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ABSTRACT: Triple test cross analysis of four sesame crosses was used
to detect and estimate the additive, dominance and epistasis genetic
variation for days to the first flower, no. of branches/plant, plant height,
capsule length, no. of capsules/plant, 1000 seed weight, seed yield/plant, oil
content (%) and acid value. The variance between (L,, L, and L) sets of triple
test cross families was found to be highly significant for all traits in the four
crosses investigated. The ftotal epistasis was detected to be highly
significant and significant for all traits in all crosses investigated except the
height of the-first capsule in the third and fourth crosses and acid value in
the first cross. The mean square estimates due to sums (L,+L,+Lj)as test of
additive genetic components were found to be highly significant for all traits
studied in the four crosses except for number of capsules/plant in the fourth
cross and 1000 seed weight in the second cross. While, the differences (L,-
L,) as test of dominance genetic components were found to be highly
significant for all traits studied in the four crosses except for number of
branches/plant in the second cross ,plant height in the fourth cross and acid
value in the first cross.
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INTRODUCTION

Sesame (Sesamum indicum L.) is one of the most important oil seed
crops, not only in Egypt but also in other parts of the world. In Egypt, sesame
is considered as a food crop rather than an oil seed crop because most of
seeds consumed directly, without oil extraction. The major obstacles to
sesame’s expansion in the new reclaimed soils its low yields and the
absence of non-shattering cultivars suitable for mechanical harvesting

Triple test cross technique (Kearsey and Jinks, 1968 was used in order to
investigate the role of additive, dominance and epistatic variation for seed
sesame yield and some of its components. This biometrical method provides
the breeders with unambigous estimates of epistasis and in the absence of
epistasis, unbiased estimation of the additive and dominance genetic
components also remains unaffected by differences in allele frequencies,
degree of inbreeding and gene correlation. Moreover, epistatic interactions
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have frequently been reported by many scientists in sesame (Sedek, 1999;
and El-Hifney et al., 2005).

The objectives of the present study are to establish : (1) the role of
epistatic interaction in the inheritance of sesame yield and some of its
components (2) the detection and estimation of additive and dominance
components of genetic variation according to Kearsey and Jinks (1968),
Jinks et al. (1969) and Jinks and Perkins (1970).

MATERIALS AND METHODS

This experiment was carried out at private farm in EL- Kassasein city, El-
Tall- Kabeer district, Ismailia governorate, Egypt during the four successive
summer seasons, 2003, 2004, 2005 and 2006. In the first season, the four
crosses, Tushka 3 x Taka 3, Shandaweel 3 x Giza 24, 128 x Tushka 1 and
M2A1 X 104 A 18-2, which will designated in the text as first, second, third
and fourth cross, respectively, were made. The F1 plants of each cross were
selfed in 2004 to produce F, seeds. In 2005 growing season, the obtained
materials F,, F, and the parental genotypes of each cross were sown. Twenty
random F, plants of each cross were crossed, as males, back to its
respective parents Py, P, and F, (P X P;) to produce L1i (P, x F,i), L.i (P2 x
Fai) and L;i (F4i x F2i). In 2006, the sixty families (L4 (20) + L, (20) + L; (20) of
each cross with their respective parental genotypes were sown in a
randomized complete block design with three replicates. The progenies were
raised in single rows 4 meters long with 50cm between rows and plants
within rows were 20cm apart. All normal agronomic practices were followed
as usual for the ordinary sesame fields in the area. Data were recorded on
five random competitive plants from each family in each replication.

Biometrical analysis:

Test of epistasis and detection and estimation of additive and dominance
components of genetic variations were carried out according to Kearsey and
Jinks (1968), Jinks et al. (1969) and Jinks and Perkins (1970). The triple test
cross families were firstly subjected to the convential two way analysis of
variance for (L, Ly and L,) and (L; and Ly) sets of families for each
character separately The analysis provides a test of significance of the
between families terms. The analysis provide a test for the between families
terms .The within families replicates terms (L, L, and L) was used to test
for the significancy of epistasis (L.+ Ly -2 Ly) and additive gene effects

Lli +L 2% +L 3i) while the within (L, and L) types of edequate for testing

the significance of dominance( -LT; -L Zi) gene effects
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Test for epistasis:

To test for epistasis, twenty values of (Ly+ L, -2 L3) where i = 1 to 20 with
20 degrees of freedom were used i.e. to test for overall epistasis. The overall
epistasis was partitioned into () type of epistasis (additive x additive) using
one degree of freedom and (J and L) types of epistasis (additive x
dominance) and {(dominance x dominance}), respectively using 19 degree of
freedom.

The mean squares due to sums (Lli +L2i +L3i)and differences

(L,.-L Zi) for 19 degrees of freedom were used to detect the presence of

11
additive and dominance genetic variation are employed to detect the
additive genetic variance according to Comstock and Robinson (1952).

RESULTS AND DISCUSSION

All breeding methods depend largely on the heritable component of the
genetic variance. The important task of the breeder is to take such
components in consideration and partition it to its constituent parts which
are important to crop improvement (Poehlman and Barthakur, 1972). The
proper assessment and quantifying of the genetic components (additive,
dominance and epistasis) would be of great help to the breeder to choose the
appropriate breeding method. Most of the mating systems do not meet all the
assumptions on which they are based Kearsy and Jinks (1968) have
described the triple test cross analysis to overcome the mentioned problems.
Such analysis can detect and allows estimation of the additive and
dominance effects and provides an unambiguous test for epistasis.
Moreover, it may be applied to any population irrespective of its gene
frequency, mating system and linkage. in the light of all these advantages,
the triple test cross analysis has been used in the present research work to
study the genetic variation in an F, populations of four sesame crosses.

The early attempts to partition the genetic variance were done by Fisher
(1918), where he classified genetic variance into three components, additive,
dominance and epistasis. This classification was further developed by
Hayman and Mather (1955), where they showed that epistasis could also be
partitioned into three components additive X additive (I), additive X
dominance {J) and dominance X dominance (L). Triple test cross technique
provides the hreeder unambiguous estimates of epistasis and in the
absence of epistasis . The additive and dominance components also remains
unaffected by differences in allele frequencies, degree of inbreeding and
gene correlation in the parents.

The analysis of variances of the triple test cross families (L;, L, and Lj)
and (L; + L,) for all traits i.e. days to the first flower, no. of branches/plant,
plant height, capsule length, no. of capsules/plant, 1000 seed weight, seed
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yield/plant, oil content (%) and Acid value in the four studied are presented in
Table (1). The variance between (L,, L, and L;) and sets of triple test cross
families were found to be highly significant for all traits studied in the four
crosses under investigation The variance between (L, and L) sets of triple
test cross were found to be highly significant for most traits studied in the
four crosses under investigation, indicating the presence of substantial
amount of the genetic variance which would be adequate enough for
proceeding to further genetic assessment by means of the triple test cross
analysis.

Tests for epistasis:

Analysis of variance for testing the presence of epitasis in the inheritance
of all traits studied in the four crosses investigated are presented in Table
(2). Presence of overall epistasis was evidenced by the significance of
variance (L1 + L,i -2L3i).

The total epistasis was found to be highly significant for most traits
studied in the four crosses under investigation, i.e., number of
branches/plant and capsule length in the third cross, plant height in the first
cross and oil content in the fourth cross, no significant was showed for the
height to the first capsule in the last two crosses and acid value in the cross
number one

Epistatic type (additive X additive) (i), epistatic type (additive X
dominance) (j) and (L) type (dominance X dominance) interactions showed
that mean squares estimates due to additive X additive (I) type were found to
be highly significant for all characters studied in the four crosses under
investigation except the height to the first capsule and plant height in the
second cross, capsule length in the fourth cross and seed yield and oil
content in the third cross. Both additives X dominance {(J) epistatic type and
dominance X dominance(L) epistatic type mean squares estimates were
found to be highly significant for the height to the first capsule in the first
and second crosses, capsule length in the first, second and fourth crosses,
Plant height in the second and fourth crosses, number of capsuies/ Plant in
the second and third crosses, seed yield/ plant in the first three crosses, 1000
seed weight in all four crosses, oil content % in the first and third crosses
and acid value in the second cross.

The (1), (J) and (L) types of epistasis were simultaneously significant for
height to the first capsule in the first cross, capsute length-in _the first and
second crosses, plant height in the fourth cross, number of capsules/ plant
in the second and third crosses, 1000 seed weight in all four crosses, seed
yield in the first and second crosses and acid value in the second cross only.
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Table (1): Mean squares bf the analysis of variance (L4, L; and L;) and (L, and L) sets of triple test cross
families for all traits studied in the four investigated crosses.

IF characters! The height to Capsule
Days to the first flower Number of branchesiplant
first capsule length
~. d.f
Cross no. Cross no. Cross No. Cross No.
teras
[ [} 0] W I fl i W [ fl i v | [ L1 [
Between L, L, L, families 53 |3.96™ (2.204*"| 2.79" {1.91*(69.42**!130.53**{82.98*1118.38*10.149**2.001**| 0.83** ]0.227**10.037** 0.03* |0.07** |0.07
N) J] Within familles witnin replicates 720 ) 1.05 | 079 | 0905 {046 25.8 | 59.75 [ 4092 | 19.39 | 0.07 | 0.9 | 0.24 ; 0.07 ;0.0175] 0.015 {9.027 {0.011
w
ol
Between L., L, familles 39 12377 1147* | 1.7+ (2.52**124.25%) 137.6" {50.37**]120.36*10.065**] 1.36* | 0.99** | 0.18™ 10.032*"10.029**/0.07**10.08"*
Within famliies within replicates 480 | 116 | 072 | 085 {126 7.28 | €51 | 234 | 37.18 | 0.021 | 0.58 | 0.35 | 0.025 ; 0.017 | 0.013 | 0.03 [0.019

** significant at 0.05 and 0.01 levels, respectively.
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Table (1): Cont.
r=
characters Plant height Number of capsule/plant 1000 seed weight Seed yleld/ plant
. df Cross no. Cross no. Cross No. Cross No.
| ] n [\ 1 1} m v 1 i [ v 1 ] L] v

Between L, L, L; families 59 |56.98" [112.38*|82.27*"|92.37/163.43"*/405,57*)115.68*R72.19*] 0.06** [0.018"*]0.013**|0.018**| 2.12** | 2.76** | 3.65%*| 7.9**
Within familles within replicates 720 | 21.89 | 443 | 3293 | 518 | 66.03 {13472} 39.19 [111.45] 0.022 {0.0067 [0.0055[0.0034| 0.95 | 0.93 | 0.27 | 3.76
Between L,, L, families 39 |60.01**]100.67* 30.18* 121.98™132.87**{ 202* {105.00"216.58*10.034**(0.021**/0.011**|0.016**} 1.36** | 2,2** 11.39**{9.16"*,
Wlthin families within replicates 480 | 2543 | 586 | 18.66 | 8.40 | 67.48 | 102.49 | 40.46 ] 24.56 | 0.011 |0.0028]0.0051{0.0028| 0.106 | 0.95 |0.615] 4.49

*** significant at 0.05 and 0.01 levels, respectively.
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Table (1): Cont.

characters| Qit content % Acid value
d.f Cross no. Cross no.
ftems
| n n v I It " v

Between Ly, L,, L, families 59 1.65" 0.68* 241+ 3.04" 0.321* 0.0016** 0.00052** 0.0003**
Within families within replicates 720 0.49 0.28 014 1.3 0.0026 0.000059 0.00013 0.0001
Between L,, L.; families 39 0.59** 0.261* 277 221" 0.335" 0.000128" | 0.00018* 0.00051*
Within families within replicates 480 0.24 0.16 0.25 0.73 0.0095 0.000054 0.0000102 0.00016

*** significant at 0.05 and 0.01 levels, respectively.
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Table (2): Analysis of variance for testing the presence of epistasis in a triple test cross for all traits

studied in the four crosses investigated.

characters The height to Capsule
Days to the first flower Number of branches/plant
firstcapsule length
d.f
Cross no. Cross no. Cross No. Cross No,
1 1 m W 1 ] m v ] n m v { ] I} v
Epistasis (Ly+ L,-2 Ly
Over all epistasis 20 }7.72")4.03" ] 4.85* | 0.741 [116.27**/166.95" 25.74 | 23.54 }0.17*| 3.40** | 0.58* | 0.32** |0.0515"| 0.06* 10.055*10.08*"
(i) type 1 [136.7%60.23%* 74,81%* { 234" B61** | 26.74 |344.25"*134.87*| 2.21** {44.14*| 6.3** | 4.65* | 0.149"* 1 0.418** |0.73"*0.007
@) + (L) types 19 [ 093 | 1.07 | 117 | 0.63 {92.86™|174.3*( 8.99 | 17.68 |0.063{ 0.94 ; 0.29 { 0.1 |0.046™0.041**[0.019 ho.os**
Within families within replicates | 720 | 105 { 0.79 | 0.905 | 0.46 | 258 | 59.76 | 4092 | 41939 [ 007 | 0.9 | 0.24 | 0.07 | 0.0175 | 0.013 [0.027 [0.014

* » significant at 0.05 and 0.01 levels, respectively.
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Table (2): Cont.

[ characters Plant height Number of capsules/plant 1000 seed weight Seed yield/ptant
d.f Cross no. Cross no. Cross No. Cross No.
| [t} i} v i ft Ll v { it U] \'s | " M v

Epistasis {L.+ L3,-2 Ly,

Over all epistasils 20 |41.22" 119.82*1118.47{40.48™ 187.89")800.39"" 125.73*" 466.9™ F.104“"0.024‘" 0.019™] 0.02** | 4.02** | 3.6 11.043*9.63"

{i) type 1 n29.85'“0.00016#910.58"*360.98"" §15.8" b984.34"‘ 230.7** 5738.011 0.77 0.191'30.054"* 0.09* | 26.82** | 7.52** 0.0061 bs.As"

(i) + (L) types 19 | 36.7 [26.13*) 37.84 23.81** 65.37 | 474.9™ 1120.29*] 136.85 | 0.06**|0.014*|0.017*| 0.02** | 2.82* | 3.4* |1.09**| 5.1
Within families within replicates | 720 | 21.89 | 44.3 | 32.93 | 5.18 | 66.03 | 134.72 | 39.19 | 111.45 | 0.022 {0.0067 0.005 [0.0034] 0.95 093 {027 ] 3.76

*** significant at 0.05 and 0.01 levels, respectively.
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Table (2): Cont.

F characters Qil content % A cid value
d.f Cross no, Cross no.
items
i 1] 1] \') i n il] v
™~
Epistasis {(Li+L;-2 Ly
Over all e.plstasls 20 3.004* 1.28* 0.41* 4.81* 0.0011 0.00053* 0.0014** 0.005
{i) type 1 194~ | 2138 0.06 68.01* | 0.018" 0.003* 0.023** 0.007**
(i) + (L) types 19 2.44% 0.22 0.43* 1.43 0.00021 0.0004™ 0.00021 0.002
Within families within replicates 720 0.49 0.28 0.14 1.3 0.0026 0.000055 0.00013 0.001

*** significant at 0.05 and 0.01 levels, respectively.
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But the higher values of (J) and (L) types of epistasis suggested that
biparental matings might be attempted in F, and subsequent generations and
selection might be postponed till relatively late generation. These resuits are
in general agreement with those previously obtained by Sharaan and Ragab
(1986), Sheiref (1997), Ramesh et al. (1998 ), Sedek (1999), El-Hifny et al
(2005), El-Morshidy et al. (2005b) and Bakheit of al. (2005).

Detection and estimation of additive (L,+L,*+L;), N.C.M. iif (L,+L) and
dominance (L-L;) genetic variances:

The analysis of variance for sums (measuring additive genetic variance)
and differences (measuring dominance genetic variance) and the estimation
of additive and dominance genetic components are presented in Table (3).

The mean squares estimates due to sums (L,+L.+L,;) were found to be
highly significant for all characters studied in the four crosses under
investigation except for number of capsules/plant in the fourth cross and
1000 seed weight in the second crosses.

The mean squares due to N.C.M. Il additive (L,+L;) were found to be
highly significant for all characters studied in the four crosses under
investigation except for days to the first flower in the second and fourth
crosses, height to the first capsule in the fourth cross, number of branches
in the second and third cross, capsule length in the third cross and pfant
height in the second cross and acid value in the first capsule.

The mean squares estimates due to differences (L, -L;) as the test of
dominance were found to be highly significant for all studied characters in
the four crosses except for except for number of branches/plant in the
second cross and acid value in the first cross.

The results obtained here would indicate that epistasis is an integral
component of genetic architecture of all traits studied in the four crosses
investigated and hence, detection, estimation and consideration of this
component is important for formulation of the most efficient breeding
programs to improve these traits in the four crosses studied. If epistasis is
ignored, no precise conclusion could be drawn about the relative importance
of additive, dominance genetic components would be biased by epitasis to
unknown extent s in the present materials. Consequently, non-allelic inter
action, depicted for all traits studied in the four crosses. Investigated could
be manipulated through recurrent selection technique for the improvement of
theses traits. Recurrent selection had also been suggested for non alielic
inherited traits in sesame by Sedek (1999) and El- Hifny ef al. (2005). Since
both additive and dominance gene effects were found to be significant for all
traits studied in the four crosses investigated, simple selection procedure in
early generation may nct contribute significantly to the improvement of these
traits. The additive genetic components in these traits can be successfully
exploited through pedigree method of selection because of major
contribution of additive gene effects in late generations of segregating
populations.
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Table (3): Mean squares of (sums) additive (L,+L.+L;) and N.C.M Ill (L +L,) and (differences) dominance (L -

L,) for all traits studied in four crosses investigation.

[F characters The helght to Capsule
Days to the first flower Number of branches/plant
first capsule length
d.f
Cross No. Cross No. Cross No. Cross No.
tems [ i i v ] it n v | ] [0} v [l ] [} ]
Additive {L'y+ Lz,+ L7
Between (L°,+ L+ L' families 19 | 4.8* [1,53*| 3.95™ [19.42**187.26"}219.26*"P449.28*]136.32"* 0.17* | 2.06* |1.14™ | 0.47* | 0.8** | 0.18** |0.93**|5.41*
Within families within replicates [ 720 | 1.05 | 0.79 | 0.906 | 0.46 | 25.8 | 59.75 | 40.92 | 19.39 | 0.7 0.9 | 0.24 § 0.07 {0.0175 | 0.015 0.027 {0.011
N.C.M. additive {(L'+ L)
Between {L'+ L) familles 19 [397.4*10.505 | 3.6 [ 2.32 [50.56**|2565.25**|95.85"| 70.03 |0.114* 0.76 | 0.55 ]0.35**}0.054**10.078*{ 0.03 p.205'7"'“
Within families within replicates | 480 ; 116 ) 0.72 | 0.85 | 1.26 | 7.85 | 851 | 23.46 | 3718 |0.021) 0.58 | 0.35 | 0.025 | 0.017 | 0.013 | 0.03 ;0.019
Dominance (L'y- L ;) famllies
Between (L- L) familles 19 | 2.48" j2.04*) 2.3** }3.75% 149.15%1220.81*%| 472.4* |149.18"0.097*"] 1.043 |1.72** | 0.48™* | 0.068** ] 0.03* D.118'43.517*:ﬂ
Within families within replicates | 480 | 1.16 | 0.72 | 0.85 | 1.26 | 7.85 | 651 | 23.46 | 37.18 [0.021| 0.58 | 0.35 | 0.025 | 0.017 | 0.013 | 0.03 |0.019

** significant at 0.05 and 0.01 ieveis, respectivsly.
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Table (3): Cont.
I characters Plant height Number of capsules/plant 1000 seed weight Seed yield/piant
df i Cross No. Cross No. Cross No. Cross No.
1 [0 1] v I 1 [} v ] [0 1) v [ n [ v

items
Additive (L'# L+ Ly,
Between (Ly+ L+ L, families 19 113.79*176.73*1 88.44™* 45.76™] 498.2"* |1234.5*"265. 69" 160.53 10.07**| 0.106 (0.041**1 0.35** 1 7.47* | 7.68* 2.84"'16.92“*’
Within familles within replicates | 720 | 21.89 | 44.3 | 3283 | 518 | 66.03 | 13472 | 39.19 | 111.45 | 0.022 { 0.067 {0.0055{0.0034| 0.5 0983 | 027 | 3.78
N.C.M. additive (L '+ L)
Between (L+ L'} families 19 | 55.28* | 77.41 | 57.2** 175.27"2658.46721.38**{154.63*261.55"| 0.04** |0.078"*] 0.012* | 0.04** | 3.44** | 4 58" (6.87"*[20.29™
Within familles within replicates [ 480| 2543 | 58.6 | 1886 | 84 67.48 | 102.49 | 40.46 | 24.56 | 0.01 [0.0028{0.0051|0.0028] 0.106 | 095 | 0.61 | 4.49
Dominance (L";- L") families
Between (L',- ;) familles 19 | 54.86* 393.5* 27.057‘55;1.86" 284.08*1300.22*+/210.98*4603.66™*| 0.02* | 0.03** 10.017**|0.028™] 2.78* | 4.31* |2.22** 50.25"
Within families within replicates {480 2589 | 658.6 | 18668 | 8.4 67.48 | 102.49 | 4046 | 24.56 | 0.01 000028} 0.051 10.0028| 0.106 | 0.85 | 0.61 | 4.49

*** significant at 0.05 and 0.01 tevels, respectively.
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Table (3): Cont.

= Characters Oil content % A cid value
a1 Cross No. Cross No.

toms \\ i i il v i i 0] v
Additive (L+ Lo* Ly,
Between (L ,+ L+ L3 famities 19 3.64* 5.95" 2.2* 471 0.0052* 0.0001** 0.0426" 0.00039**
Within families within repiicates 720 0.49 0.25 0.14 13 0.0026 0.00005 0.00013 0.000%
N.C.M. additive (L'+ L)
Between (L'+ L") familles 19 0.88" 0.56™ 1.38** 3.7 0.0002 0.00052* 0.00089** 0.00031*
Within families within replicates 480 0.24 0.16 0.25 0.73 0.0095 0.000054 0.0000102 0.00018
Dominance {L’y- L';)} famllies
Between (L';- L) families 19 1.55%* 0.49™ 1.9~ 8.41* 0.0008 0.00078* 0.00055™ 0.011*
Within families within replicates 480 0.24 0.16 0.26 0.73 0.0095 0.000054 0.0000102 0.00016
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Generally, for exploitation of all types of gene action, bi-parental approach
inters crossing and/or recurrent selection may be practical for developing
high yielding in sesame lines in advanced generations. Similar conclusion
was also drawn by Kassem ef al. (1979) Sherief (1997). Bakheit et al. (2005)
and El- Hifny et al. (2005).

REFERENCES

Bakheit, B. R., M. Z. El-Hifny, A. A. El-Shiemy and Ghada, B. Abd El-Aziz
(2005). Application triple test cross and diallel technique mating deSIQI’IS
for evaluating gene action in sesame (Sesamum indicum L.). The 11"
conference of Agronomy, Agron. Dept., Fac. Agric., Assiutu univ., Nov. 15-
16: 447-458.

Comstock, R. E. and H. F. Robinson (1952). Estimation of average dominance
genes in heterosis: pp. 494-516. lowa state college press. Ames, lowa,
U.S.A.

El- Hifny, M. 2., B. R. Bakheit, A. A. El-Shimy, and Ghada, B. Abd El-Aziz
{2005). 'lrlple test cross analysis in four sesame crosses (Sesamun
indicun L..). The 11" conference of Agronomy, Agron. Dept. Fac. Agric.
Assiut univ., 15-16: 459-469.

El-Morshidy, M A., A. A.Ismai, H. M. Abdel Rahim and S. E. Tadrous (2005b).
Inheritance of seed yield and some other tralts in sesame (Sesamun
indicun L.) using six parameter model. The 11" conference of Agronomy,
Agron. Dept., Fac. Agric., Assiutuniv., Nov. 15-16: 409-427.

Fisher, R. A. (1918). The correlation among relatiros on the supposition of
mendelian inheitance. Trans. Roual Soc. of Edinburgh, 52: 339-433.

Hayman, B. I. and K. Mather (1955). The description of genetic interaction in
continuous variation. Biometrics, 11: 69-92.

Jinks, J. L. and J. M. Perkins (1970). A general method for the detection of
additive, dominance, and epsitatic components of variations. Herredity,
25:419- 429.

Jinks, J. L., J. M. Perkins and El- Breese (1969). A general methods of
detecting additive, dominance and epestatic variation for metricat traits: li:
Application to inbreed lines. Heredity,24:45.57

Kassem, E. 5., M. A. Khalifa, E. A. Hassablla and M. M. Issa (1979).
Inherrtance of some quantitative characters in sesame (Sesamum indicum
L.). 1° Mediterranean conf. Genet march:207-221

Kearsey, M. J. and J. L. Jinks (1968). A general method of detecting additive,
dominance and epsitatic variaticn for metrical traits. Heredity, London,
23:403-409.

Poehiman, J. M. and D. Barthakur (1972). Breeding Asian Field Crop.
Mohanprenlani, Oxford and 1.B.H.Pub.66 Janpath New Delhi. 385 pp.

Ramesh, S. R,, A, Sherif.,, A. M. Rao and E. Gangapp (1998). Simplified triple
test cross analysis in sesame (Sesamun indicun L..). Crop research 15:2-3.

241



H.A. Dawwam, F.A. Hendawy, LH. Darwish, S.A. Mohamed and H.M. Ali

Sedek, F. S. (1999). Genetic studies on yield and its components in sesame
(Sesamun indicun L.). Ph. D. Thesis, faculty of Agriculture, Assist
university.

Sharaan, A. N. and A. I. Ragab (1986). Morphological analysis for some
quantitative characters in three crosses of sesame (Sesamun indicun L.).
Annals agric. Sci, Fac. Agric, Ain Shams Univ, Cairo, Egypt. 31(2):1261-
1277.

Sherief, S. A. (1997). An analysis of genetic variance components in
populations of sesame (Sesamun indicun L.). Zagazig J. Agric.Res.24
(3):407-420.

242



Triple test cross analysis in S€SaAME .........c..cccvvveeirerameiiensienserirennrncrenns

psacal) (b (a9 S Caald By 8N Jalad

= Otag 8 e patl ) = O i 2aal 238 = (gl g0 30 3 Glua
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B lis Yoot Yeae Yoot ¥t ddual aud gall B A al ol Cu sl
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Kearsy and Jinks (1968), Jinks et al.(1969) and Jinks and Perkins (1970).
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