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Abstract

Understanding correlation of different traits
provides more reliable criterion for selection
program to achieve its goal for high vyield.
Hence, estimation of traits correlation is pivotal
in the process of variety development. The
experiment conducted at Adet Agricultural
Research Center, Simada a satellite site for
drought experiments, in 2016 main rain season
to estimate association among yield and vyield
affecting traits of 105 potato genotypes
comprised five checks. Augmented design was
used and data were collected for 20 traits. The
analysis of variance revealed the presence of
highly significant (P<0.01) differences among
genotypes for all traits except plant height and
small and medium size tubers percentage.
Marketable and total tuber yield ranged from
10.81 to 38.99 and 13.92 to 41.79 ton ha®,
respectively. The highest total tuber vyield
recorded by genotype 20SET4.2 (41.8 ton “ha)
followed by 20SET4.1 (39.1) 16SET5.5 (37.5)
while the best check (Belete) gave 27.7ton *ha.
Total tuber yield showed significant and positive
correlation with leaf area, tuber number per
plant, tuber yield per plant, marketable tuber
yield, bulking rate, large size tubers percentage
and average tuber weight, but significant
negative correlation was observed with very
small tuber percentage. Tuber quality parameters

(tuber dry matter, specific gravity and total
starch content) had strong and positive
genotypic association among them and also they
had positive phenotypic correlation Thus,
selection for positively correlated traits will
simultaneously increase the total tuber yield of
potato.

Key words: Augmented design, correlation,
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Introduction

Among African countries, Ethiopia has possibly
the greatest potential for potato production;
since 70% of its arable land found above 1500m
is believed to be suitable for potato production
(Gebremedhin et. al., 2000). As a result of this,
the production of potato is expanding at a faster
rate than other food crops in Ethiopia. In
Ethiopia, potato grown in four major areas: the
central, the eastern, the north-western and the
southern in which north-western areas of potato
production is situated in Amhara region with
40% of the total coverage from the national (
CSA 2008-2009). The productivity of potential
potato growing zones in meher (north-western):
N/Gondar, W/Gojam, E/Gojam, S/Gondar and
Awi range 12.9- 18.3 tons/ha which is very low
as compared to the potential yield (40 t ha™)
obtained under research conditions (Getachew
and Mela, 2000). Moisture stress due to
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recurrent drought have been found one of the
contribute to the low yield of potato (Doss et.
al., 2008; FAO, 2010).

Drought stress is one of the most adverse factors
to plant growth and productivity (Levy et. al.,
2006, Shao et al., 2008). Of the total arable land
of Ethiopia, more than 60% is classified as semi-
arid and arid agro-ecology zones (Reddy and
Kidane, 1991). Moisture stress is the major
problem in these areas which are characterized
by inadequate and erratic or uneven rainfall
distribution. Hence, developing drought tolerant
varieties will have a significant contribution to
increase crop production in moisture stress areas
of Ethiopia. Agro-ecology of the study area is
characterized by erratic rainfall pattern with
short duration and high intensity (late onset and
early cessation or termination of rain) (USAID,
2015). This implies that besides the amount,
distribution of rainfall has sizeable role for
drought occurrence. The prevailing global
climate change aggravates this problem from
time to time. The production of potato in Simada
Woreda is limited by this short length of
growing period and contributes a lot to food and
nutritional security if the right variety that can
best fit to this environment is in place. This is a
common production problem facing all drought
prone areas of the country owing to the earlier
national potato improvement strategy which
mainly focused on selection high yielding and
disease resistant varieties, particularly of late
blight for optimum moisture agro-ecologies in
the country. Currently, the National Potato
Research  Program reshaped its variety
development program towards the development
of drought tolerant potato varieties recognizing
the absence of such varieties that can address the
major production constraint facing drought
prone areas in the country. Yield is the outcome
of complex interaction of several traits and
environment.  Proper  understanding  of
association of different traits provides more
reliable criterion for selection program to
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achieve its goal for high yield (Mohammad et.
al., 2001). The primary interest in crop
improvement is obtaining high yield that is not
attainable by selection of genotypes only for
yield rather through other traits. This requires
proper understanding of the magnitude of
correlations among various yield traits (Tadele
et. al., 2009). It has been pointed out that
desirable phenotypic traits must be genetically
associated with vyield under stress, highly
heritable, genetically variable, easy to measure,
stable within the measurement period, and must
not be associated with a yield penalty under
unstressed conditions (Okogbenin et. al., 2013).
Development of new varieties depends on the
knowledge of genetic variability of available
populations. The success of selection of high
yielding genotypes does also require knowledge
of association between yield and yield affecting
traits. Hence, the objective of the study was to
estimate the degree of association among tuber
yield and yield related traits.

Materials and Methods

Description of the experimental site

Field experiment was executed at Adet
Agricultural Research Center Simada research
site in 2016 main growing season. The site is
located in Amhara National Regional State in
South Gondar Administrative Zone, 770 km
North of Addis Ababa and 105 km South East of
Debrtabor. Global position of the site is 11°21'N
latitude and 38°25'E longitude and at an altitude
of 2407 m.a.s.l. It has annual mean temperature
of 16.8°C and monthly mean temperature ranges
from 10.3°C -23.3°C. The site obtains 838.7mm
mean annual rainfall which is abundant enough
but erratic distribution.

Treatments and experimental design

The experiment comprised 100 potato genotypes
tailored for moisture stress (drought prone) areas
of the world by International Potato Center
(CIP). The genotypes were introduced by Adet
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Agricultural Research Center from where seed
tubers for all the genotypes were collected. Four
released potato varieties in the country and one
farmer’s cultivar commonly used in Simada
district were also included in the trial. The lists

Tablel: List of accession used in the experiment

of accession and checks are given in Table 1.
The field trial was arranged in augmented block
design with 5 blocks. Each block contained 20
genotypes plus 5 checks.

No. | Accessioncode | No. | Accession code No. | Accession code | No. Accession code

1 16SET5.1 27 11SET3.4 53 19SET7.2 79 F16.3

2 16SET5.2 28 11SET3.5 54 19SET7.3 80 F26.1

3 16SET5.3 29 11SET3.6 55 19SET7.4 81 F26.2

4 16SET5.4 30 11SET3.7 56 5SET6.1 82 F29.1

5 16SET5.5 31 11SET3.8 57 5SET6.2 83 F29.2

6 16SET5.6 32 25SET6.1 58 5SET6.3 84 F29.3

7 16SET5.7 33 25SET6.2 59 5SET6.4 85 F10.1

8 16SET5.8 34 25SET6.3 60 5SET6.5 86 F10.2

9 16SET5.9 35 25SET6.4 61 2SET8.1 87 F14.1

10 | 16SET5.10 36 25SET6.5 62 2SET8.2 88 F14.2

11 | 16SET5.11 37 25SET6.6 63 2SET8.3 89 F14.3

12 | 16SET5.12 38 22SET7.1 64 3SET6.1 90 F22.1

13 | 20SET4.1 39 22SET7.2 65 3SET6.2 91 F22.2

14 | 20SET4.2 40 22SET7.3 66 23SET3.1 92 28SET6.1

15 | 20SET4.3 41 22SET7.4 67 23SET3.2 93 28SET6.2

16 | 20SET4.4 42 22SET7.5 68 4SET8.1 94 F18

17 | 20SET4.5 43 24SET5.1 69 4SET8.2 95 F20

18 | 20SET4.6 44 24SET5.2 70 4SET8.3 96 F28

19 | 20SET4.7 45 24SET5.3 71 27SET7.1 97 F23

20 | 20SET4.8 46 24SET5.4 72 27SET7.2 98 F24

21 | 20SET4.9 47 24SET5.5 73 F30.1 99 F15

22 | 20SET4.10 48 24SET5.6 74 F30.2 100 F21.1

23 | 20SET4.11 49 24SET5.7 75 F30.3 101 Belete (check)

24 | 11SET3.1 50 24SET5.8 76 F30.4 102 Gera(check)

25 | 11SET3.2 51 24SET5.9 77 F16.1 103 Shenkolla(check)

26 | 11SET3.3 52 19SET7.1 78 F16.2 104 Guassa(check)
105 Local(check)

The checks were replicated at each block.
Tewenty genotypes randomly assigned to each
block and then the genotypes plus checks were
randomized to each experimental plot separately
in a block. Each genotype was planted in a gross
plot size of 2.25m? (0.75 m x 3 m) which
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accommodate 10 plants. The two plants at the
beginning and end of each row were considered
as boarder plants. Eight plants in the middle
were harvestable plants with net plot size of 1.8
m?. The distance between plots and blocks

were maintained atl and 1.5 m, respectively.
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Experimental and field

management

procedures

Well-sprouted potato seed tuber having 35-45
mm diameter grouped under medium size were
planted at spacing of 75 and 30 cm between
rows and plants, respectively, as per the national
recommendation. Fertilizer was applied at the
rate of 69 kg ha® P,Os in the form of DAP
(150kg ha™* DAP) and 108 kg ha™ N in the form
of Urea (176kg Urea ha™ + from 150kg ha™
DAP) as per Adet Agricultural Research Center
recommendation of the neighbouring zone
Debrtabor. The whole rate of phosphorus was
applied during planting while nitrogen fertilizer
was applied in split application of 50% Urea
(46% N) including nitrogen from days after
planting at the time of planting and the
remaining 50% of the recommended rate was
applied 30 days after planting. Weeding,
cultivation and earthing-up were practiced at the
appropriate time to facilitate root, stolon and
tuber  growth as per the national
recommendation for the crop. Before two weeks
of harvesting when the crop attained maturity
(yellowed stems with senescence leaves) the
plants were dehullmed to harden the tubers skin.

Data collection

Data was collected on the basis of plot, net plot
and sample plants from plants in the center of a
row. Phenological parameters (days to
emergence, flowering and maturity) were
collected from the entire plants in a row. Leaf
area, plant height and stem number per plant
were collected from five randomly taken plants
in the center and the average value was
considered. Tuber size distribution and other
yield and yield components were measured from
the net plot. The description of parameters and
procedures of measurement are given below.
Days to emergence (DE): The numbers of days
from planting to the emergence of 50% of the
plants in each plot.
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Days to flowering (DF): was noted when 50% of
the plants in each plot produced flowers.

Days to maturity (DM): Number of days from
planting to when 90% of the plants in a plot
attain physiological maturity.

Leaf Area (cm?): To determine average leaf area
of a leaf, five plants (hills) from each plot were
randomly sampled and tagged. Individual leaf
area of the targeted potato leaves were estimated
from individual leaf length (top, middle and
bottom parts of the plant and averaged)
measured at 50% flowering (Firman and Allen,
1989).

The leaf area of a leaf was determined as: Log10
(leaf area in cm?) = 2.06 x log10 (leaf length in
cm) - 0.458.

Plant height (cm): was measured from the base
of the stem to the tip of five randomly taken
plants per plot and the average was used.

Stem number per plant/hill: The number of main
stems per hill was counted from five randomly
taken hills per plot at physiological maturity.
Only the main stem i.e. those originating from
the mother tuber was counted.

Tuber number per plant/hill: Total number of
tubers from the net plot were counted and
divided by the number of harvested plants and
registered as tubers number per hill.

Average tuber weight (g/tuber): The weight of
total number tubers harvested from the net plot
divided by the total number of tubers.

Tuber yield per plant (TYPP Kkg): The total
weight of tubers harvested from net plot divided
by the total number of harvested plants and the
average weight of tubers was registered as tuber
yield per plant.

Marketable tuber yield (t ha™): This refers to the
tubers which were free from diseases, insect
pests, physiological disorders, and that
weighted greater than or equal to 20g. This was
determined after harvest for each plot
considering the planting space and calculated for
total population per hectare (first it was
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determined per plot and then converted to ton
per ha).

Unmarketable tuber yield (t hal): This
refers to tubers that had blemishes due to
attack by pests, infection by diseases, deformed
due to physiological disorder and that weighted
less than 20g. It was first determined per plot
and then converted to ton per ha for each
treatment at harvest.

Total tuber yield (t ha™): The total weight of
tubers that was harvested from entire harvestable
plot was used to calculate total tuber yield tons
ha*.

Bulking rate (g day™): Was calculated as total
weight of tubers harvested from net plot divided
by number of days taken from days to flowering
to physiological maturity (CIP, 2014).

Tuber size distribution on weight basis: Tubers
harvested from net plot were categorized in to
very small (< 20g), small (20 to < 39 g), medium
(39-75g), and large (>75 @) according to
Lung’aho et al. (2007). The proportion of the
weight of each tuber category was expressed in
percentage.

Tuber dry matter content (%): Clean and
unpeeled tubers were chopped into small 1-2 cm
cubes and about 200g chopped samples were
dried in an oven at a temperature of 80°C for
about 72 hours to a constant weight at regular
intervals. The percent of dry matter was

calculated according to (CIP, 2007) as:
Dry matter (%) — Weight of sample after drying (g)

x100%

Specific gravity of tubers: Five kg of all size
tubers were randomly taken from tubers used to
estimate total tuber yield. Specific gravity was
determined by the weight in air and weight in
water method. Tubers first weighted in air and
then weighted submerged in water.

Initial weight of sample (g)
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Where Specific Gravity
weight in air

_weight in air— weight in water

1987).

(Kleinkopf et al.,

Total starch content (g/100g): Starch content in
percent was estimated from specific gravity as
established by Talburt and Smith (1959) as cited
by Yildrim and Tokusoglu (2005) as follows:
Starch content (%) = 17.546 + 199.07 x (specific
gravity-1.0988), where specific gravity was
determined as indicated above by the weight in
air and weight in water method.

Data analysis

Analysis of variance was computed by using
statistical package for augmented design
(SPAD) software (Abhishek et. al., 2010).
Significantly different means were separated
using critical difference in each category viz.,
among control, among tests and tests vs control.
Correlation coefficient among character was
done via SAS statistical software package,
version 9.0.

Phenotypic  and  Genotypic
coefficient was computed as

_  CovPxy -
Roxy = Totroty (Miller et. al., 1958)

correlation

Where, Rpyy = phenotypic correlation coefficient
between traits x and y

Covp xy = Phenotypic covariance between
traits x and y

a?px = Phenotypic variance of trait x

a2py = Phenotypic variance of trait and

Covgxy .
N (Miller et al., 1958),

Where, rgy,, = Genotypic correlation coefficient
between traits x and y
Covg xy = Genotypic covariance between
traits x and y
o%gx = genotypic variance for variable x
o’gy = genotypic variance for variable y

Roy =
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Results and discussion

Analysis of variance (ANOVA) of 17
quantitative traits for the 105 potato genotypes is
presented in Table 2. The analysis of variance
revealed the presence of highly significant
(P<0.01) differences among genotypes for all
traits except plant height, and small and medium
size tubers. In separate comparison of tests vs
checks the analysis of variance showed
significant (P<0.05) differences for all the traits
except for unmarketable tuber yield and very
small size tuber percent. It also revealed
significant (P<0.05) differences among controls
(check varieties) for all traits except for plant
height, average tuber weight, and small and
large size tubers proportion. Significant
differences were observed among tests (hnew
entries) for all traits except for plant height, and
small and medium size tubers. The significant
differences among genotypes show the presence
of adequate variations that allow applying
selection breeding to obtain high yielding
variety that combine other desirable traits.

In agreement with this result, Khayatnezhad et.
al., (2011) reported the significant differences

among 10 potato genotypes for main stem per
plant, tuber number per plant, average tuber
weight, tuber yield per plant, tuber yield, dry
matter content, starch content, and big tubers
proportion as percentage. Addisu et. al., (2013)
reported the presence of significant differences
among nine regional and national released
varieties for days to emergence, days to
flowering, days to maturity, number of stem per
plant, tuber number per plant, tuber yield and
big tubers proportion as percentage. Abraham et.
al., (2014) found highly significant difference
for all phenological traits, stem per plant, tuber
yield, tuber per plant, and big tubers proportion
as percentage. Wassu and Simret (2015)
evaluated 26 potato genotypes tolerant to heat
stress at Dire Dawa and reported significant
differences among genotypes for tuber yield,
yield related traits and tuber dry matter content.
Habtamu et. al., (2016a) reported the existence
of significant differences among 16 improved
varieties and two farmers’ cultivars evaluated
for tuber yield and yield related traits at three
locations of eastern Ethiopia.

Table 2: Mean squares and their significance for 17 traits of 105 potato genotypes

Sources of variation (degree of freedom)
Traits | Block Treatment | Among Among Tests vs Error CV (%)
4 (104) control(4) | tests (99) Control (1)

DE 1.36 6.67** 17.96** 5.29** 98.57** 0.76 5.64
DF 1.76 21.2%* 33.56** 19.99** 90.74** 1.51 2.19
DM 51.24 44.62** 15.94* 41.25** 492.03** 3.49 2.02
LA 0.5 2.21%* 2.69** 2.01* 19.11** 0.37 4.48
SNP | 0.16 2.21%* 1.86** 2.15** 9.21** 0.25 12.11
TNP | 1.28 24.86** 10.05** 42.57** 61.99** 0.59 4.92
TYP | 0.002 0.04** 0.015** 0.037** 0.04* 0.003 9.02
AVT |19.1 149.54** 24.53NS 152.46** 360.15** 12.75 9.18
MKY | 6.97 27.94** 11.47* 28.72** 16.83* 2.57 6.76
UMY |0.04 1.9** 2.87** 1.86** 0.19NS 0.16 16.63
TY 6.66 27.08** 17.07** 27.55** 20.66** 2.12 5.56
BRP | 1234.61 | 1264.29** | 879.84** 1238.92** 5313.81** 10791 | 7.79
VSP | 7451 137.5** 299.77** 132.06** 26.19NS 37.02 18.59

14
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LTP 5.65 17.47* 11.71INS 80.87** 3.23NS 8.95 20.6

DMC | 0.41 8.68** 2.72* 7.96** 103.73** 0.81 3.47

SG 0.00007 | 0.00081** | 0.0004* 0.00074** 0.01** 0.00008 | 0.83

TSC 2.77 32.21** 14.04* 29.26** 396.61** 3.17 13.61
*and**=significant at P<0.05 and P<0.01, respectively. NS=Nonsignificant,
Where, DE= days to emergence, DF=days to 50% of plants flowering, DM=days to 90%maturity, LA=leaf area

(cm?), STN=stem number per plant, TNP=tuber number per plant, TYP=tuber yield per plant (kg), AVT=average
tuber weight (gm), MKY=marketable tuber yield ( ton ha), UMK=unmarketable tuber yield (ton ha?), TY=Total
tuber yield (ton ha), BRP=hulking rate per plot (gm/day), VSP=very small size tubers percentage, LTP=large size
tubers percentage, DMC=tuber dry matter content (%), SG=specific gravity of tuber, TSC= total starch content
(gm/100gm), CV (%) = coefficient of variation in percent.

Agronomic performance of genotypes

Agronomic performance variation was noticed
in all the traits among the genotypes which
indicated that diverse genotypes were included
in the study. This may provide sufficient scope
for further selection and improvement on these
traits. Days to emergence, days to flowering and
days to physiological maturity ranged from
11.28 to 21.48, 39.68 to 64.08 and 74.04 to

106.64 days for 105 potato genotypes,
respectively. In phenological traits 5, 71 and 77
new entries (genotypes) showed early

emergence, flowering and maturity than the
earliest released variety (Belete), respectively
table 3.

The genotypes also revealed variations for leaf
area and stem number per plant that ranged from
10.06 to 1856 cm? and 1.67 to 9.23,
respectively. The bulking rate of genotypes
ranged from 49.58 to 260.63gm day * while
tuber number per plant, tuber yield per plant and
average tuber weight ranged from 7.05 to 38.97,
0.19 to 1.02 kg and 16.36 to 69.62gm,
respectively. Marketable, unmarketable and total
tuber yield of genotypes ranged from 10.81 to
38.99, 0.65 to 9.41 and 13.92 to 41.79 ton ha™,
respectively. The three new entries viz.
20SET4.2, 20SET4.1, and 16SET5.5, which
were introduced as drought tolerant genotypes
had total tuber yield potential of 41.8, 39.1 and
37.5 respectively, while the best check (Belete)
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gave 27.7 ton * ha. In tuber size distribution the
genotypes had wide range of variation in which
ranged from 9.76 to 60.54 for very small size
tubers proportion, while it ranged from 0.17 to
40.59% for large size tubers proportion.

In line with this finding, Sattar et. al., (2007)
obtained wide range of variation in plant height,
days to maturity, tuber yield, stem per plant, and
days to emergence in potato genotypes in
Bangladesh. Addisu et al. (2013) observed wide
range of variations among potato genotypes for
tuber number per plant, big size tubers
proportion as percentage, days to flowering,
days to 90% physiological maturity, number of
stems per plant, and tuber yield per plant. Wassu
and Simret (2015) reported wide range of
variations among 26 potato genotypes for total
tuber yield, marketable and unmarketable tuber
yield, tuber dry matter and starch content
evaluated at lowland area in Dire Dawa.
Habtamu et. al., (2016a) reported variations
among 18 potato cultivars for total tuber yield,
marketable tuber vyield, unmarketable tuber
yield, average tuber weight and large tuber
number as percent at three locations of eastern
Ethiopia. Habtamu et. al., (2016b) also reported
good amount of variability among 18 potato
cultivars for tuber quality parameters, viz., tuber
dry matter, specific gravity and total starch
content.
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Table 3: Mean and range of 17 agronomic traits of 105 potato genotypes

Traits Range Mean SE
DE 11.28-21.48 15.46 0.87
DF 39.68-64.08 55.97 1.23
DM 74.04-106.64 92.27 1.87
LA 10.04-18.56 13.55 0.61
SNP 1.67-9.23 4.18 0.51
TNP 7.05-38.97 15.67 0.77
TYP 0.19-1.02 0.60 0.05
AVT 16.36-69.62 38.9 3.57
MKY 10.81-38.99 23.7 1.60
umMy 0.65-9.41 2.45 0.41
TY 13.92-41.79 26.16 1.46
BRP 49.58-260.63 133.26 10.38
VSP 9.76-60.54 32.73 6.08
LTP 0.17-40.59 14.52 2.99
DMC 18.62-31.28 26.05 0.99
SG 1.02-1.15 1.07 0.009
TSC 1.14-27.19 13.09 1.78

Where, DE= days to emergence, DF=days to 50% of plants flower, DM=days to 90%maturity, LA=leaf area (cm?),
STN=stem number per plant, TNP=tuber number per plant, TYP=tuber yield per plant(kg), AVT=average tuber
weight(gm), MKY=marketable tuber yield (ton ha), UMK=unmarketable tuber yield (ton ha?), TY=Total tuber
yield (ton ha), BRP=bulking rate per plot(gm/day),VSP=very small size tubers percentage, LTP=large size tubers
percentage, DMC=tuber dry matter content(%), SG=specific gravity of tuber, TSC= total starch content

(gm/100gm), and SE = standard error.
Correlation of traits

Genotypic and phenotypic correlation of total
tuber yield with other characters

Estimation of genotypic and phenotypic
correlation coefficients between each pair of the
studied traits is presented in Table 4. Tuber yield
showed positive and significant genotypic
correlation with most of the traits except with
days to emergence, days to flowering, dry matter
content, and very small size tubers percentage.
Average tuber weight, tuber number per plant,
tuber yield per plant, marketable tuber yield,
bulking rate per plot, and large size tubers
percentage had highly significant and positive
genotypic correlation with total tuber yield. It
had also significant positive correlation with leaf
area. Total tuber yield also revealed positive and
significant phenotypic correlation with days to
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maturity and marketable tuber yield. In
addition, total tuber yield had positive
correlation with most of the traits like days to
emergency, leaf area, tuber yield per plant,
average tuber per plant, bulking rate per plot and
large tuber percentage. Positive correlation
implies that selection for high mean values of
genotypes for the traits will simultaneously
increase the total tuber yield.

Khayatnezhad et. al., (2011) obtained significant
correlation between tuber yield with stem per
plant, tuber number per plant, average tuber
weight, tuber weight per plant and big tuber
percentage. Sattar et. al., (2007) reported
positive correlation of tuber yield with tuber
number per plant, compound leaves per plant.
Addisu et al. (2013) reported positive significant
phenotypic correlation of tuber yield with big
tubers percentage, days to flowering and days to
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maturity. Ummyiah et. al., (2013) studied
genotypic and phenotypic correlations and
reported that tuber yield per plant had positive
and significant phenotypic correlation with
number of stems per hill, leaf area, number of
stolon per plant, number of tubers per plant,
average tuber weight, and tuber yield per
hectare. Abraham et. al. (2014) also reported
significant positive association of tuber yield
with stem number per plant and medium tuber
percentage, and Singh et. al., (2015) found
positive association between number of tubers
per plant and total tuber yield. Hence, direct
selection for these traits may be helpful for
development of high yielding potato genotypes.
Tuber yield had highly significant and negative
genotypic correlation with proportion of very
small tubers percentage, but weak non-
significant and negative association with days to
emergence, days to flowering, and tuber dry
matter content. Similarly total tuber yield had
negative phenotypic correlation with
unmarketable tuber vyield, very small tuber
percentage and specific gravity with non
significant and significant level, respectively. It
had also weak negative correlation with days to
flowering, stem number per plant, dry matter
content and total starch content of the tuber in
percentage. The negative association of yield
with these traits suggested that the selection of
genotypes with high mean values for the traits
might lead to low yield of genotypes. Abraham
et. al., (2014) reported weak correlation of tuber
yield with days to emergence and flowering.

Addisu et al. (2013) found negative correlation
of tuber yield with days to emergence. Selection
based on the performance of yield, which is
controlled by many genes that make it a
complex trait, is usually not very efficient
(Sastri, 1974). Yield is dependent on a number
of yield component traits; therefore, knowledge
of association of different components together
with their relative contributions has immense
value in selection. Therefore, it is necessary to
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consider traits that showed strong positive
association with yield as simultaneously increase
the total tuber yield while, selection of traits that
exhibited strong negative association with yield
may result low mean value of total tuber yield.

Correlation among other characters

Phenological traits had positive genotypic
correlation among themselves in which days to
maturity correlated positively and highly
significant with days to flowering and positive to
days to emergence. The positive correlation
indicates simultaneous improvement of these
traits is possible. However, it had negative
genotypic association with stem number per
plant, bulking rate per plot, tuber number per
plant and very small tuber size percentage and
also days to maturity had negative phenotypic
correlation with days to emergency and
flowering.

Leaf area had positive and significant genotypic
correlation with tuber yield per plant, marketable
tuber weight, and large size tubers percentage
and also it had positive phenotypic correlation
with tuber number per plant, tuber yield per
plant, average tuber weight, marketable tuber
yield, bulking rate per plot and large tuber
percentage but leaf area had negative genotypic
correlation with stem number per plant and
negative phenotypic correlation with days to
emergency, days to maturity, stem number per
plant, very small tuber percentage and dry
matter content. Tuber yield per plant revealed
significant and positive genotypic correlation
with tuber number per plant, average tuber
weight, bulking rate and large size tubers
percentage and it had strong positive correlation
with marketable tuber yield. Tuber yield per
plant also had positive phenotypic correlation
with tuber number per plant, average tuber
weight, marketable tuber weight, bulking rate
and large tuber percentage. On the other hand,
negative and significant genotypic correlations
were found with days to flowering and very
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small tuber percentage. Similarly tuber yield per
plant had negative correlation with tuber yield
and dry matter content. Stem number per plant
and tuber weight revealed significant negative
correlation.

Highly significant and positive genotypic
correlation revealed from tuber yield with
average tuber weight, bulking rate and large
tuber percentage, similarly average tuber weight
correlated with bulking rate per plot and large
tuber percentage. In phenotypic tuber yield also
positively correlated with days to emergence,
average tuber weight, bulking rate and large
tuber percentage. Unmarketable tuber yield had
highly significant and strong genotypic
correlation with tuber number per plant and very
small tuber percentage. Tuber yield had negative
correlation  with  days to  emergency,
unmarketable tuber yield, dry matter content and
very small tuber percentage and also weak
positive correlation with days to maturity, stem
number per plant, tuber number per plant,
specific gravity and total starch content.
Marketable tuber yield had negative phenotypic
correlation with days to maturity, unmarketable
tuber yield, very small tuber percentage, dry
matter content and total starch content.
Unmarketable tuber yield had significant
negative genotypic correlation with average
tuber weight and large tuber percentage. Positive
and significant correlation of traits indicates the
possibility of simultaneous improvement of the
traits, while the negative correlations prohibit
the simultaneous improvement of those traits.
Sattar et. al., (2007) reported positive and
significant correlation of tuber yield per plant
with average tuber weight, tuber number per
plant and tuber number per plant. Singh (2008)
reported number of tubers per plant and weight
of tubers per plant had significant and positive
correlation with tuber weight. Tuber size had
negative genotypic and phenotypic correlation
among them. The proportion of very small size
tubers in percent showed negative genotypic and
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phenotypic correlation with tuber yield per plant,
average tuber weight, and marketable tuber
yield, but positively and significant correlated
with unmarketable tuber yield and tuber number
per plant. Tuber quality parameters (tuber dry
matter, specific gravity and total starch content)
had positive genotypic association also had
positive  phenotypic  correlation  hence,
simultaneous improvement of these quality
governing traits is possible. Tesfaye et. al.,
(2012) reported starch constitutes 65-80% of the
dry matter content of the potato tuber. In
addition, tuber dry matter, specific gravity and
total starch content had positive and significant
correlation with days to maturity. This is
because of the accumulation of starch through
time. In agreement with the current study results,
Khayatnezhad et. al., (2011) found positive and
significant correlations between starch content
and dry matter content. Tesfaye et al. (2012)
reported the presence of a strong and positive
association between dry matter content and
starch content. Also reported tubers from
relatively long varieties had higher dry matter
content than tubers of early-maturing varieties.
Kalloo (1988) reported any component of yield
showing positive correlation, then there may be
the possibility to increase total yield by selecting
a particular component. Those characters with
non-significant correlation with each other
indicated the independent nature of character in
relation to the other. Rangaswamy (1995) noted
negative correlation between two traits implying
selection for improving one trait will likely
cause decrease in the other trait, simultaneous
improvements of both traits might be achieved.

In general for almost all vyield and its
contributing characters the genotypic correlation
coefficients were higher than phenotypic
correlation coefficients. Nandpuri et. al., (1973),
showed higher genotypic correlations than
phenotypic might be due to modifying or
masking effect of environment in the expression
of these characters under study.
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Table 4: Phynotypic and genotypic correlation coefficients for 17 yield and yield component traits of 105 potato genotypes

Variable DE DF DM LA STN TNP TYP AVT MKY UMy TY BRP VSP LTP DMC SG TSC
DE 0.10 -0.19 -0.24 -0.03 -0.05 0.07 0.10 0.23 0.08 0.25 -0.02 0.10 0.3 -0.013 | 0.13 0.13
DF 0.23 -0.23 0.19 0.07 -0.25 0.29 0.15 0.02 -0.15 -0.01 0.12 -0.28 0.22 -0.38 -0.02 -0.02
DM 0.06 0.38** -0.15 0.08 0.4 -0.07 -0.29 -0.40 -0.18 0.47* -0.01 0.18 -0.09 -0.07 0.08 0.09
LA 0.07 0.12 0.27 -0.24 0.29 0.29 0.63* 0.22 -0.03 0.23 0.35 -0.35 0.48 -0.11 -0.003 | -0.02
STN -0.27 | -0.21 -0.29 -0.44 0.27 0.25 -0.37 -0.01 0.02 -0.008 0.39 0.38 0.48* -0.18 -0.27 -0.29
TNP -0.16 | -0.14 -0.028 | -0.03 0.39** 0.5* 0.029 0.05 -0.19 0.02 0.37 0.2 0.08 0.08 0.24 0.22
TYP -0.06 | -0.24* 0.03 0.21* 0.14 0.31** 0.25 0.27 -0.23 0.24 0.41 -0.08 0.32 -0.21 0.08 0.05
AVT 0.21* | 0.005 0.02 0.18 -0.31** -0.57 0.45** 0.36 0.11 0.42 0.02 -0.35 0.82** | -0.14 0.06 0.012
MKY -0.04 | -0.18 0.05 0.21* 0.05 0.11 0.85 0.53** -0.40 0.98** 0.21 -0.57** 1 0.40 -0.103 | -0.27 -0.20
UMKY -0.07 ] 0.05 0.08 0.13 0.11 0.72%* 0.09 -0.49** -0.19 -0.21 0.002 0.46 -0.14 0.27 0.36 0.31
TY -0.064 | -0.18 0.07 0.25* 0.08 0.29** 0.88** 0.41** 0.97** | 0.07 0.22 -0.51* 0.39 -0.05 -0.22 -0.15
BRP -0.007 | -0.02 -0.48 0.07 0.13 0.11 0.52*%* 0.29** 0.52** | -0.11 0.49** -0.05 -0.034 | -0.26 -0.28 -0.29
VSP -0.13 ] 0.10 -0.01 -0.02 0.09 0.52** -0.36** | -0.7 -0.49 0.75** -0.31** | -0.34** -0.39 0.07 0.34 0.27
LT 0.11 -0.05 0.17 0.2* -0.32** -0.51** 0.41** 0.83** 0.48** | -0.47** 0.37** 0.2* -0.65** -0.16 0.25 0.22
DMC -0.11 | 0.23* 0.46** | 0.004 0.01 0.12 -0.05 -0.17 -0.05 0.03 -0.05 -0.36** | 0.01 -0.17 0.54* 0.55
SG -0.2* 1 0.13 0.34** | 0.034 0.002 0.02 0.01 -0.08 0.03 -0.03 0.02 -0.24* -0.08 -0.09 0.81** 0.98*
STC -0.21* ] 0.12 0.34** | 0.03 0.01 0.02 -0.003 -0.09 0.02 -0.03 0.01 -0.25* -0.06 -0.11 0.82** | 0.99**

*and**=indicate significance at 0.05 and 0.01 probability levels, respectively, DE= days to emergence, DF=days to 50% of plants flower, DM=days to 90%maturity, LA=leaf area
(cm?), STN=stem number per plant, TNP=tuber number per plant, TYP=tuber yield per plant(kg), AVT=average tuber weight(gm), MKY=marketable tuber yield (ton ha™)
UMK=unmarketable tuber yield (ton ha), TY=Total tuber yield (ton hal), BRP=bulking rate per plot(gm/day),VSP=very small size tubers percentage, LTP=large size tubers
percentage, DMC=tuber dry matter content(%), SG=specific gravity of tuber, TSC= total starch content (gm/100gm).
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Conclusion

Analysis of variance revealed the presence of
highly significant differences among genotypes
for all traits except plant height, small and
medium size tubers. Moreover, statistically
significant differences among tests (new entries)
were also observed for all traits except for plant
height, small and medium size tubers. The
genotypes had wide range of variations for 17
out of 20 traits. More importantly, the variations
among genotypes were large for marketable,
unmarketable and total tuber yield of genotypes
and ranged from 10.81 to 38.99, 0.65 to 9.41 and
13.92 to 41.79 ton ha®, respectively.

Total tuber yield showed positive genotypic and
phenotypic correlation with most of the traits,
tells that selection for high mean values of
genotypes for these traits will simultaneously
increase the total tuber yield. Tuber quality
parameters (tuber dry matter, specific gravity
and total starch content) had strong and positive
genotypic association among them and also they
had positive phenotypic correlation Thus,
selection for positively correlated traits will
simultaneously increase the total tuber yield of
potato. On the other hand tuber yield had
negative genotypic correlation with proportion
of very small tubers percentage, days to
emergence, days to flowering, and tuber dry
matter content. Similarly total tuber yield had
negative phenotypic correlation with
unmarketable tuber vyield, very small tuber
percentage and specific gravity, days to
flowering, stem number per plant, dry matter
content and total starch content of the tuber in
percentage. This negative correlation indicating
that the selection of genotypes with high mean
values for the traits might lead to low vyield of
genotypes. In conclusion most of the triats had
positive genotypic and phenotypic correlation to
tuber yield and among them, as a result of this
considering these traits for further breeding
facilitate the efficient potato improvment
program.

20

Acknowledgments

We would like to acknowledge Amhara
Agricultural Research Center (ARARI) and Adet
Agricultural Research Center for financial
support.

Conflict of interest

The authors declared no conflict of interest

References

1. Abhishek, R., Parsad, R. and Gupta, V.K.
2010. Statistical package for augmented
design (SPAD). New Delhi: IASRI, Library
Avenue.

2. Abraham Lamboro, Yohannes Petros and
Mebeaselassie Andargie. 2014. Correlation
and path coefficient analysis between yield
and yield components in potato (Solanum
tuberosum L.). Plant Sci. Today, 1(4):196-
200.

3. 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. Int. J. Biodiversity Con., 5(8):
523-528.

4. Doss, C., Mcpeak, J. and Barrett, C.B. 2008.
Interpersonal, itertemporal and spatial
variation in risk perceptions: evidence from
East Africa. World Develop., 36(8):1453—
1468.

5. FAO (Food and Agriculture Organization).
2010. Agriculture based livelihood systems
in Drylands in the context of climate
change: Inventory of adaptation practices
and technologies of Ethiopia. Rome.

6. Firman, D.M. and Allen, E.J. 1989.
Estimating individual leaf area of potato
from leaf length. Agricul. Sci. J., 112(03):
425-426.

7. Gebremedhin W/Georgis, Atsede Solomon,
Endale Gebre and Bekele Kassa, 2000.



Journal of Genetics, Genomics & Plant Breeding 3(4) 9-22 (October, 2019)
ISSN (Online): 2581-3293

10.

11.

12.

13.

14.

15.

16.

Multi location testing of clones in Ethiopia.
Progress Report, Ethiopian Agricultural
Research Organization (EARO), Ethiopia.
Getachew Tesfaye and Awole Mela. 2000.
The role of SHDI in potato seed production
in Ethiopia: Experience from Alemaya
integrated rural development project.
Proceedings of the 5" African Potato
Association Conference, Kampala, Uganda,
5:109-112.

Habtamu G.Slassie, Wassu Mohammed and
Beneberu Shemlise. 2016a. Evaluation of
Potato (Solanum tuberosum L.) Varieties for
yield and vyield components in eastern
Ethiopia. Greener J. Plant Breed. Crop Sci.,
4 (2): 014-026.

International Potato Center (CIP). 2007.
Procedures for standard evaluation trials of
advanced potato clones. An International
Cooperators’ Guide.

International Potato Center (CIP). 2014
.Protocol for Tuber Bulking Maturity
Assessment of Elite and Advanced Potato
Clones. ISBN: 978-92-9060-441-9

Kalloo, G. 1988. Vegetable breeding. Boca
Raton, Florida: CRC Press. 1: 239.
Khayatnezhad, M. R., Shahriari, B. R,
Gholamin, R. G., Jamaati-e-Somarin, S. and
Zabihi-e-Mahmoodabad, R. 2011.
Correlation and path analysis between yield
and yield components in potato (Solanum
tuberosum L.). J. Scientific Res., 7(1): 17-
21.

Kleinkopf, G.E. and Wassermann, D. T.
1987. Specific gravity of Russet Burbank
potatoes. American Potato J., 64(11):579-
587.

Levy, D., Fogelman, E., Itzhak, Y., Ma, Q.,
Turner, D.W. and Cowling, W.A. 2006.
Osmotic adjustment in leaves of Brassica
oilseeds in response to water deficit.
Canadian J. Plant Sci., 86(2): 389-397.
Lung’aho, C., Berga Lemaga, Nyongesa,
M., Gildemacher, P., Kinyale, P., Demo, P.

21

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

and Kabira, J. 2007. Commercial seed
potato production in eastern and central
Africa. Kenya Agricultural Institute.

Miller, P.A., Williams, C. Robinson, H.F.
and Comstock, R.E. 1958. Estimates of
genotypic and Environmental variances and
co-variances in upland cotton and their
implications in selection. Agronomy J.,
50:126 —131.

Mohammad, A., Noor-ul, I. and Khalid, M.
S. 2001. Correlation and path coefficient
studies in linseed. J. Biol. Sci., 1(6):446-
447,

Nandipuri, B. S., B. S. Singh and T. Lal.
1973. Studies on the genetic variability and
correlation of some economic characters in
tomato. J. Res. 10: 316-321.

Okogbenin, E., Setter, T.L., Ferguson, M.,
Mutegi, R., Ceballos, H. and Olasanmi, B.,
2013. Phenotypic approaches to drought in
cassava: review. Frontiers Physio.,4:93
10.3389/fphys.2013.00093.

Rangaswamy, R. 1995. A Text Book of
Agricultural  Statistics: Wiley Eastern
Limited, New Delhi, India, 496p.

Reddy, M.S. and Kidane Georgis (ed.),
1991. Development of Technologies for the
Dry Land Farming Areas of Ethiopia.
Nazret, Ethiopia.

Sastri, A. B. 1974. Path analysis of yield
components in Natu Tobacco. Indian J.
Genet. Plant Breed., 34(1), 57-58.

Sattar, M. A., Sultana, N. Hossain, M.M.
Rashid, M.H. and Islam, K.M. 2007.
Genetic variability, correlation and path
analysis in potato (Solanum tuberosum L.).
Bangladesh J. Plant Breed. Genet., 20(1):
33-38.

Shao, H.B., Chu, L.Y, Jaleel, C.A., Zhao,
C.X. 2008. Water-deficit stress-induced
anatomical changes in higher plants.
Comptes rendus biologies, 331(3): 215-225.
Singh, G. (2008). Studies on genetic
variability, association and divergence in



Journal of Genetics, Genomics & Plant Breeding 3(4) 9-22 (October, 2019)
ISSN (Online): 2581-3293

27.

28.

29.

potato  (Solanum
dissertation, Indira

Vishwavidyalaya, Raipur.
Singh, P., Sharma, P.K., Banjara, N.C.,
Sahu, N.P. and Sharma, R. 2015.
Variability, heritability, genetic advance,
correlation and path analysis between yield
and yield components in potato (Solanum

tuberosum L.) Ph.D.
Gandhi  Krishi

tuberosum L.). Ecol, Environ. Conser.,
21(2): 1093-1097.

Tadele Tadesse, Harjit, S. and Bulcha
Weyessa. 2009. Correlation and path
coefficient analysis among seed yield traits
and oil content in Ethiopian linseed
germplasm. J. Sustainable Crop Product.,
4(4):8-16.

Tesfaye Abebe, Wongchaochant, S.,

Taychasinpitak, T., and Leelapon, O. 2012.
Dry matter content, starch content and
Starch vyield variability and stability of
Potato varieties in Amhara Region of
Ethiopia. Kasetsart J. Natur. Sci., 46: 671-
683.

22

30.

31.

32.

33.

Ummyiah, H.M., Khan, S.H., Jabeen, S.H.,
Junaif N., and Hussain, K. 2013. Inter-trait
relationship and path analysis in potato.
Progressive Horti.. 45(1):201-205.

USAID, 2015. Technical Report on Climate
Variability and change in Ethiopia summary
of findings. Chemonics International
Inc.1717 H Street NW Washington, DC
20006.

Wassu Mohammed and Simret Burga. 2015.
Evaluation of Potato (Solanum tuberosum
L.) Genotypes for yield and tuber quality
related traits at lowland, Dire Dawa, Eastern
Ethiopia. Sci., Techno. Arts Res. J., 4
(3):01-10

Yildrim, Z. and Tokusoglu, O. 2005. Some
analytical quality characteristics of potato
(Solanum tuberosum L.) Minitubers (cv.nif)
developed wvia in- vitro cultivation.
Electronic J., Environ. Agril. Food
Chemistry, 4(3): 916-925.



	Abstract
	Introduction
	Materials and Methods
	Description of the experimental site
	Experimental procedures and field management
	Data collection
	Data analysis

	Results and discussion
	Correlation of traits
	Genotypic and phenotypic correlation of total tuber yield with other characters
	Correlation among other characters


	Conclusion

