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Genetic variability is the fundamental requirement for any plant breeding program to develop a superior cultivar. *is study
aimed to estimate the genetic variability and determine the correlation between the various quantitative characteristics of garlic
accessions. *e experiment was carried out in the Ezo-Otte area of the Chencha district in the Gamo highlands of southern
Ethiopia and 28 garlic accessions were evaluated in a Randomized Complete Block Design with three replicates. Various
morphological descriptors were measured to evaluate the variability and correlation coefficients.*e analysis of variance showed a
highly significant variation for all characters, which indicates greater variability in the accession. High andmoderate heritability in
broad sense estimates were obtained for the majority of the traits examined. Days to maturity (28.09), bulb weight (22.33), and
bulb diameter (equatorial) (21.33) showed higher genetic advance. *e maximum value of the genetic progress as a percentage of
the mean was observed in bulb yield, clove weight, bulb diameter (equatorial), and number of leaves. In addition, bulb diameter
(equatorial), clove weight, bulb weight, and plant height were observed to be highly hereditary coupled with high genetic advance
as a percentage of the mean, suggesting that they can be improved by direct selection. Coefficient analysis has shown that
maximum attention should be paid to bulb diameter (equatorial), the number of cloves, bulb diameter (equatorial), bulb weight,
plant height, and leaf length, as these traits also correlate positively and significantly with bulb yield.

1. Introduction

Garlic (Allium sativum L.) is a diploid (2n� 2x� 16) bulbous
plant that belongs to the Amaryllidaceae family and has
enormous value in human life [1]. *e cultivated plant
originates from Central Asia and is cultivated all over the
world for culinary, medicinal, and religious purposes [2].
*e presence of sulfur compounds contributes to its me-
dicinal properties. Garlic is mainly propagated vegetatively
through mandatory apomixis by planting individual cloves
[3]. *e plant grows well in well-drained sandy or silty clay
soils with a pH of 7 and goodmoisture storage properties [4].

Garlic plays an important role in human life. Its nu-
tritional and medical benefits are undisputed [5–7]. From a
nutritional point of view, it is used as a dietary supplement,

spice, and source of vitamins [8, 9]. In addition, due to the
presence of sulfur compounds, biological agents (allicin),
and other derivatives, garlic has the potential to boost the
immune system to treat human diseases [10] including
hypertension, infections, viral infections, cancer, hyper-
tension snakebites, malaria, wound infection, cold, malaria,
cough, pulmonary tuberculosis, high blood pressure, ve-
nereal diseases, mental illness, kidney disease, liver disease,
asthma, and diabetes, as well as cell death against free
radicals, and some cultures have used it to ward off evil
spirits [9]. It also nourishes and supports the heart, stomach,
circulation, and lungs [6, 11].

In Ethiopia, garlic is produced by small and commercial
growers for a variety of purposes, such as home con-
sumption, herbal medicine, and cooking flavoring, as well as
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a source of income for many smallholders. *e average area
and total production of garlic in Ethiopia are 16,411.19 ha
and 159,093.58 tons annually, respectively [4]. Chencha is
one of the largest garlic producers in the Gamo highlands in
southern Ethiopia due to its weather conditions, the avail-
ability of water, and the fertility of the soil. Although the
environmental conditions favor the garlic productivity,
several biotic and abiotic factors hinder plant productivity
and lead to yield losses, for example, lack of appropriate
plant material, inappropriate agronomic practices, fungal
diseases, lack of adequate insecticides and pesticides, and a
poor marketing system. However, garlic productivity is still
low in the area. In particular, no attempt has been made to
improve garlic production based on the available genetic
diversity between different cultivated accessions in order to
fully exploit the yield potential of the crop.

Recent genetic studies have shown that garlic varies
widely under different ecological conditions and that some
accessions have adapted to specific environments through
artificial and natural selection [12]. Genetic diversity has
been found in cultivated garlic for 16 different morpho-
logical traits [6]. Similarly, variations in bulb weight, coat
layer, and leaf length assessed 24 garlic ecotypes [13]. *ese
examples suggest that assessing the genetic diversity of garlic
is important for selection and breeding purposes. Studying
the genetic variation in cultivated garlic accessions is very
useful, as it can lead to the identification of suitable varieties
through clonal selection and accession with fertile florets for
use in inheritable breeding programs. In particular, the
improvement in plant production is based on the available
genetic variability and the extent to which the desirable traits
are inheritable [14]. Studies of genetic variability with the
help of suitable genetic parameters are therefore indis-
pensable for an effective breeding program [5, 15]. *e yield
is a very complex unit that is influenced by several yield
components that are sensitive to environmental fluctuations
[16]. *us, the selection according to income components
has a better chance of success. *erefore, it is necessary to
know the type and nature of yield components and their
interrelationships. *e evaluation of the genetic resources of
garlic through morphoagronomic descriptors will allow us
to understand the differences between the accessions and to
select those with our interested character for the breeding
program. Information on the nativeness and extent of ge-
netic variability in genetic stocks, heritability, and genetic
advance of various traits will be of great use for future
breeding programs. With all of these facts in mind, this
research was conducted to assess the genetic variability and
association between bulb yield and related traits in garlic
access from the Gamo highlands in southern Ethiopia.

2. Methods and Materials

2.1. Description of the Study Area. *e experiment was
carried out on leased farmland in Ezo-Otte kebele (3,150m
above sea level, GPS 72H Garmin), highland parts of the
Chencha district, during the 2017 harvest season. Chencha
district is about 530 km and 303 km from Addis Ababa, the
capital of Ethiopia, and Awasa, the capital of the Southern

Nations and Nationalities and People Regional State
(SNNPR). It is also located between 608′55″ to 60 25′30″ N
and 370 29′ 57″ to 370 39′ 36″E. Its altitude is between 1300
and 3250m above sea level [17].*e agroecology of Chencha
is classified as highlands (>2500m above sea level), which
makes up 82% of the total area, and midland (2000–2500 m
above sea level) with a share of 18%. *e minimum air
temperature ranges from 11 to 13°C, while the maximum air
temperature ranges from 18 to 24°C. Based on 8-year data
(2002–2009) from the district’s Department of Agriculture,
the average annual rainfall is 1172mm, with a peak in April
followed by a second peak in September. As a result of this
bimodal rainfall pattern, there are two harvest seasons
known locally as Belg (March to May) and Meher (June to
October) [18].

2.2. Plant Materials and Experimental Design.
Twenty-eight garlic accessions (20 accessions were collected
from the Debre Zeit Agricultural Research Center and 8
accessions from the Chencha district), selected based on
productivity, availability, and some tolerance to biotic stress
in the respected area, were included in the study (Table 1).
Due to the scarcity of available plant material and experi-
mental farmland, research was limited to these accessions.
*e physical-chemical analysis of the soil was examined.

2.3. Experimental Design and Field Management. *e garlic
accessions were planted in a Randomized Complete Block
Design (RCBD) with three replicates in the 2017 cropping/
Meher season at Ezo-Otte, Chencha, Gamo highlands of
southern Ethiopia.*e plot size was 2m× 1mwith 5 rows of
2m in length and 10 cm between plants within a row and
20 cm between rows [6, 7]. All other agronomic practices
were applied uniformly to the entire plot, as recommended
[7, 19].

2.4. Data Collection. Morphological traits were measured at
different growth stages according to descriptors for garlic
developed by the International Plant Genetic Resources In-
stitute (IPGRI) [20]. Data on days to germination (50%
emergence), plant height, number of shoots per plant, number
of leaves per plant, leaf length, cloves per bulb, maturity time,
bulb length, bulb diameter (equatorial), dry weight of the bulb,
and the plant yield were recorded from a sample of five
representative plants. *e bulb dry weight was measured after
harvest, once the plants were dried. *e bulb yield was
recorded from themiddle 4 rows of each plot and converted to
tons per hectare. 50% germination/emergence was recorded
when 50% of the plants per plot had emerged. *e maturity
time was recorded when the plant was ready for harvest [2].

2.5. Data Analysis. For each treatment, the mean of the
parameters described above was calculated and subjected to
analysis of variance using SAS computer software version 9.0
with a general linear model method. *e mean value sep-
aration test was carried out by an LSD test (Least Significant
Difference) with a probability level of 5% [21].
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2.6. Estimation of Genetic Parameters. *e genetic param-
eters, mainly genotypic variance (σ2g), phenotypic variance
(σ2p), phenotypic coefficient of variation (PCV), and ge-
notypic coefficient of variation (GCV), were estimated using
the formula mentioned elsewhere [22, 23].

2.7. Estimation of Heritability and Genetic Advance.
Heritability illustrates the relative contributions of genetic
and nongenetic differences to the overall phenotypic vari-
ation in the garlic germplasm. Since heritability estimates the
genetic and environmental factors in the population rela-
tively, heritability was calculated in the broadest sense for all
characters using the formula and classified as low (below
40%), medium (40–80%), and high (above 80%) [24].

H
2

�
σ2g
σ2p

× 100, (1)

where H2 is heritability in the broad sense, σ2g is genotypic
variance, and σ2p is phenotypic variance.

Genetic advance (GA) is a measure of howmuch gain you
may get from phenotypic selection for a trait. It mainly de-
pends on the selection intensity (i� 1.76 at the 10% level),
broad sense heritability (H2) of character, and the phenotypic
standard deviation of the trait (measure of the phenotypic
variability). Genetic advance (GA) and genetic advance as
percentage ofmean (GAM%)were calculated according to the
recommendedmethod [20]. Genetic advance as percentage of
mean (GAM) was classified as low, moderate, and high with
0–10%, 10–20%, and >20%, respectively. *e phenotypic and
genotypic components of variance, as well as phenotypic and
genotypic coefficients of variation, are calculated according to
the proposed methods [24].

GA � (k)
���
Vp

􏽰
H

2
􏼐 􏼑, (2)

where k� 1.76 (10% selection intensity), Vp represents
phenotypic variances, and H2 is heritability.

2.7.1. Estimation of Correlation Coefficients. *e genotypic
and phenotypic correlation coefficients between yield and

yield attributed traits were computed as described by
[25, 26], respectively.

Genotypic correlation �
Cov(g) 1.2

��
σ

√
2 (g)1.σ2(g)2

, (3)

where

Cov (g) (xy) is genotypic covariance between variables
X and Y
σ2 (g) 1 is genotypic variance of variable X1
X1σ2 (g) 2 is genotypic variance of variable X2

Phenotypic correlation �
Cov(ph)1.2

��
σ

√
2(ph)1.σ2(ph)2

, (4)

where

Cov (ph) (xy) is phenotypic covariance between vari-
ables X and Y
σ2 (ph) 1 is phenotypic variance of variable X1
σ2 (ph) 2 is phenotypic variance of variable X2

3. Results and Discussion

3.1. Physicochemical Analysis of Experimental Soil. Soil tests
are used to determine nutrient and contamination levels,
composition, and other properties such as acidity or pH.
*ey can determine the fertility or expected growth potential
of the soil, indicating nutrient deficiency, potential toxicities
from excessive fertility, and inhibition from the presence of
nonessential (trace) minerals. *e texture of the test soil was
clay, which consisted of 15.19% sand, 38.87% silt, and
45.94% clay. It also contained various minerals and ions that
contribute to the growth and productivity of garlic acces-
sions, as shown in Table 2.

3.2. Analysis of Variance. *e mean squares due to acces-
sions were highly significant for the examined morpho-
logical traits, suggesting the existence of genetic variations in

Table 1: Description of the garlic germplasm included in the study, Gamo highlands, southern Ethiopia, 2017.

Accession code Collection site Accession code Collection site
Gidole (G-1) Gidole DZtg043/06 (G-14) Debre Zeit Research Center
Zagie (G-2) Zagie DZtg051/06 (G-15) Debre Zeit Research Center
Geresse (G-3) Geresse DZtg080/06 (G-16) Debre Zeit Research Center
Zeme (G-4) Zeme DZtg085/06 (G-17) Debre Zeit Research Center
Durbe (G-5) Durbe DZtg088/06 (G-18) Debre Zeit Research Center
DZtg002/06 (G-6) Debre Zeit Research Center DZtg102/06 (G-19) Debre Zeit Research Center
DZtg009/06 (G-7) Debre Zeit Research Center DZtg109/06 (G-20) Debre Zeit Research Center
DZtg011/06 (G-8) Debre Zeit Research Center DZtg120/06 (G-21) Debre Zeit Research Center
DZtg013/06 (G-9) Debre Zeit Research Center Ztg123/06 (G-22) Debre Zeit Research Center
DZtg015/06 (G-10) Debre Zeit Research Center DZtg129/06 (G-23) Debre Zeit Research Center
DZtg017/06 (G-11) Debre Zeit Research Center DZtg135/06 (G-24) Debre Zeit Research Center
DZtg018/06 (G-12) Debre Zeit Research Center DZtg141/06 (G-25) Debre Zeit Research Center
DZtg025/06 (G-13) Debre Zeit Research Center H01/06 (G-26) Bonke

H02/06 (G-27) Gircha
Dita51 (G-28) Dita
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garlic. *e significant mean sum of squares due to bulb yield
and associated traits indicated the existence of considerable
variability in the garlic accessions.*e present finding agrees
with the report mentioned elsewhere [27], which found
enormous variability in Ethiopian garlic additions. Similarly,
various studies expected great variability for the number of
leaves per plant (cm), leaf length (cm), bulb diameter
(equatorial) (cm), bulb weight (g), the number of cloves per
bulb, clove weight (g), and bulb yield (tons per hectare)
[12, 28].

3.3. Mean Performance of Garlic Accessions. Garlic (Allium
sativum L.) reproduces only through vegetative reproduc-
tion and shows considerable morphological differences
within and between varieties [27]. *is may be due to
phenotypic plasticity and the presence of mutations that
make the assessment and systematic classification of garlic
problematic [29]. *erefore, analyzing the genetic diversity
and the relationship between individuals is important for the
improvement of garlic. Previous research analyzed the ge-
netic diversity in Ethiopian garlic accessions collected at
different locations and found that most traits vary widely
[30]. Similarly, the morphological analysis in the present
study also showed that the accessions function differently
and exhibit great variability. One of the most important
findings of the present study was the variability between the
range accessions tested, the range results, and the mean.
Maximum variability was observed for bulb yield per hectare
and plant height. *e highest seed yield (10.98 tons/hectare),
bulb weight (20.35 g), bulb diameter (equatorial) (38.01),
and clove weight (3.4 g) were obtained from G-8, G-12, and
G-16, respectively (Table 3). *e present results are in
agreement with the results of previous research, which re-
ported a wide range of variations in bulb yield and yield-

related characteristics of garlic genotypes [12, 30]. *ese
genotypes could be used as potential parents in a breeding
program to improve bulb yield and its components.

3.4. Estimation of Genetic Parameters and Heritability.
*e estimates of genotypic variation (σ2g), phenotypic
variation (σ2p), genotypic coefficient of variation (GCV),
phenotypic coefficient of variation (PCV), heritability (H2),
genetic progression (GA), and genetic progression as a
percentage of the means (GAM) for various traits are shown
in Table 4. *e component of phenotypic variance for all
measured traits was further subdivided into genotypic
variance (σ2g), G x E variance (σ2gE), and error variance
(σ2e). However, only genotypic variance was compared with
total phenotypic variance to understand the extent of the
genotypic contribution to the improvement of garlic. *e
present study confirmed that the highest genotypic variance
and phenotypic variance were for days to maturity, bulb
weight, and bulb diameter (equatorial). *e extent of phe-
notypic variation was highest because it is a product of
environmental and genetic variance. Furthermore, the
evaluation of GCV, PCV, and heredity helps to assess the
contribution of genes and the environment to the expression
of each trait while facilitating a better and more effective
selection for the plant breeder. In particular, values of the
phenotypic coefficient of variance (PCV) and the genotypic
coefficient of variance (GCV) above 20%, between 10% and
20%, and below 10% are considered high, medium, and low,
respectively [21]. In the present study, all traits examined
had a higher PCV than the GCV, suggesting an important
role of the environment in the expression of traits (Table 4).
Among all traits examined, high-to-moderate PCV and
GCV were observed for yield per plant ((53.38%) and
(46.8%)), bulb diameter (equatorial) ((46, 0%) and (45.7%)),
number of leaves ((44.21%) and (42.8%)), and bulb weight
((42.75%) and (42.6%)), respectively. High PCV and GCV
were observed for these traits, as mentioned elsewhere [30].
Moderate PCV and GCV were recorded for the number of
seeds per plant.*ese results are largely in line with previous
researchers [21, 24]. *e high-to-moderate values of PCV
and GCV observed for the above traits in the present study
indicated the existence of variability for the traits examined;
and the high PCV and GCV traits mentioned above should
allow reasonable scope for improvement by selection in the
respective environments due to the modest genetic vari-
ability available in the germplasm collections evaluated [31].
However, low PCV and GCV have been recorded for ma-
turity time (MT), and days of emergence (50% germination)
implies that the selection for these characters may not be
effective. GCV was close to PCV in terms of plant height, the
number of shoots per plant, leaf length, and days tomaturity,
suggesting that the environmental impact on the expression
of these traits was small [23].

Heritability in a broad sense is important to the breeder,
since it indicates the possibility and extent to which im-
provement is possible through selection. In the present
investigation, estimates of broad sense heritability (H2)
ranged from 72.1 to 99.37%.*emost intriguing finding is of

Table 2: Physicochemical analysis of the experimental soil in Ezo-
Otte in the Chencha district of Gamo highlands in southern
Ethiopia in main cropping season, 2017.

Parameter Amount
Texture class Clay
PH-H2O (1 : 2.5) 7.90
EC (ms/cm) (1 : 2.5) 1.57
Organic carbon (%) 1.63
Nitrogen (%) 0.13
Available P (mg P2O5/kg soil) 66.87
Field capacity (FC) of soil (0.33 bar) (%) 35.61
Permanent wilting point (15 bar) (%) 18.81
Na (meq/l) 0.60
K (meq/l) 0.18
Ca (meq/l) 2.00
Mg (meq/l) 1.40
HCO−1

3 (meq/l) 0.60
Cl− (meq/l) 2.64
SO4

- - (meq/l) 0.39
NO3 (meq/l) 0.35
Zn (mg/kg soil) 0.92
Mn (mg/kg soil) 3.81
Cu (mg/kg soil) 7.38
Fe (mg/kg soil) 8.99
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the present high (80%) heritability in broad sense which was
recorded for most of the morphological descriptors con-
sidered in the study. *is suggests that a good match be-
tween genotypic and phenotypic values and thereby a low

environmental impact on the expression of these traits and
selection for these traits would be fairly easy. *e character’s
high heritability is controlled by polygenes, which could be
useful for plant breeders to make effective choices [12].

Table 3: *e mean performance of 28 garlic accessions in Ezo-Otte in the Chencha district of the Gamo highlands in southern Ethiopia in
main cropping season, 2017.

Code GP PH (cm) NL NSP LL (cm) BW (g) BD (mm) CN CW (g) MT BY (t/ha)
G-1 18.00 35.05 14.33 27.16 38.12 40.50 37.06 10.37 3.07 139.25 10.98
G-2 17.00 33.61 15.33 22.16 25.12 38.80 35.80 11.33 2.80 134.25 9.13
G-3 18.50 33.74 9.00 17.66 22.62 37.87 35.28 11.50 2.42 141.91 8.51
G-4 21.01 27.22 9.07 20.50 21.62 30.86 27.60 11.00 1.46 150.33 6.22
G-5 23.50 25.08 6.93 24.66 24.62 29.22 24.41 11.51 0.88 137.25 5.61
G-6 21.83 29.20 11.00 26.83 26.62 36.34 33.83 12.73 2.42 129.25 8.55
G-7 18.17 30.65 16.33 26.66 28.63 35.98 32.96 14.50 2.25 127.25 8.06
G-8 22.80 24.80 12.33 28.66 18.62 20.89 18.57 12.67 0.89 118.25 4.55
G-9 15.50 25.17 15.33 32.66 27.50 24.47 21.50 12.01 1.36 135.25 5.30
G-10 21.00 23.87 10.33 30.66 31.63 20.87 19.58 10.90 1.09 121.25 4.65
G-11 20.00 24.22 13.33 28.66 18.62 21.96 18.50 13.00 1.33 141.25 5.88
G-12 18.66 23.79 14.50 26.83 22.62 20.35 18.67 12.67 0.95 137.25 4.85
G-13 17.00 21.60 11.33 28.66 22.63 20.51 18.88 13.67 0.88 110.25 4.65
G-14 20.83 24.10 13.33 33.67 27.62 20.93 19.66 11.67 1.16 134.25 4.58
G-15 20.00 23.58 14.33 25.66 18.63 23.67 19.66 13.07 1.01 142.25 4.87
G-16 22.50 35.55 16.00 22.00 34.63 40.85 38.01 16.20 3.40 128.25 10.55
G-17 17.50 35.75 11.00 31.00 31.63 38.26 34.65 15.00 2.59 133.25 9.68
G-18 22.50 36.28 11.33 31.67 30.63 36.20 33.10 9.67 2.31 126.25 8.22
G-19 17.50 32.31 13.33 24.66 37.63 35.50 31.87 11.83 2.22 143.25 7.94
G-20 18.50 24.63 10.00 26.66 25.63 30.33 26.97 15.67 1.18 146.25 6.05
G-21 21.00 33.58 9.90 27.66 33.62 36.30 33.07 10.33 2.69 125.25 8.55
G-22 18.00 31.65 10.60 22.66 30.62 34.77 32.35 14.37 2.24 131.25 7.42
G-23 14.50 29.61 15.33 25.66 20.62 34.79 32.41 14.27 2.17 122.58 7.32
G-24 19.50 24.31 12.33 18.66 24.62 24.08 21.55 13.00 1.62 127.25 6.49
G-25 23.00 22.57 16.33 24.66 26.63 21.17 16.94 12.83 1.08 124.25 10.50
G-26 18.00 25.40 17.33 26.66 17.62 25.36 22.07 10.17 1.58 132.25 6.63
G-27 18.55 22.85 19.33 22.66 18.62 24.13 21.66 10.53 1.21 120.25 5.32
G-28 19.66 23.38 21.33 24.00 24.63 23.00 20.86 12.73 1.05 137.25 5.43
CV (%) 12.03 3.38 10.96 5.59 3.35 3.38 4.85 11.24 12.58 1.12 25.59
SE 5.46 0.89 2.09 2.14 0.78 0.99 1.67 1.96 0.05 2.20 3.22
GP � 50% germination time, PH is plant height, NL is number of leaf plants, NSP is number of shoots per plant, LL is leaf length, BW is bulb weight, BD is bulb
diameter (equatorial), CN is clove number, CW is clove weight, MT is maturity time, BY is bulb yield (tons per hectare), and G is garlic accession.

Table 4: Estimation of the means, range, components of variance, PCV, GCV,H2, GA, and GAM of the bulb yield and related traits of garlic
accessions in Ezo-Otte in the Chencha district of the Gamo highlands in southern Ethiopia in main cropping season, 2017.

Traits Mean
Range Variance Coefficient of variation

H2 (%) GA GAM (%)
Maximum Minimum Geno. Env. Pheno. Geno. Env. Pheno.

GP 19.39 27.00 12.00 14.11 5.44 19.55 72.78 28.04 100.81 72.19 5.62 28.97
PH 27.99 37.01 21.20 70.38 0.89 71.27 251.47 3.20 254.67 98.75 14.67 52.42
NL 13.19 23.00 6.00 31.92 2.09 34.01 241.99 15.85 257.84 93.85 9.63 73.03
NSP 26.17 35.00 16.00 46.89 2.14 49.03 179.15 8.19 187.33 95.63 11.79 45.03
LL 26.12 39.00 16.75 99.20 0.77 99.97 379.79 2.94 382.73 99.23 17.46 66.85
BW 29.54 41.50 19.24 158.50 1.00 159.50 536.59 3.38 539.97 99.37 22.09 74.78
BD 26.66 38.50 11.10 148.46 1.67 150.13 556.93 6.26 563.19 98.89 21.33 80.00
CN 12.46 17.00 8.00 7.86 1.96 9.82 63.08 15.73 78.81 80.04 4.41 35.43
CW 1.75 3.60 0.78 1.63 0.05 1.68 92.93 2.78 95.70 97.10 2.21 126.30
MT 132.10 151.00 109.50 256.85 2.20 259.05 194.44 1.67 196.11 99.15 28.09 21.26
BY 7.01 21.00 4.13 10.79 3.22 14.01 153.88 45.93 199.81 77.01 5.07 72.35
GP � 50% germination time, PH is plant height, NL is number of leaf plants, NSP is number of shoots per plant, LL is leaf length, BW is bulb weight, BD is bulb
diameter (equatorial), CN is clove number, CW is clove weight, MT is maturity time, BY is bulb yield (tons per hectare), PCV is phenotypic coefficient of
variation, GCV is genotypic coefficient of variation, H2 is heritability in broad sense, GA is genetic advance, and GAM is genetic advance as percentage of
mean.
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However, these results are in contrast with the data that have
reported low inheritance in the number of leaves per plant
and the height of the plant height [12]. *is may be due to
the variation in the test design, the plant material, and the
geographical location of the test site. Heritability alone does
not indicate the degree of genetic improvement that would
result from the selection of an individual genotype, and the
effectiveness of selection depends on heritability but genetic
advance (GA) [31]. Hence, knowledge of heredity coupled
with genetic advance is more useful. In addition, GA is im-
portant in predicting the expected genetic gain from a selection
cycle [32]. In the present study, a high genetic advance was
observed for days to maturity (28, 09), bulb weight (22, 09),
and bulb diameter (equatorial) (21, 33). Overall, the progress of
genetic progression and genetic advance as a percentage of the
mean was higher for days to maturity, clove weight, clove
number, bulb weight, bulb diameter (equatorial) (equatorial),
and yield per plant. *is argument is consistent with the
findings mentioned elsewhere [12, 24].

A relative comparison of heritability along with genetic
advance as a percentage of the means over the traits showed
that clove weight had high heritability, combined with
moderate genetic advance as a percentage of the mean in-
dicating genotypic variations for such a trait.*e dominance
of the additive gene can be attributed to the pressure of
action, and selection could profitably be applied to this
character to improve the bulb yield. Furthermore, the
highest heritability was observed with moderate GA as a
percentage of the mean bulb weight and moderate herita-
bility with high GA for days to maturity. Similar results of
high heritability with moderate genetic advance as a per-
centage of the mean were recorded in these traits [24, 28].

*ese results confirmed that these characters were primarily
controlled by the additive nature of the genes and that direct
selection for these traits could be effective. However, high
heritability associated with low GA was observed for plant
yield. *us, this trait is controlled by nonadditive genes
(dominance and epistasis), so environmental control on the
expression of these traits and their improvement could be
achieved by heterosis breeding [12].

3.5. Bulb Yield and Associated Traits for Garlic Accessions.
Correlation analysis helps evaluate the relationship between
yield and its components. Phenotypic and genotypic cor-
relation coefficients of bulb/plant yield with other characters
are presented in Table 5. *e phenotypic correlation showed
that the plant yield correlated highly positively and signif-
icantly with 50% germination time (r� 0.4775), number of
leaves (r� 0.61550), number of shoots per plant (r� 0.0528),
number of cloves (r� 0.5408), and days to maturity (0.6954).
Furthermore, the genotypic correlation showed that the
plant yield was very positively and significantly correlated
with the weight of the cloves (r� 0.6616), the number of
cloves (r� 0.6766), and the height of the plant height
(r� 0.62853). However, 50% germination percentage
(−0.07856) and the number of shoots per plant (−0.21206)
were negatively correlated with the plant yield (tons per
hectare). *e results showed that the magnitude of the
genotypic correlation coefficients was higher than their
phenotypic correlation coefficients, suggesting the absence
of environmental influences that reinforce genetic inherent
associations [33]. Bulb yield highly significantly correlated
with plant height, leaf length, bulb diameter (equatorial),

Table 5: Genotypic and phenotypic correlation coefficients of bulb yield and related traits of garlic accessions in in Ezo-Otte in the Chencha
district of the Gamo highlands in southern Ethiopia in main cropping season, 2017.

Parameter GP PH NL NSP LL BW BD CN CW MT BY
GP (G)
(P)

−0.09134
0.4086

−0.25595
0.0188

0.05078
0.6465

0.03108
0.7789

−0.14928
0.1753

−0.15849
0.1499

−0.16532
0.1329

−0.15085
0.1708

−0.02726
0.8055

−0.07856
0.4775

PH (G)
(P)

−0.20165
0.0659

−0.06365
0.5651

0.60949
<0.0001

0.91427
<0.0001

0.91282
<0.0001

−0.02937
0.7909

0.89702
<0.0001

0.13440
0.2229

0.62853
<0.0001

NL (G)
(P)

−0.11005
0.3190

−0.20088
0.0669

−0.22218
0.0422

−0.20674
0.0592

−0.02191
0.8432

−0.05946
0.5911

−0.14509
0.1879

0.05559
0.6155

NSP (G)
(P)

0.21973
0.0446

−0.20873
0.0567

−0.19773
0.0714

−0.01084
0.9220

−0.15304
0.1646

−0.21174
0.0532

−0.21206
0.0528

LL (G)
(P)

0.54831
<0.0001

0.55392
<0.0001

−0.01911
0.8630

0.57712
<0.0001

0.05527
0.6175

0.43934
<0.0001

BW (G)
(P)

0.97954
<0.0001

0.07143
0.5185

0.89909
<0.0001

0.21374
0.0509

0.62391
<0.0001

BD (G)
(P)

0.08873
0.4222

0.89221
<0.0001

0.17136
0.1191

0.62662
<0.0001

CN (G)
(P)

0.02333
0.8331

−0.01537
0.8896

0.06766
0.5408

CW (G)
(P)

0.06588
0.5516

0.66160
<0.0001

MT (G)
(P)

0.04335
0.6954

GP � 50% germination time, PH is plant height, NL is number of leaf plants, NSP is number of shoots per plant, LL is leaf length, BW is bulb weight, BD is bulb
diameter (equatorial), CN is clove number, CW is clove weight, MT is maturity time, BY is bulb yield (tons per hectare), G: genotypic, and P: phenotypic.
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bulb weight, and clove weight. *is is an interesting finding
and could be suspected. *erefore, more importance should
be given to these traits at the time of selection to improve
bulb yield [23].

4. Conclusion

*e range and mean of agronomic traits obtained in this
study indicated that there was great variability between
garlic accessions. Heritability in broad sense estimates, ge-
netic advance, and genetic advance as a percentage of the
mean was high on bulb weight, bulb diameter (equatorial)
(equatorial), clove weight, number of cloves, and days to
maturity, and coefficient analysis showed that it positively
significantly correlated with bulb yield (tons per hectare).
*erefore, more importance should be devoted to these
traits in the selection process to improve garlic production.
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