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ABSTRACT

Two field experiments were conducted in order to study the effect of one cycle of clonal selection on
some economical characters of sweet potato and to estimate the magnitude of variability and heritability, as
well as calculate phenotypic correlation coefficients among all possible pairs of the studied characters. In this
respect, this work was carried out at the Experimental Station Farm (at Abies), the Faculty of Agriculture,
Alex. Univ., during two summer seasons of 2014 and 2015. The obtained results illustrated, generally, that the
estimated coefficients of variability and ranges for the all studied characters of "Abies"” cultivar reflected high
and enough variability, which suggested high possibilities of conducting successful and efficient selection to
produce improved cultivar with better performance than its original population. Also, the recorded results
demonstrated, in general, that one cycle of clonal selection population; exhibited high efficiency for
improving all studied characters, but with different rates, comparing with the original population. The
estimated values of the broad sense heritability (h?) for the various studied characters were found to be in the
range from 71.09% for roots number plant™, up to 99.17% for root dry matter. Correlation estimate revealed
many significant associations among the various pairs of the studied characters; which appeared to be
desirable for achievement the objectives of the selection in the present study. Accordingly, improving roots
yield and its components of sweet potato can be achieved through purification of "Abies"” cultivar to produce
improved clones through clonal selection program.
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INTRODUCTION

Sweet potato (Ipomoea batatas (L.) Lam) is a
member of the Convolvulaceae and considered the
most important popular root and food crop in Egypt
as well as many other tropic and sub-tropic
countries. It belong to the genus Ipomoea, which has
four ploidy levels; the cultivated sweet potato; a
hexaploid [2n = 6x = 90] (Austin, 1988).

Because of its, relatively, low yield productivity
of sweet potato and great variability which noticed
among individual plants of commercially grown
population; it is vital to start a breeding program for
improving sweet potato. In asexual propagated
crops, the clonal selection method considered more
suitable for this purpose, since it is well known that
sweet potato is one of the most important crop
belong to asexual group. Many investigators studied
the effects of clonal selection method to improve
asexual propagated vegetable crops, such as garlic
(Lammerink and Wallace, 1987; Sakr, 1996),
artichoke (Habib, 2001), potato (Souza, 2005) and
sweet potato (GunjanJha, 2012). Whereas, their
results indicated that using clonal selection program
was an effective method in improving the studied
characters of these crops. The magnitude of
variability among sweet potato genotypes; which
estimated by Anshebo et al. (2004); Engida et al.

(2006 and 2007); GunjanJha (2008 and 2012)
recorded considerable variability among the
genotypes for the characters under consideration.

It is known that the effectiveness of plant
breeding programs, particularly, in selection
depends on the relative importance of genetic and
non-genetic factors in the expression of phenotypic
differences among genptypes in a population,
referred to heritability. Heritability is a measure of
genetic relationship between parent and progeny and
has been widely used in determining the degree to
which a character may be transmitted from parents
to offspring. Heritability estimates for some
important characters of sweet potato carried out by
several researchers (Evoor et al., 2008; GunjanJha
2012; Wera et al., 2014; Sandhu et al., 2015).

Selection for storage root yield, which is a
polygenic trait, often leads to changes in other
characters. Therefore, knowledge of the relationship
that exists between storage root yield and other
characters and interrelationships among various
characters is necessary in order to design
appropriate selection criteria in sweet potato
breeding programs. In this respect, phenotypic
correlation coefficients between various of pairs of
sweet potato characters were estimated by many
investigators (Teshome et al., 2004; Devi et al.,
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2008; Gedamu et al., 2010; Afuape et al., 201;
GunjanJha, 2012).

Accordingly, the present investigation was
established to select some clones of local sweet
potato "Abies" cultivar in addition to determine
interrelationships among the various studied
agronomic traits, using the estimation of phenotypic
correlation coefficients, in order to the heritability
percentages in broad sense were estimated for their
importance in evaluative purposes in breeding
programs.

MATERIALS AND METHODS
Experimental site

During both summer seasons of 2014 and 2015,
two field trials were carried out at the Experimental
Station Farm, in Abies region, the Faculty of
Agriculture, Alexandria University, Alexandria
Governorate, Egypt.

Original genetic material (First season)

The clonal selection breeding program started
with commercial population consisting of about
3000 stem cuttings of sweet potato "Abies"” cultivar,
which considered the widely cultivar grown in
Alexandria and other Governorates in Egypt. Both
top and middle portions of vine cuttings of mature
plants with 3 — 4 nodes and about 20 — 30cm long
were clipped off and planted on one side of the row
on April 20" of 2014. The experimental area
included 190 rows, 4.0 m long and 0.7 m wide, and
the spacing between plants was 0.25m. All
agricultural practices such as fertilization, irrigation
and pests control were performed as recommended
for commercial sweet potato production.

Data recorded and estimates of variability

The recorded data were measured on the basis
of individual plants at three periods. The first period
was about 90 days from transplanting i.e., when the
plants were totally grown, where two vegetative
growth characters; i.e., vine length(cm) and
branches number plant™ were determined. At the
harvesting stage, the second period, after about 135
days from transplanting, storage roots were dug up
of each hill , then the following characters were
recorded; root length (cm), root diameter (cm), root
weight (g), roots number plant™, total roots yield
plant®, marketable roots yield plant®, root dry
matter (%), and the carotene content (mg/100g fresh
weight) was assayed according to Davies procedure
(1976).

The mentioned characters were manipulated to
calculate the statistical parameters; mean (X), rang
(R), and coefficient of variation (C.V.%) for each
character.

Selection the first clones generation

The best 125 plants from the original
population, at the beginning roots formation, were
primarily selected on the basis of the two vegetative
growth characters, as reported earlier. At harvesting
stage, a second selection according to the above-

436

Alex. J. Agric. Sci.

reported traits of the roots yield and its components,
was conducted to came out 50 plants. The stem
cuttings of each selected plants as well as samples
of original population were cut separately and
transplanted in the nursery on September 10" of
2014 , for the next season. A third and more severe
selection; on the basis of root dry matter and
carotene content was conducted within the second
selected plants to obtain, finally, on six plants
(clones).

Evaluation of the derived clones with the original
population (second season)

Stem cuttings of each clone of the best six
selected clones and representative samples of the
original population of "Abies" cultivar, were
prepared and transplanted to evaluate in summer
season on April 20, 2015, using a randomized
complete blocks design (RCBD) with three
replicates. Each plot consisted of three rows, 4m
long and 0.70 m wide. The planting was done on the
rows at 0.25m spacing and all recommended
cultural practices for commercial sweet potato
production were followed.

Data of the various interested characters; as the
first season; were recorded to be used for genetic
evaluation and estimation some of the most

important  biometrical  parameters; such as
phenotypic  correlation  coefficients  between
different pairs of studied characters which

estimated, as described by Mather and Jinks (1971).
Heritability in broad sense (hzbs%) were also
calculated as suggested by Allard (1960) as follows:
H?% = (8% / 8°) x 100
8= 8%+
2P g+te
8% = MSy— (MSg)/r
Where
&°, = phenotypic variance
8°3 = genotypic variance
8% = environmental variance (error mean square)
Statistical analysis
All collected data of the previously mentioned
characters were recorded, statically analyzed
according to the used design and as illustrated by
Al-Rawi and Khalf-Allah (1980), using Co-Stat
Software (2004). The differences among the various
means were tested using Duncan's multiple range
test (L.S.R.).
RESULTS AND DISCUSSION
The results of the estimated values for the
statistical parameters; means (x), ranges (R) and
coefficients of variation (C.V.%) for all the studied
traits of the original population of sweet potato
"Abies" cultivar are given in Table(1). The recorded
result indicated that the original population
expressed high variability for most studied
characters as appeared from the estimated values of
coefficients of variation which ranged from 20.24%
for root diameter to 54.98% for marketable roots
yield plant™.
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Table 1: Means (Y), ranges and coefficients of variation (C.V. %) for all studied characters of the
original population of "*Abies" cultivar of sweet potato in 2014 season.

Parameters Rang Mean Coefficient of variation
Character (R) X (C.V.%)
Vine length (cm) 50 - 230 117.47 30.73
Branches No. plant™ 2-7 4.33 31.76
Root length (cm) 824 14.50 22.77
Root diameter (cm) 4-11 7.61 20.24
Root weight (g) 0.70 - 600.0 255.00 49.28
Roots number plant™ 2-10 4.09 40.99
Total roots yield plant™ (kg) 0.200 - 2.00 1.01 51.56
Marketable yield plant™ (kg) 0.15-1.800 0.81 54.98
Root dry matter ( %) 20 -43 32.59 22.40
Carotene contents 2-7 4.59 28.24

Also, all studied characters had wide range between
the lowest and highest value for each character.
Such results may be taken place due to that "Abies"
cultivar has been commercially grown without any
purification for a long time. Therefore, this
supported the high possibilities of conducting
successful and efficient selection to introduce
clones, with better performances than their original
population. These results were in confirmatory with
the findings of other workers as Engida et al. (2007)
and GunjanJha (2008) for number of roots plant™;
Teshome et al. (2004); Engide et al. (2007); Evoor
et al. (2008); GunjanJha (2008) for root length.
Teshome et al. (2004); Engida et al. (2007);
GunjanJha (2008) for roots yield plant™.

Concerning the comparisons among the means
values of the studied characters of the seven
different populations; i.e., populations derived from
the clonal selection cycle (clonel to clone6), and the
original population (O.P.) are listed in Table (2).
The obtained results indicated, clearly, that all
selected clones showed different degrees of
superiority over the original population. These
results seemed to be in accordance with the results
obtained by several investigators as Wanas (2002)
for number of roots plant™ and roots yield plant™
characters, and Omran et al. (2002b) for root dry
matter; when they compared some sweet potato
genotypes for these characters. The highest mean
values in this respect appeared to be in the clone
number 3 (clone3), followed by the clone4 and
clone6. These three clones reflected, significantly,
the highest mean values in the most studied
characters. The relative increments of these three
clones (clone3, clone4 and clone-6) on their total
roots yield plant™, marketable roots yield plant™,
root weight, root dry matter and carotene content,
were estimated by 72.72%, 94.44%, 21.53%,
31.52% and 19.05%, respectively in the case of
clone3; 59.09%, 88.89%, 21.53%, 35.81%
and19.05%, respectively, in the case of clone4 and
63.64%, 92.22%, -0.06%, 1.85% and 19.05%,

consecutively, in the case of clone6. These results
illustrated, generally, that the one cycle of clonal
selection reflected high efficiency for improving all
studied characters with different rats. Evaluation
studies of the developed new sweet potato clones
and/or cultivars were realized by several workers as
Omran et al.(2002a); Wanas (2002); Anshebo et al.
(2004). These evaluation work recorded significant
differences among the selected clones or genotypes
of sweet potato in their studied characters.

The estimates of phenotypic and genotypic
variances as well as heritability (in broad sense)
percentages for all studied characters of the studied
genotypes of sweet potato are shown in Table (3).
The results revealed considerable phenotypic and
genotypic variances among the genotypes for all the
studied traits. In all traits a large portion of the
phenotypic variance was accounted by the genetic
components. Generally, the obtained results
indicated that the most of the observable variability
were gave rise due to the genetic variations, since
the contributions of genetic variance to phenotypic
variance ranged from 0.71% for roots number plant’
! to 0.99% for root dry matter. This is indication for
the existence of immense inherent variability that
remains unchanged by environmental conditions
among the genotypes which in turn is more useful
for exploitation in selection program. The obtained
results are in the parallel with the findings obtained
by Engida et al. (2007) who had obtained similar
trends concerning the estimates of gentypic and
phenotypic variances for several sweet potato
characters.

The estimated values of the broad sense
heritability (H?,%) are presented in Table (3). The
registered results illustrated, generally, that the
estimated percentages of H?, for the various
studied characters were found to be in the range
from 71.09% for roots number plant™, up to 99.71%
for root dry matter.
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Table 3: Estimates of phenotypic variance (3°,), genotypic variance (8°;) and broad sense heritability
(H?,5.9%) for the ten studied characters of the evaluated genotypes of sweet potato

Parameters aZ a 2
Characters E P H'bs: %
Vin length (cm) 1930.91 2048.66 94.25
Branches No. plant™ 3.474 4.269 81.38
Root length (cm) 25.768 29.481 87.41
Root diameter (cm) 11.896 12.809 92.87
Root weight (g) 4557.194 4815.45 94.64
Roots number plant™ 1.931 2.716 71.09
Total roots yield plant™ (kg) 0.078 0.091 85.71
Marketable roots yield plant™ (kg) 0.151 0.163 92.64
Root dry matter ( %) 88.139 88.874 99.17
Carotene contents 0.415 0.553 75.05
The estimates of heritability percentages in broad other hand, the other phenotypic correlation

sense for both roots number plant” and carotene
content characters showed, relatively, high value of
71.09% and 75.05%, each in turn. This result
demonstrated that genetic variance seemed to
contribute with relatively high portion of the total
variance. Engida et al. (2007) found that the
estimated heritability (in broad sense) value of
number of storage roots was found to be 73.00%.
These results indicated that additive genetic
variance constituted much more to the total variance
than non-additive effects in the inheritance of such
characters

In turns of the remaining eight characters; vine
length, branches number plant™, root length, root
diameter, root weight, total roots yield plant™,
marketable roots yield plantand root dry matter;
the estimated values of H?,% were found to be high
(more than 80%). The results of the most previously
mentioned characters are, in general, in compatible
with the findings of Anshebo et al. (2004) for
number of branches plant™ and root weight; Engida
et al. (2007); Evoor et al., (2008); GunjaniJha
(2008) for vine length and Engida et al. (2007),
Evoor et al. (2008); GunjanJha (2008) for tuber
roots yield per plot. These authors reported that the
estimated values of heritability in broad sense for all
mentioned characters of sweet potato were found to
be high. Their results indicated, generally, that the
presence of additive components of genetic variance
was more important than that of non-additive
component in the inheritance of these characters.
Hence, satisfactory progress can be achieved by
individual selection on these characters.

With regard to the estimated values of
phenotypic correlation coefficients among all
possible pairs of the studied characters, the gained
results of Table (4) illustrated, generally, that 12 out
of the possible 45 relationships appeared to be
desirable for the improvement of sweet potato using
clonal selection method, and highly correlated, since
their estimated correlation coefficients were found
to be either significant or highly significant. On the

coefficients (33 relationships) were found too small
to be significant.

Desirable association were detected between
total roots yield plant' with each of root weight
(with a positive trend), and roots number plant™
(with negative trend). In the same line, desirable
correlation coefficients were observed between
marketable roots yield plant™ with each of total root
yield plant® and root weight with positive
associations. Gedamu et al. (2010) found that total
yield reflected positive effect with each of
marketable and root weight. The existence of
significant association between total roots yield and
average roots weight was confirmed by Islam et al.
(2002) and Engida et al. (2006).The results
indicated also that the character of root length
reflected negative and significant correlation with
roots number plant?, and with the character of root
weight with positive and highly significant
correlation.  Among  significant  phenotypic
associations exhibited between pairs of the studied
characters, highly significant positive correlations
were observed between carotene content with each
of vine length, branches number, root diameter and
root dry matter with significant positive correlation.
On the other side, negative correlations were
showed between root dry matter and root diameter
(with significant level), and vine length with
branches number (with highly significant level).
These results indicated that increasing any of these
characters would associated with a reducing effect
on the other, suggesting that attention should be
given in breeding programs for these characters.

Various workers studied the relationships
between different traits in sweet potato such as
Islam et al. (2002); Engida et al. (2006). Islam et al.
(2002) showed that the characters vine length,
number of roots and root diameter recorded positive
and significant correlation with roots vyield
character. While, Alcoy (2007) reported a
significant association between total roots yield and
marketable roots yield.
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CONCLUSION

All selected clones after one cycle of clonal
selection breeding program reflected improvement
and superiority over the original population, for all
studied characters with different degrees. The
results of variance components and heritability
estimates indicated that most of the variability were
due to genetic variation, and the contribution of
additive gene action was much more to the total
variance than the non-additive gene action in the
inheritance of such characters. Accordingly,
improving roots yield and its components of sweet
potato can be achieved through purification of
"Abies" cultivar and introducing improved clones
through clonal selection program.

REFERENCES

Afaupe, S.O.; P.l. Okocha and D. Nook. 2011.
Multivariate  assessment of the agro
morphological variability and yield components
among sweet potato landraces. Afri. J. Pl. Sci.
5(2): 123 - 133.

Alcoy, A.B. 2007. Plant to plant yield variability of
sweet potato (Ipomoea batatas (L.) Lam) as
affected by plant material and time of harvest.
MMSU Sci. Techn. J. 1(1): 43 — 50.

Allard, R.W. 1960. Principles of plant breeding.
John Willey and Sons Inc., New York, USA.,
485 p.

Al-Rawi, K.M. and A.M. Khalf-Alah. 1980. Design
and analysis of agricultural experiments.
Textbook. EL-Mousl Univ. Press. Ninawa. Irag.
Pp. 487. (In Arabic).

Anshebo, T.; D. Veeraragavathatham and M.
Kannan. 2004. Genetic variability and
correlation studies in sweet potato (Ipomoea
batatas L. Lam). Madras Agric. J. 91(7 — 12):
420 — 424,

Austin, D. 1988. The taxonomy, evolution and
genetic diversity of sweet potatoes and related
wild species. In: International Potato Center
(CIP). Explor. Maint. & Utiliz. Sweet potato
Gen. resou. pp. 27 — 59.

Co-Stat Software. 2004. User's manual version.
Cohort Tusson, Arizona, USA.

Davies, B.H. 1976. Analysis of carotenoid pigment.
In: T.W. Goodwin (ed.), Chemistry and
Biochemistry of Plant Pigment. Academic
Press, London and New York.

Devi, A.K.; G. Gin and N.B. Singh. 2008. Genetic
variability and correlation studies in sweet
potato. Orissa J. Hort. 36 (2): 73 — 76.

Engida, T.; S.E. Devakara and D. Nigussie. 2006.
Correlation and path analysis in sweet potato
and their implications for clonal selection. J.
Agro. 51(3): 391 — 395.

Vol. 61, No.5, pp. 435-442, 2016

Engida, T.; E.V. Devakara and D. Nigussie. 2007.
Genetic variability for yield and other
agronomic traits in sweet potato. J. Agro. 6(1):
94 —99.

Evoor, S.; M.P. Patil; M.B. Madalageri and R.
Mulge. 2008. Genetic variability, heritability
and genetic advance in sweet potato (Ipomea
batatas L.). Environ. Ecol. 26 (1A): 322 — 325.

Gedamu, Y.; G. Belay and N. Dechassa. 2010.
Genotypic and phenotypic correlations of root
yield and other traits of orange-flesh sweet
potato (Ipomoea batatas (L.) Lam. J. Drylands.
3(2): 208 — 213.

GunjanJha. 2008. Estimations of genetic variability
in sweet potato. The Ecoscan. 41: 180 — 185.
GunjanJha. 2012. Increasing productivity of sweet
potato, Ipomoea batatas (L) Lam through
clonal selection of ideal genotypes from open
pollinated seedling population. Inter. J. Farm

Sci. 2(2): 17 - 27.

Habib, R.M. 2001. Efficiency of clonal selection on
improving characteristics of artichoke (Cynara
scolymus L.). M.Sc. Thesis, Fac. of Agric.
Alexandria Univ., Egypt.

Islam M.J.; M.Z. Haque; U.K. Majunder; M.M.
Haque and M.F. Hossain. 2002. Growth and
yield potential on nine genotypes of sweet
potato. Pakistan J. Biol. Sci. 5(5): 537 — 538.

Lammerink, J. and A.R. Wallace. 1987. Effect of
clonal selection and planted clove weight on
yield of garlic . Proceed. Agro. Soc. New
Zealand. 17: 7 —10.

Mather, K. and J. L. Jinks. 1971. Biometrical
genetics (2 nd Ed). Chapman and Hall, LTD.
London. 382 p.

Omran, A.F.; R.M. Khalil, N.M. Wanas and A.M.
Salim. 2002-a. Average degree of heterosis in
sweet potato. Minufiya J. Agric. Res. 27(3):
637 — 655.

Omran, A.F.; R.M. Khalil, N.M. Malash; M.M. El-
Sayed; N.M. Wanas and A.M. Salim. 2002-b.
Behavior of some breeds sweet potato lines and
their F; crosses. Minufiya J. Agric. Res. 27(3):
621 — 635.

Sakr, A.M. 1996. Efficiency of clonal selection in
Egyptian and Chinese garlic cultivars. M.Sc.
Thesis, Fac. of Agric. Alexandria Univ., Egypt.

Sandhu, S.S.; P.S. Brar and R.K. Dhall. 2015.
Variability of agronomic and quality
characteristics of garlic (Allium sativum L.)
ecotypes. J. Pl. Breed. & Genet. 47(2): 133 -
142.

Souza, V. Q. 2005. Potential of selection among and
within potato clonal families. Crop Breed. &
Appl. Biotech. 5(2): 199 — 206.

441



Vol. 61, No. 5, pp. 435-442, 2016 Alex. J. Agric. Sci.

Teshome, A.; D. Veeraragavathatham and M. Wera, B.; A. Yalu; A. Ramakrishna and M. Deros.

Kanan. 2004. Genetic variability and 2014. Genotypic variability estimates of

correlation studies in sweet potato. Madras agronomic traits for selection in sweet potato

Agric. J. 91(7-12): 420 — 424. (Ipomoea batatas) polycross population. J. PI.
Wanas, N.M. 2002. Evaluation of some new potato Breed. & Genet. 2(3): 131 - 136.

varieties under Egyption condition. Minufiya J.
Agric. Res. 4(2): 1009 — 1016.

=2 padlal)
Uallag) b Aol ciliaal) jany Cypment (o oy pail) AISMd) AT 35 i

GE)) dgrma a ) Jlalll Glasd andln) G Calla
Ay dasla — el IS — i) aud

o Algll laall (e Ayt ADL i) e 500 580 Al Caagy Sl Gllia liypas <l
5o LS ¢ gaally CDIAY] Jalae padi LA (e clldy lBAY] s a8 ) ALYl Gandl Ciia Ualdad)
Al byl o2 el dibiad) cliall #2155 G g redaall L)Y Jelee GlIASs aulsl) inally )il
Yovo ¥ e alal Lnall awgall A 30Ky daals — de )3l AT Ayl Ganls Lo )3l Eagad)

Gl s dabiaa) cliall cblall o 45liie Claays Aol Ay CUER) d5m dale dbuay gl ekl
AL e lgie ally Uallad) ) A5 el aaly el Bpaa] canke s cUalladl ALY 50l b
JS o sty Bgale cpuat ) (ool Agpmdd) ADL) Al i alasid of Load sl chaia gl A )
Gliall clasgial)l i PA e @lldy LLaY) syuially 13)he QLY (e 550 22 Ayl gunge Cliall
—%YY v q Gn Gagli dugyaad)l Gliall aulgd) el Gyl selS paE L Lilias) Leliey ddbia)
@oedaad) TV Jalae Ay cufes gl e jodall dalal soldly colall Hsdall se Jdeal %940
v lae¥) b bial dpeal (e lee ddbisdl claall z1 on dasepal) L) Glile o dael) 25ag
ol el 3 bl e e s o S Al Aalgl (@lsal) Jilusl) aalS Glas) ¢l

442



