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ABSTRACT 
The efficiency of two cycles of clonal selection on some economical characters in four different varieties of sweet 

potato (Abbies, Mabrouka, Beaurogard and local Nigerian variety) were studied. The magnitude of variability, 
heritability and response to selection, as well as phenotypic correlation coefficients among all possible pairs of the 
studied characters were measured. This work was carried out at the Experimental Station Farm (at Abies), Faculty of 
Agriculture, Alex. Univ., Alex. Governorate, Egypt during three summer seasons of 2016 - 2018. The obtained results 
illustrated generally that the estimated coefficients of variability and ranges of the studied characters of the four cultivars 
original populations reflected high and enough variability, which suggested high possibilities of conducting successful 
and efficient selection. This lead to produce improved cultivar with better performance than its original population. Also, 
the results demonstrated, in general, that two cycles of clonal selection  exhibited high efficiency for improving all 
studied characters with different rates, compared with the original population. The estimated values of heritability (h2

 bs) 
for the various studied characters were found to be high for dry matter and very low for root diameter. The highest 
estimates of genetic advance as percentage of mean were obtained for root number-1 plant 99.7%, root weight plant-1 89.0 
%, root length 77% and vine length 69.2%. The results also, revealed that phenotypic clonal selection was ended up with 
populations that have improved root number plant-1 for Abbies, Mabrouka and beaurogard by 77.87 %, 101.9% and 
51.71%, respectively, in respect to the original population. The increment over original population for fruit number plant-

1 in Nigerian variety was observed in C1 population which reached 53%. Meanwhile, the results also demonstrated that 
Abbies produced the maximum number of tubers plant-1 (5.87 tubers) and the highest root weight plant-1 was observed in 
Beaurogard (1.67 kg/ plant). Moreover, Abbies variety had the highest values for dry matter, TSS and carotene content 
and it was statistically different from the remaining three sweet potato varieties. Furthermore, correlation estimates 
revealed significant associations among the various pairs of the studied characters. These findings appeared to be 
desirable for achieving 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 the most important and commercial cultivars 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 family and 
considered one of the most important popular 
starchy tuber and food crop in Egypt as well as 
many other tropic and sub-tropic countries (Austin, 
1988). This family includes 55 genera and more 
than 1000 species. However, only Ipomoea batatas 
it has economic importance as a source of food 
(Watson and Dallwitz, 2000). 

In developing countries, sweet potato ranks, 
fifth economically after rice, wheat, maize, and 
cassava; sixth in dry matter production; seventh in 
digestible energy production; ninth in protein 
production (Stathers et al., 2005).  

World production of sweet potato is about 131 
million tonnes yr-1, on approximately 9 million ha 
with estimated mean yields of 13.7 tonnes ha-1 
(FAO, 2017). China is the world’s leading producer 
of sweet potato, accounting for about 80% of the 
total production worldwide. Egypt produces 
330.382 ton/ ha. The total cultivated area was 
13.097 ha (FAO, 2017). 

Sweet potato is a very promising crop as a 
staple food for farmers since it is a very good source 
of starch and protein. Egypt is considered a very 
good producer of sweet potato and one of the high 
ranked countries in sweet potato exportation, 
specially to Europe. Such factor brings need to 
improve productivity and quality of the crop. Abbies 
region in Alexandria is a well-known area for the 
production of the famous cultivar Abbies. This 
cultivar is well adapted to the local environment of 
this region. Nowadays, more cultivars needed to be 
evaluated to fulfill the requirement of exportation. 
Moreover, due to the deterioration in productivity of 
the local varieties of sweet potato, breeder devoted 
their efforts to improve the productivity through 
selection in the base population through extent 
breeding program (Soliman and Ragheb, 2016). 

The 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. 
Since it is well known that sweet potato is one of the 
most important crop belong to asexualy group 
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clonal selection method considered more suitable 
for improvement of sweet potato. Selection of 
individuals within the population, have to be 
considered by the breeder and the value of a 
genotype is determined by a good performance 
overall traits. Yield is the most relevant trait 
together with several nutritional quality traits should 
be considered. 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 (Gunjan, 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); Gunjan (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 genotypes 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 might be transmitted from parents 
to offspring. Heritability estimates for some 
important characters of sweet potato carried out by 
several researchers (Evoor et al., 2008; Gunjan, 
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 pairs of 
sweet potato characters were estimated by many 
investigators (Teshome et al., 2004; Devi et al., 
2008; Gedamu et al., 2010; Afuape et al., 2011; 
Gunjan, 2012). 

Accordingly, the present study was established 
to determine: 1) The efficiency of two cycles of 
clonal selection for yield in three local varieties 

beside one Nigerian local variety. 2) Testing the 
interrelationships among the various studied 
agronomic traits, using the estimation of phenotypic 
correlation coefficients. 3) Detecting genetic 
diversity and heritability estimates for various 
characters. 

MATERIALS AND METHODS 
Experimental site 

During the summer seasons of 2016, 2017 and 
2018, field trials were carried out at the 
Experimental Station Farm, Abies region, Faculty of 
Agriculture, Alexandria University, Alexandria 
Governorate, Egypt. This sites lies between latitude 

31o2 N, and longitude 29o6 E with an latitude of 
about 2.5m below sea level. 
Original genetic material (First season) 

Four varieties of sweet potato, two local 
Egyptian varieties called Abbies , and Mabrouka 
(V1and V2) , and well established American variety 
Beaurogard (V3) and  a local Nigerian variety  (V4) 
grown for first time in Egypt were used  to evaluate 
its performance. The characteristics of the used 
varieties are shown in (Table 1). The local varieties 
were obtained from a Commercial nursery in 
Alexandria .The beaurogard tubers were obtained 
from Agro Food Company. However, the Nigerian 
variety was obtained through personal 
communication with one Nigerian colleague. The 
clonal selection breeding program started with 
commercial population consisting of about 1000 
stem cuttings from each cultivar, both top and 
middle portions of vine cuttings of mature plants.  A 
(3 – 4) nodes and about (20 – 30 cm) long were 
clipped off and planted on one side rows on April 
20th 2016. The experimental area included 190 rows, 
4.0 m long and 0.7 m wide. The spacing between 
plants was 0.25 m. All agricultural practices such as 
fertilization, irrigation and pests control were 
performed as recommended for commercial sweet 
potato production. 

The recorded data for the original 
population (C0) of each variety were measured on 
the basis of 30 individual plants of each variety at 
two periods. The first period was about 110 days 
from transplanting when the plants were totally 
grown, where three vegetative growth characters; 
i.e., vine length (cm), foliage weight (g) and 
branches number plant-1 were determined.  

Table 1: Characteristics of the studied varieties. 

Cultivar Leaf shape Skin color Flesh color Maturity Productivity (ton/ha) 
Abbies              (V1) Lobed Orange Red 125-135 10 
Mabrouka         (V2) Heart shape Cream Red 165 12 
Beaurogard       (V3) Heart shape Orange Red-orange 130 13 
Nigerian local   (V4) Heart shape Cream Cream 150 5 
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And, the second period at the harvesting stage it was 
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-1, 
total roots yield plant-1, and roots yield plant-1, the 
statistical parameters; mean (X), rang, and 
coefficient of variation (C.V. %) were estimated for 
each character. 
Selection the first clone’s generation 

The best 50 plants from the original population 
of each variety, at the beginning of roots formation, 
were primarily selected on the basis of the 
vegetative growth characters, as reported earlier. At 
harvesting stage, a second selection according to the 
above-reported traits of the roots yield and its 
components, were conducted to come out 18 plants. 
The stem cuttings of each selected plants from each 
cultivar were cut separately transplanted in the 
nursery on September 10th of 2016, for the next 
evaluation season for derived clones (C1). In 2017 
the population of (C1) from each variety were sown 
and by the end of the season and more severe 
selection were done based on the same 
characteristics of high productivity and root shape to 
end up finally with nine best plants (clones ) from 
each cultivar (C2).  

In 2018 Stem cuttings of each selected clone 
from each variety (C2) and representative samples of 
the original population (C0) and (C1) population of 
each variety were prepared and transplanted in 
summer season on April 20, 2018. A randomized 
complete blocks design (RCBD) with three 
replicates were used. Each plot consisted of three 
rows, 4 m long and 0.70 m wide. The planting was 
done on the rows at 0.25 m spacing and all 
recommended cultural practices for commercial 
sweet potato production were followed. 

Data were measured for 5 plants from each of 
the selected nine clones of each variety (C2 
population). Length (cm) , foliage weight (g), root 
length (cm), root diameter (cm), root weight (g), 
roots number plant-1, total roots yield plant-1,  roots 
yield plant-1, average root weight (g), L/D ratio ( 
length / diameter), TSS ( total soluble solids), root 
dry matter (%), and the carotene content (mg/100 g 
fresh weight), sugar content % and starch content % 
was assayed according to Davies procedure (1976). 
Statistical analysis 

The mean performance of individual genotype 
was pooled and employed for statistical analysis. 
Analysis of variance was carried out according to by 
Gomez and Gomez (1984) using (Co-stat software 
2004). Phenotypic coefficient of variability (PCV) 
and genotypic coefficient of variability (GCV) and 
heritability in broad sense (h2 bs) were calculated by 
the formula given by Burton and De Vane (1953). 
Genetic advance that is the expected genetic gain 
was calculated by using the procedure given by 

Johnson et al. (1955). Correlation coefficient  was 
worked out as method suggested by Searle (1961). 
The estimated values were compared with table 
values of correlation coefficient to test the 
significance of correlation coefficient. 

RESULTS AND DISCUSSION 
The data in Table (2) showed significant 

differences amongst varieties for most of the studied 
characters. This shows phenotypic and genotypic 
diversity among them. Abbies produced the 
maximum number of tubers (5.87 tubers) followed 
by Beaurogard without significant difference. The 
highest root weight plant-1 was observed in 
Beaurogard (1.67 kg / plant) followed by Mabrouka 
without significant difference. The highest average 
tuber weight observed in the Nigerian variety 720 g 
followed by Mabrouka and Beauregard. Abbies and 
Mabrouka showed the highest significant foliage 
weight. No significant differences among varieties 
were observed in root diameter and sugar content. 
Abbies variety had the highest values for dry matter, 
TSS and carotene content and it was statistically 
different from the remaining three sweet potato 
varieties. The Nigerian variety had the lowest 
number of tubers and the lowest weight of tuberous 
root plant-1 and starch content. This could be 
explained as the variety was grown for the first time 
in Egypt and is not adapted to Egypt conditions. 
More research should be done to improve the 
variety and evaluate it under extra environments to 
ensure its performance. These results are in 
agreement with Lewthwaite and Triggs (2000) 
whom reported that sweet potato cultivars varied 
significantly in total yields. They contribute the 
increasing in total yield due to the increase in root 
weight and depend on leaf photosynthesis. Also, 
Sasaki et al. (2005) suggested that the canopy type 
might affect the NAR (Net Assimilation Rate) of 
each cultivar. The transport of assimilates from the 
leaves to the root stalk is a process influenced by 
storage root growth, as storage root cells must be 
formed and expand before they can store 
assimilates. As well as, the final yield depends on 
the rate of increase and the duration of growth. 
Ayoub (2005) and Shehata et al. (2006) found that 
cv. Mabrouka gave higher dry matter than the other 
tested cultivars. Ali et al. (2009) showed that 
maximum number of tuber roots plant-1 (5.13 
tubers), average diameter of tuber roots (3.87 cm). 
Also, Esan and Omilani (2018) in there study on 
four Nigerian varieties mentioned that Iwo 1 was the 
highest yielding variety among the remaining ones. 
However, Rahman et al. (2013) indicated that 
CIP440267 was suitable for cultivation in 
Bangladesh among other varieties as an orange 
fleshed sweet potato variety.   
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Values for the statistical parameters; means (X), 
ranges (R) and coefficients of variation (C.V. %) for 
all the studied characters of the original population 
of the four used varieties of sweet potato are given 
in Table (3). 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 17.91 to 20.93 cm in plant length, 
22.75 to 31.55 g in foliage weight, 24.77 to 44.35 
branches in number of branches, 15.17 to 21.55 cm 
for root length and from 15.08 to 25.19 cm in fruit 
diameter. However, the yield characters showed the 
highest values for coefficients of variation which 
ranged from 39.3 in Beaurogard to 55.33 in the 
Nigerian variety for root yield plant-1 and from 
39.62 in Abies cultivar to 60.26 in the Nigerian 
variety. Also, all studied characters had wide range 
between the lowest and highest value for each 
character. Such results may be explained as the 
studied varieties have 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, Engida et al. (2007) 
and Gunjan (2008) for number of roots plant-1; 
Teshome et al. (2004); Engide et al. (2007); Evoor 
et al. (2008); Gunjan (2008) for root length. and 
Teshome et al. (2004); Engida et al. (2007); Gunjan 
(2008) for roots yield plant-1. 

The analysis of variance illustrated in Fig. (1) 
revealed the existence of significant variation 
among the three populations [the original population 
(C0) and the two selected derived populations (C1 
and C2)]. The data of the selected population (C2) 
were the average of the selected clones (clone 1 to 
clone 9). The obtained results indicated clearly that 
(C2) population showed different degree of 
superiority over the original population. Mean 
comparisons indicated that C2 had the highest values 
for plant height in Nigerian variety (Fig. 1). For 
foliage weight, C2 had the highest values for all 
cultivars. However, for number of roots plant-1, C2 
achieved the highest values in Abbies, Mabrouka 
and Beuarogard (Fig. 1). For plant yield the highest 
increment were obtained in Mabrouka and 
Beaurogard varieties. 

The C2 population in Nigerian variety showed 
the highest values for fruit length and Mabrouka for 
fruit diameter. Thus the clonal selection improved 
the performance of the sweet potato used varieties in 
most of the studied characters at different 
magnitude.  As shown by the final concurrent 
evaluation for the three population (C0, C1 and C2), 
the phenotypic clonal selection was ended up with 
populations that have improved root number plant-1 
in Abbies, Mabrouka and Beaurogard by 77.87 %, 

101.90 % and 51.71 %, respectively relative to the 
original population. The increment over original 
population for fruit number plant-1 in Nigerian 
variety was observed in C1 population which 
reached 53 %. Meanwhile, for root yield plant-1, C2, 
populations showed the highest improvement 
reached to 121 % and 80 % in Mabrouka and 
Beaurogard, respectively. However, C1 showed the 
highest significant increment in Abbies and 
Nigerian variety with values reached 21 % and 48 % 
respectively. This results regarding new sweet 
potato clones were realized by several workers, 
Omran (2002); Wanas (2002); Aushebo et al. (2004) 
and Soliman and Ragheb (2016). 

The extents of variability in sweet potato were 
measured over all the studied genotypes in the C2 
populations Table (4). Environmental σ2 e, 
phenotypic σ2 

ph and genotypic σ2 
g variance were 

estimated. The parameters phenotypic coefficient of 
variation PCV and genotypic coefficient of variation 
GCV, Heritability in broad sense h2

 bs, genetic 
advance GA and genetic gain G% were calculated 
as well. The results revealed considerable 
phenotypic and genotypic variation among 
genotypes for all the studied characters. In most of 
the characters a large portion of the phenotypic 
variance was accounted by the genetic component. 
High magnitude of PCV and GCV in foliage weight, 
root number plant-1, root weight plant-1 root length, 
L/D ratio, TSS, and dry matter. The estimated 
different two values differ only slightly indicating 
that influence of environment of these characters are 
negligible and the role of genotypic performance in 
the full expression of the genotype. Vine length, 
root number plant-1 and root weight  plant-1 had 
moderate GCV and PCV, and hence these characters 
provide average chance for selection. On the 
contrary, L/D ratio TSS and total sugar % had the 
least PCV and GCV supposing less chance for 
selection.  These results are in agreement with the 
findings of Sharma (2004), Engida et al. (2006) and 
Sharavati et al. (2018) in sweet potato. 

The estimates of heritability in broad sense for 
roots number plant-1, root length, and dry matter 
characters showed, relatively, high value of                  
80.42 %, 85.33 % and 94.55%, respectively. This 
demonstrated that genetic variance seemed to 
contribute with relatively high portion of the total 
variance. Moderate heritabilities were observed for 
foliage weight root weight, L/D ratio, TSS, starch 
content and carotene content (68.28 %, 66.8 %, 
71.52%, 74.58%, 59.74% and 52.51%, 
respectively). The high and moderate heritabilities 
indicated that those characters were less influenced 
by environmental fluctuations. Hence, selection for 
these traits might lead to accumulation of more 
desirable genotypes and satisfactory progress could 
be achieved by individual selection on these 
characters.  



Alex. J. Agric. Sci.                                                                                             Vol. 64, No.1, pp. 21-31, 2019 

 25 

 
 
 



Vol. 64, No. 1, pp. 21-31, 2019                                                                                             Alex. J. Agric. Sci. 

 26 

 

 

a b 

 
 

c d 

  
e f 

 
Fig. 1:  a) Vine length (cm), b) Foliage weight (g), c) Number of roots plant-1, d) Weight of roots plant-1 

(g), e) Root diameter (cm), and f) Root length (cm), for base population (C0), (C1) and second (C2) 
cycles populations of sweet potato varieties Abbies, Mabrouka, Beaurogard and Nigerian local 
variety grown in Alexandria, 2016 - 2018.  
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The present findings were in agreement with 
findings reported by the various workers viz., 
Teshome et al., (2004); Engida et al., (2006) and 
Shashikanth et al., (2008) in sweet potato. 

Genetic advance is important to find out the 
genetic gains which likely to be achieved in the next 
generation. These are classified as high, medium 
and low. The success of genetic advance under 
selection mainly depends upon genetic variability, 
heritability and selection intensity. In the present 
study highest estimates of genetic advance as 
percentage of mean were obtained for characters 
viz., root number plant-1 99.7 % root weight plant-1 
89.0 % root length 77 % and vine length 69. 2%. 
The moderate estimate of genetic advance as 
percentage of mean were obtained for characters 
viz., foliage weight 55 %, L/D ratio 43 % starch 
content 41 % and carotene content 41.24 % (Table 
3). In the present study, high heritability coupled 
with high genetic advance as per cent over mean 
was recorded for the characters viz., root number 
plant-1 root weight plant-1 root length and dry matter. 
Whereas, moderate heritability coupled with 
moderate genetic advance as per cent over mean 
was recorded for L/D ratio and foliage weight. High 
heritability coupled with moderate genetic advance 
as per cent over mean was recorded for starch 
content and carotene content. The above findings 
indicated that the characters with the high and 
moderate heritability and genetic advance can be 
considered for direct selection for improvement. 
These results are in agreement with the results of 
Engida et al., (2006); Shashikanth et al., (2008); 
Madawal et al., (2015); Demelie and Aragao (2016) 
and Badu et al., (2017) in sweet potato. 

With regard to the estimated values of 
phenotypic correlation coefficients among all 
possible pairs of the studied characters, the obtained 
results are presented in Table (5).  Generally, 10 out 
of the possible 78 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 
other hand, the other phenotypic correlation 
coefficients (68 relationships) were found too small 
to be significant. Desirable association were 
detected between total roots yield plant-1 with each 
of foliage weight, root number plant-1 and carotene 
content (with a positive trend). In the same line, 
desirable correlation coefficients were observed 
between root number plant-1 and beta carotene 
content 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 
diameter reflected negative and significant 
correlation with L/D ratio. Highly significant 
positive correlations were observed between 
average root weight and root length and between 
L/D ratio and dry matter. On the other hand, 
negative correlations were showed between dry 
matter and TSS and between sugar content starch 
content (with highly significant level). These results 
indicated that increasing any of these characters 
would be 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 yield character. While, Alcoy 
(2007) reported a significant association between 
total roots yield and marketable roots yield. 

CONCLUSION 
All selected clones after two 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. Accordingly, improving 
roots yield and its components of sweet potato 
might be achieved through purification of sweet 
potato cultivars and introducing improved clones 
through clonal selection program. 
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