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Abstract

This study was conducted with the objective of estimating
combining ability and gene action for some economical useful traits
in kenaf. This was achieved via evaluating 15 progenies of the line
x tester analysis consisting of five females (P;=S,13, P,= S.114,
Ps= S.119, P,= S.98/205 and Ps= S.38) and three males
(Pg=Giza3, P,=S.105/2, and Pg_S.112). In 2010, the eight parents
and their 15 Fys progenies were evaluated in a randomized
complete block design with four replications at Ismailia Agric. Res.
Station Farm, Ismailia Governorate, Egypt. The predominant role of
additive gene action was involved in the expression of all studied
characters except for each of plant height, technical stem length
and fiber length. Therefore, selection can be performed followed in
the F, and subsequent generations for all studied characters,
except for the previous three traits. P; and P, exhibited significant
and positive GCA effects for green weight and most of its
components as well as Pg for three important components (green
weight/plant, fiber weight/plant and fiber percentage), indicating
that the use of these parents in kenaf breeding programs could
increase green weight and consequently increasing fiber yield.
Concerning, seed weight per plant results indicated that the P,
followed by P; and Ps exhibited high best combiners for seed
weight. The cross PsxP; exhibited significant positive SCA effects
for green weight and most components ( plant height, technical
stem length, fiber length, fiber weight and seed weight per plant).
This cross involved high x high general combiners for these traits.
Also, P4xPg (high x high) for fiber percentage. Whereas, P4xPg
exhibited significant positive SCA effects as well as high x low
general combiner parents for green weight/plant and most
important components. Phenotypic (rp) and genotypic (rg)
correlation coefficients concluded that the green stalk weight, plant
height, technical stem length, fiber percentage and fiber length are
the major components contributing to fiber weight/plant in kenaf.
Therefore, selection for these traits will improve the fiber yield in
kenaf.

Key words: Kenaf, Line x tester, Combining ability, Gene action,.

INTRODUCTION

Kenaf (Hibiscus cannabinus L) is one of the most important fiber crops in the
world. It has been cultivated and used as cordage crop to produce twine, rope,
gunny-bag and sackcloth. Many produces from kenaf have been developed, such as

pulping and papermaking, oil absorption and potting media, board making, filtration
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media and animal feed (Sellers and Reichert, 1999, Cheng, 2001). In Egypt, Kenaf is
cultivated to produce bast fiber, which is used alone or mixed with jute fiber to
manufacture bags, twine, ropes and other products. Also as a raw material it can be
used an alternative to wood fiber in pulp and paper industry. Moreover, kenaf seeds
contains similar oil to that extracted from cotton seeds but free from gossypol (poison
material) as edible for human consumption.

One of the most important objectives of kenaf breeding in Egypt is to
improve, simultaneously, fiber yield, green stalk yield and high technical stem length.
To select high-yielding genotypes in kenaf, information on f the combining ability and
the type of gene action for yield and its components of the entries of the reference
population is of great importance. If additive gene action is predominant, then the
breeder can effectively succeed in getting progress by selection at various levels of
inbreeding, since additive effects are readily transmissible from one generation to
another.

The concept of line x tester analysis was developed by Kempthorne (1957),
it is a modified from of top cross scheme. Singh and Narayanan (1993) concluded that
the line x tester mating design provides almost the same genetic information as the
diallel analysis. As well as, this technique like diallel and partial diallel, and also help in
the identification of good general combiners and specific cross combinations as well as
in the choice of breeding procedure for genetic improvement of various polygenic
characters. 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 limited. Diallel analysis of yield and its components in kenaf was studied by
Mourad et. al.,(1989), Abo-Kaied (2007) and El-Refai (2007). 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 basal stem diameter, green plant weight, fiber length and plant height were the
major components contributing to fiber weight in kenaf (Mourad et al/.,1987,
Padmaja, 1989, EI-Shimy et. a/.,1990, Subramanyam et. a/.,1995, Abo-Kaied, 2007 and
El-Refaie, 2007).

Owing to the small kenaf cultivating area annually in Egypt by reason of the
great competition with the other summer crops in the ancient valley land, therefore,
the biggest challenge in breeding new varieties has been to produce a variety that is
adapted to the sandy soil conditions in the new areas. For this reason, this study
aimed to estimate the combining ability of eight parents and their crosses as well as

to estimate the type of gene action for yield and yield components under sandy soil
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conditions, in addition to estimate the phenotypic and genotypic correlation

coefficients between fiber yield and related characters.
MATERIALS AND METHODS

The materials used for the present study consisted of 23 kenaf genotypes
(8 parents, 15 Fy,s). Genotype characteristics of the material used according to their
pedigree, origin and year released are presented in Table 1. The parents from 1 to 5
were used as female (line) and from 6 to 8 as male (tester) parents in a line x tester
mating design. These eight parents represent a wide genetic variability for yield, yield

component and other related characters of kenaf.

Table 1. Identification of eight kenaf genotypes used, pedigree, origin and year

released.
Genotypes Pedigree Origin Year released*
1-S.13 S.36/64/3 x S.8/61/2 Advanced strain 1975
2-S. 114 S.16/63/2 x S.29/145 ovowwmoww 11993
3-S.119 Giza 4 x 5.16/63/2 e owwmoww 11995
4-S5.98/205 |S.77/68/1 x S.87/68/1 ovowwmoww 11992
5- S.38 Giza 3 x S.4/59-27 ovowwmoww 11976
6- Giza 3 Selected from farmer fields Local cultivar 1961
7- S.105/2 Giza 5 x S.87/68-1 Advanced strain 1994
8-5.112 H.27/127 x H.27/130 ovoww o 11994

* Year released, selected as promising line.

In 2009 season, each of the 3 male parents was crossed to the 5 female
parents to obtain 15 F; crosses at Giza Res. Station Farm. In 2010 season, the eight
parents and their 15 F;,s were planted in a randomized complete block design with
four replications at Ismailia Agric. Res. Station Farm, Ismailia Governorate, Egypt. The
soil type was sandy soil with coarse sand 64.45%, fine sand 28.14%, silt 5.12%, clay
1.28%, organic matter 0.50 %, available nitrogen 7.01 ppm and pH value of 7.13.
Seeds of each parent and F; were sown in single rows. The rows were 3 m long and
50 cm apart. The distance between hill was 25 cm and planting date was the first
week of May 2010. The seedling were thinned after four weeks from sowing to leave
two plants per hill. The recommended cultural practices for kenaf were applied. Ten

random guarded plants were chosen from each row, by means that ten plants for
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each parent and for each F; from each replication were used for measuring data. The
following traits were recorded:
1) green weight (g)/ plant, as weight in grams of kenaf stalk plant after 48 hours from
harvesting, 2) plant height (cm), 3) technical stem length in cm, 4) fiber length (cm),
5) fiber weight (g)/plant, as the weight in grams of the air-dried fibers extracted from
retted green stalk weight of kenaf plant, 6) fiber percentage = (fiber weight/plant +
green weight/plant) x 100, 7) fruiting zone length in cm, 8) stem diameter in mm and
9) seed yield per plant (g).
STATISTICAL ANALYSIS
Analysis of variance of the data was performed on plot means bases. Line x

tester design is employed for studying genetic variation in a fifteen-family population
for F; generations .The variation among families within generation is further divided
into genetic variation components attributable to general (GCA) and specific
combining ability (SCA) following the method suggested by Singh and Chaudhary
(1985). Variances due to general (GCA) and specific (SCA) combining ability and due
to combining ability variances and effects were estimated according to line x tester
analysis as per Kempthorne (1957).

Phenotypic (rp) and genotypic (rg) correlation coefficients were calculated

according to the formula suggested by Al-Jibouri et. a/., (1958).
RESULTS AND DISCUSSION

1- Analysis of variances:

Variances due to entries (parents and F1,s) are highly significant for green
weight/plant and its related characters (Table2). This indicates that those parental
genotypes and their crosses showed a reasonable degree of variability for these traits.
Also, mean squares due to parents and crosses were highly significant for all traits.
Such variability among different kenaf genotypes in green stalk weight and its
components was also reported by Osman and Momtaz, 1982, Xiao et a/,1993,
Webber,1993, Abo-Kaied, 2007 and El-Refai, 2007. Mean squares of parents vs.
crosses as an indication to average heterosis over all hybrids was significant, revealing
that heterotic effect was pronounced for these characters, while parents vs. crosses
for seed weight/plant was non-significant. Mean squares due to males were significant
for all characters under study. On the other hand, the variances due to females were
non significant for all traits except for both of stem diameter and seed weight/plant.
The difference in genetic variance between male and female was probably due to

random chance in sampling of parental genotypes. Dominance gene effects, as
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indicated by male x female interactions were significant for all studied characters
except stem diameter.

The partitioning of genetic variance into general (GCA) and specific (SCA)
combining ability variances is shown in Table (3). GCA variances were significant for
all studied characters. On the other hand, SCA variances were non significant for only
five characters i.e., green weight/plant, fiber weight/plant, fiber percentage, stem
diameter and seed weight/plant. Whereas, GCA variances were larger than the
corresponding SCA variances except three traits, plant height, technical stem length
and fiber length. Also, the values of additive and dominance as well as, the ratio of
GCA/SCA variances for all studied characters were exhibited in the same direction,
except the GCA/SCA ratio for the previous three traits (plant height, technical stem
length and fiber length). These results indicate the predominant role of additive gene
action involved in the expression of these characters. Therefore, selection should be
possible in the F, and subsequent generations for all studied characters, except for
the previous three traits. Abo-Kaied (2007) found that the additive effects were more
important than non-additive effects for plant height, technical stem length, fiber
weight, fiber percentage, fiber length, seed weight, and fruiting zone length. 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.

2- GCA effects:

The estimates of general combining ability effects of female and male parents
are shown in Table (4). P; (5.119) and P; (5.105/2) showed highly significant and
positive general combining ability effects for all studied characters except for fiber
percentage and fruiting zone length due to only Ps;. The parents, P, (S.114) exhibited
significant positive GCA effect for green weight/plant and P¢ (Giza 3) revealed
significant positive GCA effects for the three important traits, green weight/plant, fiber
weight/plant and fiber percentage. Whereas P, (5.98/205) exhibited significant and
positive GCA effect for fiber percentage, fruiting zone length and stem diameter and
Ps (5.38) for stem diameter and seed weight/plant.

In general, P5(S5.119) and P, (S.105) exhibited significant and positive
GCA effects for green weight and most of its components as well as Pg (Giza 3) for
three important components (green weight/plant, fiber weight/plant and fiber
percentage), indicating that the use of these parents in kenaf breeding programs
could increase green weight and consequently increasing fiber yield. Concerning, seed
weight/plant results indicated that the P, followed by P; and Ps; showed significant
positive general combining ability effects. Therefore, it could be concluded that these

three parents (P;, Pz and Ps) exhibited the best combiners for seed weight.
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3- SCA effects:

Table (5) shows specific combining ability effects for green weight/plant and
its related characters. Out of the 15 F; crosses, only one cross, Ps;xP; exhibited
significant positive SCA effects for green weight and most components (plant height,
technical stem length, fiber length, fiber weight and fruiting zone length). Also, P4xPs
showed significant positive SCA effects in the desirable direction for green
weight/plant, fiber length, fiber weight/plant, fiber percentage and stem diameter.
Whereas, PsxP; exhibited SCA effect for each of plant height, technical stem length
and fiber length as well as P4xPg for only green weight/plant in addition PsxPg for fiber
percentage. Also, P;xPs showed significant positive SCA values for plant height and
fiber length as well as P;xPg for plant height, technical stem length, fruiting zone
length, seed weight/plant and fiber length in addition P,xPs for plant height, technical
stem length, fiber length, fiber weight, fiber percentage and fruiting zone length.

In general, cross, P3xP; exhibited significant positive SCA effects for green
weight and most components (plant height, technical stem length, fiber length, fiber
weight, stem diameter and seed weight/plant). This cross involved high x high general
combiners for these traits. P4xPg (high x high) for fiber percentage and P4xP; (high x
high) for fiber percentage, fruiting zone length and stem diameter. Whereas, P4xPg
exhibited significant positive SCA effects as well as high x low general combiner
parents for green weight/plant and most important components viz., fiber length, fiber
weight and fruiting zone length. Also, PsxP; involved high x low general combiner
parents for plant height, technical stem length and fiber length as well as P4xP, (high
x low) for plant height and technical stem length. On the other hand, the residual
crosses (P1xPs, P1xPg, PyxPg, P4xPg and PsxPg) that exhibited desirable SCA values
(positive and significant) involved (low x low) general combiner parents. Therefore,
the crosses P3xP;, P4xP; and Psx P; are 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.

4- Mean performance:

Mean performance regarding green stalk yield, fiber yield, seed yield per
plant and their related characters for 23 kenaf genotypes (8 parent and 15 Fl's
crosses) are presented in Table (6). The two local strains 105/2 and 119 gave the
highest means for each of green stalk weight/plant (441.53, 398.93 g), plant height
(288.8, 284.53 cm), technical stem length (216.70, 236.85 cm), fiber length (212.45,
230.33 cm), fiber weight / plant (34.43, 31.85 g), fiber percentage (7.80, 7.99%),
fruiting zone length (72.13, 47.68 cm), stem diameter (14.95, 14.60 mm) and seed
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weight/plant (6.48, 5.33 g), respectively. On the other hand, the highest means for
crosses were recorded by cross PsxP; for green weight/plant and most related
characters, followed by each of P,xP; PsxP; and PsxP; for some important yield
components.

In general, the local strain 105/2 was superior the other parents for most
important characters i.e., green stalk weight, plant height, fiber weight, fruiting zone
length, stem diameter and seed weight/plant. In the same time, the highest means
for crosses were recorded by cross P3xP; for green weight/plant and most economic
related characters.

5- Correlation studies:

Phenotypic (rp) and genotypic (rg) correlation coefficients among 9 characters
for 23 kenaf genotypes (8 parents and 15 F,’s crosses) are shown in Table (7). These
results indicated that fiber weight/plant was significantly positively correlated with
each of green weight, plant height, technical stem length, fiber length, fiber
percentage, fruiting zone length, stem diameter and seed weight/plant. These results
are in agreement with those obtained by Mourad et. a/.,1987, Padmaja, 1989, EI-Shimy
et. al,1990, Subramanyam et. al.,1995, Abo-Kaied, 2007 and El-Refaie, 2007.

In general, it can be concluded that green stalk weight, plant height, technical
stem length, fiber percentage and fiber length 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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