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Abstract

Background: Investigating the causes and magnitude of genetic variation in segregating potato
population that derived from crossing is vital to know the genetic consequences of hybridization and
improve potato varieties. However, very little effort has been carried in creating local population
through crossing and genetic information on created potato population.
Objective: The study was conducted to assess genetic variability and correlation among traits in
locally created potato crosses population.
Materials and Methods: A total of 81 genotypes were evaluated for 18 traits in a 9 x 9 simple lattice
design. Data collection and analysis was done from sixteen plants or central rows.
Results: The results revealed highly significant variations for all traits except proportion of medium
tuber size and specific gravity of tubers indicating the existence of genetic variability among
population. Marketable and total tuber yields variability of tested genotypes ranged from 2.51 to 55.62
t ha -1 and 10.82 to 58.31 t ha -1, respectively. The phenotypic and genotypic coefficients of variation
ranged between 4.67 to 92.88% and 3.25 to 73.5%, respectively. Heritability in broad sense and
genetic advance as percent of mean also ranged from 28.81 to 91.64% and 4.65 to 90.33%,
respectively with less influence of environmental fluctuations. Total tuber yield had positive and
significant phenotypic and genotypic correlations with stem height, tuber yield per plant, tuber
number per plant, average tuber weight and marketable tuber yield. This indicated that the traits are
heritable with governing of additive gens for effective selection.
Conclusion: The range and mean values of the variables obtained suggest the existence of sufficient
variability among the tested and possibility of wide genetic base creation for improving potato
population using locally created genotypes. Hence, promising genotypes with desirable traits could be
recommended to produce new variety or use as parental lines for future breeding program.
Keywords: Broad sense heritability; Correlations; Genetic advance; Genotypes; Tuber yield

1. Introduction
Potato (Solanum tuberosum L.) is a highly heterozygous
tetraploid plant, originating in South America. It is a
tuber bearing crop belonging to the family
Solanaceous and has 48 chromosomes. Potato is the
world’s third most important food crop in overall
production after rice and wheat, and is a food security
crop in Ethiopia (Devaux et al. 2014). It is mainly
used as vegetable and available in the market
throughout the year with reasonable price and has
great importance in rural economy of the country as
compared to other vegetables crops in Ethiopia.
In Ethiopia, potatoes are mostly cultivated in the
central, north western, southern, and eastern parts of
the country (Semagn Asredie et al., 2016). The crop
has potential for improving the livelihoods of
millions of smallholder farmers in the high lands area
of the country. The potential for higher yield per unit
area, early maturity, and excellent food value give the
potato crop greater potential for improving food
security, increasing household income, and reducing
poverty than other crops (Semahagn Asredie et al.,
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2015). In 2018/19, the area under potato production
of Maher season in the country was about 73,677.64
hectares with an average tuber yield of 14.18 t ha-1
(CSA, 2019). This is relatively low, especially when
considering the favorable climate at higher elevations,
soils, and irrigation potential in Ethiopia. The main
production constraints are related to narrow genetic
basis and susceptibility to diseases among varieties.
Ethiopia’s tremendous variation in altitude,
temperature, rain fall, soil type and ecological settings
also give rise to the need for a wide range of varieties,
which are not likely to be provided by existing
breeding programs (Semahagn Asredie et al., 2015).
So, continuously developing new cultivars through
crossing is needed for a sustainable increase in potato
variability and production under the present
environmental change and high human population
growth (Bradshaw, 2006).
Ethiopia has more than 36 potato varieties that are
approved for cultivation to address the production
problems in the country (MoA, 2016). These
improved varieties were developed from introduced
germplasms mainly from International Potato Center
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(CIP) either in the form of true potato seeds or
clones and varieties imported to the country through
technology shopping programs for adaptation trials
and subsequent registration as a variety
(Gebremedhin Woldegiorgis et al., 2013).
Creating genetic variability in tetraploid potato crop
through hybridization in the country is limited due to
too much dependence on CIP materials (Getachew
Assefa et al., 2016). Because of this constraint most
smallholder farmers are still growing old varieties that
are low yielding and disease susceptible. Improving
productivity of the crop through hybridization is
necessary to develop varieties which are adaptable to
a wide range of environments (Semahagn Asredie et
al., 2015). Ethiopian local potato varieties are more
heterozygous than the CIP genotypes that are
cultivated in Ethiopia (Semahagn Asredie et al., 2016).
Varieties developed from crossing of existing local
varieties are more likely to be adapted to local
growing conditions. Therefore, creating genetic
diversity by conventional breeding using locally
adapted genotypes (existing local land races and
released varieties) in the country is required to reduce
dependency on foreign materials and develop climate
smart potato varieties which are widely adaptable and
fulfill growers’ preferential traits.
Studying the causes and magnitude of variation
from segregating population or genotypes derived
from conventional crossing is vital in understanding
the genetic consequences of hybridization to develop
better potato varieties (Mehboob et al., 2016).
Evaluating crossing products in different generations
of selection can also help to estimate genetic
parameters such as heritability to identify the best
breeding strategy (Antonio et al., 2012).
Genetic variability in potato genotypes that were
introduced from CIP has been studied and variability
in segregation was reported by many researchers like
Addisu Fekadu et al. (2013); Abraham Lamboro
(2014); Getachew Assefa et al. (2016); Wassu
Mohammed (2015) and Tesfaye Abebe et al. (2012).
But not much effort has been made in a country to
study the genetic variability and improve varieties by
generating genotypes through crossing. Hence, the
present investigation was conducted to evaluate the
extent of variability, heritability, genetic advance, and
correlation of traits in populations of cross Jalene x
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AterAbaba, Belete x Aterababa and Gera x Shenkola
varieties for different yield and its related traits.

2. Material and Methods

2.1. Description of the Study Site
The experiment was conducted at Adet Agricultural
Research Station during the main growing season in
2018. Adet Agricultural Research Center is located at
the longitude ranging from 37° 28’ 38’’ to 37° 29’ 50’’
E and latitude ranging from 11° 16’ 19’’ to 11° 17’
28’’ N in northwestern highlands of Ethiopia with an
average altitude of 2240 meters above sea level
(Andualem Wolie et al., 2013). The mean annual total
rainfall during the growing season was 1432 mm with
the average minimum and maximum temperatures of
10.81 and 25.55 ℃, respectively.
2.2. Description of the Experimental Materials
and Design
The experimental materials comprised 81 genotypes.
From this, seventy-five genotypes were offspring
produced from biparental crossing of Ethiopian
potato varieties by Adet Agricultural Research Center
in 2015. In addition, five high yielding parent
varieties, namely, Belete, Aterababa, Gera, Shenkola
and Jalene and Dagim (the latest registered variety)
was included as a standard check for comparison in
this experiment (Table 2).
The experiment was laid out as a 9 x 9 simple lattice
design. Each genotype was planted in a gross and net
plot size of 1.5 m x 3m which contained two rows in
plot and twenty plants per plot. Medium-sized and
well sprouted potato tubers were planted at the
spacing of 75 cm between rows and 30 cm between
plants. The recommended dose of fertilizer was
applied at a rate of 81/69 N/P O per hectare. The
2 5
whole phosphors fertilizer was applied during
planting, but N source applied in split at planting, 2
1
weeks after emergence and at flowering at equal
3
rate. Earthing up was executed two times throughout
the entire growing period, one at 30 days and another
one at 60 days after planting. Fungicide chemical
(Ridomil) was applied once when symptom occurred
on experiment to control potato late blight disease.
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Table 1. Description of parental varieties for different traits.
S/N Parent
Released
Characteristics
1
Belete
2009
Strong stems, high yield and dry matter, excellent stew quality, late
CIP-393371.58
blight tolerance, early bulking, early maturing and good for French fries,
large tuber, white flower, and tuber skin color, very susceptible for
bacterial wilt, hollow heart, sometimes its shape become amorphous,
bitter taste than others
2
Jalene
2002
Good dry matter and boiling quality, early maturing, early flowering,
CIP-37792.5
white tuber skin and flower color, late blight susceptible shallow eye
depth, good taste
3
Gera
2003
Long storage life, strong stems, high yield, late blight tolerant and well
KP-90134.2
adapted to dry areas, very high deep tuber eye, white flower and tuber
skin, round tuber shape
4
Shenkola
2005
Good taste and boiling quality, white flower and tuber skin color, good
KP-90134.5
yield, oval tuber shape, shallow eye depth, good taste, has tall stem
5
Aterababa
Local
Good canopy cover, stew quality, taste, early maturing, round shape,
high dry matter, good market demand and storage quality, late blight
susceptible, bacterial wilt resistant than others, pink tuber skin and
flower color, round tuber shape
Note: Descriptions are organized from Tesfaye Abebe et al. (2013) and Semahagn Asredie et al. (2015).
Table 2. List of potato offspring and parents with standard check variety used in the experiment.
Trt Genotype
Trt
Genotype
Trt
Genotype
Trt
Genotype
1
J x A.277
22
J x A.42
43
J x A.27
64
B x A.248
2
B x A.153
23
B x A.15
44
Ge xSh.186
65
J x A.18
3
J xA.296
24
J x A.49
45
J x A.130
66
J x A.123
4
B x A.174
25
B x A.60
46
B x A.163
67
B x A.207
5
J x A.94
26
J x A.77
47
J x A.67
68
J x A.186
6
B x A.225
27
Gera
48
Shenkola
69
B x A.129
7
Ge x Sh.65
28
J x A.31
49
Ge x Sh.206
70
J x A.122
8
Belete
29
Ge x Sh.101
50
J x A.146
71
J x A.243
9
J x A.140
30
J x A.333
51
B x A.8
72
Ge x Sh.90
10
B x A.74
31
B x A.228
52
J x A.102
73
Ge x Sh.317
11
J x A.170
32
J xA.266
53
B x A.213
74
J x A.196
12
B x A.112
33
J x A.143
54
J x A.245
75
J x A.250
13
J x A.21
34
J x A.326
55
J x A.345
76
J x A.119
14
B x A.184
35
Dagim
56
B x A.201
77
J x A.246
15
B x A.164
36
J x A.188
57
Ater ababa
78
J x A.165
16
J x A.120
37
J xA.60
58
J x A.135
79
Jalene
17
J x A.187
38
B x J.16
59
B x A.603
80
B x A.97
18
B x A.44
39
J x A.34
60
J x A.201
81
Ge x Sh.96
19
J x A.39
40
Ge x Sh.319
61
B x A.55
20
B x A.198
41
B x A.140
62
J x A.9
21
Ge x Sh.29
42
J x A.23
63
Ge x Sh.100
Note: Trt = Treatment, J x A = Jalene cross Ater abab, B x A = Belete cross Ater ababa, Ge x Sh = Gera cross Shenkola, Dagim
= Standard check variety and numbers followed crosses indicated the code of genotype (experimental material).
2.3. Data Collection and Analysis
2.3.1. Data collection
Observations were recorded on different traits such
as days to emergency (DE), days to flowering (DF),
days to maturity (DMA), main stem number (SN),
plant height (PH), tuber number per plant (TNP),
tuber yield per plant (TYP), very small tuber numbers
(VSN), medium sized tubers (MDN), large sized
tubers (LTN), tuber dry matter content (DM), tuber
starch content (SC), tuber specific gravity, average

tuber weight (AW), marketable tuber number (MTN),
marketable yield (MY), unmarketable tuber yield
(UNMY) and total tuber yield (TY). Some of
morphological qualitative traits like, flower color,
plant growth habit type, predominant tuber skin color
and flesh color, tuber skin type, eye depth and
number per tuber were recorded in all the entries as
per the standards and codes specified in potato
descriptors of AICRP on potato, Huaman et al.
(1977) during the peak of crop growth.
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2.3.2. Data Analysis
The quantitative data were subjected to analysis of
variance (ANOVA), but descriptive statistics was
used to describe qualitative data by taking samples
from five plants for each trait. Means for significant
treatments were compared using Fisher ‘s protected
least significant differences (LSD) at 5% (P<0.05)
level of significance. The traits that exhibited
significant mean squares in ANOVA were further
subjected to genetic analyses. The phenotypic (σ2p),
genotypic (σ2g) variances, environmental variance (σ2e)
and the corresponding phenotypic (PCV) and
genotypic (GCV) coefficients of variation for each
trait were estimated following the method described
by Burton and Devane (1953). Genotypic variance
𝐺𝑀𝑆−𝑀𝑆𝐸
(σ2g) =
, Phenotypic variance (σ2p) = σ2g +
𝑟
2
σ e. where, MSE =Mean square of error and
GMS=genotypic mean square. Broad sense
heritability estimates and genetic advance were also
calculated using the formula of Burton (1952) and
Johnson et al. (1955), respectively: h2b (Broad sense
heritability) (%) =

σ²g

x100, where σ2g= genotypic

σ²p

variance and σ2p=Phenotypic variance. Genetic
advance (GA) for each trait was computed using the
formula adopted by Johnson et al. (1955) as: GA=
GA=k.σp.h2b.Where, k= selection differential (k=2.06
at 5% selection intensity), σp= Phenotypic standard
deviation of the trait, h2b= broad sense heritability of
the character.

3. Results and Discussion

3.1. Analysis of Variance and Mean Performance
of Genotypes
Results of the analysis of variance (ANOVA) of 18
quantitative traits for the 81 genotypes showed
significant (P ≤ 0.01) differences among the tested
potato populations for all traits except proportion of
medium tuber size (%) and specific gravity (g/cm 3)
of tubers (Table 3). The presence of significant
differences among the genotypes obtained from three
biparental crosses and their parents suggested the
chance
of
obtaining
better
performing
offsprings/genotypes than their parents for the
different important yield and its related traits. The
genotypes are expected to be highly heterozygous in
which additive and non-additive gene actions and in
most case, both operate (Ross, 1986), (Arndt and
Peloquin, 1990). Therefore, the observed variations
among the potato genotypes could be exploited
through vegetative propagation.
The present findings agree with findings of Hajam
et al. (2018) who reported significant variations
among 38 genotypes for days to flowering, plant
height, tuber number per plant, tuber yield per plant
and average tuber weight. Hirut Betaw et al. (2017)
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reported highly significant differences among 60
progenies of 32 families, 12 twelve parents and check
varieties for growth, physiological and tuber yield
related traits. Melito et al. (2017) also reported highly
significant difference for total tuber yield from
genotypes obtained biparental crosses. Zakerhamid
(2014) showed significant differences among 166
hybrids and two parents for plant height, main stem
number per plant, tuber weight per plant, average
tuber weight and tuber yield. Nickmanesh and
Hassanpanah (2014) evaluated 127 hybrids with their
two parents and reported significant differences for
days to flowering, plant height, tuber weight per
plant, and total tuber yield.
The genotypes/offsprings, parents and the check
variety observed 16 to 24, 42 to 60 and 88 to 102
days of 50% emergence, 50% flowering and 90%
maturity, respectively (Table 4). The 41 potato
offsprings of Jalene x Ater Ababa had lowest mean
days to 50% emergency. The 24 potato progenies of
Belete x Ater Ababa also showed lowest mean days to
50% flowering. While the 10 potato offsprings of
Gera x Shenkola manifested lowest mean days to
maturity. However, the individual genotypes, J x
A.277, J x A.296, J x A.187, J x A.135, J x A.201, J x
A.122, J x A.196, J x A.246 and J x A.165 showed
early emergency of plants than their parents, standard
check variety and other genotypes. Similarly, J x A.23
and J xA.130 genotypes observed early maturity (88
days) than other progenies, parents, and check
variety. A total of nine potato progenies showed early
maturity than the standard check variety in this study.
The main stem number and stem height ranged
between 2 and 9; and 32.27 and 73.33 cm,
respectively (Table 4). Potato offspring of Jalene and
Ater Ababa exhibited the highest mean of main stem
numbers whereas the maximum mean stem height
recorded for progenies of Gera and Shenkola.
Genotype B x A.164 showed maximum stem height
(73.33 cm) followed by Ge x Sh.319 (71.64 cm) but
more stem numbers recorded for genotype J x A.9.
These genotypes which had more main stems and tall
stem height can produce high tuber yield.
Other authors also found the performance of
crosses and parental varieties for phenological and
growth traits. Hajianfar et al. (2017) recorded main
stem numbers ranging between 3.33 and 4.29 and
stem height ranging between 52.33 and 64.77cm for
potato hybrids. Parmar et al. (2015) found plant
height ranging from 37.16 to 54.80 cm with a mean
of 42.29 cm and main stem number per hill ranging
from 1.93 to 3.93 with a mean 2.91 in potato
genotype. Biswas (2010) showed the range of plant
height from 15.0 to 57.0 cm with a mean 37.9 cm for
and 1 to 6 with a mean 2.1 for main stem numbers
for potato progenies.
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Table 3. Mean squares from the simple lattice ANOVA for traits of 81 potato genotypes.
Trait
Rep
Blocks (adj.)
Genotype (unadj.) Genotype (adj.)
df =1
df =16
df = 80
df = 80
DE
DF
DMA
SN
SH
TNP
TYP
AW
MTN
MY

32
9.88
52.25
2.47
99.25
0.5
0.0005
30.33
54267
210.12

3.49
4.2
6.50
0.82
37.69
3.74
0.007
53.52
1562.95
12.72

8.14**
77.32**
28.89**
3.12**
168.85**
30.17**
0.09**
587.04**
3916.31**
200.13**

7.74**
73.56**
28.76**
2.96**
150.79**
25.12**
0.08**
565.85**
3360.49**
192.04**

Error (RCBD)
df = 80

Intra block (Error)
df = 64

RE of SL
Over RCBD

CV (%)

2.5
3.54
9.36
0.93
25.51
4.58
0.008
61.58
1185.46
16.4

2.25
3.37
10.07
0.96
22.47
4.78
0.008
63.59
1091.09
17.33

103.61
100.92
92.91
96.99
105.06
95.65
96.79
96.83
102.46
94.68

8.36
3.97
3.24
25.78
10.03
16.3
14.21
16.7
25.04
16.55

UNMY
286.56
3.75
20.86**
18.77**
3.83
3.86
99.42
31.3
TY
5.89
10.92
189.95**
177.46**
14.97
15.99
93.66
16.69
VSN
17515
139.8
275.23**
265.25*
142.08
142.66
99.6
32.63
MDN
19781
190.98
210.36ns
191.5ns
155.2
146.26
101.37
24.43
LTN
50.72
48.9
335.45**
327.70**
52.12
52.92
98.48
31.36
DM
37.07
3.88
20.70**
19.61**
5.4
5.78
93.43
11.05
ns
SG
0.14
0.0009
0.001ns
0.001
0.002
0.002
89.13
3.53
SC
34.86
3.25
16.43**
15.52**
4.68
5.04
92.89
14.48
Note: *and **Significant at P< 0.05 and P<0.01 probability levels, respectively. DE = days to emergency, DF = days to 50% flowering, df=degree of freedom, DMA = days to 90% maturity, SN = main
stem number, SH (cm) = stem height, TNP = tuber number per plant, TYP (g) = tuber yield per plant, AW (g) = average tuber weight, MTN = marketable tuber number, MY = marketable yield t ha -1,
UNMY = unmarketable yield t ha-1, TY = total yield t ha-1,VSN = very small tuber size in percentage, MDN = medium tuber size percentage, LTN = large size tuber percentage, DM = tuber dry matter
content(%), SG = specific gravity of tuber, SC = tuber starch content (%), CV (%) = coefficient of variation.
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Tested genotypes showed 6 to 25 tuber number per
plant, 0.23 to 1.025kg tuber yield per plant,16.61 to
106.83g average tuber weight, 11 to 310 marketable
tuber number per net plot, 2.51 to 55.62 marketable
tuber yield, 0.33 to 24.9 unmarketable and 10.82 to
58.31ha-1 total tuber yield (Table 4). The result of
range and mean of marketable and total tuber yield
were greater than the findings reported by Getachew
Assefa et al. (2016), Wassu Mohammed (2014), Wassu
Mohammed and Simret Burga (2015), Addisu Fekadu
et al. (2013) and Tesfaye Abebe et al. (2012) from
tested Ethiopian cultivated varieties and nonregistered CIP genotypes. The greater number of
tubers per plant and marketable tuber number per
plot were 25 and 246.5 for genotypes J x A.170 and J
x A.18. On the other hand, the highest and
significantly different tuber yield per plant,
marketable tuber yield and total tuber yield noted
from genotype B x A.164, followed by J x A.119. In
contrast, the highest significant unmarketable tuber
yield 24.9 t ha-1 was recorded for genotype Ge x
Sh.29, followed by Ge x Sh.206 13.59 t ha-1 due to
very deep eye depth and cracking of tubers. This may
show dominance of maternal inheritance traits which
Gera variety (female parent) imparts very deep eye on
tubers.
Generally, in the current study, about 40% potato
offspring exhibited significantly higher total tuber
yields than the standard check Ethiopian variety.
Single genotype B x A.164 and J x A.119 showed
total tuber yield advantage of 209.17% and 133.96%,
respectively, over the standard check and about
36.7% and 3.5% yield advantage over Belete (high
yielding registered variety) so far in Ethiopia. In a
similar kind of study, Melito et al. (2017) found that
48% of the genotypes from a total of 27 populations
which
produced
from
seven
biparental
crosses/families that showed higher total tuber yield
compared to the standard check.
The highest mean tuber number per plant and
marketable tuber number recorded from biparental
crosses of Jalene and Ater ababa whereas the
maximum mean of tuber yield per plant, average
tuber weight and unmarketable tuber yield found in
crosses of Gera x Shenkola variety (Table 4). In
addition, potato genotypes (offsprings) produced
from Belete cross with Ater Ababa manifested
highest mean for marketable tuber yield and total
tuber yield. This may be due to over dominance of
maternal effect which Belete (female parent) is high
yielder variety in the country.
Tuber size distribution such as proportion of small
tubers, medium tubers and large tubers ranged from
5.86 to 59.07; 26.8 to 81.08; and 0.6 to 55.67%,
respectively (Table 4). The maximum mean
percentage of small tubers and large tubers were
noted from progenies of Jalene and Ater Ababa (41)
and Gera and Shenkola accordingly. The maximum
proportion of small tubers (59.07%) showed by
genotype J x A.333 whereas, genotype Ge x Sh.206
and parental varieties such as shenkola and belete
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variety exhibited significantly highest percentages of
large tubers.
Proportion of quality traits (tuber dry matter and
starch content) ranged from 13.78 to 29 and 8.2821.84% (Table 4). These results agree with the
findings of Garnica et al. (2012) who reported tuber
dry matter and starch content (%) that ranged from
22.1 to 28.06 and 15.86 to 21.51%, respectively. But
higher than explained by Tesfaye Abebe et al. (2012)
who evaluated 25 released potato varieties and the
varieties overall values ranged from 17.65 to 26.70%
dry matter content and 9.75 to 17.82% for total
starch content under Adet environment. Potato
offsprings of Belete and Ater Ababa produced higher
mean tuber dry matter yield and tuber starch content
(%) than other biparental crosses. Significantly lower
tuber dry matter and starch content (%) were
recorded from crosses of Gera and Shenkola variety
by genotype Ge x Sh.186. Individual genotypes B x
A.97 and J x A.266 showed higher tuber dry matter
yield and starch content than all other clones. The
results may be due to positive correlation of dry
matter content with total starch content (r=1**) as
observed in this study and suggests that continuous
evaluation of these crosses may result in a higher
chance of obtaining genotypes with high tuber quality
traits. A total of forty (40) potato offsprings and four
parental varieties produced the maximum percentages
of tuber dry matter yield and starch content than the
standard check variety.
The present findings are also supported by results
of previous workers. Addisu Fekadu et al. (2013)
reported availability in tuber size distribution that
ranged from 4.6 to 56.67% for small sized tubers,
27.80 to 49.00% for medium sized tubers and 0.5 to
65.7% for large sized tubers. Melito et al. (2017) also
reported the possibility of obtaining many genotypes
with better tuber yield from bi-parental crosses.
Similarly, Hajianfar et al. (2017) reported as high as
11.96, 41.22 and 37.19 t ha-1 tuber number per plant,
total tuber yield, and marketable yield, respectively,
and tuber dry matter up to 26.7% in hybrids of
potato genotypes. In addition, Luthra et al. (2017)
observed the range from 6.23 to 10.34 for tuber
number per plant, 20.2 to 36.6 for marketable yield,
23.7 to 38.8 for total yield t ha-1 and 13.9 to 18.5%
for dry matter from potato progenies. Additionally,
Parmar et a l. (2015) showed tuber yield per plant
249.15 to 511.07gm and average tuber weight 48.53
to 98.2gm among 32 potato progenies. Furthermore,
Nizamuddin et al. (2010); Zakerhamidi (2014) and
Nickmanesh and Hassanpanah (2014) reported a
wide range of tuber yield in progenies of two varietal
crosses. Feltran et al. (2004) reported high dry matter
and starch content ranged from 15.7 to 22.4% and
56.7 to 71.4%, respectively, in 18 potato cultivars.
In family base, the maximum proportion in 41
potato offspring obtained from crossing Jalene with
AterAbaba showed semi-erect growth habit (39.02%),
light pink flower color (80.49%), brown tuber skin
color (29.27%), yellow tuber flesh color (44.34%),
medium tuber eye depth (39.02%), smooth skin type
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(58.54%), oval tuber shape (39.02%) and intermediate
(5<20) eye numbers(39%). On other hand, most
proportion of potato offsprings/genotypes derived
from Belete and Ater Ababa contained decumbent
growth habit (45.83%), light pink flower (58.33%),
brown tuber skin color (37.5%), yellow tuber flesh
color (41.67%, medium tuber eye depth (54.16%),
smooth tuber skin type (70.8%), round and long
tuber shape (60%) and inter mediate tuber eye
number (91.67%). However, the proportion of the
genotypes generated from Gera cross Shenkola
observed decumbent (45.83%) growth habit, light,
and intense purple flower color (100%), light brown
(30%) and white tuber skin color (50%), light yellow
tuber flesh color (40%), light yellow tuber flesh color
(40%) for each) and oval tuber shape (70%) in this
study.
According to Kumar et al. (2018) white-fleshcolored potatoes are low in carotenoids
(<100μg/100 g fresh weight) whereas the carotenoids
content of yellow-fleshed varieties is higher (about
560μg/100 g FW). Intense yellow to near orange
flesh color is associated with carotenoid
concentrations >2000μg/100g. Based on this
information, about 33 from a total of 75 potato
progenies showed white and cream flesh color which
is low in carotenoids, while other genotypes
contained yellow and different flesh color which had
high carotenoid content. Cultivars which possess
either shallow or medium eye depths are perfect to
reduce losses during peeling and trimming.
Therefore, the results of crossing Belete and Ater
Ababa produced large proportion of skin type highly
desired for any French frying or processing industries
and as such considering these parental materials
seems essential to producing clonal population
targeting processing industries. Hence, genotypes in
this study showed difference by morphological
qualitative traits not only among all families but also
with in biparental crosses.
3.2. Genetic Variability Components
3.2.1. Phenotypic and genotypic coefficients of
variations
The variability components (phenotypic and
genotypic variances and coefficient of variations,
heritability in broad sense and genetic advances as
percent of mean) were estimated for agro
morphological traits (Table 5). The estimates of
genotypic and phenotypic coefficient of variations
were computed in the range between 3.25 to 51.41
and 4.67 to 60.28%, respectively. The lowest and the
highest values were computed for days to maturity
and number of large tubers, respectively. According
to Siva Subramanian and Menon (1973), PCV and
GCV values roughly more than 20% are high,
whereas values less than 10% are low and values
between 10 and 20% to be medium.
Correspondingly, days to flowering, plant stem
height, average tuber weight, marketable tuber
number, marketable tuber yield and total tuber yield
exhibited high phenotype and genotypic variance
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indicating greater scope of selection for the
improvement of these characters. Similarly, Haydar
(2009) reported the maximum genotypic and
phenotypic variance for plant height. Hajam et al.
(2018) also observed highest GV and PV for average
tuber weight, tuber yield per plant and total tuber
yield, and in addition, Benavente and Pinto (2012)
found high genotypic variance for total tuber yield
from among families and within families in 30 potato
genotypes which produced by biparental crossing.
Maximum phenotypic coefficients of variation
(PCV) was computed for main stem number, tuber
number per plant, average tuber weight, tuber yield
per plant, marketable tuber number, marketable yield,
total tuber yield, tuber starch content and percentages
of small tubers and large tubers whereas highest
genotypic coefficients of variation (GCV) had
observed for traits such as main stem number, tuber
number per plant, average tuber weight, tuber yield
per plant, marketable tuber number, marketable yield,
total tuber yield, percentages of small tubers and large
tubers. In line with this study, Ozturk and Yildirim
(2014) reported high genetic coefficient of variation
(GCV) for total yield (26.2 %), plant height (21.2 %)
and average tuber weight (20.4 %) for genotypes. The
characters having high GCV indicate high potential
for effective selection (Burton, 1957). Characters with
high genetic variability and genetic advance are also
important for selecting the desirable parents (Biswas
et al., 2005).
High estimates of phenotypic (PCV) and genotypic
coefficients of variation (GCV) were observed for
main stem number, tuber number per plant, average
tuber weight, tuber yield per plant, marketable tuber
number, marketable tuber yield, total tuber yield,
small tuber, and large tuber percentage. The result
was agreed with authors such as Hajam et al. (2018),
noted highest GCV and PCV for traits number of
main stems, total tuber yield and tuber yield per plant.
The traits which exhibited high estimates of
genotypic and phenotypic coefficient of variations
had high probability of improvement through
selection to develop new variety (Singh, 1990).
Moderately high phenotypic (PCV) and genotypic
coefficients of variation (GCV) were computed for
plant stem height, days to 50% flowering and tuber
dry matter. Moderate phenotypic coefficients of
variation (PCV) were also noted for days to 50%
emergency. Abraham Lamboro (2014) reported
moderately high PCV and GCV for plant stem
height, percentage of small tubers and days to
emergence. Low estimates of PCV and GCV were
obtained for days to maturity. This agrees with
Kameshwari (2015) who reported the lowest GCV
and PCV for days to maturity. The lowest GCV and
PCV suggested that selection for the desired
character based on phenotypic expression of
genotypes might not be effective in attaining the
desired genotypes due to the highest masking of
factors to express these traits. Singh (1990) also
reported low GCV and PCV values for dry matter
content.
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Table 4. Average family mean values (range) of evaluated genotypes for quantitative traits.
No. of clone
Family
Range
DF
MA
SN
SH
TNP TYP
ATW
MTN
MY
UNM
TY
VSN
LTN
DM
SC
JxA
41
Min
44
88
3
33.1
7
0.23
16.61
66
6.58
0.33
10.8
6.25
0.6
14.13
8.59
Max
53
101
9
66
25
0.97
71.38
247
43.8
8.19
44.1
59.1
40.29
27.68
20.67
Mean
48
95
5
49.2
14
0.59
42.27
144
23.3
3.7
27.0
30
18.14
21.18
14.88
BxA
24
Min
42
88
2
32.3
6
0.27
26.45
75
8.73
1.05
11.7
5.86
3.2
15.63
9.93
Max
55
102
6
73.3
23
1.03
78.1
226
55.6
7.65
58.3
42.5
49.78
29.00
21.84
Mean
46
95
4
46.6
12
0.62
53.55
130
26.9
3.4
30.3
23.3
27.23
21.73
15.36
Ge x Sh
10
Min
46
90
3
41.3
8
0.3
35.11
13.5
2.51
0.58
16.8
13.2
12.6
13.78
8.28
Max
60
99
7
71.6
17
1.03
103.3
193
33.9
24.9
45.7
52.2
55.47
25.48
18.7
Mean
50
94
5
53.9
12
0.63
56.49
118
21.7
7.51
29.2
27.2
27.61
21.57
15.22
Jalene
1
Mean
54
93
4
50.2
15
0.6
40.96
135
23.0
4.41
27.4
36.3
17.81
18.15
12.18
Aterababa
1
Mean
45
91
4
48.1
13
0.49
39.32
108
17.1
5.34
22.4
34.9
13.19
22.18
15.76
Belete
1
Mean
48
99
2
52.9
8
0.88
106.8
111
41.0
1.66
42.6
13.2
55.67
24.3
17.66
Gera
1
Mean
52
99
2
65.8
13
0.89
72.87
157
37.1
2.23
39.3
14.3
41.31
20.98
14.69
Shenkola
1
Mean
55
101
2
66.6
10
0.82
82.11
127
36.0
1.6
37.6
16.9
55.59
23.75
17.17
Dagim
1
Mean
48
92
2
57.4
10
0.43
48.94
105
16.4
2.47
18.9
20.4
31.86
21.3
14.99
G.mean
48
95
4
49.3
13
0.6
48.74
135
24.5
3.9
28.0
27.0
23.0
21.47
15.14
Note: J x A = Jalene cross with Ater ababa, B x A = Belete cross with Ater ababa, Ge x Sh= Gera cross with Shenkola, Dagim = standard check variety, Min=minimum, Max = maximum,
G.mean=Grand mean, DE = days to emergency, DF = days to 50% flowering, DMA = days to 90% maturity, SN = main stem number, SH (cm) = stem height, TNP = tuber number per plant, TYP (g)
= tuber yield per plant, AW (g) = average tuber weight, MTN = marketable tuber number, MY = marketable yield(t ha -1), UNMY = unmarketable yield (t ha-1), TY = total yield(t ha-1),VSN = very
small tuber size percentage, MDN = medium tuber size percentage, LTN = large size tuber percentage, DM=tuber dry matter content (%), SG = specific gravity of tuber, and SC = tuber starch content (%).
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On this study, the PCV values were slightly higher
than their corresponding GCV values for all the
characters considered which reflect a little influence
of environment on the expression of characters. This
agrees with Getachew Assefa et al. (2016) and Biswas
(2005) reported high phenotypic variances than
genotypic variances for growth and yield traits in
genotypes.
3.2.2. Heritability and genetic advance
Estimate of heritability in broad sense ranged from
28.81 to 91.64% for percentages of small sized tubers
and days to flowering, respectively (Table 5). As
suggested by Pramoda (2002), h2b estimates is
categorized as low < 40%, medium 40-59%,
moderately high (60-79) and very high (>80%). Based
on this category, very high heritability estimate was
noted for days to flowering (91.64%), tuber yield per
plant (80%) and average tuber weight (80.45%)
indicating the selection of genotypes for such
characters could be easy and may lead to the
improvement of the mean values in selected
genotypes for those traits. Presence of high
heritability indicated that these traits are less
influenced by environmental fluctuations and
governed by the additive gene effects that are
substantially contributing towards the expression of
traits. Similarly, Ozturk and Yildirim (2014) reported
the highest board sense heritability’s for average tuber
weight, Moussa (2013) noted high estimates of
heritability for tuber yield per plant from 17 potato
genotypes comprising seven parents and their ten
crosses, and Haydar (2009) also reported high
heritability for tuber yield per plant and tuber
numbers per plant respectively from seven potato
parent and hybrids.
High heritability coupled with high genetic
advances was computed for average tuber weight
indicating the influence of additive gene effect on the
trait. Hence, these traits can be improved through
simple selection. Effectiveness of selection is
considered more reliable when heritability is coupled
with genetic advance. The result was in close
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agreement with the findings of Moussa (2013) and
Biswas (2005) who reported that high heritability
value along with high genetic advance for average
tuber weight in potato hybrids.
Moderately high heritability was also ranged
between 72.75 and 77.86% for stem height, tuber
number per plant, marketable tuber yield, total tuber
yield and proportions of large sized tubers while
medium heritability showed for days to emergency,
days to maturity, marketable tuber number, tuber dry
matter and tuber starch content percentage. In line
with this study, Mishra et al. (2017) obtained
moderately high heritability for marketable yield
(77.1%), total tuber yield (76.8%) and tuber dry
matter from hybrids. Low heritability value noted for
small tuber size (28.81%). This indicates that
selection may be considerably difficult or virtually
impractical due to the masking effect of the
environment. High heritability accompanied with low
genetic advances was recorded for tuber yield per
plant. This suggested that the character was
influenced due to favorable influence of environment
or predominant effects of non-additive gene rather
than genotypes. Panse (1957) reported that low
heritability accompanied with genetic advance is due
to non-additive gene effects for the particular trait. As
stated, Panes and Sukhatme (1964), high heritability
values associated with equally high genetic advance is
chiefly due to dominance and epistasis.
The genetic advance as percent mean was
categorized as low (<10%), moderate, (10-20%) and
high (>20%) by Johnson et al. (1955). Based on these
categories, the highest genetic advance for tested
genotypes expressed as percentage of the mean
(GAM) showed for all traits ranging from 25.08 to
90.33% except for days to emergency, days to
maturity, percentages of tuber dry matter and tuber
starch content (Table 5). Traits which showed high
values of genetic advance might be due to additive
gene action. Similarly, Kameshwari (2015) reported
high genetic advance in percentage of mean for
average tuber weight and tuber yield per plant.
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Table 5. Variability components for 16 traits of evaluated 81 genotypes and parental varieties.
Trait
Range
Mean
σ2g
Days to emergence
16-24
18.12
2.95
Days to flowering
42-60
61.00
36.97
Days to maturity
88-102
94.51
9.41
Stem height(cm)
32.27-73.33
49.34
73.19
Main stem number
2.0-9.0
3.80
1.08
Tuber number/plant
6.0-25.0
12.93
12.69
Average tuber weight(g)
16.61-106.83
48.74
261.72
Tuber yield /plant(kg)
0.23-1.03
0.60
0.04
Marketable tuber number
11-310
134.5
1412.61
-1
Marketable yield t ha
2.51-55.62
24.46
87.61
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σ2p
5.20
40.35
19.48
95.66
2.04
17.48
325.32
0.05
2503.7
112.52

GCV (%)
9.47
12.72
3.25
17.34
27.23
27.55
33.20
32.63
27.94
38.26

PCV (%)
12.58
13.28
4.67
19.82
37.43
32.33
37.01
35.79
37.19
43.36

Hb (%)
56.65
91.64
48.3
76.51
52.9
72.63
80.45
80.00
56.42
77.86

GA (5%)
2.66
11.99
4.39
15.42
1.56
6.26
29.89
0.37
58.16
17.01

GAM (5%)
14.68
25.08
4.65
31.24
40.79
48.37
61.33
61.26
43.23
69.55

Total yield t ha-1
10.82-58.31
28.32
81.94
108.01
31.97
36.7
75.87
16.24
57.36
Tuber dry matter
13.78-29
21.47
6.23
14.47
11.62
17.72
43.02
3.37
15.7
Tuber Starch content
8.28-21.84
15.14
4.94
11.49
14.69
22.39
43.04
3.01
19.85
Small tuber
5.86-59.07
26.89
61.36
212.99
29.13
54.27
28.81
8.66
32.2
Large tuber
0.6-55.67
49.99
141.26
194.18
51.41
60.28
72.75
20.88
90.33
Note: σ2g = genotypic variance, σ2p = phenotypic variance, PCV (%) = phenotypic coefficient of variation (%) = genotypic coefficient of variation, Hb (%) = heritability in broad sense, GA = genetic advance,
and GAM = genetic advance as percent of mean.

10

Manamno et al.
3.2.3. Phenotypic and genotypic correlations
The estimates of genotypic and phenotypic
correlation coefficients between total tuber yield and
all possible pairs of yield components are presented
in Table 6. Phenotypic and genotypic association of
days to emergency with days to flowering was
positive. This indicates that selection for this trait
may lead to early mature genotypes. Days to
emergency was negatively correlated with main stem
number, tuber number per plant and marketable
tuber number at phenotypic and genotypic levels but,
positively correlated with proportion of large tuber
size at both levels. Plant stem height positively
correlated with tuber yield per plant, tuber number
plant, average tuber weight, marketable tuber
number, marketable tuber yield, total tuber yield,
tuber dry matter, tuber starch content and proportion
of large tuber sized tubers at both correlations level
but, it correlated negatively with proportion of small
tuber size at genotypic level.
Total tuber yield showed positive genotypic and
phenotypic association with days to maturity, tuber
number per plant, average tuber weight, marketable
tuber number, tuber dry matter, tuber starch content
and proportion large tuber size but showed negative
association with proportion of small tuber sizes. Both
marketable tuber yield and total tuber yield were
positively correlated with plant stem height, tuber
yield per plant, tuber number per plant, marketable
tuber number and average tuber weight, tuber dry
matter, tuber starch content and proportion of large
tuber numbers at phenotypic level. These positive
correlations indicating that selection for improving
one character will lead to increase the other one
which is positively correlated with that character. In
contrast, marketable tuber yield and total tuber yield
were negatively correlated with proportion of small
tuber sizes. In similarly with Abraham Lamboro et al.
(2014) and Addisu Fekadu et al. (2013) who reported
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highly significant negative correlation of total tuber
yield with proportion of small sized tubers at
genotypic and phenotypic level. Negative correlation
between two traits implies selection for improving
one character will likely cause decrease in the other
traits.
In present study the tuber dry matter had exhibited
strong phenotypic and genotypic correlation (r = 1)
with tuber starch content. This suggested that the
simple selection to improve one trait simultaneously
increase the second character. Similarly, highly
significant correlation was reported for dry matter
and tuber starch content by Wassu Mohmmad (2016)
who observed the correlation was near to perfect (r =
0.97 to 0.99) and Khayatnezhad et al. (2011) that
reported stronger positive and significant correlations
between starch content and dry matter content.
Generally, in most of traits genotypic correlation was
higher than phenotypic correlation indicating an
inherent association between various characters. This
agrees with Addisu Fekadu et al. (2013) who reported
higher genotypic correlation than phenotypic
correlation. The main genetic cause of such
correlation is pleiotropy, which refers to manifold
effects of a gene (Falconer, 1989).
Above results were similarly reported by Tripura et
al. (2016) who found tuber number per plant have
positive and significant association with total tuber
yield. Panigrahi et al. (2017) reported that total tuber
yield showed positive and significant correlation with
marketable tuber yield at both phenotypic as well as
at genotypic levels. Sattar et al. (2007) reported tuber
yield per plant was positively and significantly
correlated with number of tubers per plant, average
tuber weight and dry matter content of tuber. He also
showed the significant positive genotypic correlation
of average weight of tubers with number of tubers
per plant, yield of tuber per plant and tuber dry
matter percentages.
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Table 6. Genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficients for different pairs of traits in potato.
Trait
DE
DF
DMA
SH
SN
TYP
TNP
AW
MTN
MY
TY
DM
SC
SMN
LSN

DE
1
0.21*
0.04
-0.17*
-0.29*
-0.12
-0.2*
0.08
-0.23*
-0.10
-0.08
-0.06
-0.06
0.08
0.1

DF
0.24*
1
-0.03
0.07
-0.13
0.09
-0.00
0.13
-0.02
0.10
0.11
0.04
0.04
0.01
0.21*

DMA
0.14
-0.07
1
-0.02
-0.04
0.02
-0.02
0.03
-0.23*
0.05*
0.06*
0.03*
0.03*
-0.04
0.05

SH
-0.21
0.1
0.02
1
0.07
0.69**
0.35**
0.38**
0.38**
0.61**
0.68**
0.31**
0.31**
-0.14
0.39**

SN
-0.4**
-0.15
0.02
0.1
1
0.11
0.45**
-0.3**
0.34**
0.06
0.07
0.05
0.05
0.08
-0.35

TYP
-0.15
0.11
-0.03
0.102
0.13
1
0.5**
0.59**
0.57**
0.89**
0.95**
0.45**
0.45**
-0.23*
0.51**

TNP
-0.26*
0.01
0.07
0.73**
0.53**
0.5**
1
-0.36**
0.71**
0.41**
0.49**
0.3**
0.3**
0.16*
-0.34**

AW
0.1
0.15
0.02
0.36**
-0.36**
0.49 **
-0.35*
1
-0.05
0.54**
0.54**
0.21*
0.21*
-0.39**
0.87**

MTN
-0.24*
0.00
0.04
0.43**
0.42**
0.61**
0.8**
-0.03
1
0.67**
0.54**
0.38**
0.38**
-0.52**
-0.03

MY
-0.09
0.12
0.07*
0.67**
0.08
0.91**
0.39*
0.35*
0.7**
1
0.93**
0.44**
0.44**
-0.4**
0.57**

TY
-0.09
0.14
0.11*
0.71 **
0.1
0.97**
0.47**
0.59**
0.64**
0.95**
1
0.45**
0.45**
-0.20*
0.53**

DM
0.07
0.05
-0.03
0.41**
0.04
0.54**
0.38*
0.25*
0.47**
0.52**
0.56**
1
1.0**
-0.21*
0.14

SC
0.07
0.05
-0.03
0.41**
0.04
0.54**
0.38*
0.25*
0.47**
0.52**
0.56**
1.00**
1
-0.21*
0.14

SMN
-0.09
-0.014
0.09
-0.30*
0.19
-0.4**
0.23*
-0.58**
-0.36*
-0.56**
-0.40*
-0.21
-0.21
1
0.14

LSN
0.14
0.23*
0.07
0.43**
-0.39**
0.54**
-0.35*
0.90**
-0.01
0.61**
0.57**
0.18
0.18
-0.64**
1

Note: *and **, significant at P<0.05 and P<0.01, respectively, DE = days to emergency, DF = days to flowering, DMA = days to maturity, SH = plant stem height, SN = main stem number, TYP =
tuber yield per plant, TNP=tuber number per plant, AW = average tuber weight, MTN = marketable tuber number, MY = marketable yield, UNMY = unmarketable yield, TY = total tuber yield, SMN
= very small tuber size percentage, LSN = large size tuber percentage, DM = tuber dry matter content (%) and SC = tuber starch content (%).
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4. Conclusions
Genetic variability is the base for the crop
improvement. The availability of more diverse
current materials obtained from local crossing
indicated the chance of getting desirable genes to
improve the potato crop. Hence, potato offspring
generated from hybridization of cultivated potato
varieties showed genetically variability in yield and its
related traits and morphological traits in the current
study. The high range and mean values of the
evaluated parental varieties and progenies also suggest
that the existence of enough variability correlations of
traits. Biparental crosses of Jalene with Aterababa and
Belete with Aterababa varieties produced more
promising/better genotypes than the crosses of Gera
and Shenkola, and standard check variety in yield and
yield related traits. So, the result of this study also
indicated the continuously producing more diverse
clones by local crossing can reduce dependency on
international potato center materials in the country.
Therefore, additional experiments will be carried out
to evaluate the most promising genotypes for
desirable traits, with the purpose to either produce
new variety or select parental lines for further
breeding.

5. Acknowledgments

We are indebted to Amhara Regional Agricultural
Research Institute (ARARI) and Adet Agricultural
Research Center for the financial support that
enabled us to do the research.

6. References
Abraham, Lamboro, Johanne’s, P. and Mebeaselassie,
Andargie. 2014. Correlation and path
coefficient analysis between yield and yield
components in potato (Solanum tuberosum L.).
Journal of plant Science Today, 1(4): 196–200.
Addisu Fekadu, Yohannes Petros and Habtamu
Zelleke. 2013. Genetic variability and
association between agronomic characters in
some potato (Solanum tuberosum L.) genotypes in
SNNPRS, Ethiopia. International Journal of
Biodiversity and Conservation, 5(8): 523–528.
Andualem Wolie, Tadesse Dessalegn and Ketema
Belete. 2013. Heritability, variance components
and genetic advance of some yield and yield
related traits in Ethiopian collections of finger
millet (Eleusine coracana (L.) Gaertn) genotypes.
African Journal of Biotechnology, 12 (36): 5529–
5534.
Antonio, Dilson Bisognin, Maria Helena Rigão and
Sidinei José Lopes. 2012. Heritability and
correlation among potato tuber traits. Crop
Breeding and Applied Biotechnology, 12(3): 215–219.
Arndt, G.C. and Peloquin. 1990. The identiﬁcation
and evaluation of hybrid plants among open
pollinated true seed families. American Potato
Journal, 67: 293–304.

Genetic Variability among Potato Progenies
Benavente, C.A.T and Pinto, C.A.B.P. 2012. Selection
intensities of families and clones in potato
breeding. Ciencia e Agrotecnologia, 36(1): 60–68.
Biswas, M.K., Mondal, M.A., Ahmad, M.G., Hoque,
A, Hossain M.M. and Islam, R. 2005. Study on
genetic variability and heterosis in potato.
Pakistan Journal of Biological Science, 8 (1): 6–9.
Biswas, M. K., Ahmed, M.B., M.A.A., Mondal, M.A.
Razvy, A., Hoque, R., Islam, M.H. and Mandal,
A. 2010. In exploitation of genetic diversity in
potato breeding. Agronomskki Glasnik, 72(4–5):
261–276.
Bradshaw, JE. 2006. Genetics of Agri horticultural
traints.Pp. 4-75. In: Gopal, J. and Khurana,
S.M.P. (eds.). Handbook of potato production,
improvement, and postharvest management. Food
Products Press, New York.
Burton, G.A. and Devane, E.H. 1953. Estimation of
heritability in tall festuca (Festuca arundinacea)
from replicated clonal materials. Agronomy
Journal, 45: 478–479.
Burton, G.W. 1952. Quantitative inheritance in
grasses. Proceedings of 6th International Grassland
Congress, 1: 277–283.
Burton, W.G. 1957. The influence of sprout
development at planting on subsequent growth
and yield. The growth of potato. Proceedings of
Tenth Easter School in Agricultural Science University
of Nottingham, 1963. Butter Worth’s, London.
Pp. 21–29
CSA (Central Statistical Agency). 2019. The federal
democratic republic of Ethiopia central
statistical agency Agricultural Sample Survey
2018/2019. Report on Area, Production of
major crops and Farm Management Practice of
mehr Season Crops for Private Peasant
Holdings. Statistical bulletin, 589.Addis Ababa,
Ethiopia. Pp. 14.
Devaux, A., Kromann, P. and Ortiz, O. 2014.
Potatoes for sustainable global food security.
Potato Research, 57: 185–199.
Falconer, D.S. 1989. Introduction to quantitative genetics.
3rd edition. Scientific and technical, Longman/
John Wiley, New York. Pp. 231.
Feltran, J.C., Lemos, L.B. and Vieites, R.L. 2004.
Technological quality and utilization of potato
tubers.
Scientia
Agricola
(Piracicaba,
Braz.), 61(6): 598–603.
Garnica, H., Romero, B., Prieto, C., Creon, L. and
Argüelles, C. 2012. Characterization of
promising potato clones (Solanum tuberosum L.
subspecies andigena) for starch extraction,
Agronomic Colombiana, 30(3): 326–334.
Gebremedhin Woldegiorgis, Steffen, S. and Baye.
2013. Seed Potato Tuber Production and
Dissemination Experiences, Challenges and
Prospects. Proceedings of the National Workshop on
Seed Potato Tuber Production and Dissemination, 12–
14 March 2012, Bahir Dar, Ethiopia.
Getachew Assefa, Wassu Mohammed and Tesfaye
Abebe. 2016. Genetic variability studies in
potato (Solanum tuberosum L.) genotypes in Bale

13

Manamno et al.
Highlands, Southeastern Ethiopia. International
Journal of Advances in Agriculture Science, 1(1): 22–
28.
Hajam, M. SH Khan, Tariq A Bhat, EA Parray, Asif
M Rather, MA Hajam, L Reyaz, Ishaq A Bhat
and MA Wani. 2018. To estimate the
phenotypic, genotypic variability, heritability
(bs) and genetic advance for quantitively
characters of potato. The Pharma Innovation
Journal, 7(7): 346–350.
Hajianfar, R. Davoud, H. and Ali, E.N. 2017.
Evaluation of advanced potato clones derived
from breeding program in spring cultivated
areas of Iran. Bioscience Biotechnology Research
Communications, 10(1): 125–131.
Haydar, A., Alam, M.K., Khokan, E.H., Tara, T. and
Khalequzzaman, K.M. 2009. Combining ability
and genetic variability studies in potato. Journal
of Soil and Nature, 3(2): 01–03.
Hirut Betaw, Shimeles Hussein, Fentahun Mengistu,
Bonierbale, M. and Gastelo, M. 2017.
Combining ability of highland tropic adapted
potato for tuber yield and yield components
under drought. PLoS One, 12(7):1–22.
Huaman, Z., Williams, J.T., Salhuana, W. and
Vincent, L. 1977. Descriptors for the cultivated
potato. And for the maintenance and
distribution of germplasm collections. AGPE:
IBPGR /77/32, International board for plant
genetic resources. Rome, Italy.
Johnson, H.W., Robinson, H.F. and Comstock, R.E.
1955. Estimating of genetic and environmental
variability in soybeans. Agronomy Journal, 47:
314–318.
Kameshwari. 2015. Variability studies in potato. MSc
Thesis, Indian Agricultural Research Institute,
Orissa University of Agriculture and
Technology, New Delhi. Pp. 31.
Khayatnezhad, M. Shahriari, R., Gholamin, R.,
Jamaati-e-Somarin,
S.
and
Zabihi-eMahmoodabad, R. 2011. Correlation and path
analysis between yield and yield components in
potato (Solanum tuberosum L.). Middle East Journal
of Scientific Research, 7(1): 17–21.
Kumar, Rakesh Meena, Sanjay Kumar, ML Meena
and Shashank Varma. 2018. Genetic variability,
heritability and genetic advance for yield and
quality attributes in tomato (Solanum
lycopersicum L.). Journal of Pharmacognosy and
Photochemistry, 7(1): 1937–1939.
Luthra, S., Sharma, N., Gupta, V.K., Singh, S.V.,
Kumar, V., Singh, B.B., Bale, M.B. and Kadian,
M.S. 2017. Evaluation and selection of true
potato (Solanum tuberosum) seed families in
North-Central plains of India. Indian Journal of
Agricultural Sciences, 87(10): 1404–8.
Mehboob, F.S., Khan, A.B., Khan, Z.U., Hussain, S.,
Ahmed, M., Iqbal, M., Saleem, M. and Shaheen,
A. 2016. Variability, heritability, and genetic
advance in population of cross between
cultivated and Wild Tomato. Food Science and
Quality Management, 56: 2224–6088.

14

East African Journal of Sciences Volume 15 (1) 1-16
Melito, S., D. Amelia, V., Garramone, R., Villano, C.,
and Carputo, D. 2017. Tuber yield and
processing traits of potato advanced selections.
Advances in Horticultural Science, 31(3): 151–156.
Mishra, S., Singh, J. and Sharma, P.K. 2017. Studies
on parameters of genetic variability for yield
and its attributing traits in potato (Solanum
tuberosum L.). Bioscience Biotechnology Research Asia,
14(1): 489–495.
MoA (Ministry of Agriculture) and natural resources.
2016. Plant Variety Release, Protection, and
Seed Quality Control Directorate, Crop Variety
Register Issue No. 19, Addis Ababa, Ethiopia.
Pp. 176–180.
Moussa, S.A.M. 2013. Estimation of some genetic
parameters affecting potato breeding programs.
Journal of Plant Production, Mansoura University, (3):
383–399.
Nickmanesh, L. and Hassanpanah, D. 2014.
Evaluation of genetic diversity for agronomic
traits in 127 potato hybrids using multivariate
statistical methods. Indian Journal of Fundamental
and Applied Life Sciences, 4 (2): 2231–6345.
Nizamuddin, Maqsood, Q., Mirza, B., Shakirullah,
Asghar, M., Ahmad, M., et al. 2010. Yield
performance of true potato seeds (TPS) hybrids
under climatic conditions of Northern Areas.
Sarhad Journal of Agriculture, 26(2): 241–244.
Ozturk, G. and Yildirim, Z. 2014. Heritability
estimates of some quantitative traits in potatoes.
Turkish Journal of Field Crops, 19(2): 262–267.
Panigrahi, K.K., Pradhan, J., Panigrahi, J. and Sarkar,
K.K. 2017. Genetic variability, character
association and path coefficient analysis of yield
attributes for medium and late maturing potato
cultivars. International Journal of Current
Microbiology and Applied Sciences, 6: 2558–2566.
Panse, V.G. and Sukhatme, D.V. 1964. Statistical
methods for agricultural workers. Indian
Council of Agricultural Research Publication,
New Delhi. Pp. 115.
Panse, V.G. 1957. Genetics of quantitative characters
in relation to plant breeding. Indian Journal of
Genetics and Plant Breeding, 17: 318–28.
Parmar, S.A.H. Rathod, A.A. Khule, Kajale, D.B. and
Sundesha, D.L. 2015. Estimation of heterosis
for tuber yield and its components in potato
(Solanum tuberosum L.) Advance research journal of
crop improvement, 6 (2): 124–128.
Pramoda, H.P. 2002. Biometrical basis of handing
segregating
populations
for
improving
productivity in onion (Allium cepa L.). MSc
Thesis, University of Agricultural Science,
Dharwad. Pp. 107.
Ross, H., editor.1986. Potato breeding: Problems and
Perspectives. Verlag Paul Parley, Berlin.
Sattar, M.N. Sultana, M.M., Hossain, M.H., Rashid,
and Islam, A.K.M.A.. 2007. Genetic variability,
correlation, and path analysis in potato (Solanum
tuberosum. L.). Bangladesh Journal of Plant Breeding
and Genetics, 20(1): 33–38.

Manamno et al.
Semagn Asredie Kolech, Halseth, D., Perry, K.,
Wolfe, D. and Fentahun Mengistu. 2015. Potato
variety diversity, determinants, and implications
for potato breeding strategy in Ethiopia.
American Journal of Potato Research, 5(92): 551–
566.
Semagn Asredie Kolech, Halseth, D., Perry, K.,
Wolfe, D., Douches, D.S., Coombs, J. and De
Jong, W. 2016. Genetic diversity and
relationship of Ethiopian potato varieties to
germplasm from North America, Europe, and
the International Potato Center. American Journal
of Potato Research, 6(93): 609–619.
Singh, B.D. 1990. Plant Breeding. Kalyani Publishers,
New Delihi, India. Pp. 702.
Sivasubramanian, S and Menon, M. 1973. Genotypic
and phenotypic variability in rice. Madras
Agricultural Journal, 60(9-12): 1093–96.
Tesfaye Abebe, Shermarl, W., Thunya, T. and
Leelapon, O. 2012. Dry matter content, starch
content and starch yield variability and stability
of potato varieties in Amhara Region of
Ethiopia. Kasetsart journal (Natural Science), 46(5):
671–671.
Tesfaye Abebe, Shermarl, W. and Taychasinpitak, T.
2013. Analysis of the phenotypic diversity
within cultivated potato varieties in Ethiopia at
three locations. Kasetsart Journal - Natural Science,
47(6): 803 – 817.

Genetic Variability among Potato Progenies
Tripura, A., Das, A., Das, B., Priya, B. and Sharkar,
K. 2016. Genetic studies of variability,
character association and path analysis of yield
and its component traits in potato
(Solanum tuberosum L.). Journal of Crop and Weed,
12(1): 56–63.
Wassu Mohammed and Simeret Burga. 2015.
Evaluation of potato genotypes for yield and
tuber quality related traits at Lowland, Dire
Dawa, Eastern Ethiopia. Science, Technology and
Arts Research Journal, 4(3): 01–10.
Wassu Mohammed. 2014. Genetic variability in
potato (Solanum tuberosum L.) genotypes for late
blight [Phytophthora infestans (Mont.) de Bary]
resistance and yield at Haramaya, Eastern
Ethiopia. East African Journal of Sciences, 8(1): 13–
28.
Wassu Mohammed. 2016. Specific gravity, dry matter
content, and starch content of potato (Solanum
tuberosum L.) varieties cultivated in Eastern
Ethiopia. East African Journal of Science, 10(2):
87–102.
Zakerhamidi, S. and Hassanpanah, D. 2014.
Investigation of genetic diversity for
quantitative traits in 166 potato hybrids of
produced from Luca and Caesar cultivars
crosses. Bulletin of Environment, Pharmacology and
Life Sciences, 3(12): 34–37.

15

Manamno et al.

16

East African Journal of Sciences Volume 15 (1) 1-16

