
Sesamum indicum varieties.

{Pagé Na;f; l‘
-

39

56
59
60

‘ 6&



Pable No.

12
13
b
15

16

LIST OF TABLES (Contd.)

Title

Shumber af seeds per capsule under

natural and cross pollinations in
Sesamum malabaricum,

Length of fresh seeds under natural

and cross pollinetions in
Sesamum indicum varieties,

Length of fresh- éeeds under natural
and ¢ross pallinatiang in’
%esamum nalabarlcum.

S8ize of dried seeds under natural
and cross pollinations in :
Sesamun indicum varieties,

' Size of dried seeds under natural

and cross pollinations in

Sesamun galabaricum.

P age N@ L

7h

76



Figure No.

“Varieties of Sesamum indicum.

Sesamum palabaricua.

Capsule eharacters of Qesamum indicum

yarieties and e malabaricun.

Capsule get in direct and reciprocal

- erosses of Sesamum indlicum and

Wit

1

12

S malabaricum.-

Seeds of Sesamum indioum x
3, malabaricum crosses.

Seeds of selected varieties ‘Bnd
CrOSses,

Capsule set after style excision,

Pollen germinatisn and pollen Lube
growth in Pistil.

Length'af'eapsulés at différeﬁt:stages

of development in direct crosses.

Length of capsules at different stages
- of development in reclprocal crosses.

Breadth of capsules. at different

stages of development in direct crosses.

Breadth of capsules at different stages

of development in reciprocal crosses.

Betveen
pages

42«43

42~&3

42-43

65-66

65=66 .



LIST OF PIGURES (Contd.)
13 Cayaule development in S.8x . SR  -55§@§' §}~
'~ 8. malabaricum crosses, . S : SR
14 Seed set in dir@ct &nd recxgracal . - 6B=6R &
- ¢rosses. . Con T

15 '~ Fresh seeds at different stagea of o 'f73_7§"”’
developument in 5.8 ¥ Be a‘l&baric&m ' s
Crosses. '

16 Size of dried seeds at different - : "?4*73"{;

~ stages of development iﬂ direct R i
erogges, .

17 Siza Qf dried seeds at difi@r@nﬁ . "7§m77
stages’ of development in recipraeal - '
CrosSEes, _

18 Dried seeds at diffevent stages of L 6T

development in 5.8 x 8. m&l&baricum
crosses, .



INTRODUCTION



INTRODUCTION

Sesame (Sesamum indicum L.) is an importent oil-

seed crdp in India, grown in an area of about 2.4 million
" hﬁcﬁ&res"@réducing 9,5 million tommes of 3eéd aﬂnuaily;

It 1is the most widéiy cﬁltivatéd annual oilseed crop in -
Kerala, occupying an area of 15000 hectares with an annual
seed production of nearly 3800 tonnes. Sesame oil is an
important/gdible 0il with high quality and stabil;ty;

Seed contaifns about 50 to 55 percent bil and about 25 pere
cent protein. It is also rich in calcium, phaéph@ru& and -

vitamin E.

In Kerala, traditionally sesame is cultivated in
the summer rice fallows as a catch crop. Attempts are
| being mé&e to increase sesame production thréggh~its
 cultivation as a pure crop in uplands and also &s a floa#
crop in coconut gardens dﬁrigg the rabi season. Sascepti;
bility to diseases and drought is the most important
problem facing sesame cultivation in such new environments.
Natural variation for resistance to stress conditions ié_

Sesamum

rather limited in the cultivated species.

malabaricum, the common willd specles in the state shows’



o

tolerance to drought and most of ‘%he important diseases
affecting the crop. There is gomﬁl scope for utilization
of this species for incsrparation pf it's resistance genes

into the cultivated species.

A number ai‘interspecifie crosses were attempted
in Sesamﬁm; 'Buf7anly a few of them produced fertile
hybrids. Reproductive 1salatimn mechanisms aucﬁ as ‘
incompatibility, hybrld inviabllity and hybrid sterllity
Vhave been repprted in.many of the crosses. A gtudy of the
interrelationship and cross compatibility of 3. indieum
with 3. malabaricum is an essential primary sﬁey.fof_

_ obtalning sueceés in hybridization. Préliminary—sﬁudie$
have indieéféd'that'the two speciea‘are”noncémpéﬁible.

~ Reciprocal er@sses'have to be attémpteﬁ'and the-méchanism-
involved. in their genetic is@lﬁtiaﬂ has to be fmlly exposéd.f
Hence this: study proposes to crltically analyse as follows

o

the reasons for seed failure in orosses between 2. indicum

-and §. malabaricum.

1. BEstimation of capsule and seed set in interspecific
¢crosses.,

2, Study of the role of pollinatian in capqule aﬂﬂ seed

development.



3, Study of the nature and pattern of seed development

- folloving cross pollination. : o \

An uﬁderﬁtahding of the nature and severity of the
barriér to gene exchange_béﬁﬁeéh the two species will
enable us to adopt suitablefmethadsnfsr overcoming the .
nanGOmﬁatibiliﬁy and achieve iﬂterspeéific gene tranéfer
. and thereby widen the scope for stress resistance breeding

in sesame,
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REVIEW OF LITERATURE

The genus Sesamum belongs to the family Pedaliacese  §§;

,whiah consists af,éﬁly 16 gemera, It was é@seribed by
Linnaesus in ”$enera @iantarmm“ during 1754, The name

"Sesamun® was %akgm by Hippocrates from the Arabic word

"Semsin®, It is a genus of annual or ‘perennial herbs or

 aecasiana11y shrubs found in the warmer regxanﬁ of Africa, .

© Asiz 2nd Australia (J@shxg 1961; Rendlgﬁ 1963)

Literature on origin, elas&ificﬁfiang interspecific
and intergeneric erosses in sesame and other annual oil= -
seed crops with emphesis on the barriers to crossability

baﬁi'be@ﬁ.ravieweé and pregénteé.

: 1;' ,ﬁ{}z’igin

' Th@re are. a number of reﬁarts on the time and
@lace of @Pigl%g th@ anﬁastral aaecies and mode of
evolution of sesame. E&ﬁt Indies, India, %idéla @ast and
5Afriaa hava beenAsuﬁgﬁgtaﬁ as the @asaible centres of
: arigmn {De Canéalle9 ?8@&°'Watt, 18935 Vavilov, ?926,
1951), Hil‘ﬁebmnét (1%2) regards Africa with its
ﬁultipli@iﬁy of wild species as the prvmary eentre #f 



origin of sesame and India and Japan as S@anﬁﬁary s@nﬁ?as

af‘arigin. Watt (1@9J), Vavilsw (19§1) and R&m@ﬁug@m and

Joshi {193&) have suggested a palytapic arigim for 3eaamea,'

Aceording to Nair and Mehra (1@7@} it is p@sﬁlblﬁ £
narrow down the prubable centres of srigln ts Afwiﬂa anﬁ
Peninsuler Indla, Ferh&@&laesam@-m;ghﬁ have eva¢v§d

. either independently in both these r@giéns_ar has @figim ‘
ﬁated'in one region and~ﬁmvéé to the others ﬁéﬁh Africa
‘and India are ba%aniaally Gﬁﬂklﬁﬂ$ﬂﬁg having a: numbar of
species common to both these r@gi@msg ﬁedigian anﬁ
Ha?lan»(?%@@}?baaad on ghyt@sﬁgmiéai and morphological
data tsgéther«w1th arehaaﬁl@gic&i‘eviﬁéﬂce concluded that

gesééa'afigimatad-in Indias

The progenitor of sesame is still 2 matter of
aaﬁﬁrﬁversvw Qanﬁiéériﬂg the wide distribution of |
S. gr&nﬁiil&rum (&. sehemakii), its. identity in chromo-
| some number with that of the cultivated aesama, ‘snd alsn
its breading hehavi@ur‘with the laﬁter,.ﬁair,anﬁ ‘Mehra
‘ {1979) advanced this species as the probable pvagani%sf
of seaame, But Nair {1@76) repar%ed thﬁt‘thera iz only
1ittle exparimentalugvi@eg@e in support gf the above |

@r@pasitian and stressed the need for the study of the ‘



probability'af S. indicum Subsp.\malabarggu@ as an
ancestral species to the cultiféted S. indicum. ﬁedigién
et al. (19@5) based on fhe studies on lignin eantent,‘
chromosame number anﬁ'recipracal cfaSses supported the

view that 3. indicum subsp. malabaricum (S. ariemtéle

var. malabaricum) is the progenitor of 3. indicum.

2. The_species of Sesame and their classification

Linnaeus described two species of sesame:
8. indicum and 8. grientale. De Candolle uniteﬁ,%heh
and preferred»tﬁe specific epiﬁhét'inﬁicum tslarientale_'
{Bruce, 1953)'. Genus Sesamum sincé its First publicéti;;n
has been revised by various workers like Endliehe#,
Bernhardi,-ﬂé ﬁaﬁéelle, Bentham.and Hbaker, ang Staﬁf
d;viding itzinta‘subgenara and séctiéns based on morpho-

logy of leaves and seeds (Bruce, 1953; Joshi, 1961).

Ia Hooker's "Flora of British India" and Gamble's
“Fi@ra-@f the Presidency of Madras® besildes the cultivated
species $. indicum, L., two wild‘perénnial and prostrate.
SPecies,éccurring in India 3. prostratum, Retz. and '
S. laciniatum, klein. have been described (Jonhn et al.,’
‘1é50). Abraham (1945) colle@ted wild seséme plants in

~



Travaneore (Keéala State) and based on cytological
studies in the wild plants, cultivated sesame agd their
sterile &ybrid,‘cansidered it éo'be ardistinctispecieé
and provisionally named it as 3. granéiflorﬁm%’ A species
by the sa@e name from tropical Africa was recorded in

"Index Kewensis",

There is reeord of S, malabaricum frsm Kerala in

“Index Kewensis" (Jashi, 1961) John et al. (1956)
-descrlbed a wild sesama of Walabar and based o1 ¢ytolo~
gleal studies and its easy crossability with the culcxvateﬁ
spgcies eonsidered it to be a variety of the caltivated )

sesame and designated it as S. grientale -var, malabarioum.

Joshi- (1961) suggested that Abraham's 8. gfand;ﬁlmrum
might be the same as the wild sesame of Malabar deécribed

by John et al. (1950).

~In "Index Kewensis" and its supplemenfs, 36 species
of Sesemum have been recorded. Many species are still
uﬁdef cantroversy>aﬁd need further confirmation. Z. alaﬁum
is meritioned in "Index Kewensis®" as a synonym of - |
5. gapense. ﬁaidu‘(1953} described & species,%,_ekambar@mi1 ,“
from Hyderabad whicn‘was £ound to be the same as S. alaﬁum ‘

by Remanujam and Joshi (1954). Bruce (1953) reported that



5. schenckii and S. grandiflorum are Synonymous.

Bimilarly §.'radiatﬁm was éﬁﬂéider@d ag @& synonym of

8. occidentale by early'warkers. 8ince they differ

morphologically Kedharnath (1954) wage. inclined to believe
] that they are two~éistinat gpecieg, Close r@ia%ionship
between ﬁﬁese two species has heen-re@erﬁed by Subramanian
(1975). According to Joshi (1961), a thsrcugh a&%btax0~ o
nomic examinatianfsfithe numerous specles of the genus
~ Sesamum éay result in further reduction of the number of

species recorded under this genus.

Neir (1963) has reported a new s?eéies from Punjab

" and named it as S. mulayanum which according to him comes

near the African speeieglg, angustifolium and 2. radiatum |
in many respécts, Another wild sesame from Mééurai (Sauth'
india) whicﬁ shows close similarity with 8. grientale
vara,maiabaricum.has been reported byﬁémirthadevarathinam
- and éubramanian\(1976). They have desigﬁateé it as |

5. indicum var. Yaenamalai,

The basic chromosome number of the genus Sesamum
has been reported as 7, 8, 9 and 13 by various wérkers
(Joshi, 19613 Wair and Mehra, 1970), The somatic chro-

mosome number of 3, indigum was first reported by

Lo



Moringa et al. (1929) as 26 which has been confirmed by
many other workers. John and Rao (19&1) mpcmez’% the
’ejhrome:ssmé number of . faéi&ﬁm to be 2n = 64, Ramanujam
(1941) reported the chromosome number of 8. prostratum

as 2n = 32. Abrzham (1945) determined the dimdid"chmma--

some number. of 8, grandiflorum as 26. Somatic chromosome

number of $. laciniatum was reported by Ramanujam and

. Joshi (1948) as 32. Kedharnath (1950) determined the

‘- ehbémascme numbers of two wilc? species from Afvica,’

8. glatum and S. angolense as 2n = 26 and 32 respectively.
Sampath and Ramanathen (1949). reparﬁéd the chromosome

number of S. pccidentale obtained from Ceylon as 2n = 64, |

The chromosome number of S. orientale var, malsbaricum
was determined by John et al. (1950) and the chromos ome
nunber of 3. ind,icun; Var. Yanémaiéi by Amirthadevarathinam

and Subramanisn (1 976) as 2n = 26,

Based on the data available on the chromesome
number of the species of Sesamum three broad groups were

recognised by Joshi (1961).

Grouwp I n =13 chromosomes ~ 3. indicum and |

8. alatum

!
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.- Drostratum.
, lacginliatuvm and
. angolense

Group II n = 16 phromosameg -

o .

Group III n = 32 chromosomes - 5. radiatum and
' ‘ 3. ogcidentale

Nair and Mehra (1970) have listed 34 species of
Sesamum whiéh’inqarparates éame changes and additions
to the one given in "Index kewensis"Q The 1ist of species
along with their ehramesoﬁe numbers and'distributien are

furnished below.

Species name’ Chromosome number - Distribution
(2n) "
S. inéicum h - 26 ~ Cultivated specles
S. indicum ssp. | 26 India -
malabaricum '
Se cagenSe  . | 26 Tropical Africa,
| - India, Australia,
S. schenckii . 26 ' Tropical Africa,
| | | India, East Indies.
8. angolense 32 Tropieal Africa.
S. laciniatim. 32 India
S. prostratum 32 India |
. radiatum o | 6l ' 1iTerical Africa,

, gz;;-

Ceylon.



Species name -

jin
.

angustifolium

antirrhinoides

1 185]
&

i

suriculatunm

ja

s

‘brasgiliense

caillei

I

calycinum
- denterii

1

1igitaloides

€]
-

[182]
L )

hende;ptii

latifolium

- lepidotum
ygalaba?iqﬁm'

o 1
» »

| 163]
L]

I

marlotii

microcarpum

Se

Se mombag@néé
S. pedaloides
S. fepense

8. pigidum

e
*

sabulogsam -

biapiculatum - -

Chromosome number

- Not kna@ﬁ'
, .
i3
R
L]
‘ §
14
.
"
"
i
.
"

¥

0
44
%

n

Distribution

7

- Tropical Africa.

Tropical Africa.
Crete
Congo
Eraéil
' " Guinea
Trapiéai Africa.‘

Trapical Africa,

- Tropical Africa. .

Tropical Africa.

. Fagt Afvica.

Tropical Africa.

-India

Africa, East Indies,

Agstr&lia.
Trépical Africa..i
Troplcal Africa.
Tropical Africa.

Tropical Africae.

Trapical,ﬁfri¢a.

Sudan



S

Speeies name Chromosome number - Distribution
(2n)

3 schingianum - Not known - Africa, Zast Indies.
$. somalense S o . Somalia |
8. talbotil’ o Nigeria
S+ thonnerii Lo , .'-Traéical_ﬁfriqa.
8. trifoliatum R

;>§o tryphyllum - R g Africa, Fast Indies.

3. Interspecific Hybridization

'Intefspecific hybridiéatién is a practice in
plant bréediﬁg commnnly'adopteé for transferring one or

a few desirable genes from the wild or distantly related
species- to thefculﬁivated species. Problems and prospects
5f intey§pecific hybridization as a b:@edi@g pfacedure

" have been dealt with in detail by many authors like
_,Allard (1960), Briggs and Knowles (1967), Stalker (?980)
.and Slngh (1983).

a. Objectives

'@ild species are potential sources of many useful
traits such as resismance t9 pests, diseasﬁs and - drnught

which are in eonstant demand by plant breeders, In the
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genus Sesamum, S. prastratun 15 reported to be resistent
%o the cat&rpill&r pest and phylledy {Ramanujamg 1942)
'S, laciniatum has been ccn&id@red as a saurce of many
desirable genes by Aiyadurai et al. (?%&Z)a Subramanian
(1972) also de&arib&é it as a hardy glant, r@alstamt o
drought, pests and diseases with partly dehiscent cap-
ﬁules. He further raaarﬁéﬁ dense setﬁimg of Gépgulés,-
1ange? size of a&§aulaq, resistance ﬁa draumht, p@sta
and diseases in. e alatum and ﬁagirable characters such
as high seed set, gr&fuae bvamehing and vigaur.ln

S» radiztum end Z. aaéiﬁémtaieq hile integrating the
breeding a@ﬁécéivéa and agricultural practices gﬁﬁer

Indian conditions, Desai and Goyal (1981) identified the

Indian wild texa §. prostratum, S. laciniatum, 8. grandi-
florum and $. orientale var. malabaricum as sources of

resistance to phyllody, drought and many insect pests.
.b. Achievements .

In S@g&m@; interspecific crosses have b@ﬁa«tri&é
for the first time by Remsnujam (1942), between S. indicun
and 8. prostratum. A nuaber of crosses were reported

in the later years., With the Eévknswn é@e&i@s ef'gasam@b.

nearly 25 cross combinations have béem<tr19§ i) £@?
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involving S. indicum, S. schenckii, 3. zrandiflérug,

5, alatum, 5. capense (all 2n = 26), 3. prostratum,

S. lacinietum, S. sngolense (all 2n = 32), 8. radiatum
and 3. oeéiéentale (2n = 64) {Nair, 1976).

oz

The results of interspecific c¢rosses may range
from failure to obtain any ééed set to complete fertility
in ¥4 epeagenyt Eybridiza@ién was highly successful in
3. prosiratum x S, laciniaium (2n = 32) and S. radiatum,g_

S. oceidentale (2n = 64), Ramanathan (1950) and Kedharnath

{1954) studied §. prostratum x 3. laciniatum cross and .

.ireporteé that the fecipracal_hybrids looked alike in all
réspects and the characters of . prostratum were dominant
in the Py ‘The hybrids were fully fertile and hed good
seed éét,‘ In the F, and Fy generations no weék or sterile
plants were found. In §. radlatum x 3. occidentale cross
also, these authors reported good viable seeds and the
hybrids from the f@eipracalicrosses 1ooked alikes The
characters of 3. pgeidentale were dominant in the hybriéa |
which were fully fertile. In the Fy and FB generations
‘there were no weak or sterile plants., Dadlani (1958)
conducted embryological studies in.ﬁgiradiatum % S 20Ci-

dentale cross. The different developmental stages in the



reciprocal crosgses between these two speecies were similar

to those of §., gecidentale. ZEmbryo development was guicker

in §. radiatum x 3. occideﬁ#ale cross than in $. gecidentale
and the reciprocal eross. In 3. raéiatum x 5. peecidentale
cross, the zygote started first division by 120 hours and

) reached the heart shaped stage at'%é@ hours after pollina—
timn, while in ths reciprocal cross it ﬂtarteé éivisxon

at 144 hours and was found to be a glebul&r structure‘

even at 360 hours. Subramanian (197? 1975} also reported'
that in the S. radiatum X‘ga aecidantaie'crosﬁ& the

hybriﬂs were mofphslamiéally similar and more vigorous

than the parents and with dominance biased tawards

'Q,-occidantale.- A continuous array of variatian'was
~ observed -in the F, segregants as. in the case of imter-

/

varietal erosses.

\ Paly very"féw economically useful strains have been ;
evolved in sesanme by interspecific hybridization., The
?ariety'ﬁmv.ﬁ ié 8 éelebtian from the cross beﬁwéen

'§9 indieum‘and 3. indicum var, ﬁalabarieug (John et al.,
1950),, émphidipléads produced by chromosome doubling

af‘tﬁé sterile hybrid from the crﬁss between £. inﬁi%um

and 3. prostratum was back crogsed with 3. indicun and



imprmved‘typeé R aﬁd‘?é’ have éeen,evslved. _They are
giving high yields in Andhra Pradesh (inon, 1972).
Par&maw;van et al. (1982) reported that hybrlds of .

S. indicum var. Yanamalai with S. indicum shoued heterosis

for several charaaters.

4, Barriers~ts'Im$ErsDecific'Hybridizaﬁieg

znﬁerspecn, 16 gene transfers are hindered by the

:_isclatian barriers which the s@acies have davelop&d
during the course of evolution and ﬁhﬁ degree of erossa-
bility depends on,the'éeverity of the barrier (Jindal

- ané'Kélia, 1972). There aﬁe'several reviews on the
repféducti#e isolation machéni$¢$ in élanks which prevent
interspeaific gene transfers (Dobzhansky, 19513 Stebblns,
1950, 1958; Allard 1960; Brlgzs and Knowleq, 1@67,
8talker, 1980;“aingh, 1983}, Four major barrierﬁ were
identified by most of them, They are,

- 1. Incompatibility |

'ii. Hybrid inviability

iii, Hybrid sﬁérility

iv. Hybrid breakdown
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i. Incsmpatlbillty

Zygaﬁe formation is prevented by fallure ar
1ne£fectiveness of poullen tube grﬁwth or famlur@ of
fertilization., Bannikova and Khvedynich (1978) compared

the ?éilen tubes formed on selfing and after imtersp@ezfmc
and lntérgeneric nybridization in crop plants of Graéineae,
Salanacea@ and Csmpasitae, In ineampétible crssses}there
were Geviations from the nsrmal growth of the pollen tubes
and considerable changes in the reproductive cells, - -
Reasons attributed are inability of the pollen tube 0

use substénees in tﬁe'style necessary for its growth and
development, and direct suppression of the‘metaboiic'
progesses in the psllen'ﬁube~Whan i{s tissues interacted

with those of the style.

In Sesamum, in some species crosses, flowers dropped
after pollination and hence no fruit set was obtained.
Ramanathan {1950) reporﬁad such cases in crosses

S. indicum X 3. radiatum, S. indicum x 3. accidentalee

T

o PYOS tratum x- 8. radiatum, S. progtratun x ﬁ, gceiden~

fale, 3. laciniatum x S, radlatum and 3, laciniatun x

Se occldentale. FPailure of frult set was reported by

Kedharnath (1954) in 3. laciniatum x S. rediatun,
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S. laciniatum x S, angolense and 8. prostratum x $. ango-

lense. 111 developed capsules were obtaired by'SuEramanian

(1972) in 8. indicum x S. occidentale, $. alatum x

8. gccidentale, 3. gccidentele x 2. alatum, S. lacginiatum x

3. gecidentale, g..laciniatum x 8. radigtum, 3. alatum x

3. radiatum and Be laciniatum x 5. alatum craégms, Yhether
this abﬁarmal'fru;ﬁ development is due to abnormal §Qllen
tube grp@th'ar.failure of fertilization has nﬁf}heen |
esﬁaﬁlishad. 8. indicum and S. mulayanum are ingompatible
. in reciprocal crasses; Adecording to Sastri‘and Shivanna .
(1976) this inﬁerspecific iﬁcsmpatibility is due ﬁaithe
failure of the pollen to germinate on the sﬁigma‘sflthe.'
recipiehﬁ pérent. In the presence of raquniti@gvpollen,
pollen tubes entered the stiguma, bui they were inhibited
after growing a few millimetres }ﬁ the style. They conr-
cluded that.the inhiﬁiﬁsry factors vere present not only

on the stigma, but also in the style,

,In linseed, Jindal and Kalia (1972) studied crosses

among Linum grandiflorum, short styled (8), L. grandi-
florum, long styled (L)? L. bumile and L. decumbens. '

L. grandifiorum (L) pollen could not germinate on the

stigma of L. humile and L. decumbens. When L. zrandi-

florum (L) and (3) werelused as female parents, L, humile
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as well as L. éecumbénS'pallen graina'germihated narmally, -
but growth of the'pollen tubes got»arrested in the style
and later on to a great extent the pollen tubes showead
abnormal gfow*h, The noncrossabllity was clearlyldue to
‘the restricted palleu tube growth and the reason was
attributed to th@ éisparity in chromosome number of pollen
and styles or the effect of inhibitcry substances present
in %he.sﬁyle& Greén (1583) crossed L. usitatissimum wWith
20 wild species of Linum, Pollen tubes were present in .
the style but no capsule set oceurred in crasaés.tg elght
species, pollen grains failed to germinate in ‘crogses to -

three species.

_ Sareen.éﬁ-al. (1??9) stédiéd pollen germihatian

" and pollen tube growth in crosses involving diploid,
triploid and tetraploid forms (2n = 20, 30 end 40 res-
pectively) of Brassica campestris var. brown Sarson and
found thaﬁ in the inéompatible cr@ssesAmOSt’sf the

' pollen tubes turned abnarmal before entering the stylar
 tissue. Pollen tubes showed stunted growth in diploid %
diploid, diploid x triploid, triploid x dipleid, triploid x
triploid and triploid x'tetraplcid crdsseso Pollen from

tetraploids showed good germination and growth in diploids



and tetramlaids. Growth was poor in triploids. Bochkarev
(1976) reported that in interapeclflc hybridi7atian between

B. campestris end B: nigra, pollen tubes showed anomalous

growth and were unable to penetraﬁe the tissue of the
style. The incampa%ibility was greater when B. nigra was
used as the female parent. Khaana and Choﬁdhury‘(1981)
canducéed studies on gallen tube growth énﬁ seed set in?
- some interspecific crosses invalvxng B. cam esvriﬂg |
J ungesa and B. chinensis. . The maximum pollen germina—

tion was found in the cross B. camgestrls X B. Ghiﬁensis

and minimum in B. juncea x B. camnestrxs, Maxlmum abnor-
malities in pollen tube growth were found in the eross

g, juncea %X Be campestria. Abnormalities were in the form

of swalling of the tip of psllen tubes or thelr bursting
in the stigwmatic tissue, Most af the crosses sh@wed very
poor seed set.‘ They comcluﬁed tbaﬁ lncampatibility in
these crosses is a prﬂfertillzatlan praeess. Banga (1985)
attempted mentcr pollen axded hybrldlzation between

B. gggzg (2n = 24) and B. juncez (2n = 36). B. hirta
when poilinaﬁed with irradiated seif pollen falio@eé by
fresh B. juncea pollen and application of GAy {20 ppm)
after 24 hours of polllnatian prevented bud f£all and gave

better results. | -
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_ In the case of Arachis, Smartt and éregsrv (1967)
"observed thet species of the section 'Villosoid! (A. hypo=-
gaea and A villasa) and 'Rhizomatous’ (A glabraﬁa,»

A, parginats and A, hagenbeckii) are eross incompatible,

Failure of fertilization along with post fertilizdtion
failure in the development of the embryo was reported.
Mallikarjuna'éﬁd Sastri (1985a) féporteé that application
of GA to the bases of flowers foliawing incompatible
intersectional pollinations of A. hzvaéaea with speeles
of ;hﬁ'aeatian'ﬁhizamatous led to peg formation and in

some cases to the formation of pods.

ii. Hybrid inviability

The mejor causes of hybrid inviability siven by
Stebbins (1958) are nancampatibiiity of the pérental
chromosomes, eytaplasmic-ﬁenic 1nteractlons and nofi= _
comp&%mbility between ambrya and the surrounding tissue
ie, somatoplastic sterility. Somatoplastic ster%lity.
has been studied in detail in crops like Medicagp gative
(Brink and Cooper, 1939, 1940), tobaceo, bm*ley' and
tomato (Cooper and Brink, 1940, 1944, 1945). Tn recent
_li%@fatmre, th;re are a number of reparts on hybrid

inviability due to chromosome EIimination from the hybrid



embryo or endosperm. This has been reported in Nicotiana o
by Cupta and Gupta (1973) and barley by Finch (1983). The
endospern musﬁ be in a 2:1 (maternals paternai} ratio for
ﬂ@rmal development. It develops ébnarmallyfin interploid
prosses‘ﬁh@n the ratio deviates from 231. Johnston et al.
{19@8} praga%ed‘am.Endmsp@rm‘Ealance Number (EBN) hypo= .

thesis to explain this phenomenon.

In the case of seéam99 hy%rid inﬁiabiliﬁy‘has been- )
reported in a #umher of species‘cr@sées,. In the cross
| S indicum X ga»alatum§ Kedharnath (1954) reported normal
fruit set, but the seeds ay@ear&d‘shriVeiled and nonviable,
Early abortion of the young embryo has been Qensidereﬁ as
,the,regsén¢‘ The reciprocal cross gave only veryjfew
crogsed fruits. Though the séeds looked apparénﬁiy
 healthy, they were nonviable, 4Subramanian (1972) obtained
empty séeds in'8, indicum x 3. alatunm craéag, In the recle
procal cross, seeds were shrivelled., In S« inéiéu@_x
3. capense, Amiff?a&gvarﬁthiﬂam (1965) repa%ted recovery -
‘of shrivelled seeds. In the reciprocal cross, there was
 no seed set. 5undafa@ (1968) also reported failure in
getting well devéloped and viable seeds in 3, iﬁéiﬁum *

5. capense (direct and reciproczl crosses). Kedharnath
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(1954) reported that in crosses g.’angaiense % Ba Pr
end S. angolense x 8. laciniatum, few fruits'cmﬁt&ining
shrivelled and non-viable seeds were obtained. 1nlthé
reéipracal erosses ﬁhefe waéAnQ frult sét. @aru‘(193h) |

- recorded £ailﬁre in his attempts to cross 3. indicum with

S, radiatum. Dhawan (19&6)‘csnducted.embfyﬁlﬁgiﬂal studies
in 8. radiatum x S. indicum cross and observed that priﬁary
endosperm nucleus formed a normal éwc celled endosperm,

24 hours after pallinationﬂas in $. radistum. But the two |
celled anﬂaspérm underwent rapid éﬁd irreéuiar divisions,
della«appeéréd’shrivelled and their nuclel inconspicuous ’
and tﬁey lay separated from each other. In the hybrid
aygote, th@“male and feéale nuclei did not fuse till the

arad day. The endosperm ésmpleteiy disintégra%ed>and |
dlaappearéd'by'ﬁhe fourth or the fifth day. In gg radiatum,
the firsﬁ division of the zygot e took place four and a

half days aftér pollination. “In 8. radiatun » 8. indicum
cross, the zygote had died by that time,; apparently due

to Starvati@n} The zygote appeared to be normal Till its
death. When crossed to tetraploid S. prienmtale, §, radiatumr
gavé a few viable seGQS‘presumably of apomictic origin,
Studies. conducted at IARI'(Aan., 1948) in the‘gu-orienéala

X S. radietum cross showed that death of hybrid eubryo was
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due to disintegration of the endosperm. ?irstvsign'af
abnermality in endosperm was exhibited 48 hours aftﬂr |
pollination when its cells appeared anravelled. Upto

four daja after pollination, embrva grewth was normal,

but Ilve days after pollination the embryosac cavity
conﬁained a fev collapsed cells and no embrya was visible,
.Ramanaﬁhan '(1950) reported reoavery of both shrivelled and _
normally developeé nonviable seeds in Se radiataﬁ X

S. indicum eross, Mezzani (1952) reported that S S. indicum
‘% S. radistup cross gave fruit set but had no seeds.
Reciprocal crdss gave a few seeds of whiah SOme. germinated
when the embrya was removad and culture& in Tukey s medium.
| They gave rise to three plants of weak growth which |

_ r@sembleé S« radiatum in grvss marphalagyg‘ The chramasome
number’ af these plants was n = 32, 'They*éeré completely
pollen fertzle and ware supposed to be the result of |
Q1plaid parthenogenesxs in the maternal plant. The progeny.
of these pléﬁﬁs.alsa resembled %,‘gggigggg but were more
 yigorous. Subremanian (1972) alsa'reparted'reasyery“of
small and shrivelled seeds in S. M x &, radiatum

reciprocal crosses.

-

~ Dhawan (1946) reported ‘that the ©ress §;hradiatum X
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Se greétfaﬁﬁm failed to give viable seeds and the seeds
had a collapsed appéarancea ‘Ramanathan (1959) reported
recovery of both shrivelled and normally developed non-
viable seeds in this cross. v$imilar results were repa:ted

in S. gceidentale x 8. indicum, 3. gccidentale x' S. laci-

piatum, S. oceidentale x 3. prostratum and S, radiatum x

8. laciniatum crosses also by the same author. Dadleni -

i1958) studied the embryology of cross g. scgideﬁ%gle X

Se prostrafum and found thaﬁ-théugh the primary endospern

) nucleﬁs divided nofmally soon after the first division, .
subsequent divisioﬁs=were'ifregu1ar aﬁﬂ rapid. The cells
a§peared disconnected and endqsperm was disqrganiééd.
'Chalézal haustoria though formed, failed T2 come in,cantact"
with the nutritive ﬁscket,_as well as with other endosperm
cells. The endosperm gradually disintegrated. The zygote
appeared“narﬁal. But due to lack af_nﬁtrients a5 a result

of endosperm failure the embryos soon shrivelled up and
died. Subramanian (1972) reportad recovery of shrivelled

seeds in the crosses, 3. gecidentale x S. indicum =and -

;s

3. rediatum x 3. lacinistum. In S. gccldentale x S, laci-

niatum cross seedlings died soon after germination.

In the case of groundnut, regular fertilization

b



-was noticed in Arachis hypogaea X g; diogsi cross, but

hybrid inviabiiity resulted in delayed fruit elongatlon,
retarded embryo ahd endosperm growth, failure of embryo
differentiation, hyperplasia of the integuments and
eventually collapse of the embrya and endOSperm. There
was no evidence af irregular mitcais ln;the enbryo or
endogperm. Collapse of the endosperm securred at the 32
or 64 nﬁcleate stage. Hybrid ewbryos éurvived somewhat
longer (as long as 44 days) in some cases, but eventually
all of them aborted and the meture pods harvested were
empty (Jshansen;and Smi%h9-19563 Raman et al., 1%72).\
Pompeu (1977) re@erted'failure'in crossing A. hypogaea
with the diploids A, diogoi and A. villosulicarpa. in
ébath crosses fruits began to develop, but reached only

2«3 com in length and osntaimed aborted embfyas; Put Pompeu
(1980) fepsrted success in crossing ﬁo‘gzgggégg'wiﬁh'

Ao diomoi. In tha cross A. hypggaea x A, glabrata, hybrid
1nviability has been raparted by Raman et al. (1@72}
Strong genetic differences between the two smecies have been

attributed as the cause of this phenomenon.

In soybean, Hood and Allen (1980) reported the

results of histological studies in the cross between
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Glycine max and a perennial wild species G. falcaia.
A podset of 11.3% was obtained, but all of them aborted
in'23% days. Progeny of G. latifolia x G, tomentella

died as seedlings while those Qflgy falecata x Q. cane&eensi‘f'

grev slawly‘f0r~SQVeralvmanths and then withered (Newell
and Hymowitz, 1983). 2.5 t0 7.6% pod set oceurred in a
cross Ee%ween G. max and G. tomentella. But aneuploidy

. was sbsarved'ih hybrid-amﬁryms and embryo growth wés
markedly fetarded afteﬁ the heart shaped stage (Sakai and

r

Kaizuma, 1983). , - . .

' Nishivama and, ITnomata (1966) made embryslogical

studies in crosses between’éiplaid Brassica chinensis

(2n = 20) and»éutatetroploid|§; pekinensis th = 40).

1% was observed that the hybrid em@fyms‘develgp‘mormally
‘ iﬁ'tha‘eaflyvdeye;opmental stages, but geherally“failéa
ta,de?éla§>beyaﬁd ﬁh@~glﬁbular stage as:the‘deg@naratimn
of endospern prégiesseda_ Exceptioﬁally a'few-triplaid-
plants were obtained from the A4x K_éx cross. The rate of
endasperm'devélapgéﬁﬁ was accelerated when the pollen =
parent had a higher Aumber of chromosomes than the dele
parenﬁ.but was’in&ibited when thé'number of chrﬁmQSQm@q
vias lower. Sareen éﬁ@l?ﬁéwdhmﬁy (1970) reported that in.

5
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the cross between diploid and tetraploid B. campestris,

when diploid wag used és female parent, in spite of good

pod set, seed set was poor, They concluded ‘that the pollen .
‘although suffieiently successful to:stimulate poﬁ_farmatian,f'
was inefficient to bring abautiéither fertilization or
furthﬁr‘grs@th.of zygételor eébrye. There was geoﬂ‘seedISQt
in tetraploid x dipleid crosses,’ Aycﬁte et al. (1985)
reported ﬁhat when B. napus was crossed with.gy.alerac?é,
only half of the eyules iﬁ~an ovary staprted éQVelqﬁing'

‘and later started to shrivel and collapse, ' ‘ ‘

Jindal and Kalia (1972) reported that in the

crosses of Linum humile and L. decumbens with L. grandi-

' flarum {short stylgd)igafmale, there was 36 and 39% cap-
sule set r@spectivélﬁ. Fertilization was normal one day
aﬁtarféollinaﬁiaﬁﬁ' But 3 days after'paliinaﬁiﬂn the
“endosgefm started degéneraﬁian. Growth of embryo was
arrested and later tﬁe embryss degen@raéeﬁ, Dubey and-

Kumérf(19?3)fstuﬁied the cross relétionship between}

‘L. ﬁsitatisaimum (n"a 15) énd‘&o grandifiorum (n = 8).
It was found that .post fertilization development in the
Cross pallina%ed ovariesfwaé_différentifram ﬁh&% of the

'}self pbilinafe@ ones and abaftion of ovules took place
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in éross pollinated ovaries. 1In spme~eéses, enblyo
development proceeded normélly upto the four celled
stage, but endosperm nuclei were not abserved. As a

esult, the growth of the embrys was arrested and ﬁhP
aovule started degeneration. In a sedond type, the deve-
lopment éf’the embryo and endospernm started ﬁormally, but
after ﬁhé f@fmation of a few nuclei, the endospern suddenly
collapsed and the ﬁeveiopment of the embryo stopped at the
p?oemb%yoniﬁ stage; In another type; numerous free endosperm
nuclai were observed to be compactly arranged in the dense o
cytoplamm.’ Nat a single enéoﬂnerm nucleus was found near
| the developing embryo and this davelgpment,of enddspern

 resulted in the degeneration of the embryo and finally the

seed, Green (1983) tried crosses between L. usitatissinum
and 20 wild Linum species., Capsule set occurred but no

seeds were obtained from crosses to seven wild species,

. 1 -

In théhééée‘gf Helianthﬁs, nybrid inviability was
fépéfteé in crosses between cultivated species (H. gnnuus)
and several diploid perennial spéqies (Chandler and Beard,

- 1983 ). Ih‘mast cases, the endosperm was severely shri-
velled ar.absent. Embryds from such craésés deyéiapad

only ﬁptolthﬁ globular or early heart stages.



& method suageSted to overcame hybrld 1nviability

is ovary/avule/embryo culture especially when embryo abar»l
tion takes place due to failure of develapmenﬁ of endosperms
Now it is being tried in almost all crops. Mazzani (1952)
reported embryo culture inisesame; This has also been |
reported in Arachis by Sastri et al;‘(ﬂ9865, Eéj&jgéﬁ al.
(1982), Sukumar and Rengasamy (1984) and Mallmkarjuna and
Sastri {(1985b); in’ Helianthus by Chandler and Beard (198§),
in Glxcine by Newell and Hymowltz (1§82) and in Brassica
by Inomata (1985) and Mahapatré and Bajaj‘(1§84); ‘

iii. Hybrid sterility

Hybrid sterility has been classified ?s gametié
and‘iyéatic by Rennef'(1§29), Haplontic aﬁdldiplantic by
Muntzing {1930) and as genic and chromosomal by Q@bzhansky‘
(19%1), Hybrid stériliéy due to cryptic structural hybri;'
dity was first reported by Stebbins (1950).

Reczprocal ‘crosses between S. iﬁdicum &ﬁd Se DrOw
straﬁug were attempted for th@ first tlme by ﬁamanmaam ’
(1942). Pod set and seed set were gaod. Elaven hybvid
plants obtaineé from the direct cross and twa fram the.

" reciprocal eross grew well and flawereﬂ profusely. Recla

procal hybrids looked alike but were completely sterile.
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Vegetative buds in a few hybrids were treated with colchi-
‘ecine. TFertility has been iﬁdueed by this treatment and
the treated branches. pradueed cépsules._ Hybridization
betweeg these two species and the synthesis of the amphi-
diploild was reported by seVeréi oﬁher‘warkers such as |
Raghavan and Krishnamurthy. (19&7),.Parthasarathy and -
Kedharnath (1949) and Ramanathan (1950, 1955}, The amphi-
diploid was deslg nated as §. indicetum by Ramanuje am {1944},
It had a somatic compliment of 58 chromosomes and showed
normal meiosis in pollen wother cells with 29 regular

bivalents. It was stable and almost true breeding.

. parthasavathy and Kpéharnath (1949) obtained sasquidiplezds

or allotriploids, a di-indicum =- mono-prostratun (2n = 42}

and a*di-prosiratum - mono-indicum (20 = 45) by back .
crossing the amphidiploid S. ipdicatum to the two parental

séecies 3. indicum and S. orostratua respectively, In

the progeny of the sesquidiploid di-indicum ~ mono-

orostratum (2n = 42), nearly 80 percent of the plants had
a ssmaﬁic complement of 26 chrchSOmesilik@ th9 %; iﬁdieum
parent, whlle the remaining 20 perceﬂt of the plants were
aneuplaids with extra cnrsmosomes belonging to the grostra~

tum genome. Among the normal (2n = 26 ohramascme) prageny,
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which greatly‘resembled the S. indieum parent in. porpho-
logieal charaétéfsé nearly 28 @ereentfexﬁibiteé ceftain
morphological itraits of thé $. prostratum parent. Joshi
(1961) suggested thet they were either "substitution
races?*sr that some amount of allssyndeﬁlc pairing shsuld
nave occurrsd during meiosis in the sesquidiploid, leading
to genic exchange between the chromosomes of - the tﬁo

PATENTS,

The reczprscal crcsaes between S indicatum
'(éﬁ = 38) and autatetraplaid S. indicum could be eaéily
~made and gosd fruit and seed set obtained., The resulting
hybridS’haﬁ 2n = 55 chramosbges. The hybrids from reci-
"procél erosses 1ooked alixe’ané were more erect in habit
than the sesquidiploid di-indicum - mgns-grastratum. The
“hybrid was completely pmllen sterile. When used a8 the
plstxllat@ parent in cr@s&es thh tetraploid %., indicu 9
_ﬂ‘plOId 3. indicum, 3. mrastratuﬁ and 8. indicatum there
was no fruit formation (Kedharnath, 1954), Ramamthan
{195%) obtalned a few well filled seeds frcm the partlally
sterile hybrias (2n = 55). Five saedlings came well upto

the coty‘ledanary stage. but laz.er- on succumbed.

Hybrid sterility nas been reported in reciprocal
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crosses of Sesamun indicum x S. grendiflorum and S. pro-

stratum x $. grandiflorum by ﬁbraham‘(1945); The hﬁbrids _
in both ihterspécific crssséS‘praved t@jbe‘vigarﬁus planxs;‘
intermeéiate;in marphalogiéai‘charaatErs‘betweﬂmvthe twé
parents, but tataily-sferiléo There was about 0,1% ferti-
lity éuring the “end period“»’ Fertile amphiéiplaids'wefe

obtained by colchicine applicaticn on the sterile hybrids.

Ramanathan (ﬁ9§03, Kedharnath (1954), Aiyadurai
et al. (1962, 1963), Amirthadevarathinam (1965),
Subramanian (1972) and Subramenian and Chendrasekharan

. {1977) reported. that in the direct and reciprocal crosses .

between 8. indicum and g,'lasiﬁiaﬁum, good viable seeds
were obtained. The hybrids from both the crosses looked
'alike in mmpphniogieal fegtufes.‘ They were vigmraus and,
floweredAprbfusgly but were completely sterile. ﬁybrié
vigour for helight, numbgr of braneheé and number of flowers
was observed. ThE’;mphidiplsiﬁ obtained by colehieihe

treatment of the sterile hybrid was na@edf§,<1aeiniatale

by Adyadurai et al. (1963).

Raman (1960) obtained sterile hybrids in the cross

between Arachis hypogaea and é,'viilasa. Raman  (1973) ~

‘~repartéd a form of genic sterility in triploid hybrids
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A'ébﬁéined‘from the cross A. diogoi (2n = 20) and A. glabrata .
(2n = 90). Hybrids were more vigorous in vegeﬁatiVe,grsﬁth
than the parents, but the flower buds di& not grow out of
the bracts and degenerated leading to sterility. Seetharam
et al. (1973) reported hybrid sterility 1n.the crass -
between A. hypogaes and A, durapensis (diplaid} Triploid
sterilg hybrids obtained from the cross A. hzmcgaea-x '

A villcéa var, correntina was éubjeeted to colehicine -
ﬁf&atment and a- fertile haxameid was obtai ned by Pompeu
(1977). Cardener and Stalker (1983) also produced amphi- .
dinloids in ordgr:to mvercém@ hybrid steriiity'ﬁﬁe to

plotdy difference in the parents.

In Helisnthus, hybrids obtained from the cross

bat@een diploid peremnials H. gigantius and H. maximiliahi
and cultivated or Wild annual_ﬁ} annuus {(Qiploid, 2n = 34)-
showed part*al or compi@te sterility (Whﬁlan, 1978) .
Hybrids from ﬁhe cross between H. annuus -and tetﬁaplsids

(H. hirsutum - and H, decapetalus, on = 68) hed vafiabla

ploidy levels renging from haploid to octaploid and were

tuber forming but sterile {Georgleva~Todorova et al, 1980).

Hybrid sterility in Brassica was reported by
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Aslamyousuf and Bechyne (1983), Reciprohal hybrids

abtained from the crosses B. campestris x B. caﬁinata’amd
seed B. carinata x B. napus, developed normally but there
was no seed set. B. napus x B. carinata hybrids set some
seeds. Polyploid plants derived from the sterile hybrids

were alsD sterile. '
iv. Hybrid breakdown

In mahy hybrid camb;nafions, the F% in@ividuals
are appamm}.y :fully- fertiie,- but segregant‘ss in the F2
and later generations are either weak or‘steriléA{Stebbins,
1950,  1958), Bates and meyme‘§1973) named all the post
zygétic abﬁormaiiéies together as hybrid breakdowri,

5, Intergeneric hybridization in Sesaume

". Kednarnath (1954) attemplted crosses between

Ceratotheca sesamoides (2n = 32) and various species of

Sesamum. No viable seeds were obtained in any of the

crosses, exeeptng,»indieatum'QZn = 58) x.g. sesamdides.
In this cross about 28 peécent of the seedlings showed
2n = 45 chromosomes. The plants were semierect in habit
and appeared intermediate betweeﬁ the two parents in many

of the morphological characters and were completely sterilé.[



Subremanian (1973) studied crossability of

 Mertynis gnnua (2n-= 32) with Sesamum specles. Pollen

from M. annua were dusted on flowers of §. laciniatum

(2n = 32), S. radiatum (2n = 64), S. gccidentale (2n = 64)

and ¥, of 3. radiatum x S. gccidentale (2n = 64)» . Growth
of the pollen tubes was ndrmal, but the crossed flowers

dropped off after & or 5 days of pollination.
: /



MATERIALS AND METHODS



MATERIALS AND METHODS

The present investigation was conducted in the
- Department of Plant Breeding, College of Agriculture,
’ !Vellayani during the‘period fromisapfember 198% %o
November 1986. o |
Eﬁ. Materials .

Eleven adapted varietles of sesame (Sesamum 1ndlcum)

:were collected from the germplasm mamntalned in the
department. These varieties di;fered in plant, e capsule
and seed characters. Their majar,distinguighxng characters
;‘afe g;yen‘iﬁ'Table 1. Some qf the varieties with diverse
' plant t&ée‘ére presented in Figures 1a to d. Seeds of the
wild species S. malabaricum were locally collected, Its
plant type is provided in Figure 2. Morphological descriy-.
%iaﬁ of‘g. ihdicum in csmﬁarisan ﬁo‘§. malabaricum is
: presented in Téble 2, Thé capsule characters of the 11

varietieg‘ahd-%hs wild species are prasented in Figure 3 -

B. Methods

; 1. Cross compatibility

Each variety of S. indicum was crossed separately



Table %

) Distingulshing characters of Sesamunm indicum verieties.,

Hame of

Number of capsules

per axil

%ﬁ&hé?j@f locules
per-capsule

;-sééé colour

SRR R . ST SRV C,

b
D o |

ACY..1
ACV.2

1C.284
8.8

Pyi0-1
81,1275
Cul.16

Cul.28
Cul.b4d
Vinayak .

H=62-32

S A wd ) e w3 D wd e

68

- 6=B
6B
4

&~8
&
10
4
G5

6e8

| White
.. Grey
- Tellowish brown

‘Biack

© ihite
 Light brown
. Light brown
. Wnite
ﬁ,L&ght brown
~“Brown
|  $ﬂrk brown

8¢



 Table 2. Morphological d@séripﬁian of S@s@mﬁm,;ﬁﬁiggg_anﬁ»§&¢m§3ahafieu&a

a1,

-%§§ Chgraﬁt&r

v

%,,iﬁﬁieum

5. palabaricum

Habit
Height -

£ow o=

Bten
Colour
pature

: Pubescence

Branching . -

- Erect émﬁual,he?b 

2211
Simple or branched

Yellowish green .
Obtusely quadrangular

~with langitaﬁinal graavaéjt.

on all sides.

Finely pubescent to

- glabrous usually
- more or less glandular.

towards the tip.

" Erect annual herb

Tall 7 ~
Compact or semibranching

?&la‘gré&n:'

Cylindrical towards the
base and becoming more
or less guadrengulap .
A longi~
tudinal groove is present

 along the quadrangular

Finely pubsscent.




Leaves

petiole

shape

colour

Heteromorphic, opposite or
alternate, o
Lower leaves long petioled,
upper ones more shortly
petioled.

Lower leaves ovate or
lanceolate, 3 lobed 3 par-

tite or 3 foliate'ramméed“'

or obtuse at the base and

 acute at the agex, matgins

often dentate. Upper

- leaves norrow, oblong,

lanceolate or linear,
usually entire and
narrowly cuneate at the
base. o '

Ranges from pale to dark
green in different

varieties, Usually upper 

surface more darker than
lower surface.

Simple, opposite below and
rarely alternate above.

Lower leaves long petioled,

‘ upper 1@&%5 with very short

petialesw

Lower leaves broad and bigger
cuneate at the base and acute
at %h@f&@e@;;e@rdate iﬁ‘shape
and~margins<éi§tinctly dentate,

ﬁppe%:leaves~5maller in size,

~ Upper surface dark green with-
~ impressed veins and lower

surface paler, distinctly
veined. )

ob



pubescence

& Flowers

pedicgel
Lateral ~
glands

calvx

ccfalla

All leaves thinly pubescent,

more or less glandular

., becoming glabrous.

Axillary, solitary or in

groups of 3.

Short pedicelled.

Two yellow glands aré _
‘present at the base, each

gland with a narrow bragt.
In the case of multi-
flowered varieties these
glands are absent.

Persistant

. Pubescent, white or light

pink in colour.

éllileaveé,thinly pubescent
becoming glabrous.

Axillary aﬂi solitary.

$h@rt pedicelled.

. Two dark purple glands are

present at the base of

flawer5;~@a¢h gland with a
narrow bract. ‘

Persistant

Pubescent, bigger in siza;l
pink on the exposed inner
side of the lobes, light

‘purple on ventral side and.

a'1little deep purple on the
dorsal side. Just below the
tip of lower lip there is a
light yellow crescent with ,
ourple iineég purple dots all
around inside the corolla.

-
-



stamens

pistil
7 Capsule
8 Seeds
B A Reaction to
stress con-
ditions
10 l'Durationf

White in colour, filaments

‘glabrous and long.

Ovary slightly compréssed,

L to 8 loculed, more sr‘léss
rounded at the.apex, style
glabrous, stigmatic lobes
two or more depending on the

number of locules present.

Oblong, quadrangular, .

slightly compressed, 4 to 8
grooved, rounded at the base.
Apex abrupt with short beak.
White, brown or black in
célour, 3 to 3.5 wmm long

1.8 to 2 mm broad. Number
of seeds per capsule - 50

to 100. Mild reticulations
on seed coat. .

\,

Susceptible to drought,
pests and diseases.

"85 to 90 days.

Filaments glabrous, with minutev"
Uurple do*s, dnthers creamy

white in colours ' _

Ovary slightly uampressedg b
loculed, style glabrous, whitish
with small purplish streaks,
stigmatic lamellae bifid.

Oblong, er@éﬁg,Quadrangular, 4
grooved, rounded at the base,

tapering towards the apex. Apex-

- cleft beakeds

About 3 mm long
Numb@r of geeds

Black in eslour.
and 1.8 mm broad,
per capgulemgO to 130. Deep
reticulat;snhan one side of seed
ceaﬁ.)i S0

ReuistAnt‘ta‘dfaﬁght and diseases
like leaf spat and powdery mildew.

10@ to 125 daysa

ab -



R Figure f. Variéjiéa of Sesamum indicum
a. ACY.1

b. 2.8

c; Cu1¢46

d. Vinayak



Figure la






Figure 1c









Figure 3. Capsule characters of Sesamum indigum
varieties and S. malabaricum.






and reciprocally with $. malabaricum. There were thus

eleven direct crosses and eleven reciprocal crosses. The
crossing plot consisted of rows of S. indiecum varieties

and S. malabaricum sown in several batches at specific

time intervals. Singe S. malabaricum has,a’longer pre-

flo?@ring period (10-15 days, than S, indicum) phased

sowing was done in each batch for synchronised flowering.

The érgsging technique suggested by John and Nair
(1981) wés followed. Mature flower buds which were due'to
open the next day were selected in‘thé ewéﬁingvf@r emaseus -
latian, Allangitudipgl slit was made alang_ﬁhe upper
ridge of the corolla tube.with‘a'neédle. The stigma then
slides out of the édfolla, .The upper part of the corolla
was cub andlfemmved‘élong with the stameﬂﬁquEmésmulated_
flower buds.weée ﬁhEﬂvaOteGﬁed using butter paper’cavers.'
Poliinaﬁion was dane on the next déy @ar1§ morning between
5430 énd'T.ﬁﬁ A, Flawersibf the maie parent which have
~ Just opened were epliected and pellén scooped out of the
énthers ﬁsing a scapula were applied on the sﬁigmasu
Pollinated flowers weré again protected using butter paper
covers %ill‘eveniﬁg. Then they were femoved and %ﬁé

stigmatic lobes were cut to prevent chance centamination'
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by . foreign pollen. The cressed flowers were labelled.
Crossed capsules alone were retained on thﬁ.plan%,* In the
‘case of multiflowered varietles the -centrsl flswers only
were crossed, The lateral buds in each axil were removed
at fhe time of emasculation. The crossed éapgmlag‘were
‘harvested at maturity before dehiscence, sﬁn_d?ied and

se@ds extracted, N

_ The observatisns were recordaa as follaw

(i) Capsule set - Total number of flowers crossed and
totalvnumb@r of capsules set were recorded for each
cross combination and the percentage of capsule set

was calculated.

-

(11) Seed set - Number of narmal and shrivelled seeds
(medium shrivelled and highly - shrivelled) were counted
in each crossed capsule. Percentages of normal and ,
shrivelled seeds were esﬁimated from the total number

of seeds from all crossed’ capsules in each combination.

2. Pollination andrfertilizaﬁicn

(1) The role of pollination in capsule developmeént was
studied in all ‘the varieties of 8. indicum and the

wild species. The flowers were emasculated but not



(i)

pollinated. 'ihey'wérevtagged and capsule develbpmént

recorded.

The rate of pollen tube elongation and time taken for
fertilizaﬁion after pollination was studied in faﬁr
selected varleties vizs ACV.1, 58, Cul.bo and Vinayak
(Figures 1a t2 d) by seif pellinatinw the emasculated
flowers and cutting away the style close t@ its base 3
at specific time intervals after pollination, Styles
weré axcised.af half hour intervals from pollination
upto seven hours, The selfed flowers wéfe retained

as such without style excision in the coatrol group.

- Thus there were 15 treatﬁents in total. The percentage

(144)

of flowers developing into cgpéulea was estimated.
Time for which style is to be retained after pollina-

tion for fruit set gives an indication of the iime

required for fartilizaﬁian after pollination.

Pollen tube growth

Microscopic examination of pollen tube growth in
stigma and style was dome in selfed and crossed

flowers of S. indicum (variety 8.8) and S. palabaricum.
Mature flower buds were eémasculated in the evening.

They were selfed onr cresSQ@ on the following day.
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Styles were cut at the base at different time intervals
(1, 3 and 5 hrs) after pollimation and scalded in
1 N HCL for 2 to 3 minut95¢‘ The outer cortex of the

style was genfly,separated using fine needles for easy

v@anéﬁratian of the stain. The saiten&é:stylea were

stained in 1% cotton blue for three hours and destained

‘in_lactié acid overnight. The material was thén changed

ta'freshfla¢tic acid and gently pressed on a slide to

spread the tlssue.

3, Capsule and seed development

These stddies'were-Qénduﬁteé'in the four selected
varieties of §. @ndieum and their direct and reciprocal
erosses With‘ﬁﬁlmalabaricum dﬁring the Rharif season ie.
July o October 1986. The temperature duriné this tinme
ranged from 18.5 to 32.2% and fela%ive humidiky ranget

from 60 to 100 per cent. Capsules after selfing and

s

crossing were harvested at intervals ef‘ﬁwa days upto |
zo.dayg; Sige af freshly harvested capsules Cléngth and
Breédth} and length of‘fresh.seeds'was geasured. The
seeds were dried and size of dry seeds (1eﬁgfh and breadth)

measured upts 30 days after pollination.

The length and breadth of capsules were measﬁred

using & graph paﬁer. Length was nmeasured from the base -

to the tip of the capsule and breadth was recorded at the
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broadest portion, MNeasurements were taken at each time

interval from 10 selfed and crossed capsules.

Number of seeds were counted in 10 capsules at
r&ndom aﬁdl%he_meam was workad out for all the varieties
and crosses at éach time interval. During the early
stagés'af capsule development; a hand lens was used to

countt ‘the number of seeds,

Seeds were selected at random from all the 0
capsules Tor length measurement, A standardised occular
micrometer was used @ measurement. Twentyfive seeds.

selected at random were measured.

%easuremﬁﬁt éf,dry seed size {(length and breadth)
was mede in two varieties of S. indicum (ACV.1 and S.8)
8. malabaricum end their céﬁsses. Measurement was made
using an océular.micrameter'following the same procedure

for fresh seed length measurement.

v

Ly Statistical procedures

Mean values of the observations recorded were

détermined for all the guantitative characters.



RESULTS



'RESULI3

ﬂg'Cross>campatibility

‘In Sesamum indicum, flower opening under Vellayani

conditions was between 5.30 and 6.30 A, The anthers
started dehiscing from 4.30 &.M..onwards. ‘Stigmas beyamé
receptive at 5.00 A:M, and remained’sa upto 7. 30 A.Mf Iﬁ'
the case of $. malabaricum élsp, flower opening was
between 5,30 and 6,30 A.M. But anthers started dehiscing
.from‘é.ﬁo AM. only. %tigma was receptive from 5.30 AM.

end remained so upto 8 AJM.

!

1) a. Capsule set in Sesamum indicum x 8. malahariéum
crossess
Capsule and seed set in different craéges are
given in Table 3. Capsule set in 3. indicum was. not much
affected by this interspecific cross. Among the.eleven
crosses tried between different varieties of S. indicunm

and the wild species, capsule SQtiranged from 51% (ACV.2 x .

S. malabaricum) to 95% (Vinayak x 3. malabaricum). Crossed o

capsules developed normally and they were similar to the

capsules of the female parent in shape and size,



Taﬁle4§n

Capsule and seed set in Sesamum indicum x 3. malabaricum crosses.

Sl. Crosses Capsule set Number of seeds % of seed set
e - Humber . Number | % of - Medium | Eighly- © - Medium Highly
of Thio- . of eap~ . capsules Normal shri- . shri- Normal  shri- shri-
wers sules set velled | welled . velled velled
erossed  set : : o '
1 ACV.Y x i 71 56 78,9 0 o Numerous - O 0. 100
2 ACV.2 x 8.M - 65 a3 53,8 0 %nmefaug 0 ' G- T00 0
3 1IC,28% x S.M 53 46 86.8 0 0 Numerous O 0. 100
4 S.8x S T 60 81.1 0 Numerous o-. - 0 . 100 0
5  P.10.1 x 8.3 L% 32 Thot 0 0 Numerous 0 0 . 100
6  $5.1275 x S.H 51 46 90,2 - 0 R Numerous . Q. -0 100,
7  Cul.16.x S.M Th 61 82 .4 0 o Numerous o 0 100
8 Cul.28 x S.H- 70 57 81.4 0 O Numerous 0. 0 100
9 - Cul.h0 x S.H - 91 66 7245 O 0 . _ Numerous - O -0 100
0 Vinayak x S.M o7 92 04,9 o Mumerous o 0 100 0
1 Ne62-32 x S.M 65 59 90,8 0 Humerous ) 9 100 0
Mean 68,5 55.3  80.7 0 e - o 364 63.4

#*S,M - Sesamum malabaricum

6b
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b. Gapsulé set in Sesamuﬁ malabaricum x 8. indicum-
crossest
' Capsule and seed set in these crosses are presented
in Table &. Data on capsule set in the direct as well as
reciprocal crosses are graphically represented in Figure 4, o

'A

Perceﬁtagé af capsule set was highed in reciprocal
eross in general (95.5%) as compared to the direct eross -
(80.7%), It was more or less uniform in all the eleven

reciprocal crosses attempted. In crosses 5. malabaricum x

Culaﬁolas_well as S.-malabaricum % N=62-32 there were cent
peyrcent Qﬁpﬁulé set. Minimum percentage of set was

recorded by the cross S. Qalabéricum % ACV.2 (8%%)., Cap=

' sules obtained frgm different crosges wvere similar and
" they fesembleé‘th@ capsules of the female parent (wila

species) in all respects.

ii) a. Seed set in Sesgamum indicum ¥ $. malabaricum
crosses: | | '

. Crossed seeds. obtained from the eleven crosses
along with those of the standard variety ACV.1 are

presented in Plgure 5a.

Normal seeds could not be recovered f{rom aﬁ& of



Table 4, Capsule and seed set in Sesamum malabericum x 8. indic

UM CIOSSe5.

31, Crosses

Ho.

Ga@smie gat |

. Humber of seeds

g of seed set

Number
of of

flowers capsules seb
-grossed  .sed ’

Tomber .

Hedium
shri-

| Fedium  BLmnly
Normal shri- shl=
- velled velled

% or

capsules © Normal

C welled -

Highly
shri- :
v&;l@@

.

RN IR NV TS

bl
== O

SM x ACV.1

SoM x ACV.2

S x IC.284

Sﬁ;ﬁ 4 ‘gbg ,
.M % Pa10.1

S.M x $1.1275

S.M x Cul.i6

S x Cul.28
‘8.4 x Cul, 49

B.M x Vinayak
8.1 x N-62-32
Mean _

37 35
59 33
45 LA

39 36
35 . 34

37 35

om0 36

3% 32

33 33

3% 36
40 &0

37.5  35.8

2235 . 761
4699 e 637
2352 45320
180 808 .
2130 |
1904
2245
2318
. 2557
2922

O @ ey -

. 68.8

65,9
5.4
 6h2
66,0
- 654
65.6

5]

.'..‘&

w

o
D090 b oo

8 B
2‘.‘3
e

)
<
& .
o
Lo B e R &
ST B IR T =

; wils
] -y
St 4
NEN

L]

Tk
F2.6 -

61,2

25,6
27 4t
40,0
31.2
%8.8
3,4
40,6
28.6
35.8"
54,0
36.6
Bheodi

#*8.M = Sesamun malabaricum

v



Figure 4, Capsule set in direct and rec:_l.prmalkc:msses of
Sesamum indicum and 8. malabarigum. o

1. ACV.T % 3. palebaricum

2. ACV.2 x §. malabaricun

3. IC.284 x S. malabaricum

4, 5.8 x S, mélaﬁgricum

5. P.10-1 x S, mal@bgricugg

6. 81.1275 x 8. malabaricum
7 Cul.16 % 5. mglabaricun

SRS NIRRT

8. Cul.28 x 5. malabaricun

9. Cul.40 x S. malabaricum

- 10, Vinayak x S. malabaricuﬂ

' .'H', N-62=32 x 3. malabaricum
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these crosses. All 'the seeds in each cross were either
medium shrivelled or highly shrivelied (Table 3). In
thése seeds, the seed coats wer§~normally developed., So
the seeds almost resembled.ﬁhé female parent variety in \
seed coléura Since»there were no -normal seeds, the number

of seeds per capsule were not counted.

b, Seed set in Sesamum malabaricum x 3. indicum crossess

' In these crosses also, normal seeds were Mot
obtained, There were m@diumishriveiled and highly
éhrivelled seeds in each cross and hencé the seeds
obtained from different ¢rosses were similar in appearance
(Figure 5D, Tableih). Medium sﬁrivelled-séeds‘pyesented‘
a partially filled appearance with normal bléck‘célourad
seed coat similar to the female parent, S. malabaricum,
but ﬁhef were empty and crumbled when pressed, A scaly

endosperm was seen inside the thick seed coat.

Table 4 shows that percentage of medium shrivelled
seeds is more than the percentage of highly shrivelled
seeds in all the crosses. Percentage of medium shrivelled
seeds was maximum in the aross §,-ma1abaricum x ACV.1
(74%) and it was minimum in the cross S. galabariéum X

Culp‘ié (59%) s




Figure 5. Seeds of Sesanum indieum x S. malabaricum
' crosses. .

a) Eirect.érbss

1. A0V x S0 7,7. Cul.16 x S.M
2. ACV.2 x S 8. Cul.28 x S.H
3. IC.284 x S.M A19, Cul.40 x S.M
4o 5.8 x Ss¥ :10, Vinayak x S.4

5. 51,1275 x S.M 11, N~62-32 x S,

6. R,10-1 x §;M 12, ACV.1 (standard)
b) Reciprocal cross o

To 8aM X ACV.T 7, S.M.x Cul,16

2. 8.0 x ACV.2 8, 8. % Cul.28

Fe SoM x IC.284 9. S.M % Cul,40

4y 8, X 5.8 10. S.M x Vinayak

5 SeM x 51,1275 11, SM x N=62-32
6. S.M x P10=1 . 12,7 ACV.1 (standard)

*3.¥ - Sesamum malabaricum



Figure 5a
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Figure 5b




| Characteristics of crossed seeds of selected
variéties are clear in Figure 6a to d. In ACV. 1 x
3. malabaricum and Cul.40 x S. malabaricum, seeds were
high}y shrivelled whereas in the other two direct crosses
the Qeedz were medium shrivelled, Seeds from the four

reciprocal crosses were similar in all cases.

1i1) Seed viability

None of the seeds in the 22 crosses (direct and
reciproaal) was normal. Hence there was no need to

conduct seed viability test.

2. Pollination and Fertilization

i) Capsule development from emasculated flowers without
pollination -

No capsule developed from flowers emasculated and
protected, without pollination. This was true in all

the eleven varieties of S. indicum as well as in the
wild sp., S. malabaricum, Data relating to this study

are presented in Table 5.

i1) Capsule setting after style excision at different time
intervals after self pollination:

The data relating to Sesamum indicum (4 varieties)



Figure 6. Seeds of selected varieties and crosses,
a) ACV.1 x S. malabaricum
1 - ACV.1 |
12 - 8. malabaricum

1 %x 12 = Direct cross

12 x 1 - Reciproecal creu'

b) S.8 x S. malabaricum -
4 - 3.8

12 - 3. malsbaricum
bx12 - Dix;cct cross

12 x 4 - Reciprocal cross



Figure 6b




Figure 6 (contd.)
¢) Cul,40 x S. malabaricum
9 - Cul.40
12 - 5. malsbaricus
9 x 12 « Direct cross

12 x 9 - Reciprocal cross

d) Vinayak x S. malabaricum
‘10 - Vinayak

12 - S. malabaricum

10 x 12 - Direct cross

12 x 10 - Reciprocal cross



12x10

Figure 6d




Table 5. Capsule development in flowers emasculate&
’ but not pellinated.. : o

381, : . Number of Numbey of Nunmber of

No. - Varxety‘ plants flowers - egapsules set
' C e ‘emasculated . B

1 ACV.1 8 15 )
2 ACV 2 6 12 0

3 1C.284 8 13 o

4 Se8 | b 9 0

5 P10.1 10 22 0

6 81.71275 5 12 0

7 - Cul.l1e _ 7 14 0

8 Cul.28 10 ah o
9 Cul. 40 | 5 12 0

10 Vinayak g 17 0
11 N*ﬁ“wm. ‘ 5 15 o .
12 - S 16 29 0

*B.M -~ Sesamum malsbaricum




and §,'malabéric@g are presented in Table 6. Minimum

. duration for which style is tafbe retained after pollina-
tisn for capsule development was four hours in 8. indicum

varieties and five hours in S, malabaricum. Style excision

after fburlhour af‘pallination_resulted in 60% capsule set
iﬁ AGV.1; 33% capsule set in S.a,'zﬁ%iin»Cul:QO_and 45%
capsule set in‘Vinayak. Thereafter the percentages.
increased steadily and attained the peak values sooner or

later in different varieties.

In the case of 8. malabaricumy sty1e exclsion after

five hours of pollination reésulted in only'15% fruit set.
;t-ihéreésed with every half heur’inerease in the dura-
tion of style retention, Sﬁyle exeisian after 7 hours of
pollination resulted in 83% frult set im ACV,1, 93% \
‘fruit set in S.8 as well as the wild speéies¢and Q7%
frult seét in Cul.40 and Vinayakg In the control group,
wher@‘sﬂigma excision was not done, @efeemtage*sftfruit set -
‘was 70 in ACV.1, 78 in 3.8 Sﬁ,in-Vinayak and 100 in Cul.b40
as weli as in the wild speciesql Increase in the pereeﬁﬁage
of fruit set with ineréasg in the duration of style ;eténw‘

tion is graphiéally presenéed in Figure 7.



Table 69 Capﬂule setting with style excision at different time intervals after self pollination.

”Slo"Time after ﬁumber of fiaweru palllnaﬁpé Humber of capsules set Eerﬁggﬁﬁg@‘gf‘ca@$ﬁle set

‘No. pollinse -~ - PP s
tion Aﬁva? S 8 Culeéﬁ Vina- & QF ACV.T B % Cul, Vlnaw‘%,ﬁ‘ ACY,T 3.8 Cul. Viga- - 5.0
{(hours) S vak - 4o yak o0 b0 yaEk .

o -0
5
e
o
o
18
26 2%
27

o 0

0.5 1 f0 10 40 1o :
o

1.0 0 10 10 9 10
1.5 19 9 10 10 10
2,0 . 9 ‘0 10 10 10
L 2.5 15 N o W - S - S s
3.0 38 40 40 39 - 40
3.5 39. 40 40 39 . 40

4,0 40 &0 4D 40 40 24
4.5 39 39 49 36 40 3t
5.0 . 38 4 40 " 35 40 30
5.5 30 30 40 30 40 25
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FIG.7. CAPSULE SET AFTER.STYLE EXCISION
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111i) Microscopic study of pollen tube growth
Pollen tubes which were stained dark blue were
clearly visible in the li@ht'ﬁlue surrouﬁdimg medium,
Styles studied one hour after pollination showed
that in selfed flowers of 8.8, the pollen tubes have

traversed about 30 to 40% of the stylar length.  In the

styles of flowers crossed with §.'maiabaricum, pollen tubes

were just entering. into the styles at that time, Three o
three and a half hours after pollinatlon in selxad 5.8
flcwers, pollen tubes were seen Just abave the tap of tne
ovary. Whil@ some Of the tubes have reached the odvary,
some others were uraversingrthe lﬁwer payrt- of the stylee‘v
In the case of crossed $.8 flowers, the pollen tubes

havé by then' reached only 50 ﬁa.éﬁ% of the 1éﬂgth of the
styles; Palleﬁ tubes have taken abaut'five h@urs EAs)
reach the ovary in crossed S. indicum (5.8) flowers,

Prom this it is cléar that péllen tube growth 1s Qampdré»
tively slover in crossed flowers than in selfea flaweré'

of S. indicum.

In S. malabaricum the rate of gcllén‘tuba grawth-

was slightly higher in crossed flowers than in selfed

flovers. One hour after pollination in selfed flswers,



1

Figure 8., Pollen germination and pollen tube growth
in pistil. '

a.  Pollen germimation in Sesamun indicum =%

g. malabapricum cross..
b. Pollen tube growth in the stylﬁ‘iﬁ
' Sesawmum indigum x $. palabaricum cross.
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péllén ﬁubes weré seen just'eniering inﬁc the stvles,
while_in~crassed-flowers @alleni%ubes have‘traveraed ‘
10 to 20% af‘the-sﬁylaf length, Three hours after’pallimf
nation in selfea and crossed flowers. pollen tubaes were
observed to ﬁraverse 50% and 60% of the stylar 1ength
respacﬁiVely@ Pollen tubes vere seen entering the ovary
four to four andva“half nours after pollination in both

selfed as.well as crossed flowers.

Pollen germination and pollen tube growth in
crossed flowers of S. indicum are shown in Figure 82 and b.
Pollen tubes show normal growth in crossed flowers as.in

selfed flowers.

3,vCépsule'aﬁd seed development.

i) Length of capsules

Weaﬁ'lengﬁh of capsules in direct and reciprocal

crosses of S. indicum x §.~ma1abaricum aﬁ'two,days inter-
vals from pallination %d ‘20 days thereafter are gresented
in-Tables 7 and 8, Davelapment of crossed capsux&s wag
at a sleower rate as campared to the mpen polllnated ones,
Capsules atitained full length at abaut 10 days aﬁter

pollinatians



Table 7. Length of capsules (c&} under natural and cross pallznatimns in Sesagum indicum

-
()

varieties. ,
S1l. Number of ’ ' ‘ ‘
No. days after ALV. ACV 1 x 5.8 8.8 x SoM Cul.40 Cul.h0 x  Vinayak Vinayak X
pollina- S.M S
tion. T ”“ﬁ ' - N S R
1 2 084 0.82 | - 0.69 8,51 . 075 0.7 0.72 ~ 0.66
2 4 . 123 119 1.21 - 1,02 1.50 1,42 1.55 1.4
3 6 1.88 = 1.64 1.88 1.66 2,40 1.96 2,19 1.99
4 - 8 2.25  2.29 2,22 1.67 2.95 2,35 2.90 . 2.43
5 10 2,59 2.28 2.36  2.27 2,97 254 3.23 3.12
6 12 . 2.56 2.30 - 2.51 2.06 3.05 2.33 - 3.3 3.01
"7 b 2,49 2.34 2.39 2.06 3,01 2.33 D321 2,97
8 16 2,65  2.15 2.34 2,17 3.00 2483 3.49  2.8b
9 18 2.58 2.20 2.52 ' 2.16 2.98 2,66 3.39 3,06
20 2.57  2.42 2,52 2.21 3,02 2.42 3,48 3,23

#3 M - Sesanun malabaricum

bS



Table 8. Leﬁgth of capsules (em) under natural and cross pollinations in
Sesamun malabarlcuma . :

e g‘éﬁiﬁﬁf S 8. x ACV.Y S X 8.8 5. x Culll0 - S.H x Vinayak
_pollinations. ' '

1 2. 0.72 0,56 0,60 0,59 0.71
2 4 1.53 1.38 424 .24 1,47
3 6 . 2.30 1490 2,00 2,10 2.20
4 8 . 2.7 2.15 2.57 2,29 2.61
5 10 . 2,89 . 2.43 2.39 2.78 2.64
6 EEP N 2.82 . r2.48 2,51 12,59 2.56
7. 14 . 2,79 2,52 2.46 2,46 272
8 16 . 12,80 2,3b | 2.59 2.51 2.61
-9 18 . 2,76 2.43 2,66 2.50 2,72
10 20 . .2.86 2.44 2.67 2452 2.84

¥8,M - Sesamum malebaricum

09
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There was. slight reduction in the length of crossed
eapsules at all the devela?mental stagaé; the geﬁcentagé
of reductlan varying in different crasses at a aart;culdr ‘
stage ana within the same eross at’ d;;ﬂerent Saa@es of
growth (Table 7). In ACV.1 crosses, there was 2%, 12%
and 6% reduction after 2, 10 and 20 days respectively |
after @slllnatian, as compared to the apen pollin&ted
capsulaus In 3.3 crossed. the reduction was 27%, ﬁ and

12% respectively at the 3 stages. In Cul.40 crogsed it
was 5%, 15% and 20% and in-Vinayék‘ﬁra$sed i%‘wéﬁ T% a%"
and 15%.res§éctiveiy. Capsule length in the ébaﬁe crosses
in relatlion to number of days after pollination is |

diagramatidally presented in Figure 9a to d,

In the reeiproeal-cr93595~élsa, there was slight
feducfian in the lengih of capsules aﬁ‘all'Stéges of
VQQvelﬁpéeht (Table 8. Capsule.length in these crosses
‘is graphically‘presenteé in Figure 10.. Here alss éapsulés.
attained full size within 10 days after pollination.
After 2 days of pallination the percentage of reductian
in capsule 1@ngth was maximum in 5. malabaricum X ACV. 1

(23%) and minimum in 8. malabaricdum x Vinayak (1.8%). -

In 3. malsbaricum x S.8 and S, malabaricum x Cul.40 it was



FiG.9. LENGTH OF CAPSULES AT DIFFERENT STAGES OF DEVELOPMENTYT IN DIRECT CROSSES
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17% and 18% respectively. Ten days after pollination,

3. malabaricum X 5.8 showed maximum percentage of reduction

(17%) and in S. mpalabaricum x Cul.40 the reduction was’

. minimum (3.8%). In S; malabaricum X ACV.1 and in |

HOSQ malabaricum X Vinayak it was 16% and 9% respectively,

After 20 days of pollination, the parcentages of peductian

were 15, 7, 12 and 0,7 inigﬁ malabaricum X AQV{?V‘

3. malabaricum x S.8; S. malabaricum x Cul,40 and

3. malabaricum x Vinayak respectively. N
ii) Breadth of capsules | | g

Similar to length, fh@ mean Ereadfh-af'capsules
_dlso showed slight reduction following crgﬂai@g'at all
the developmenﬁéi stages, In Cul.k0 x S. malsbaricum
and Vinayak x S. malabaricum at 2 days after pallinétiqng
. 4he breadth of capsules Qaa‘equal to that of open

pollinatad ones. In ACV;1 x S malabarieum and $~8-ﬁ

S mal&bavicum the mdac‘cim was 930 and 20% respectively.

‘Afﬁer 10 daya from oollination, the mean brmadﬁh Of
capsules shawed 7%5 6%, 6% and 12% reéuctlons in ACV.1 x
Se malabarieum, 2.8 1 3. malabaricumg Vinayak X S. B i@»

baricum ana Cul. &Q X &a malabaricum wespectlvelyg After

20 days of palllnation rhe?e was only 1% reduction in

p .
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ACV.1 x 8. maiabaricum. The percéntéges'cf reduction in.
the othe?‘ﬁhfée crosses were 9, 15 and 6 respéﬁtively.
Mean breadth of capsules in direct crosses at different
stages Ef*grdwth are given in Table 9 and the data are
graphically presented.in Figure 11a to d..

In reCiprocal-crosées, theAdifferenceS in percentages
'@f redua%ion in mean brea&th of cepsules were very small.
Mean breadth of capsules after 2 days of pollination in the
wild species (open pollinated) and 3. malabaricum x Vinayak.
was 0.22 cm. The means were 0.18 cm in &.,malabaricﬁm'x
ACV.1 and 0.20 cm in S. malabaricum x S.8 and §ﬁ-mélabaricum,
x Cul.40. After 10 days of pollination, the breadth was
© 0,80 ém ;ﬁ épen pollinated aapsules_aﬁﬁ in the cross ‘
8. malabaricum x V;nayakg- in §; malabaricum ¥ ACV.1,
S. malabaricum x S.8 and §. malabaricum X Gulﬁﬁﬁ it was
D.74 cmy, 0.70 cm and 0.72 cm raspéctively. Aftaf 20 déyg
of pollination, the mean breadth was 0.78 cm ia Open
' pollinated and in 8. gaiabaficum x Vinayak cross.

3. malebaricum x ACV.1, S, malsbaricum x 3.8 and S, mala-

baricum X Cul L) recorded 0.75 cmy O Q?Q cm and 0.68 cm

reSpectively. Mean breadth sf capsules in r@ciwracal
érogses at different stages af develapment are presented



i

Tahle 9, Emaﬁi:h of capsules (em) uwnder na‘tuml am% smsss palli&mt,gf}% in Sesamun 1 indiecun
. varileties. . : . ,

51, HNumber of o b L | S . E e S
No. days after ACV.1 ﬁﬂ’% 1 x% 8.8 8.8 B.M Cul. A0 Cul.40 ® sfiﬁayak Vinayak x
| pyiines osa - S s
tiﬁ”ﬁa : . @ . X - A . v A . . .

0,32 0.29 . 0.20 . 0.16 0.20 . 0.20 0.8 0418
0.50 047 0.32 0,30 0.37 . 0.38 0,34 0,25
0.79 0475  0.56 . 0.53 0,61 . 0.57 0.57 - 0.5
0.94 0.9  0.65  0.60 0.79 . 0.7 0473 0.6
10 1.05  0.98 - 0.72 0.68  0.83 . 0,73 - - 0.87  ©0.82
12, 1.07 0 .02 079 0.61 0.8 . 0.70 0,89  0.79
1 1,427 1,05 0.71  0.60 0,86 - 0,68 . 0.89  0.82
16 1 0,99 0.74. . 0.62  0.81  0.79  0.88 = 0.76
18 1,10 0,96 0.7h - 0.67 - 0.8 0.7k 0.87  0.80
20 1,06 . 1.05 0.75 0,68 0.83 - 0,71 0.8k 0.79

o o

.

4

<

‘}}S Py

Sesamum melabaricum

b9



Table 10 *

/

Breadth of capsules (cm) uﬁder natural and crnss palolnaticns in

ﬁesamum malabaracum.

81.
No,

Number %

‘days after.
.pnllinatiag.

. "
S B3eM

S.M x ACY.1

S.4 X 5.8

SeM x Cul.40

BM X Viﬁayak

O O~ g s -

-
o

2
4
6
8

10
12
4
16 .
18
20

" 0.22

. 0.40
 0.62
 0.75
" 9.80

.'9.78,

10.80
0.79
075

0.78

0.18
0.0
0.55
0.7
0.4

0.77
D.82
0,76
. 0 075
0.75

020
0435
- 0.54
0,71
070
0,72
0470
0.73
0473
0.72

0420
oL
0451
0,64

‘ 04:’?2

0.0
070
069

- 9.67
0,68

9.22
0ot .
0.65
0.80
0,80
0.80
0,70
0.76
0.75
0,78

- ¥S.M ~ Sesamum malabaricum

S9
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Fl1G.1i. BREADTH OF CAPSULES AT DIFFERENT STAGES OF
DEVELOPMENT IN DIRECT CROSSES
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Cmm) FIG. {2. BREADTH OF CAPSULES AT DIFFERENT STAGES OF DEVELOPMENT
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Figure 13. Capsule development in S.8 x

S. malabaricun crosses. S
and d - 16 days:after pollinatisn
and e - 20 déys,after pollination
and f _:33 déys after péllinatian
- 3,8 |

= S. malabaricum

x 12 - Direct cross

x & « Reciprocal cross .
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. in Table 10 &ﬁﬁ the data are 5raphica11fﬁp?éﬁem@éﬁ‘iﬂ*
_‘migur@-iz, Capsule devalopm@nt in direct and reci@racal

G?ﬁ@ﬁé& &@twaen G,8 and ge malabarigum;at 10 days, 20 days'

and 30 days after pollination are shown in Figure 13a to f. i

1ii) Wumber of seeds per capsule

Mean aambeﬁ @fgseedé,§@r sapaulé'in.diréeﬁ;and
peciprocal ¢rosses of Seosamum indicum varieties with
S ﬁééﬁ@gg&gg&‘iﬂ comparison to their raﬁﬁacﬁive,fémale 
éérgn%s are giﬁéﬁ‘iﬁ‘fablesaﬁﬁ and 12, DBata on @e&d set.
age;graph;ﬁally prﬁﬁénteé in Figure ﬁ%a and b, ﬁm@ﬁw %hm
four varieties of 8. indiaum; the m@a@vnamb@r,af"ae@ds
Anger_ﬁapsulé was maﬁimum'in ACY.1 (90) and minimuM»in"
5.8(56), There was sub&taaﬁial reduction in aumber of
‘gee@s pef eap&ale in all the direat and racipvacml erosses

,‘rrsm ﬁh@ resp&cﬁiv& f&m&l@ yﬁ?9ﬁ$$« &mﬁn@ the four direct

.cr@s&@s, ACV, 1 x 8. malabaricun gh@w&d 34 percent reduction -

in numben of S@@ﬁ% per capsule and S.8 x 8. malabaricu@

1Qhawed 29 p@rcant r%ﬁuctiang In ﬁul 40 x 8. malsbaricum
and Vlﬁﬂy&k % 8. palebaricus it was. 31 @@Pe@ﬂta in recis
'gracal craasegp the percenﬁages of r@éuatisa were 254 27,

32 and 2@ in 3‘ malabaricum X Aﬁvg19 S. mal&barlgum b



' Téaﬁbla 1. Number of seeds per capsule under natural zmcfi cros ;;& gilinations in
‘ ﬁfsmmum mﬁie:mm vari@ti@sa ‘ S

%”ﬁﬁﬂim %W{AMJx'mﬁﬁﬁéxwaQQMQmmxgvmmmeMx

pollimation. ~ .  S.M . i T

ces. 70 53 A3 67 59 . .75 . 63
'8 - %6 . . 53 35 65 . 56 . .72 . 51
90 . 57 . 5 ko 71 . 43 .78 . 53
' 92 66 - 56 . 35 g3 . 5T 77 Coh2

d0 -84 - 58 - 58 . -4 - ThA . A9 .76 . 55
12 87, 61 . 56 ‘38 .78 . 3% . .75 . 53
R e - s8 54 ‘39 720 4B . 72 . 54
16 95 50 . 57 47T . 74 .55 . . 7A . 45
18 S 96 .50 . 36 .38 7V sk L 75 L 4T
20 - 95 - 39 58 43 75 .37 .76 54

o o & Mo

WO~ N P

s
)

Mesn - 90 . 59 56 4 72 50 52

R

#8.M - Sesamun malabaricum

w
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Table 12, - Number of seeds per capsule under ngbtural and. crﬁ% p&llz.n&ti@m in
' Sesanun malabaricum A

131.& .ot Eﬂmb@? ' Qf ’ N ' 3% ‘ :,4 ’ . ) . . -1 ‘ v K .
Noe days after - BaM Bol x ACV.T. ~ S 5.8 - 3.M =% Cul.h0 - S.M x Vinayak
. poliination. ‘ ‘ : ' - l .

83 e . s - .8 . T6
82 68 . 67 o . 69
9% 88 - 63 - B8 . 89
. | ek 19 70 . - 80

R “s . 80 %% .70 66,
| 12 - 8 . 6 . 60 o os=2 . 6T

7 TR 100 - 70 - 63 - A
46 -t 61 . 86 . 59 &
9 - 18 o 85 R - < S £
.10 20 - 66 . . - 72 s . 85

o B =
o 0N

&

Mean - - . 95 . . T0 - 68 S e .. TR

*3,1 - Sesamum malabaricum

-89



Pigure 14. Seed set in direct én@.recipracal crosses,

a) Direct crosses

1. ACV.1

© 2. ACV.1 x S. malabavicum

3. 5.8 ‘
by 5.8 x §,vmalabaricum.'
5. Cul.40 -

6. Cullh0 x fé’z_,.imélabaﬂ'cum~
7. Vinayak

8. Vinayak x S. malabaricum

b) Becinrocal crosses

1. malabaricun

1o
»

o,
3.
4,
3.

malabarioum x ACV,.1

O R PR WA NI B AR WL

]

malabaricum X S.8

-]

malabaricum x Cull.idd

ﬁ&agy: fon o

‘malabaricun x Vinaysk

o
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FIG.44 . SEED SET IN DIRECT AND RECIPROCAL CROSSES
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8.8, 3, malabaricum % Cul.40 and S. malabaricum x Vinayak |

respegtivély.
'iv) Presh seed sizeé - S o . N

| Mean seed 1@ngth.atv2 dgys iniervalévﬁpﬁé‘Qé dayé
from pallinaﬁion in the.faur vaéietiesuaf S+ indigcum and
thelr direct crosses ﬁiﬁh-g. nalabaricum are presented in
Table 13, Developﬁent'of crossed seads was éla@e? than
the‘apen pallinated seeds of the reSpeéti§e female @arenﬁs;
At the initial stage of(ﬁevélopment (?@a days after polli-
nation) the difference in length between open psliinated
,and,cfassad seéﬁsi%as_Bﬁ%,in AQV.?. Percentage af_r@duéu
ticn became: 16 and 15 after 10 ang 20 days. of pollination
»rasbéctively;— In'$,8 x_ﬁg malébaricum'fhe percentages of

reduction were 30, 12 and 14 at 2, 10 and 20 days after

‘-péllinatiaﬁ_res?eetivel§» In Cul.40 x S. malabaricum,
the percentages of reduction were 12, 7 and 11 r@spectIVEIy;A

In the case of Vinayak x 3. malabariéqg,the erossed seeds

exhibited 19%, 13% and 13% reduction after 2, 10 and 20,
days of pollination. Maximum seed length was attained at B
10 to 12 days after pollination in all varieties and .

CToBses8,



Table 13. L@ngth of Lresh soeds (mm) under natur31 and crass palliﬁatiaﬁs in
Sesamum indibum varieuie

el e fer  ACV.1. AGV.1 x 818 S.8x S Culs40  Cul.40 x Vimayak  Vinayak x
" pollimation. S e B B
9 2 0.85 = 0.53 0.80. 0.56 0,76 0.87 . 0.70  0.57
2 4 1.68  1.44 1.3 1,100 1466 1.39 1.55 - 1.23
'3 6 2.42 2,38 2,42 - 2,13 2,78 2.49 2,45 2,13
L 8 3.65 . 3.16 3,12 2.73 Z.49 - 3,37 3.07 2,75
5 10 4,08 3.4% 331 - 2,92 3.67 3e43 3.68 3.21
6 12 4.5 - 3.49 336 3,07 5072 3631 . 3,72 3,35
7 14 4,00 Bihh4 3.85 0 2,78 3,82 B.24 . 3,68 3.39
'8 16 41 3.9 1 3.36 . 2.8k 356 . 3,36 3.77 - 3.24
9 8 b8 Bu3h 0 342 3.08 . 3,71 3,358 5.76. 3.3
10 20 4,12 3.51 3u47 . 0 3,000 3.7 0 3.36 - 3,76 3.26

#5.M - Sesamun malabaricum
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Téble‘14hrapresentsvtha_mean\seed'leagth in
Segamum‘malabéricum»&n& the four reciprocal crosses at
2 days intervalé upto 20 days efter pollimation. WNot much
difference in the seed length between open pollinated and
erossed seeds, at different stages of growth waé ﬁoticed
in this eaﬁe. ?wa éays after pollination, seed lemgtﬁ‘in ,

open pallinated capsules of Sc malabaricum and S $. malabaricun

x Vinayak was 0.63 mm, Percentages of reduction in

8, malabaricum x ACV.] and‘S, malabaricum x Cul.40 vere 14

and in §. malabaricum x S.8 it was 16. Ten days after
pol 1inatiem the pefcentuges of reductlsn were 15, 2%, 16
-and 11 reﬂpectlvely in the four crasges. After 20 days

of 99111nat40n these va?ues becane 15 (g. malabaricum x

' ACY.1 and 8. galabarlcum % S 8), 16 (3, malaharicum b

.Cul 40) and 19 (S. melabari cum i Vlnayak). Saed deVﬁIOp-
ment in direct and recipracal GTQSS@@ of ¢a8 % e @alabnricum'i
at 10, 20" and. 39 days after pslllnatien in camparisan to '

their female parents are given in Figure 15a to £,

v) Dry seed size

Size of dry seéds in ACV.1 x S. malabarioun and

.8 x Se maiabaricﬁg in comparison to théir female parents

are given in Table 15. Data on dry seed size are graphically



Table 14. Length of fresh seeds (mm} under na%ural,and crab p@ilinatisné in .
S@samum malabaricum.

$1. RNumber of .. . , . . . T 5
No. days after ©SLM S.M x ACV,1 S 8.8 7 8.H x Culdd0  S.M x Vinayak
_pollination. . : B

“ A
R R R N R I

2 - 0.63 - 0.54 0:53 " De5H - 0.63
A 1,59 L 4,22 - 1511 4,10 - 1,96
6 S2,82 2,00 1,93 .84 1,97
8 S 2495 0 o 2440 2548 S 242 . 2,68
19 : 3,12 L 2.6 - 2.42 T 2.62 2,79
12 S SB.AL - 2,73 2,67 T 2.60. - 2.7,

14 -0 - 3.8 © 2,70 - 2063 ©o2.80 2,72
16 : - 3417 - 2.78 - 2,66 C2.60 - . 2,62
18 . © .20 2,72 2,84 . 2,68 2.65
20 - 3.20 2.7 272 23700 2.60

- *8.M - Sesamum malabaricum

Bl



Figure 15, Fresh seeds at differsnt stages of
development in S.8 x 8. malabaricum
crosses.

'a and & - 10 days after paliinatian' o
b and e - 20 days after pollination
¢ and £ - 30 days after pollination

b

&

o8

12 - §, malabsricum

4 % 12 - Direct cross

12 % &4 - Reciprocal coross
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preséﬁtéd in Pigure 16a %a'd. ‘@heré was subatantial‘
differenaa‘invlength as well as breadth of dried seeds
cbﬁéiﬁed-from apen'pollinatidn and. cross pollinations .
Difference was,miﬁimum éuring the initial séagga‘ef
deélspmént and it increased gradually d%riﬁg the later .
.stages of ééVelopmeht. Percentage of reduction in breadth

of the seed was more eonspicuous than that in length.

At two da?s éfter pellination, mean length of dry

seeds was seme in ACY.1 and ACV.T x 8. E%léﬁiﬂ&ﬁﬁﬁm

(0.4 mm) . In the case of S.8 x 5. malabaricum there was
18 percent ?@ductian; _3re&dth”af dryrseedé showad 4 and
14 percent reduction from their femaleLparenté in ACV.1T X

S. malabaricum and .8 x S. maiabariaum'rés@ec%ively;

: Tem days after psllinatian,.‘thé, percentage reduction ‘iﬁ
‘mean length of dry seeds was 20 in ACV.T x $. malebaricum

whereas it was negliglble in 3.8 x 3. malébaricﬁm; VMean

breadth of dry seeds exhibited 23 peba&nﬁ reduction in

ACV.1 x S. malabaricum and 37 percent in S.8 x §. mala-
barigum. Twenly ﬁéys aftérypallinaﬁién fh@lpafe@ﬁt@gﬁs
of reduction were 23 and 5 in the case of lemgth and 45
and 28 in the case of breadth of dry seeds of the two
crogses. Thirty dayg after pollination, length of dry

seeds showed 23 and 15 percent reduction while breadth



Table 15. Size of dried seeds (mm) under natural and cross pollinatioms in
Sesamun indicum varieties. ' | |

-, it '» S ‘ 2 ‘:{” 22 . ! .‘
S1. Number of . ACV.T ACV.1 x S.M Se8 " B.8 % S.M

No. days after - , _ , : —
pollina- ~Length . Breadth - Length  Breadth ILength Breadth. . Length = Breadth
tj..@no- . ' . . o . 2 . o .

2 0,41 0.27 0.1 0.26 0,49 0,35 . 0.40  0.30
4 00,97 0.50 . 0,93 . 0,49 0.84 0,55 . _ 0.85 _ 0.52
6 o 1.85 0,78 . - 1.6 . 0.7 2,01 0.80 . 1.8  0.72
8 2.6 0.94 . 2,21 . 0.81 2,58 D.88 . 2,36 0,82
10 .2.96  1.08 . 2,37 . 0.83 - 2,47  1.07 . 245 0.72
12 2,89 1,90 . 2.7 . 0,87  2.53 116 2,13 0.77
14 L3418 2L 0 2,65 . 0,89 2,71 1.28 . 2.48  1.04
16 13,00 1.20 . 2,69 . 0.90 - 2,57 1426 2.46 1,21
18 D347 1.6 2,63 0.97 2,62 .52 . 2,37 1.0k

O 0~ O o oo

.—-b-..‘s—.-':_b-a.’b
£ N s O

]

Cet
A5

20
22

24

26

28
30 -

3036
3.29

3651
3.50
3633

3,50

1o45
1.69
1,66

1.68

160

1479

/  2.60
2.56

2.61
24T0C
2.64

2,69

. D480

0.76
0.78
0.86

" 0.80

2; @ é‘é}

2.96

3,05

3408

A '3“5?’
1459

" 1T
1,82
2.00
195

2.50
2.4

2250
2.32

2.48

2,62

1,13
1.06
1,45

- 1.00

1.26 -

1021

- G M - Sesamﬁm Qalabaricumvi

bl



ﬁ'lG.‘lG. SIZE OF DRIED SEEDS AT DIFFERENT STAGES OF DEVELOPMENT IN DIRECT CROSSES
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of dry seeds showed 55 and 37 percent réduéti@n in ACV.T x

g;.malabaricgm anﬂvSUS X S. malabaricum respectively.

Size:@fddfy.séads,in réciprocal Crosses are,
graph cally presented in Figure 17 & and bo‘;Dﬁy’s@ed3-~
in éivmct and recipracal crogses of 3,8 x S, malaharieum

at 10 20 and 33 days after pollinetion are presentad ln

Flgure 18 a2 and b, ‘In T@Gip”@ﬁ&l crosses, Sesamﬂm maLde

baricum ACV 1 and 3. ma?aba"1cum x S 89 the percentages

of reﬁucﬁian in length and breadth of ﬁ?g seeds. showed a
.paralle; change during the diffe?ent,develapmentai stages
(Table 16). Two days éft@r'pélliﬂaﬁinn the mean lengih
'&n&‘breadth vers mare'for crossed:seeds. Afte? 10 days
£rom polliﬁatién, the length of, dr§ seéés i@ Ss mélabarie&m'

spen pallinated and S malabaricum ¢ ACV.1 cross showed no

alfference, while in §, malabaricum x S 8 cross, there was

11 percent reduction. Mean breadt th of ary 5@@&@ wWas

5 percent more for e m&labaricum x ACV.? and 9 percent
less for 8. malabaricum x smaitnan<thﬁ wild Q?Eﬁ pollinated
seeds, After 20 days from pollination, the 1ength of dry

s showed 17 parcént reduction in §. malabaricun x

ACV 1 und 16 percent r@ducti@n in 8. malabarieum ﬁ.@

frem apen pollinated seeds of the wild female parent.



Table 16.

Size of dried seeds (mm) under natural and cross p@llxnatis@g in

t,uesamum maIQbarieum.
31l. Number of g, maiabaricum Be malgbaricuﬁ.i.ﬁCV.?_ gﬁ‘malébariéum x 8.8
No. . days after ' 7 . e . —
Paumatm?' Length ° Breadth Letigth  Ereadth Length ° Breadth
1 2 . 0.39 0.29 0,39 5,31 C0.48 0.36 -
2 A  0.85 0.60 0.78 0.8 0.77 0.53
3 6 .44 0.63 1.26 0.65 " 1.32 0.8k
4 8 2.21 -+ 4.07. 1,89 0,92 1.86 - 0.98
5 10, 2.45 1,38 247 1,45 C2.8 7 .25
6 12 3,02 .84 2,70 1.59 S 2.61 L 1.62
7 14 2,98 . 1.94 2,58 1.59 2,67 .72
8 16 2.90 . 1.85 2,60 1.70 S 2.58 " 1.70.
9 18 2,89 1.95 2,49 . 1,65 - 2.52 1,60
10 20 2,99 1.86 2,49 1.65 2.52 1.60
11 22 2.91 1.87. 2.51. . 1.64 2,52 4,71
12 24 ~ 2,96 1.88 2,49 1464 2,63 1,67
13 - 26 C 2,94 1.81 2.54 1,71 . 2.47 1.61
14 28 5,03 1,87 2,51 1.65 2,49 1.56
15 2,94 1.83 2.52 1.60 2.54 1.60

9/



FIG.17 SIZE OF DRIED SEEDS AT DIFFERENT STAGES OF
DEVELOPMENT IN RECIPROCAL CROSSES
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Plgure 18. Dried seeds at diiferent stages
of development in S5.8 x'3. malabaricum
Crosses. ' ' ‘

g.'éifect cross

b; Regi@roé&l Cross

1 = 10 @aﬁs aftér'pallinatimn
2« 20 days after pollination

3 - 30 days after pollination
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‘Breadth of dry seeds at the same time exhibited 11 and
Th perc@at ?@ductian in these two cr@sses asp&@%ive

At thirty days after mnllinaﬁisng the reﬁuetian in l@ﬁgﬁﬁ
‘was 1@ percent anéxin~breadthiiﬁﬂua$ ?E,p@;aamt in both

the crosses.



DISCUSSION



DISCUSSION B

ﬁtudies on- iﬁﬁerapaciiie relatianshlys are us&ful
-_1n hreeding Programmes envisaging ﬁh@ transfer of desirable
characters across thﬁ species barrier, usuallf f?@m wild |
apécies to the aulﬁiva%eé ones. In Sesanmu ; eventhough

_ abauﬁ 34 ‘species have been identified, anly a few ﬁucceas»
ful instances of in%&rsgecafie hybridizati@n have besn
reported. Most of the crosses aﬁtempﬁed were unsuccessful
“due to interference of varlious reproamatmva'iﬂa;aﬁi@n

| m&@h&ﬁigmag_sagﬁ as incompatibility, ﬁybrié iavi&hiliﬁy

' and hybrid sterility. In a numnber of such céssgeslﬁﬁly
shri?élie& or empty méﬁviable Qéedﬁ were obtalned. |
~8$udies3e@nduéﬁe@ pn hybrid seed development indiecate that
'hybrid inviability:&ﬁe'to amﬁsﬂparm failure is the barrier
to interspgeifi@_hybriﬁizaﬁi@n in.ssée of these @fsﬁé@g
r(Ehﬂ%aﬁ; fok6; Anon., 10483 ﬂadlani,‘i%ﬁ@), Results of
studies on erﬁgs aawpatibility between § indicum and .

2. malabaricum and the passibla reasmns for seed failure

are discussed here.

~

Capsul@ setting wasg normal in éireat as well as

r@cipracal crassase In general, it was more in raciprﬁcal

crosses than in direct crosses, Out of the 22 crosses
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tried between eleven varieties of 3. indicum on the one

hand and S. malabaricum on the other (11 direct and 11

reciprocal crosses), two showed cent pér'ceht capsule set
{gﬁ malabaricum % Cul.40 and g; maiabariéum x ﬁw624337..
Minimum capsule set (51%) was recorded in the eraég, '
ACV.2 x S. malabaricum. Amir@haéevaréthinamt(1965)
reported 3.8% capsule set in $. indicum x 8, dégensg
cross and Eggﬁlcépsule set'in7§,,sécidéntaié x B. indicum
Cross. Smbramanian (ﬂ§72) répd%%ed 33%.cagsﬁle set in |
S. indicum % S. alotun cross and 8 in its raé;pracél.
cross. He also reported 8% andlzﬁ% éapsuie set in ﬁ;rect

_.and reciprocal 6rosses between S. indicum and S. radiatum

and 6% capsule set in S. pceidentale x S, indicum ¢ross.
These values are too low when compared to the resulis of
the present study. | —

TN

In splte of good capsule setting, normal seeds
were not‘ebtained in any of the 22 crosses, In direét ,
@ragaés, medium shrivelled seéds were obtaineé in four
A\ané'highly shrivelled seeds in the reméining seven, In
reciprocal crosges, médium and highly shrivelled seeds
vere abtained‘inAall the'11~crosseé. Thus the feeipracal'

. crosses showed higher percentage of medium shrivelled

/
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seéds than highly shrivelled seeds ﬁhenveamparéd'@e thg
direct crosses. The faillure of noranal éeédlset in trosses
'indicéée that thete two species have deveia@ed a strong

iséiation barrier which makes ihem completéely noncompatible,

The direct crosses between Sesamum indicum and

'8¢ melabaricum and their reeipracal:erasses1appear to
differ in the intensity of seed degeneration (Figure 5a
and k). The comparatively better development of crossed

seeds with S. malabaricun as female parent might be on

@mcouﬁ% of the thiéker seed coat of thia wild specles.
Seed coat being:a purely meternal tissue, the diffe:ence

In seed ¢oat thickness and éevelepmen? in the tws species
probably account for the minor differences in seed develop-
ment in the two sets of crosses, 'similarly, recovery of
medium shrivelled seeds in four out of 11 direct crosses
cam also be attributed to the comparatively ﬁhic&er sead
coats of the ﬁeﬁaie,parenté‘af %hsse'crasséé viz, ACV.2,
3,89 Vinayak ané N-62-32, 1In all the crosses the caléur '
of craéSe@ seeds was the same as thet of the geliedlseedé

of the female parent.

Recovery of shrivelled seeds in interspecific

crosses in spite of normal capsule set has been reported



in Sesamum by meny sarlier workers. Dhawan (1946) reported _ .
recovery of shrivelled seeds in S. radiatum x 3. indicum

end S. radistum x 3. prostratum crosses. S, indicun x

Se. radiatum cross 2lso yie-ldéd similar resﬁlts ([mon‘; ..
1948). Ramanathan (1950) obtained both shrivelled and

norpally developed nonviable seeds in the crosses,

S. radiatum x S. progtratun,

fo
pEes

» radiatum x 8. ilndicum,

i

jon

. gecidentale % 3. indicum, S. cccidentale x 3. laciniatum,

~

Ko

. ogeidentale x 5. prostratum and S. radistum x S. laci-
piatun. Mezzani (1952) reporved that §. indicum ‘

3. radighbum eross gave fruits without seeds. HKedharnath

(}954) obtained some frults comtaining ahrivaileé and
mnviable seeds from S. indicum xz 3. alatum, 3. zpgolense X
5. prostratun and S . apgolense x $. laciniatum crosses,. :
Dadldni (1958) recorded nonviable seeds from the eross

3 « 9gcidentale x S. grasﬁratum-; Amirthadevarathinam

(1965) and Sundaram (1968) reported recovery of shrivelled
seeds in §. indieum x S. capenge cross. Subramanlen (1972)
obbtained @zaguﬁy seeds in 3. indicum x S. atatum cross and |
shrivelled seeds m-i‘ta' reciprocal cross. He also reported
recavery of small and shrivelled seeds in the crosses,

'3, indicum x $. radiatum, S. rad;aﬁﬁm % S. indicum, |

8. oecidentale ¥ 8. indicum and 3. radistum x 3. laciniabum.
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In the presentinvestigéticnb in éll the eroesses .
seed formation Was‘ighibited at samé stage after initial
"deVelépmeni.wh;ch suggests that pallén_gpaigs,alihéugh
suﬁficieﬂtly(sﬁccessful %s'stimulate}capsule farma%isg,
are iﬁgfficient ta~bfing about ngrmal'séed dEVelapment;
This might be due to failure of either fertiiizaﬁign.ar
grgwth~and diffgregtiation gr ﬁhe zygote inﬂﬁ a normal
embryo, Sinee no hybrid seed ﬁgs @bﬁained;vﬁhg\gueatiOﬁ
of hybrid;stegility or hybrid breékdown as gﬁ'iﬁélaﬁi@m -
mechanism(does nbt,arise here, Hence, the barri@r betﬁéen
thgse two sbeeiea could be either cross ianmpaéibilify
1eadiﬁg to failure of/ferﬁiligation or hybrid iﬁviabiiiﬁy
resulting frsm:failuré of zygote devglopménﬁ.inte»the,‘ |

) embryog

. Cross incompatibil

" The role of poilinatiaﬁ in ca@sulé‘deval@pme@t Qas‘
oriticaliy studied in %hp style excisigm'@xperimamt;_ It
RWés fbﬁnd that,emasaulatgd_flawers‘did nat’deVel@p*iﬁtd"
capsules if they were not pollinated. Sg‘the stimulus N
of pgllination was essential fﬁr capsule development.*
-Further, style exclsion dane at different ;ntervala‘after

gelf éallinatian shawe& that when the styles weré,excised;
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within four hours of pollination ig.ﬁg indicum and within
five hours of ?aliinaﬁicﬂ iﬁ‘ﬁp malabaricum, the flowers
‘dropped off and capsules failed to d@velap¢, This indiaate&i
that for capsule éevelcpment, styles should remain in t&ct

for a minimum periaﬁ of - four h@uru in 8. indicum end fiva

hsurs @g,ﬁﬁ malsbaricum. Thesg results lead 1o the con-
¢lusion that_same of th@>péllen tﬁbesvréach thé avary at
Lsur hours after pollinatian in S. indicum and at five
hﬂur& after pallivatian in 5. malabaricum and take part
in fertilization, However, the percentage of capsule set
remained low at tﬁié stage. For normpal setting of capsules,
the styles have ta’be;raéained‘far a minimum‘periad-gf
:5w§.h0u?8'iﬂr§ﬁ inﬁiégm and 6.5 hours in S. malsbaricum
{Table 6). If the pollén tubes traverse the s%ylar 1eﬁgth
dﬁring the interval between pollination and excisignﬁn
sﬁyle femavél has no effect ané normal cépaﬁle develapmené

4z obtained,

* Microscopic examination of pollen tube gfa@%h in
the styles canfiém@d the above Pésulfs. in selfé@ £lovers
of 8. indicum and S, ma;abarigum,'pbllen tubes were found
to enter the ovary 3.5 hours and 4,5 hours respectively

afﬁér §'11inétian, In the case of S. inéienmg Joshi (196ﬂ)

reportea that in some ovarles pollen tubes wers %@ticeable
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at four hours afterlgallinatian, thoﬁgﬁ‘anly a f@% apical
cvules heve received them, Six heurs after pollimaﬁion,
p@llen tubes were 1nvariably observed in the ovary and they
‘ entered prdctlcally all the avulas. But Subramanﬁan (1@7?)
rep@rﬁed that pallen tubes were found 3ust above the micra—
pylar reﬂiaﬂ four hours ufﬁer ‘pollination. and nal1@n tubes
have enxered the qvule six to eight hours after pollinas

tion.

- There i3 a-difference of one hour in the“éiée taken

' by ﬁhe,pai1en tubes of S. iﬁdicgg and S. Eglabaricum to
~reach the ovary., This "fference cauld be aéﬁribu%ed‘fo

h dif?erenteﬁ betweeﬂ %he Two saecieé, eit her in the rate
of grawah of pollen tubes or in the stylaf 1@nwtn@ R&té

of growth of pollen tubes was found to be slightly different
- in selfed and crossged flawer&. In selfed 5. indigum
flowers, the rate of growth was higher than that in flowers
.'QFQS“ed with S. malabariéuma Iﬁ the case of 3. malaﬁaricumg
the rate of grﬂwth was slightly higher faf the orossed : ’
flowers during the initial stages of vrawth. Dhawan (19#6) '
reported *thaﬁv the rate of pollen tube growth was ﬁligghﬁlyl |
less in Sa radiatum x %. orientale eross than S, radlauum

‘selfed, but fertilizatimﬁ was @ffected lﬂ,&ll the ovules, -

~
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Badlani (19?8) parted that pallen g&rminati@ng @allan
tube grawth and fertilization were narmal and quick@r in 1

';g, oecidgntale x B Erostra% than in 8. 0 gciﬁgniale . 8
sé;lfe*a. . | R

In S, indieum X S. mulaganam Cross, pollen gfains
‘failad to germinate on the stigna of the reaipianm paranﬂ
«(Sastri and sivanﬂa, 1976)¢ Hon crossability due to 3
'restricted gollan‘tuhe growth in 1inaée§'arass&s has been .
reported by Jindal and Kalia {1972). Aﬁﬁormél'pblien tubes
webe observed in the case af incompaﬁlble erasseg in
Brassica spp. by Sareen e&al@haw&&mmx (1976), Rochkarev
(1973) and Khanna and Chowdhury-(?981). Abnormalities
were in the form of swe111ng at the. tip af pollen tubes~or
its bursting in the stlgmatic tissuﬁo_ They showed an@malaus 1
cgrowth and were unable ta‘penatrata the tissue oi‘the |
gtyleys In@smpaﬁibility-inchmséférossea.waa ﬁhus~a pre=
-Nféptilizaﬁfgnmp?aceSﬁ; But'inutha'pregenﬁ‘arasses betweén,
"so indicun and S. maiahaficumfaparﬁ'froﬁ the ﬁligbﬁ~§afiaa
‘tion in the rate of pallen tube grawth in erosaaé and’
-gelfed flﬂwers, the germinatioa ai pallen grains and “'
:grewth of pol1en nubés were uninterfereé W1th. No abnarn
| mality was found in ‘the grawth anﬁ ?arge number of pollen
,tubes were found to enter the ovary to. fertilize all the
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ovules in direct as well as reéiprdcal craésés.

In all the 22‘cfosses, crossed capsules resembled
the capsules resulting from selfin@ in the female garent.
It shows that oapsule development in this interspecific
cross 1s not influenced by varx&tal difference, S%udles.'
conducted on selected crosses showed slight reduction in
length and breadth of crossed capsulés at all the staégs
of déveimpment. Reduction in the size of capsules could be
"due to a reduction in‘the‘humher pf'séeds'per éapsule‘@r
due to a reduction inifhe size of seeds. Sharma end Khanna
(1964) reported similar results in intersPecifia'érasses
in thé genus Léggg“ Rate of growth éf'crassed ovaries was '
significantly lower than that.of‘selfed ones and they |
canciuded that slower development. of theicrassed ovaries
might be due to aﬁy of the post fertilization gauses; such-
gs_;mperféct seed formatlion, slower growth of the embryo .

-and poor development of the endospern.

Mean ﬁﬁﬁber of seeds.per capsule was éubétantially
less in case of.crossed capsules as compared to seiﬁed
capsules of the female éarents (Tables 11 and 12),. Per-
centages of reduction were more in direct crosses then

the reciprocal crosses. Measurement of fresh seed length



w

87

at différeﬁﬁ time intefvals af'ter pollination showed that |
eventhough there was some reducﬁien‘at all the dévelopmental
'stageé, the 1éngth!of seeds inéreaseé‘narmally after paili-
nation and maximum possible 1ength-wa5'attained‘a% abauﬁi

10 to 12 days afterfpollinatiﬂn as in the case<af selﬁéd

seeds,

A gross estimate of the frequency of fertilization
may be made by:d@termining the prapbrtibn of ovules which
increase in sizejsignificénﬁly‘after”pollination {é@éper
and Briﬁk, 1945). Since pollen tubes have enteré@;the;';'
;Qvary normally és‘in self pollinated. flowers ang %gé Size
of qrgssed ovules increased significantly\during thé |
subsequent stages it can be conc;qded that fertilization
| takes’glace_in crossed flowgrs. Héﬁéver, the frequency

of Qvu;es ge?ting fertilized is substantiéily less in
cposgeg»avér;es than in seifeq ones, - The difference 4n
growth ra@e in'tge early stages of development of selfed
aﬁd.chSSed seéds has been maiﬁtained as sueh + |
Thesge sbservations-suggasﬁ thét noneon é such throughOQt.
, neompatibility o these

two : 3 '
70 species of Sesamum is not a pre“feftilization Droce
. . ~ SS.

Hybrid inviability, o |
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@f‘development of seed after crbss'paliiﬁétién'hég been
eatélogued as hybrid inviabili%y. Esﬁimation of dwy seed
size at differ@nt intervals of psllina tion revealeﬁ that
size of open pollinated seeds 1ncreases nradually and
‘reaches the‘maXimum'Value at 24 to 28 days afﬁer;paliinatibnj
in 8. indicum varieties (4€V.1 and S;S) and at .about 12 days
'aftef pollination in S. malgbarieum {(Tables 15 and 16).

. But in the case of crossed seeds the rate of increase in.
size is very low, The hybprid seeds probably lag behind

the narméllaﬁes in development from the initial sﬁage‘of_
éevelaﬁment itéelfo Buring the éubse@éen* stages the lag

. increases s5 much that after 39 days av pallinatian the
crogsed seeds are left far behind the open psllinated

seeds in size, In ACV.T x 8. malabaricum, mean breadﬁh

of the crossed seeds is QnWy half of that of open wolli-
nated seeds at 30 days affer pollination, In-S.8x .

2. malabaricum there is 3? percent reduction. In the

initial classification of crossed seeds, ACV,1 x S. mala-
baricum was Includeé under the group of highly shrivelled .

gseeds and 3.8 xig,'malabaricu@ under the group -of medium

shrivelled seeds.,

: qulapsé of fertilized ovules during the parly
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stages of past-fertilizatian develapmant is frequewnt
after intarspecific crogses. $his might be due to diﬁ*l
hramanlsus 1nteractions between the parental chromosones
or genes which are gembined in the hybrid nuclei, In

8. indicu@ X 8. alatum-crossg.ﬁedhafﬂath (1954) répartedij
early abortion of young embryas as the reason for recovery

of'shrivelled\éeedsg Aneuplaidy and - markedly retarded

... embryo grcwth has been reporteé in the crass beﬁween .

8lycine max and Go tomentella (Sakai and: Kaizuma, 1985}
Disharmonious intaract;ans ‘between the,parentalkchramssumes
is mosi\glearly evident in the first cleavage division’ of
the zygoﬁe in the,cése of Wide crcsses'and elimination of
‘chromosones accur éufing the cleavage éitmsis aﬁﬂ'fur%har
development is arrested (Stebhins, 1958) But in hybrtdsA
beﬁween more closely related fsrms, no abnermallty is. -
evident in the early mitoses of the . zygate, but ﬁhﬂy osccur
at latar stages and often coincide with some criﬁical or
maximal period of differentiation af‘its‘tissugs {Mc Cray,.
1933),

~ In the present investigation, breakdown acéurs at
the initial stage af development of the crossed seaﬁs.

However, fresh crossed seeds in mature capsules ds not
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- show -appreciable reduction in size from apenrpélli&ateg
seeds. 5o in this_ease,'hybrid'inviaﬁility due to dis-
harmonicus interactions between the paremtal chromosomes
cgpnoﬁlpossibly beyéansiderad asiﬁhe reasQﬁ £or séed':‘l
failure.' Since ﬁhéf%vis no marked rééipraeél diffgﬁ@ﬁca_:

- in these crosses between S. indicum and S. malabaricum,;.

the chance of nohcgmpaﬁibility invalving,gyfoplasmic and

plastid differences can also be ruled out, L

Another péssible reason for_ée&d abortién 15 the
malfunctianing of the hybrid endosperm assdciated with -
" anomalous development of the. surrcunding maternal tissue.
in S. iﬁdicum X S; radiatum (direct andufe eiprocal cr@use“)g
dislnuegration of the endosperm resul%ed in death of the‘
zygote due to starvation {Dhawanp 19463 ﬁn@n., 19&8;

Mazzani,'1952)..'Tha same reason was reported by Dadlani

(1958) for the seed failure in §}‘a§cidentale”x Se. Erosﬁﬁatum
'cnéss. In the present study also, hybrid inviebility due to
endosperm failure can be considered as the possible reason
rfsr seed féiluie. Further c*1:1.1(3:1.@&5 cn'ambrya aﬂdwendacpmrm
deve10pment would throw more light on the specific cause |

Sf crossed seed breakdown.

S, indlcum ¥ 3, glatum and S. ,ndicum X S capense



crosses showed seed fallure even haugh they POSS@SQ@@ the
same chromosome number ie. 2n = 26 (Kedharnath, 1954; .
Amirthadévarathiﬁam. 1965 uﬁdaramg 1968 and $ubramanian,
1972). But in S. indicum x S. radzatum {direct and reai-
procal crossas) and in S aasidantale = %Q progtratum
cross, the parents dlffered in chromosome number {Bhawan,
1046 Ancm., 1948; Remanathan, 19503 "Wazzani, 19525 Daalam.,.
1958;.Subramanian,'1972), Embryo ané.endgspérm.failura g
takes place 4n one way by altering the chromosamai’relafians
and in € differenﬁ:way by genome subs%i%utign {Qamper and
Brink, 1945). Since the cﬁ?amqéame number of‘ﬁa“maiabaricum
is not clearly known, the genetiércauéé of hybrid iﬁviab;¢

1lity - in the-preseat‘study cannot bhe discussed far%h@y'her@.*

Aévercoming‘hybria inviability by empi?yiag évary/~
ovule/embryo culture techniques have been suggested by .
| many authqfs. Maézaﬁi (1952}~sbtaineé,three‘plahﬁs by
culturing the embryos of 3. raﬁiatuﬁ x .8, indicum créss{;‘
But they resembled 8, radiatum and were cansiéeééé ﬁo be
the result 5f diﬁl@ié parﬁhenagenesis. The stage at which
ovule or émbryo is to be vallected for embrvo culture can |
be decided only after canduating proyer,embrygl@&ieal

studies in the crossed seeds. For ovary culture also,’
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th@ %echniqu@ is to he standaréisad by @xcising ﬁh@ avaries
at different intervals after cross pailinatiana~ lnﬁerw

| speeifma hyﬁrids beﬁwaen‘gg indicum and S. m&lab&?ieam
with desirable qualities can be obtained by perfecting -
any oﬁlthes@ t@@hﬁiQues of artifiaial'culﬁu?e; o

The presanx sﬁudy has thus cl aﬁly iﬂﬁi@&ﬁ@d

honcompatibility of 5. indicum with 3. maiaba@igam in

-direct ds well as reciprocal croéses. ﬁérmal growth of
-‘pallég tubéé in the style, capsule deve;épmen% and sub-
sﬁant6él increase in size of ovules aanSeéuenﬁ to cross
pallinatian indioa%e craas fartilizatian in this Lﬁt@rm;
specific crass, elimimating the role of crsss incamyﬁﬁinﬁ;
bility as a»sp&ei@s barrier. ﬂaw§verg @h@*lnhihlﬁiﬁﬂ of
ée@d»d&V@lepﬁen%‘and‘ﬁhe absenaé’sflnarmalxaa@d indicate
the involvement of hybrid inviebllity due to emdosperm
failufe as the pms&ibla reason far nanasmgaﬁibility. As ;;
such embrys culture ig suggeuted as an’ @ff@ﬁtxva m@thed
for attajining in&@rsvmcific campatib;lmty between %heaa

two species of Sesamum, -



SUMMARY



SUMMARY -

' The study of cross compatibility between Sesamum
indicum and the Wild.épecieé Se mélabariéum was umdértakeﬁ
‘during 1985-186, - Eléven adapted varieties of S. indicum

were erossed diregﬁly and reci@rasally'with'QQ malabafiqgg.

Théré was very g@éd capsule set in all the direct -
as well as reciprocal crosses. In geheral,Aca§Sui@ éet
was better in reciprocal erosses than in diregt‘crosses. :
Crossed eapsules-d@?eldped nprmally and they ras@mbladl

the capsules of the female parents in all respects,

In-épite of good capsulé set these,craéses‘failed _
t9 @roﬁuﬁe any.nOrmal Seedsi Iﬁ diregt as well as reci-
procal crasséé, medium shrivelled and highly Shrivéiled.
seeds were obﬁainéda',Failure,of5n0rma1,seéd,develmpment
'indicated %hat thesé two species are noncompatible, . |
Slightiy‘better'development of seeds in crosses with
S. palabaricum as female parent might be due to the compae

ratively thicker seed coat of this wild specles.,

The role of pollination in ‘capsule development was
studied by‘emaseulating flowers and avoiding pallina%ian,

No capsule developed in this case indicating that the
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'stimulus of pollination is essential for capsule develop-

ment..

Capsule development takes place only‘when gtyles.

' wefe fetained for a minimum per;ad sf four haurg'iﬁ !

*u. indicum and\¢1ve hours in Sg'mal&baricun. This inaicate
that pallen tubes take a minimum perlod Qf four +o $1ve
4haurs tc reach the avary, .ﬁiaroscopic examim&%ian of
,’pollen tube ”rowth in the styles further confirmed these
* r@sultse' , : : ~

Pollen tube growth was slightly élcwerﬁiﬁ‘craséed
 flowers of 8. indicum %hah in the-célfed floﬁefsa In -

'S. malabarigum on th& other hand, pollen tube growth was
slightly ”aster in crassed flawefs than in selfea fl@wers.
' In spite of such sli@ht differencea in the rate of grauth
’ sf pollen tubcs in %elfud amd cwoaseé *lawersg l&rbe s

‘,number of pollen tubes were found to enter the av«ry to.

fertllize the ﬂvules.

¢

There was slaght reductisn in lenﬁth and breadth
‘ of cansules in direet and reelpracal crogses between

‘e inﬂicum and 'S malabaricum at the different ﬂtaggs
of development when compared %o theAOPen pallinaﬁéd’cépsules

on female parents. The reduction in size of crossed capsules
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€an be due to the reduetien in the number of seeds per

» cagaule as, well as-the smaller size of arosse@ seeds.

In erossed as well as apen pollinated caygules, C;
-.tha length of fresh seeds increased gradually and attained &
- maximum at 10 to 12 days after polllnatien. CTﬁss@&<

seeds uhawed reductlon in length from spen pollinated see&s

-of the female parents at all the stages: af growﬁh» 37 -

Since pollen tubes in crcssed flawers reach the

. ovary normally anﬁ the size af crosseé seeds inerease -
)gradually after pollination.it can be inferred that seed .
. failure in this inte?specific erogs is not a pre~?ertili~
:'zatxon progess ie, cross 1ncampatibili%y is nnt“the barriern

in this eross.. o o '”:"’f" S

apea pallinated seedg attained the maximum size at
aboup 24 to 28 days after pollination in 8. indicum.‘

Crcssed seeds lagged behind at the early 3tage5 af develap-’ -

ment itself‘ In regipro@al cr@sses there was. a similar
Areductian in size af erossed seeds frem open palllnated ,:
'seeds of S, malabaricum. ‘These observations shqw that
development of aressgﬂ see&;is'inhiﬁiteﬂVat aﬁ’éarly astage ;
of‘grawth; Hence hybrid invigbility ia.the prsiblé reason

for breakdown of this interspecific cress. Apart from
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glight reduction in size, fresh seeds looked normal even
in the mature crossed capsulés. So endosperm failure can

be considered as the cause of hybrid imviability,

Hybrid inviability can be overcome through embryo
culture and hybrids with desirable quélities can be mbtained; K
The stage at which ovule or embryo hgs_t§ be collected can |
be decided by ceﬁdﬁeting embryalagical‘étudies in the

crossed ovules,
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ABSTRACT

Sesame is most valued annual oilseed erop of
Rerala. Lack of varieties with resistance to drought
. and diaeaSeé‘is'the main problem ﬁonfranﬁing‘sesamé
cultivation in the state. The wild snecies Sesamum
malabaricum shows. tolerance to drought and most of the |
diseases, Buk thls wild species appears to be non=- -
edmpatible with the cuitivéteduég indicum, An investi-
gation was therefore undertaken to study cross coﬁpativ’

bility between these two species,

Eleven adapted varieties of S. indicum were crossed

reciprocally with S. malabarlcug. Capsule‘set Wwas normal

in direct aS'well as reciprocal crosses. In general it -
'was more in reciproc%l crosses than ln dzrebt Craosses.,
~In Spite of nermal capsule set these Ccrosses failed/to
,nroduce any normal seed. The seeds wereleither-med$um_g
shrivelled or hiyhly shrivelléd.  Failure of normal seed
development in a wide ranwe of crosses confirm that these

: two specxes are nancompatible.

Lmasculated flowers did nat develop inta capsules
in the absence of pollinatian. 50 the stimulus of polli-

natian is essential for capsule development. Style



tian indicated that pallen,tubes take a minimum periad of
four haurs to reach the avary in 8, indicum and five hours,
in 3. ma;abarieum. Pallen tube grawzh was ‘of courge,
ialightly slower in crcssed flawers of S‘ indicum than in
J‘the selfed flawers. But in’ S. malabaricum, pallen tube
grswth ‘was slightly faster in erossed flawers~than in -

selfed flowers.' Microscopic examina%ion«revealed normal

: growth of pollen tubes in the styles of these twa species. -

Pbllen germinatian ané pollen tube grswﬁh were narmal in
craase& flowers alsc and large number of pollen tubes

were faund to enter the avary for fertiliziny the ovules..

| Crassed capsules shawed ali?ht reduction 1n size
;than open pe;linated ones on the female parent at all the :
stages of growth, ‘Mean number of seeds per capaule ahawed |
substantial reductien in the crassea. Grossed seeés alsa '
showed reduction 1n length fram apen pollinated seeds of
the female parent.v Sinee the pallen tubes shaw normal
grawth and reaches the ovary, and that the cras&ed avules
show substantial increase in size, it can be~inferred tha?

seed failure in.these crosqes is not & pre~fertilization

l

| apes.



- Measurement of dry seed size at aif fnren% intervals .
after pollination 1nd1cate@ that the cr@ssed seeég lag’ |
‘behind ths open pollinated seads af the fﬁmale §arant |
frﬂm‘%hé ini“ial‘stagws onwards. @hes& abserva%zaﬁs show
that develapmenﬁ of crssseﬁ ‘seed was. imhihited during the
early stage of development itself, ‘Hence hybrid invias
bility could be the reason for the recovery of shrivelled
seeds in these crosses. Endospern failure can be considered

~ as the possible cause of this inviability.

Gvéfy/gvulé/aﬁbrya-eul%am@} can be aésptéé'ta;
overcome this barf;er‘éhd'to"get hybrids with,éeairable'
qualities of §,,in§iégm an& gg,ﬁalabaricém. 'ﬁﬁﬁem@€é iﬂ'
this &ireetian'wili enable & breaking down of nan@ampa%iu
bility in this lnﬁerSpecifie cross ané thereby widen the .

seope fsr strese fﬂsi%ﬁance breedimg in sesamee
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