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Heterosis, Combining Ability and Reciprocal Effects
for Agronomic and Chemical Characters in Sesame

D. S. MURTY
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Summary. The extent of heterosis was examined for six agronomic and two chemical characters in a complete diallel
cross experiment involving a set of ten self-pollinated varieties of sesame (Sesamum indicum L.) of diverse ecogeo-
graphic origin. The magnitude of general and specific combining ability variances and differences in reciprocal F;
hybrids were also investigated.

Heterosis was, on average, highest for seed yield (33%,), followed by number of capsules per plant (16%). Mean
percent heterosis was small for earliness, plant height and number of primary branches, while it was insignificant for
number of secondary branches and percentage of oil. Significant negative heterosis was observed for percentage of

rotein.
P Percent heterosis was generally higher in Indian X exotic crosses than in Indian X Indian and exotic X exotic
crosses. The exotic lines appeared to be useful in Indian sesame breeding programmes, particularly in the improvement
of earliness, number of secondary branches, seed yield and protein content.

Additive as well as non-additive gene action seemed to govern the expression of the various characters studied.
General combining ability variances were predominant for days to flowering, plant height, number of primary bran-
ches and number of secondary branches, while specific combining ability variances were in moderate to high pro-
portions for seed yield, percentage of oil and percentage of protein. T.M.V.-2 and S. 1. 770 were the best general com-
biners for many c¢f the characters while S. I. 1783 and Sel-R were found to be the best for earliness and oil content
respectively. Significant variances due to reciprocal effects were also detected for some of the characters.

Isolation of pure lines was preferred to production of hybrids in sesame, and crossing selected sibs in the early se-

gregating generations followed by inbreeding seemed to be a desirable breeding procedure.

Introduction

Sesame (Sesamum indicum L.) is generally con-
sidered to be a self-pollinated crop. However, vary-
ing degrees of natural cross-fertilization have been
reported in this species (Joshi, 1961; Khidir, 1972).
A considerable amount of heterosis has also been
reported (Pal, 1945). Riccelli and Mazzani (1964)
noted that heterosis in sesame was more conspicuous
in the hybrids of cultivars from distant localities or
their derivatives but the information on this aspect
is limited and the few estimates of heterosis available
have not been related to any particular type of gene
action. Moreover, the concept of combining ability
which has been instrumental to the genetic improve-
ment of several self- and cross-pollinated crops does
not seem to have found application in sesame breed-
ing. It was felt that an appraisal of the extent of
heterosis and the nature of gene action in sesame
would be valuable to breeders, since ultimately it
is the nature and magnitude of the genetic variance
in the base population that indicate the appropriate
breeding procedures to be adopted and the nature of
the commercial variety (pure line, hybrid, synthetic
or blend) to be produced. Diallel experiments in-
volving diverse germplasm were initiated in sesame in
order to obtain information on (i) the extent of
heterosis in intervarietal crosses, (i1) magnitude of the
general and specific combining ability variances, and

(iii) reciprocal effects in F; hybrids. The results of
these investigations form the subject of this paper.

Materials and Methods

The material selected for this study comprised ten seli-
pollinated varieties of sesame and all the possible crosses
among them. The parents, both of Indian and exotic
origin, exhibited a wide range of variability for the
various agronomic and chemical characters examined
(Table 1). The material was raised in the kharif, 1970, in
a randomized complete block design with three replica-
tions. The plot size was a row of 3.5 m. The inter-plant
distance was 25 cm and the inter-plot distance was 50 cm.
Thus there were 14 plants per plot. Days to flowering,
plant height (cm), number of primary and secondary
branches, and number of capsules per plant were recorded
on the middle ten plants leaving two plants on either end
of the plot, while seed yield was bulked over all the ten
plants. Percentage of oil and protein were determined
for a single random seed sample from the plot yield. Per-
centage of oil was determined by extracting ground seed
material in Soxhlet’s apparatus for 5!/, hours with pe-
troleum ether (40— 60 °C). Percentage of crude protein
was estimated by determining the total percent nitrogen
of the seed by the semi-micro-Kjeldahl’s procedure and
multiplying it by the factor 6.25. Statistical analyses of
the data were based on individual plant observations for
all the characters except seed yield, oil and protein per-
centages. Angular transformation was used for oil and
protein percentages. Analyses of combining ability were
carried out according to the procedures outlined by Grif-
fing (1956) for method I, model I, assuming fixed effects.
The general combining ability variances associated with
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Table 1. Mean pevformance of ten sesame pavents for vavious agronomic and chemical chavacters
No. of No. of No. of cap-
S. No Parents ansr‘gg El?nﬁ ¢ pri. sec. sules per Pl oltd %1 of %o if.
owering €18 branches branches - plant yie o1 proteln
1 TM.V.-2 58.4 156.2 7.3 3.3 201.3 120.6 45.72 21.83
2 Sel-R 48.7 138.3 6.0 2.6 160.0 98.0 44.16 18.50
3 Sel-M 47.6 140.8 5.5 2.8 146.5 101.6 48.11 16.83
4 Chanda-3 48.1 146.7 6.2 3.8 174.7 116.0 46.07 21.00
5 T-85 50.2 143.0 5.9 4.2 171.3 106.6 45.14 23.56
6 Entry No. 8 45.8 133.9 5.5 2.2 164.3 104.3 45.04 21.09
(Russia)
7 S.I. 770 42.5 113.3 6.0 4.7 166.6 113.3 40.53 20.00
(Nigeria)
8 T.S. 25-12 41.6 116.2 4.5 2.2 132.3 86.2 44.36 21.27
9 N.S. 20768 39.7 109.1 4.5 3.3 127.2 85.3 45.06 20.10
(N.Sudan)
10 S. 11783 36.6 85.5 4.2 2.7 106.3 57.0 45.78 24.48
(U.S.A)
S.Em 4 0.69 2.69 0.24 0.47 8.78 13.3 0.82 0.51
Table 2. Analysis of variance of pavents and hybvids — Mean squaves
No. of No. of No. of o
Source d. f. gﬁv};:rti?l }I:i?ng + pri. sec. capsules Piloltl 0/.01 of %o ?.
g g branches branches per plant yie o protein
Replications 2 18.0 787.1% 6.10 3.33 5132.8 2763.7%*% 11.86** 2.67**
Treatments 99 564.0%* 6099.2%*% 20.20%* 70.11** 42462.8%* 2090.3** 12.04%* 5.30**
Indian parents 5 887.8%*% 5322 2%*% 24.26%*% 16.73*%* 17282.1%* 459.2 6.22%*% Qg 12%%
Exotic parents 3 464.4%*% 11792.2%*% 20.47%* 35.52%* 25808.0*%* 1860.6%* 17.34%* (.33%*
Indian
% Indian hybrids 29 312.33%%  3224.9%%  40.11%* 84.79%* 631237.7*%* 1362.5*%*% 14.40** 4.63**
Indian
x exotic hybrids 47 470.9*%* 3072.6%% 21.81%*% §7.28%*%  32321.4%* 2166.2*%* 10.69%* 5.42%*
Exotic
% exotic hybrids 11 427.3%*  6040.7%* 22.60** 84.63** 32407.3** 2161.0%*  7.06*%* 2.20*%*
Parents vs. hybrids 1 13.9%*  9914.1**  7.54*% 279 176261.7%* 29113.3**  7.06 5.57%*
Indian parents vs.
Indian
x Indian hybrids 1 263.5** 0.3 24.94**  0.00 77497.9%*% 13142, 4%* 0.93 2.20
Indian parents vs.
Indian
X exotic hybrids 1 2209.3** 5363.0%* 4.97%* 27.31%*%  40460.2*%* 4082.3*% 0.05 2.75
Indian parents vs.
Exotic
x exotic hybrids 1 6438.6** 51805.9** 13.55** 1.30 236.1 11881.0** 0.03 0.59
Replications
X Treatments 198 14.2 218.2 1.86 6.84 2314.2 531.7 2.02 0.80
Sampling error 2700 1.8 30.9 0.72 1.61 457.0 — — —

each common parent were also computed following Grif-
fing (1956) as:

N p—in

ag = (&) — 25 ¢* and
B = o SIS (0 - 2p 4 2)
PP 2p N
~ 2
where 02 = e,
be
Results

The analysis of variance revealed significant differ-
ences among the treatments, Indian and exotic
parents and all the three classes of hybrids for all the
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characters (Table 2). The mean squares due to
Indian x exotic hybrids were large for days to flower-
ing, plant height, seed yield and percentage of protein.
Significant heterosis was observed for all the charac-
ters except number of secondary branches and per-
centage of oil. The F, hybrids, on average, yielded
significantly more seed, were earlier, taller and had
more primary branches, more capsules and less seed
protein (Table 3). Many hybrids had more secondary
branches and yielded more oil than their mid-parents,
but this was not evident in the overall percent hete-
rosis, which was insignificant due to the cancellation
of positive and negative heterosis in individual
hybrids. Only one hybrid was earlier than the earliest
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parent. None of the hybrids exceeded the tallest
parent and in no case did the hybrids yield more oil
and protein than the best parent. For seed yield,
as many as thirteen hybrids outyielded the best
parent, the range of their percentage heterosis being
6.% to 63.5.

An examination of the percentage heterosis for seed
yield in the three groups of hybrids (Table 4) showed
that the origin of the parents had considerable in-
fluence on the degree of heterosis expressed. The
range of yield performance and heterosis percent were
higher in the Indian X exotic crosses, although the
mean performance of Indian X exotic and Indian X
Indian hybrids were comparable. In fact, many of
the high-yielding hybrids were Indian X exotic
crosses. For number of capsules per plant also, the
mean percent heterosis in Indian X exotic hybrids
was 18.6 while that of Indian x Indian and exotic X
exotic hybrids was 13.8 and 16.5, respectively.
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Combining ability analyses revealed (Table 5) that
general combining ability variance was larger than
specific combining ability variance for all the charac-
ters except percentage of oil, indicating the predomin-
ance of additive gene action. The sca variance was
considerable for seed yield and percentage of protein.
The variances due to reciprocal effects were also
significant for all characters except seed yield, per-
centage oil and protein. However, the reciprocal
effects were generally small: crosses showing large
reciprocal effects were mostly Indian X exotic
combinations.

Estimates of general combining ability and average
specific combining ability variances associated with
each parent are given in Table 6. Parents which
showed significant general combining ability effects
in the desired direction are distinguished by an
asterisk on their corresponding general combining
ability variances. The environmental variances com-

Table 3. Hetevosis in a ten pavent diallel cross of sesame

Generation mean

Number of hybrids showing
significant heterosis in the
desired direction

Range of %, hetero- Overall
Character sis over mia-parent % heterosis ,yer over over
P F mid- better best
parent  parent  parent
Days to flowering 45.92 45.56 —11.56 to 12.50 —0.78%* 48 4 1
Plant height in cm 128.30 134.32 — 6.75 to 22.06 4.69%* 26 6 0
No. of primary branches 5.56 6.05 —10.52to 33.89 8.81**% 32 11 4
No. of secondary branches 3.18 3.46 —55.50 to 86.20 8.80 20 10 6
No. of capsules per plant 155.05 180.57 —11.50 to 45.20 16.45%* 32 20 8
Seed yield in gms per plot 98.89 131.75 — 7.50to 73.70 33.22%* 30 16 13
Percentage of oil 45.00 4546 — 7.46 to 11.11 1.02 13 5 0
Percentage of protein 20.86 20.28  —~32.34 to 11.77 —2.78*%* 5 2 0
*# Significant at 1% level
Table 4. Yield (in gms) peyformance and hetevosis in diffevent groups of pavents and hybrids
" Performance o Heterosis
Group —
Range Mean Range Mean
Indian parents 86.2 to 120.6 104.9 — —_
Exotic parents 57.0to 113.3 90.0 — -
Indian X Indian hybrids 102.3 to 171.1 134.5 2.5 to 56.5 28.20
Indian X exotic hybrids 05.5 to 197.3 132.2 —7.5t0 73.7 35.62
Exotic X exotic hybrids 99.4 to 161.8 122.4 15.6 to 53.4 37.08
Table 5. Analysis of variance for combining ability and veciprocal effects — Mean squares
No. of No. of No. of
Source d. {. ans to }I: Ignlf i pri. sec. capsules Pl o]td %1 of % (;f in
Owering €8 branches branches per plant yie o prote
G.ca. 9 171.02%*  1791.82%*  7.21**  15.03%* 10300.24** 3019.48** 18.99** 6.57**
S.c.a. 45 5.69%* 74.81%*%  0.51%%  1.70%*  001.84%* 832.46%* 43.50%* 2.q7%*
Reciprocal effects 45 1.41%% 15.78%*  0.16%*  0.38%*  225.92*%*  97.18 0.73  0.32
Error : -+2700 0.06 1.03 0.02 0.05 15.23 177.25 0.67 0.26

* Error degrees of freedom for the charac

ters yield, 9%, of oil and 9%, of protein are 198

** Significant at 1%, level, G. c. a. General combining ability, S. c. a. specific combining ability
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Table 6. Estimates of general combining ability and specific combining ability variances associated with each pavent

Days to Plant No. of

No. of

. . No. of Plot % of % of
P t £l - height . . . ¢ o,
aren inogwer €18 gizlmches ;i(;nches capsules yield oil protein
TMV.-2 A 18.31 146.12*% 1.25* 0.84* 1790.29*%  384.86* 1.81  0.43*
B 2.54 29.86  0.45 1.55 837.97 365.45 0.90 0.16
Sel-R A 0.00 13.72* 0.00 0.51 33.06 42.01 3.21% 1.20
B 2.57 21.97 0.26 0.95 489.92 406.73 1.44 221
Sel-M A 0.18 10.26* 0.01 0.33 50.71 —7.88 0.11* 0.64
B 1.47 15.00 0.18 0.43 193.04 340.08 1.53  0.83
Chanda-3 A 4.66 63.00* 0.05* 0.10%* 108.30* 68.06* 0.06 0.2
B 1.95 14.11 0.14 0.92 452.79 158.88 1.72 1.40
T-85 A 9.36 79.34* 0.16* 0.10* 24517* 3.1 —0.05 0.21*
B 0.70 38.47 0.22 0.53 337.00 153.13 1.02  1.29
Entry No. 8 A 1.05 10.00* 0.00 0.25 2.44 4.07 0.00 - 0.02
(Russia) B 1.67 10.53  0.15 0.33 103.02 115.73 0.77 0.27
S.1. 770 A 7.29* 147.82*% 0.14* 3.31%* 452.57* 304.25%* 1.71 0.03*
(Nigeria) B 3.10 30.63 0.37 0.92 364.46 689.68 0.58 0.55
T.S. 25-12 A 6.60* 120.96 0.72 0.92 947.95 130.79 0.05 0.04*
B 2.06 14.06 0.13 0.77 307.80 218.41 247  0.51
N.S. 20768 A 0.07* 1.65 0.7 0.39 344.52 138.92 0.30 0.00
(N.Sudan) B 2.43 39.58  0.18 1.39 360.03 04.21 0.55  0.42
S.1.1783 A 29.37*% 21312 0.70 0.00 653.13 210.77 0.70* 0.14%*
(US.A) B 1.91 74.43 0.11 0.51 344.52 113.67 2.39  2.26
o’e 0.06 1.03  0.02 0.05 15.23 177.25 0.67 0.26
A= &2gi = General combining ability variance of ith parent
B=0%i = Specific combining ability variance of ith parent

~ .
o2e = Error variance

puted on an individual plant basis are also given at
the end of the table. The negligible specific combining
ability variance associated with S.1.1783 for days
to flowering indicates that it uniformly transmitted
its earliness to all its hybrids, whereas the high
specific combining ability variance associated with
S.1.770 indicates that there were specific combina-
tions of S.1.770 with certain parents which flowered
earlier than expected. For this reason 5.1.1783 is
probably superior to S.1.770 as a general combiner
for earliness. Similar reasoning indicated that the
relative magnitudes of general combining ability and
specific combining ability variances associated with
the parents showed that T.M.V.-2 and S.1.770 were
better general combiners for plant height, number of
primary and secondary branches, number of capsules
per plant and seed yield. For percentage of oil, Sel-R
was found to be a better general combiner, while
T.M.V.-2 was better for protein content.

Discussion

The extent of heterosis has often been measured in
three ways, namely, heterosis over mid-parent, better
parent and the best parent. All three methods were
followed in the present investigation and it was
observed that heterosis over mid-parent was con-
spicuous for all the characters. While yield and its
component characters, namely, number of primary
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and secondary branches and number of capsules per
plant, exhibited heterosis over the best parent, the
developmental traits showed heterosis over the better
parent only. In future sesame breeding programmes,
therefore heterosis over the better parent could be
a better measure of heterosis. The overall yield
heterosis in the present studies was 33.29, in contrast
to the 66.29%, observed by Riccelli and Mazzani (1964).
This difference in percent heterosis might be due to
several reasons. Firstly, the genetic diversity of the
parents used in the present investigation could be
less than that of the parents used by Riccelli and
Mazzani (1964), since they used varieties from many
countries. Differing agroclimatic conditions in the
experiments, with particular reference to soil type
and plant spacing, might be another reason. Thirdly,
non-allelic interactions, which can either increase or
decrease the expression of heterosis (Hayman, 1957,
1958), might bear some responsibility.

Heterosis has frequently been related to the degree
of genetic diversity of the parents crossed and corn
breeders have frequently stressed the importance of
the diverse origin of parents entering the hybrid in
obtaining increased yields (Griffing and Lindstrom,
1954; Timothy, 1963; Paterniani and Lonngquist,
1963). The present investigations involving sesame
germ plasm from diverse sources have given similar
results. Matzinger and Wernsman (1968) and Van-
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denberg and Matzinger (1970) obtained a similar
relationship between genetic diversity and heterosis
in their extensive investigations on Nicotiana. In the
present study too, the levels of percentage heterosis
for seed yield were higher in Indian X exotic and
exotic X exotic hybrids than in Indian x Indian
hybrids. Many of the hybrids with higher yield and
number of capsules were from crosses between Indian
and exotic parents. However, the mean percentage
heterosis of Indian X exotic hybrids was slightly
less than that of exotic X exotic hybrids, indicating
that heterosis increases with increased divergence
only to a certain extent; extremely divergent crosses
may result in decreased heterosis (Moll et al., 1905)
which can only result from epistasis (Eberhart and
Gardner, 1966). Although the range of percentage
heterosis and yield per se were higher in Indian X
exotic crosses, they did not differ in their mean per-
formance from Indian x Indian crosses. This may
not be surprising if it is noted that the Indian parents
are late, tall and high yielding whereas the exotic
parents are early, short and low yielding. It might
also be pointed out that the grouping of the parents
and hybrids is quite arbitrary and geographical
distribution need not always be directly related to
genetic diversity (Murty and Arunachalam, 1966).

The present study has also brought out the im-
portance of significant reciprocal effects, however
small, for the characters, days to flowering, plant
height, number of primary and secondary branches
and number of capsules per plant, in F; hybrids of
sesame. Pal (1045) observed several instances of
reciprocal differences in sesame crosses but he felt
that they were, on the whole, unimportant. In view
of reports on the inconsistency of reciprocal effects
over generations in other crops (Smith and TFitzsim-
mons, 1065; Muehlbauer ef al., 1971; Emara, 1970),
it may be necessary to carry out further studies in-
volving advanced generations for reciprocal hybrids
and discover whether they are consistent over further
generations.

Gea variances were larger than sca variances for
days to flowering, plant height, number of primary
and secondary branches and number of capsules per
plant, indicating the predominance of additive gene
action. However, the magnitudes of sca variances
were double those of gca variances for percentage of
oil, and were in moderate proportions for plot yield
and percentage of protein. In the presence of signifi-
cant sca variances the gca variances reflect not only
additive variances but also non-additive variances
(Griffing, 1956). Hence, addi’ive as well as non-
additive gene action might be controlling the in-
heritance of the various characters studied. The
occurrence of significant heterosis for many of the
characters also corroborates this conclusion. How-
ever, in the present study, the experimental popula-
tion arose from crossing chosen homozygous lines
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derived after long selection and did not represent
arandom sample of the sesame population as a whole.
The experimental material was the sole population
about which inferences were made and the extent of
possible bias due to genotype-environmental inter-
actions is also not known.

In the light of reports on heterosis and considerable
natural cross pollination in sesame, Rajan (1967)
suggested that it should be possible to apply to this
crop, methods intended for cross pollinating species
and that a hybrid breeding programme could be one
of them. Since both additive and non-additive gene
actions are governing the expression of all the charac-
ters, hybridization followed by inbreeding also seems
to be a profitable procedure in the improvement of
this crop. Inter se crossing among the inbred genera-
tions may further help to break tight linkages and
capitalize on the predominant additive gene action.
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