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Abstract

This study was conducted with the objective of estimating
combining ability and gene action for green stalk yield, fiber yield
and their related characters in kenaf. This was achieved via
evaluating six parents (P;=Giza3, P,=S.8, P;=5.103/4, P,=5.105/2,
Ps=5.108/9 and Ps =S.116) and their 15 Fy's progenies. In 2004
season, the six parents were crossed in a diallel mating design
excluding reciprocals to obtain 15 F; crosses at Giza Res. Sta. of
Agric. Res. Center. In 2005 season, the six parents and their 15 Fy's
progenies were evaluated in a randomized complete block design
with three replications at Ismailia Agric. Res. Station Farm, Ismailia
Governorate, Egypt.

The collected data indicated that the ratio of general to
specific combining ability variance for plant height, technical stem
length, fiber weight, fiber percentage, fiber length, seed weight,
and fruiting zone length, indicated that the additive effects were
more important than non-additive effects. Consequent, effects
selection should be possible within these F, and subsequent
populations for these characters. On the other hand, for both of
stem diameter and green weight per plant showed that the non-
additive effects were more important than additive effects. For
green weight, P, exhibited significant and positive GCA effects for
green weight per plant and the most of its components as well as
P, and P3 for two important components (technical stem length and
fiber length), indicating that the use of these parents in kenaf
breeding programs could be increase green weight and consequent
increasing fiber yield. For seed weight, the results indicated that P4
followed by P, showed significant positive general combining ability
values. The simple correlation between GCA Values and parental
means for all traits were significantly positive with exception stem
diameter. These results indicated that the parents showing higher
mean performance proved to be the highest general combiners for
these traits. The cross (PyxP4) exhibited significant and positive SCA
effects for green weight per plant and the most of its components.
This cross involved two parents of high x high GCA effects for both
of technical stem length and fiber percentage. The cross (PsxP,)
was exhibited the best second combiner for green weight and its
three importance components (plant height, technical stem length
and fiber weight). This cross (P3xPs) involved high x high general
combiner parents for technical length and high x low for each of
plant height, green weight and fiber weight per plant. For seed
weight, one cross (P;xPs) only included high x high general
combiner parents for all traits and three crosses (P,xPs, P;xPg and
PsxPs) included high x low general combiner parents. The
correlation between cross means and their SCA values was
significant and positive indicating that the crosses showing higher
mean performance proved to be the highest specific combiners for
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mentioned characters. Therefore, the choice of promising cross
combination would be based on mean performance of the crosses.

The results of phenotypic (r,) and genotypic (rg) correlation
coefficients concluded that plant height, technical length, green
weight, fiber percentage and fiber length are the major
components contributing to fiber weight per plant in kenaf.
Therefore, selection for these traits will improve the fiber yield in
kenaf. Also, fruiting zone length as selection index to improve seed
yield in kenaf.

Key words: Combining ability, Gene action, Correlation,
kenaf.

INTRODUCTION

Kenaf (Hibiscus cannabinus L.) crop belongs to family Malvaceae. It is
produced in many countries of the world as a successful substitute of jute. It
proved to be adaptable to a wide variation of kenaf fiber enable to be
applicable in early all applications where jute is mow used. Kenaf, a bast fiber
is cultivated in Egypt to be used alone or mixed with jute fiber to manufacture
bags, twine, ropes and other products. It would be expected as a raw material
to be alternative to wood fiber in pulp and paper industry to avoid destruction
of forestry. As well as, kenaf seeds contain similar oil which extracted from
cotton seeds as edible for human, it is better than cotton seed oil because it is
free from Gossypol which found in cotton seed oil. Kenaf in Egypt is cultivated
now on small scale due to the great competition with the other summer crops
in the ancient valley lands. The extension of the kenaf cultivation in reclaimed
sandy soil has become a must. Therefore, in Egypt, the biggest challenge in
breeding new cultivars has been to produce a cultivar that is adapted to the
sandy soil conditions. So, any breeding program of kenaf breeding must be
initiated and evaluated in sandy nursery, before releasing a kenaf cultivar for
sandy reclaimed soil.

The success of any breeding program depends mainly on the selection of
parents which, when crossed, will result in higher proportion of transgressive
segregates. This necessitates the investigation of combining ability before
initiating any varietal improvement program. Griffing (1956) presented a
model to show that variance for general combining ability involves mostly
additive gene effects. Specific combining ability, on the other hand, depends
upon dominance and epistatic components of genetic variation. A knowledge
of relative magnitude of additive and non-additive gene effects would be very
useful in designing efficient breeding program. Such information in kenaf is
very limited. Diallel analysis of fiber yield and its components in kenaf
was studied by Adamson (1980) and Mourad et a/.,(1989). Subramanam
et al.,(1995) studied the heritability in eight kenaf hybrids. They found that,
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fiber weight per plant and green plant weight showed high heritability,
indicating that selection in early generations would be effective. Li Defag et
al., (2000) found that two hybrids (H305 and H306 in F,) performed very high
potential in fiber and stalk yields comparing with other hybrids and best new
varieties in these trials. On the other hand, many investigators studied the
differences between kenaf genotypes e.g., Osman and Momtaz, 1982, Xiao et
al.,1993, and Webber,1993.

Many correlation studies indicated that stem diameter, green stalk
weight, fiber length and plant height were the major components contributing
to fiber weight in kenaf (Mourad et al., 1987, El-Shimy et al,1990,
Subramanam et a/,,1995 and Mostafa, 2003).

The present investigation aims are 1) estimating the combining ability of
six kenaf parents and their crosses as well as the type of gene action for fiber
yield and yield components, 2) selecting suitable parents and the superior
crosses which can be used in kenaf breeding program and 3) estimating the
phenotypic and genotypic correlation coefficients between yield and its related
characters.

MATERIALS AND METHODS
The materials used for the present study consisted of six kenaf genotypes i.e. one
local cultivar (P;=Giza3) and five advanced strains (P2=S.8, P3=5.103/4, P4=S.105/2,
Ps=5.108/9 and P =S.116). Genotype characteristics of the material used according to
their pedigree, origin, generation and year released are presented in Table 1.
Table 1. Identification of six kenaf genotypes used, pedigree, origin, generation and

year released.
Genotypes Pedigree Origin Generation Year
released
1-Giza 3 Selected from farmer fields Local cultivar Landraces 1961
2-5.8 Selected from H.106 (G.5 x 77/68-1) Advanced strain F 1993
3-5.103/4 Giza 4 x S.77/68-1 WS W W, Fo 1995
4-5.105/2 Giza 5 x 5.87/68-1 BN (e Wi Fy 1994
5-5.108/9 Giza 3 x S.127/130 BN R Fe 1996
6-S.116 S$.4/59 x 5.29/1451 WA W W Wi Fo 1998

* Year released, selected or introduced.

In 2004 season, the six parents were crossed in a diallel mating design
excluding reciprocals to obtain 15 F, crosses at Giza Res. Sta. of Agric. Res. Center. In
2005 season, the parents and their 15 Fi* seeds were evaluated in a randomized
complete block design with three replications at the breeding nursery of Ismailia Agric.
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Res. Station Farm. The soil texture was sandy (coa§se sand 64.13%, fine sand
33.24%, silt 2.21%, clay 1.31%, organic matter of 0.045 %, available nitrogen 6.53
ppm and pH value of 7.22.). Seed of each entry ( parents with F; crosses) were sown
in single rows, 5 m long, 50 cm apart. Seeds were planted in hills 25 cm within row
and planting date was at the second week of May.2005. Thinning to two plants / hill
was taken place four weeks after sowing. The recommended cultural practices for
kenaf were applied under sprinkler irrigation system (The number of sprinklers per
faddan were 35 and the discharge water for each sprinkler was 1.3 cubic meter per
hour. One irrigation every two days was applied. Thus, the amount of water added
during season for the experiment was 2730 cubic meters per feddan). Five random
guarded plants from each plot were screened for the following traits:

(1) green weight (g) / plant, as weight in grams of kenaf stalk plant after 48 hours
from harvesting, (2) plant height (cm), measured as the distance from the two
cotyledonary nodes up to uppermost capsule, (3) technical stem length in cm,
measured as the distance from the two cotyledonary nodes to the first apical branch,
(4) fruiting zone length in cm, measured as the distance from the first apical branch to
uppermost capsule, (5) stem diameter in mm, at the middle part of technical length,
(6) fiber weight (g) / plant, as the weight in grams of the air-dried fibers éxtracted
from retted green stalk of kenaf plant (7) fiber length (cm), (8) fiber percentage =
(fiber weight/plant + green weight/plant) x 100, and (9) seed weight (g)/plant.

STATISTICAL ANALYSIS

Plot means were used for statistical analysis. Combining abilities, general (GCA)
and specific (SCA) were calculated according to Griffing’s method 2, model 1 (fixed
effects). Phenotypic (r,) and genotypic (r) correlation coefficients were calculated
according to the formula suggested by Al-Jibouri et al., (1958).

RESULTS AND DISCUSSION

Analysis of variances:

Mean squares due to 21 kenaf genotypes (6 parents and 15 crosses), were
significant for green weight / plant and its related characters viz., plant height,
technical stem length, and stem diameter, fruiting zone length as well as fiber weight,
fiber percentage, fiber length and seed weight / plant (Table2). This indicated that
those parents and F’s crosses showed reasonable degree of variability for these
characters. Such variability among different kenaf genotypes in green weight and its
components was also reported by Osman and Momtaz, (1982), Xiao et al., (1993) and
Webber (1993). Mean squares of parents vs. crosses as an indication to average
heterosis over all hybrids was significant, revealing that heterotic effect was
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pronounced for these characters, while parents vs. crosses for stem diameter was
non-significant. Mean squares due to general (GCA) and specific (SCA) combining
ability variances for all characters studied were significant, indicating the presence of
both additive and non-additive type of genetic variances. The ratio of general to
specific combining ability variance for plant height, technical stem length, fiber weight,
fiber percentage, fiber length and seed weight / plant indicated that the additive
effects were more important than non-additive effects. Therefore, selection should be
possible within these F, and subsequent populations for these characters. On the
other hand, the ratio of general to specific combining ability for both of stem diameter
and green weight / plant showed that the non-additive effects were more important
than additive effects. These results are in harmony with that reported by Mourad et
al,(1989) who found that the additive type gene action of relatively greater
importance for fiber yield/plant, technical stem length, stem diameter and fruiting
zone length.
GCA effects:

The estimates of general combining ability effects (g;) are presented in Table
(3). P4 (S.105/2) showed highly significant positive §; for green weight / plant and its
components with exception stem diameter. P; (S. 103/4) exhibited significant positive
g; for fiber percentage, suggesting the importance of these two parents (P; and Ps) for
increasing technical stem length and fiber length. In general, P, (S5.105/2 ) exhibited
significant positive GCA effects for green weight and most its components as well as P;
(Giza 3) and P; (5.103/4) for two important components (technical stem length and
fiber length), indicating that the use of these parents in kenaf breeding programs
could increase green weight and consequent increasing fiber yield. Concerning, seed
weight / plant results indicated that the P, (S.105/2 ) followed by P, (S.8) showed
significant positive §; values. Therefore, it could be concluded that these two parents
appeared to be best combiners for seed weight.

The simple correlation coefficient between GCA values and parental means for
all traits were significantly positive with exception stem diameter. These results
indicated that the parents showing higher mean performance (Table 5) proved to be
the highest general combiners for these traits. Therefore, selection of parental
population for initiating any proposed breeding program could be practiced either on
their respective mean performance or on the basis of §; effects. Such agreement might
add another proof to the preponderance of additive genetic variance in these cases.
SCA effects:

Specific combining ability (SCA) effects for 15 Fy's crosses of green weight per
plant and its components are present in Table (4). Out of the 15 F; crosses, only one



540 COMBINING ABILITY AND GENE ACTION FOR YIELD AND YIELD COMPONENTS
IN KENAF (HIBISCUS CANNABINUS L..)

cross (PyxP,) showed highly significant positive SCA effects for all characters expect
for stem diameter, fruiting zone length and seed weight / plant. PsxP4 also, showed
high SCA effects in the desirable direction for each of plant height, technical stem
length, green weight and fiber weight / plant. PsxPs showed highly significant positive
SCA effects for all characters expect for stem diameter, and seed weight / plant. PixP3
showed highly significant positive SCA effects for fiber percentage. Three crosses
(P:xPs, P3xPs and P4xPs) exhibited significant positive SCA effects for both of green
weight per plant and fiber percentage. PyxPs for fiber weight / plant, fiber percentage
and stem diameter, P,xPs for green weight and fiber weight, PoxP, for plant height,
green weight and fiber weight and P,xPg for green weight per plant only.

In general, the cross (PyxP;) exhibited significant and positive SCA effects for
green weight and the most of its components. This cross (P;xPs) involved two parents
of high x high GCA effects for both of technical stem length and fiber percentage. The
cross (PsxP4) was exhibited the best second combiner for green weight and its three
importance components (plant height, technical stem length and fiber weight). This
cross (P3xP.) involved high x high general combiner parents for technical length and
high x low for each of plant height, green weight and fiber weight / plant. Three
crosses (P;xP3, P1xPg and PsxPg) involved low x low for fiber percentage.

From the breeding point of view as suggested by Bhatade and Bhale (1983) for
crosses exhibiting significant SCA effects which resulted from high x high good GCA
combiners, the breeding procedure which may mop up both additive and non-
additive genetic variance would be more useful for improvement of character(s). The
available additive genetic variance should be exploited by adopting mass selection in
early generations and some form of /nter-se mating may be followed among elite
selections in later generations, which may help in fixing non- additive effects.
Therefore, the cross PixP, is likely to throw good segregates for these traits if the
allelic genetic systems are present in good combination and epistatic effects present in
the crosses act in the same direction as to maximize the desirable characteristics.

The correlation between cross means (Table 5) and their SCA values (Table 4)
was significant and positive indicating that the crosses showing higher mean
performance (Table 5) proved to be the highest specific combiners for mentioned
characters, Thérefore, the choice of promising cross combination would be based on
SCA effects or mean performance of the crosses.

Correlation studies: .

Phenotypic (r,) and géno&pic (rg) correlation coefficients among nine traits of
21 kenaf genotypes (6 parents and 15 F’s crosses) are shown in Table (6). these
results indicated that fiber weight / plant was highly significantly positive correlated
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with each of plant height, technical stem length, green weight, fiber percentage and
fiber length / plant. Concerning, green weight / plant was significantly positive
correlated with each of plant height, fiber weight and fruiting zone length. Regarding,
seed weight / plant was highly positive correlated with fruiting zone length, but it was
only significant correlated with both of plant height and stem diameter. These results
are in agreement with those obtained by Mourad et a/,1987, El-Shimy et a/,,1990,
Subramanam et a/.,1995 and Mostafa, 2003.

In general, it can be concluded that plant height, technical stem length, green
weight, fiber percentage and fiber length / plant are the major components
contributing to fiber weight / plant in kenaf. Therefore, selection for these traits will
improve the fiber yield in kenaf.
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Table 6. Phenotypic (rp) and genotypic (r,) correlation coefficients among nine
characters for 21 Kenaf genotypes ( 6 parents and 15 Fy’s crosses).

Characters 1 2 3 4 5 6 7 8
1-Plant height (cm) T
fg
2-Technical stem length(cm) rp [0.679**
rg [0.512
3-Stem diameter(mm) p 10.135 -0.042
{0333 0214
4-Green weight/plant(g) rp |0.545%* 0.298 0.467*
ry |0.674 0.467 0.454
5-Fiber weight/plant(g) rp |0.698**  0.620 0.483*  0.880**
rg [0.557 0.711 -0.112  0.537
6-Fiber percentage (%) r, |0.516%*% 0.755%* 0.269  0.123 0.569**
rg 0.437 0.663 -0.138  0.434 0.654
7-Fiber length (cm) rp {0.642%%  0.915** -0.006 0.299 0.567**  0.652**
rg 10.703 0.873 0.432 0.328 0.543 0.553
8-Seed weight/plant (g) rp |0.414%  -0.007 0.137 0.271 0.251 0.086 0.054
ro |0.456 0.221 0.333  0.532 -0.254 0.347 0.227
9-Fruiting zone length (cm) o |0.705%% -0.041  0.222 0.454* 0351 -0.027  -0.010 0.570**
rg |0.558 -0.211 0.258 0.472 0.223 0.321 0.256 0.617

*, ** : Significant at 0.05 and 0.01 level of probability, respectively.
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