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Abstract: This research sought to determine the associations between bulb yield 

and other traits and to measure their effects of yield attributes on bulb yield of 

garlic genotypes. The experiment was laid out in randomized complete block 
design (RCBD) with three replications using twenty garlic genotypes with one 

standard check variety (HL) at Kulumsa Agricultural Research center, during 

2020-2021. Yield and agronomic traits were determined. The data from two 

years were analyzed separately because the homogeneity of error variances of 
both seasons were not similar. In both seasons the association analyses indicated 

that the bulb yield was positively and significantly associated with plant vigor 

(0.9762), plant height (0.9057), neck thickness (0.5918), leaf width (0.7527), 

number of clove per bulb (0.766), cloves weight (0.9621), bulb polar diameter 
(0.9247), pseudo stem length (0.7885), clove height (0.9161), clove diameter 

(0.6412). Days to maturity and leaf length were negatively correlated with bulb 

yield at genotypic and phenotypic level. Consequences of path analyses 

indicated that bulb polar diameter (1.2478), clove height (1.0911), clove weight 
(0.9621), plant height (0.9057) and plant vigor (0.9762) had the highest positive 

direct effect on bulb yield at genotype level in first season and number of clove 

per bulb (0.9971), leaf width (0.9126), neck thickness (0.9912) in the 20221 

season. On the other hand, most of the indirect effects of yield components on 
bulb yield were significant and positive. Because of the significant direct effects 

and positive correlations of those traits on bulb yield at phenotypic and genotypic 

levels, may be observed as important traits for garlic genotypes selection 

programs.  
Keywords: Bulb Yield, Direct Effect, Indirect Effect, Path, Season. 
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INTRODUCTION 
Garlic (Allium sativum L.) is a bulbous 

perennial crop cultivated in different temperate and 

subtropical climates all over the world (Elsharkawy et 
al., 2021). It belongs to the genus Allium, which includes 

almost 1008 species distributed in 15 subgenera and 

more than 70 sections (Friesen et al., 2020, Parreno et 

al., 2023). After the onion it is the second most widely 
used cultivated bulb crops in the World (Benke et al., 

2021). It is widely grown in Ethiopia’s central and 

highlands, both under irrigation and rain-fed conditions 

(Martha and Marie, 2019). But, the productivity is low 
primarily due to a lack of suitable plant material, cultivar 

with low yield potential, and their sensitivity to various 

environmental stresses (Dejen et al., 2021; Tesfaye et al., 

2021). Garlic has a wide range of genetic diversity; 
depending on soil type, humidity, latitude, altitude, and 

cultural practices of its cultivation, even a single garlic 

accession would have a lot of phenotypic variabilities 

(Volk et al., 2004; Tesfaye et al., 2021). Garlic has a high 

degree of morphological variation due to its vegetative 
reproduction system (Shemesh and Kamenetsky, 2021). 

Natural variations in plant parts, have economic 

significance and suggest the possibility of garlic 

improvement (Hoogerheide et al., 2017). In addition, a 
great number of cultivars have resulted through natural 

and human selection for adaptation in growing areas 

(Viana et al., 2015). Soma clonal and spontaneous or 

induced mutations are important breeding methods to 
create garlic genetic variability (Singh et al., 2021). 

 

Correlated traits are important in studies of 

plant genetics and breeding because genetic factors, such 
as pleiotropic activity, developmental interactions of 

genes, and environmental changes, can create 

correlations (Horváth et al., 2023). Correlation is a tool 

that assesses the linear relationship between bulb yield 

https://www.easpublisher.com/
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and yield components (Melesse and Asfaw, 2024). The 
degree of correlation is important to select high yielding 

garlic cultivars (Gehani and Kanbar, 2014). Genotypic 

and phenotypic correlation coefficients are crucial that 

indicates the relationship between yield and its 
component elements (Chotaliya and Kulkarni, 2017). 

Genotypic selection is more important option to select 

stable, high-yielding and better-quality of garlic cultivars 

(Singh et al., 2013). Genotypic correlation between more 
than two characters may be caused by the pleiotropic 

effects of genes or by the linking of genes controlling the 

inheritance of more than two characters. While 

phenotypic correlation is an association between two 
characters that can be observed and measured, 

environmental correlation is a two-variable relationship 

that includes correlation due to environmental traits and 

non-additive genetic causes (Dabholkar, 1992). Path and 
correlation coefficients are crucial designed tools used to 

identify direct or indirect correlations between bulb yield 

and yield components (Singh et al., 2018). And 

furthermore, path coefficient analysis provides a critical 
evaluation for establishing correlation and evaluating the 

proportional weight of each trait. Because knowledge 

regarding association and path coefficient analysis 

between yield and its components traits are important in 
determining the component characters that could be used 

as selection parameters for effective improvement of the 

crop (singh et al., 2011). Therefore, this study was aimed 

to determine the genotypic and phenotypic associations 
between various traits and to estimate the contribution of 

each trait to bulb yield improvement in garlic genotypes. 

 

 

MATERIALS AND METHODS 
Description of the Study Area 

The field experiment was conducted at 

Kulumsa Agricultural Research Center, Southeastern 

Ethiopia during the rain growing season in 2020 and 

2021. KARC is located between latitude and longitude 
of 8º' to 8º 2' N and 39º 07' to 39º 10' E coordinates. The 

altitude of KARC is 2200 meters above sea level and the 

annual minimum and maximum temperature of 10.5 and 

22.8 0C respectively with annual rain fall 832 mm. The 
rainy season over the sites extends from May through 

October with soil type classified as clay loam soil with a 

pH of 6 (Abayneh et al., 2003). 

 
Experimental Materials and Design 

A total of 20 garlic genotypes collected from 

different major garlic producing parts of Ethiopia, and 

maintained at Debre Zeit Agricultural Research Centre, 
including one released variety as standard check were 

used for the experiment (Table 1). The experiment was 

laid out as a Randomized Complete Block Design 

(RCBD) where each genotype was replicated three times. 
Healthy and normal cloves of each accession were 

selected and planted on prepared plots of 2 m × 2.4m. 

Each plot consisted of four rows, with 20 plants per row, 

and a total of 80 plants per plot with pacing of 20 cm 
within a plant and 10 cm between plants. The 

recommended rate of 242 kg NPS ha-1 was applied at 

planting as source of phosphorous and 75 kg N ha-1 in the 

form of Urea in two splits, half rate after full emergence 
and half rate at the initiation of bulb. Field agronomic 

practices used were as recommended for the garlic crop 

(Getachew et al., 2009) 

 
Table 1: List of experimental materials included in the study 

Accession code  Accession code Accession code 

GOG-065/18 GOG-075/18 GOG-001/18 

GOG-067/18 GOG-018/18 GOG-055/18 

GOG-069/18 GOG-068/18 GOG-057/18 

GOG-072/18 GOG-059/18 GOG-011/18 

GOG-073/18 GOG-061/18 GOG-045/18 

GOG-074/18 GOG-047/18 HL* 

GOG-058/18 GOG-064/18  

Sources: DzARC- DebreZeit Agricultural Research Center, *= a released variety 

 

Data Collection 

Data collection included determination of days 
physiological to maturity, plant height, leaf length (cm), 

leaf width (cm), number of leaf per plant, number of 

clove per bulb, clove weight (g), clove height (cm), bulb 

polar diameter (cm), bulb equatorial diameter (cm), total 
bulb yield (tons per hectare). These were recorded from 

eight randomly sampled plants in the two central rows of 

each plot (IPGRI & Gr, 2001). Genotypic and 

phenotypic correlations as well as path coefficient 
analysis were analyzed using R software using vari-

ability package (R Core Team 2021). Mean separation 

was carried out using Duncan’s Multiple Range Test 

(DMRT) at 5% and 1% level of significance. The 

correlation coefficients were interpreted within the range 

of -1.0 to +1.0, as outlined by Singh and Singh (2010). 
 

Correlation Analysis 

Phenotypic correlation is the relationship 

between two variables, which includes both genotypic 
and environmental effects, and genotypic correlation is 

the inherent association between two variables. These 

were estimated using the formula suggested by Miller et 

al., (1958). 

𝐫p =
𝑃𝑐𝑜𝑣 𝑥.𝑦

√2 gX ∗ 2 P 𝑌
 𝐫p =

𝐺𝑐𝑜𝑣 𝑥.𝑦

√2 gX ∗ 2 P 𝑌
  

Where, rp = phenotypic correlation coefficient, Pcov x.y 

= phenotypic covariance between character x and y, 
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2 gX = phenotypic variance for character x, and 2 P 𝑌 

= phenotypic variance for character y; rg = genotypic 

correlation coefficient, Gcov x.y = genotypic covariance 

between characters x and y, 2 gX = genotypic variance 

for character x, and 2 P 𝑌 = genotypic variances for the 

character y. 

 
Path Coefficient Analysis 

In path-coefficient analysis, tuber yield per 

plant was taken as the resultant (dependent) variable 

while rest of the characters considered as causal 
(independent) variables. The direct and indirect effects 

of the independent characters on bulb yield per plant 

were estimated by the simultaneous solution of the 

following general formula suggested by Dewy and Lu 
(1959): 

 

rij = pij + rik pkj where, rij = mutual 
association between the independent character (i) and 

dependent character (j) as measured by the genotypic 

correlation coefficients, pij = components of direct 

effects of the independent character (i) on the dependent 
character (j) as measured by the genotypic path 

coefficients, and rikpkj = summation of components of 

indirect effects of a given independent character (i) on 

the given dependent character (j) via all other 
independent characters (k). 

 

To determine pij values, square matrices of the 

correlation coefficients between independent characters 
in all possible pairs inverted and then multiplied by the 

correlation coefficients between the independent and 

dependent characters using Agro base statistical 

package. Residual effects were estimated using the 

formula: 1-R2 where, R2= Pijrij  

 

RESULTS AND DISCUSSION 
Phenotypic and Genotypic Correlations 

In this study, genotypic correlation (rg) 

coefficients were computed in addition to phenotypic 

correlation (rp) coefficients to obtain better estimates of 

the associations between bulb yield and related traits for 
two seasons (Table 2 & 3). Many of the characters were 

positively and negatively correlated with each other. 

Many researcher was reported the existence of 

association between different traits in garlic genotype 
(Ranjitha et al., 2018, Esho, 2023). Accordingly the 

result in 2020 season, total tuber yield per hectare was 

highly significantly and positively correlated with plant 

vigor (rg = 0.9762** and rp = 0.7764**), plant height (rg= 
0.9057** and rp = 0.6739**), neck thickness (rg = 

0.5918** and rp = 0.481**), pseudo stem length (rg = 

0.7885 and rp = 0.5837), leaf width (rg = 0.7527** and rp 

= 0.5556**), number of clove per bulb (rg = 0.766** and 
rp = 0.6515**), clove weight (rg = 0.9621** and rp = 

0.5729**), clove height (rg = 0.9161** and rp = 

0.6613**), clove diameter (rg = 0.6412** and rp = 

0.3473**), bulb polar diameter (rg = 0.9247** and rp = 
0.6021**), bulb equatorial diameter (rg =0.8268** and rp 

= 0.683**), both at genotypic and phenotypic level 
(Table 4). Positive correlations are due to control of the 

traits which are under control of genes responsible for 

direct production of ancestors, and they attributes more 

the bulb yield in garlic and were important for bringing 
improvement in bulb yield. In line with our results 

different authors Chataliya and Kulkarni, 2017, Singh et 

al., (2011), Kumar et al., (2017), Melese & Asfaw, 2024, 

found that total bulb tubers have positive and significant 
association with total bulb yield. While, physiological 

maturity (-0.0788ns and 0.0067ns), and leaf length (-

0.3279ns and 0.0176ns) was negatively and non-

significantly correlated, with total bulb yield per hectare 
at genotypic and phenotypic level respectively. Negative 

non-significant genotypic correlation was found between 

plant vigor and days to maturity, days to maturity and 

clove diameter, leaf length and plant height, leaf length 
and number of clove per bulb, weight of clove and leaf 

length, bulb polar diameter and leaf length. Negative 

correlations occur due to the restricted supply of ancestor 

for which traits compete against each other. Bulb 
equatorial diameter and bulb polar diameter had positive 

and significant association with each other at both 

genotypic and phenotypic levels. These were also found 

to have significant association with bulb weight and 
clove length which indicated that improvement in one 

will bring the improvement in the other character, bulb 

polar diameter also had significant association with bulb 

yield. Clove weight and clove length were have positive 
and significant association with each other, also number 

of clove per bulb had positive and significant association 

with clove length, clove diameter, hence selection for 

one character has the opposite effect on the other. 
 

In second season 2021, total bulb yield was 

positive and highly significant (p<0.01) correlation with 

clove weight (0.6852**), number of clove per bulb 
(0.9971**), leaf width (0.9126**), neck thickness 

(0.9912**), plant height (0.8439**), plant vigor 

(1.0039**), bulb polar diameter (0.7962**) at genotypic 

level while, at phenotypic level plant vigor (0.3674**) 
and neck thickness (0.3444**) shows positive and highly 

significant (Table 3). Similarly, Melesse et al., (2024) 

reported that total bulb yield showed positive and 

significant correlation with marketable tuber yield at 
both phenotypic as well as at genotypic levels. These 

positive correlations indicating that selection for 

improving one character will lead to increase the other 

one which is positively correlated with that character. 
Total bulb yield was significantly and negatively 

correlated with days to maturity (-0.9296**), pseudo 

stem length (-0.9025**), clove diameter (-0.058**) at 

genotypic level. Negative correlation between two traits 
implies selection for improving one character will likely 

cause decrease in the other traits. Bulb equatorial 

diameter also exhibited positive and highly significant 

association with bulb polar diameter (rg =0.7962** and 
rp = 0.6524**), at both level. This suggested that the 

simple selection to improve one trait simultaneously 

increase the second character. Total bulb yield was 
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positively association with plant height, pseudo stem 
length and number of clove per bulb at phenotypic level 

(Table 3). 

 

Table 2: Genotypic and phenotypic correlation coefficients among garlic genotype traits (below genotypic & above 

phenotypic correlation) in 2020 
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V= Vigorisity, MD=Days to maturity, PH = Plant height (cm), Nth is neck thickness , SHL is pseudo stem length, LW is 

leaf width(cm), NCB is Number of clove per bulb, LL is leaf length (cm), WtC is clove weight (g), CH is clove height 

(cm), CD clove diameter (cm), BPD is bulb polar diameter (cm), BED is bulb diameter (equatorial) (cm), TBY is total 
bulb yield (tons per hectare). 

 

Table 3: Genotypic and phenotypic correlation coefficients among garlic genotype traits (below genotypic & above 

phenotypic correlation) in 2021 
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Where, V= Vigorisity, MD=Days to maturity, PH = Plant height (cm), Nth is neck thickness , SHL is pseudostem length, 
LW is leaf width(cm), NCB is Number of clove per bulb, LL is leaf length (cm), WtC is clove weight (g), CH is clove 

height (cm), CD clove diameter (cm), BPD is bulb polar diameter (cm), BED is bulb diameter (equatorial) (cm), TBY is 

total bulb yield (tons per hectare). 

 
4.2. Path Coefficient Analysis 

Path coefficient analysis was performed to 

divide the correlation coefficients between tuber yield 

and yield related traits into direct and indirect effects via 
pathways. In 2020 cropping season clove weight 

(0.9621, number of clove per bulb (0.766), clove length 

(1.0911), clove diameter (0.6412), plant vigor (0.9762), 

plant height (0.9057), neck thickness (0.5918), pseudo 
stem length (0.7885), leaf width (0.7527), bulb polar 

diameter (1.2478) and bulb equatorial diameter (0.8268) 

had highly significant and positive direct effect on total 

bulb yield at genotypic level (Table 4). This indicates 
that direct selection for those trait will be effective for 

improvement of bulb yield of garlic. While at phenotypic 

level, plan vigor (0.026), plant height (0.6739), pseudo 

stem length (0.5837), leaf width (0.5556), clove weight 
(0.5729), clove length (0.6613), clove diameter (0.3473), 

bulb polar diameter (0.6021), and bulb equatorial 

diameter (0.0.683) had significant and positive direct ef-

fect on total bulb yield. An increase in any of these yield 
components causes some increase in bulb yield in garlic. 

On the other hand days to maturity (-0.0788), and leaf 

length (-0.3279) had negative direct effect on total bulb 

yield at genotypic level (Table 4). In 2021 cropping 

season days to maturity (0.3674), plant vigor (1.0039), 

plant height (0.8439), neck thickness (0.9912), leaf width 

(0.9126), number of clove per bulb (0.9971), weight of 
clove (0.6852) and bulb polar diameter (0.7962) had 

significant and positive direct effect on bulb yield at ge-

notypic level. Plant vigor (0.3674), plant height (0.3263), 

neck thickness (0.3444), pseudo stem length (0.3280), 
number of clove per bulb (0.2883) had positive direct ef-

fect on bulb yield at phenotypic level (Table 5). These 

indicate that an increase in any of these yield components 

causes some increase in bulb yield. Similar research 
results were reported on different garlic genotypes and 

determined the direct effects of different yield 

components on bulb yield (Ranjitha et al., 2018, Kumar 

et al., 2017, Melesse & Asfaw, 2024, Siddarth et al., 
2023). On the other hand pseudo stem length (-0.9025), 

clove height (-0.016) and leaf length (-0.1085) had 

negative direct effect on bulb yield at genotypic level, 

and days to maturity (-0.1628) and bulb equatorial 
diameter (-0.026) negative and non-significant effect at 

phenotypic level (Table 5). 

 
Table 4: Genotypic and phenotypic path coefficient analysis (Diagonal (bold) value indicates direct effect; above 

and below the diagonal value indicates indirect effect) among eight yield and yield component traits in garlic 

genotypes during 2020 season 
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Where, G=phenotypic path coefficient analysis; P=phenotypic path coefficient analysis; ns, *, ** = non-significant, 

Significant at 5% and 1%, respectively; rg-Genotypic correlation with total bulb yield (t ha-1); rg-Phenotypic correlation 
with total bulb yield (t ha-1); Genotypic Residual effect = 0.9792 & Phenotypic Residual effect 0.1947; 

 

V= Vigorisity, MD=Days to maturity, PH = 

Plant height (cm), Nth is neck thickness, SHL is pseudo 
stem length, LW is leaf width (cm), NCPB is Number of 

clove per bulb, LL is leaf length (cm), WtC is clove 

weight (g), CH is clove height (cm), CD clove diameter 

(cm), BPD is bulb polar diameter (cm), BED is bulb 
diameter (equatorial) 
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Table 5: Genotypic and phenotypic path coefficient analysis (Diagonal (bold) value indicates direct effect; above 

and below the diagonal value indicates indirect effect) among eight yield and yield component traits in garlic 

genotypes during 2021 season 

Traits   V MD PH Nth Shl LW NCB LL WtC CH CD BPD BED rg/rp  
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where, G=phenotypic path coefficient analysis; P=phenotypic path coefficient analysis; ns, *, ** = non-significant, 

Significant at 5% and 1%, respectively; rG-Genotypic correlation with total tuber yield (t ha-1); rP-Phenotypic correlation 
with total tuber yield (t ha-1); Genotypic Residual effect = 0.7042 & Phenotypic Residual effect 0.7991; V= Vigorisity, 

MD=Days to maturity, PH = Plant height (cm), Nth is neck thickness , SHL is pseudo stem length, LW is leaf width(cm), 

NCPB is Number of clove per bulb, LL is leaf length (cm), WtC is clove weight (g), CH is clove height (cm), CD clove 

diameter (cm), BPD is bulb polar diameter (cm), BED is bulb diameter (equatorial). 
 

CONCLUSION 
Correlation and path analyses of the result 

indicated that Plant height, number of clove per bulb, 

clove weight, clove height, clove diameter, bulb polar 
diameter, and bulb equatorial diameter were the main 

components to bulb yield. For this reason, these traits 

could be used more significantly for garlic improvement. 

As a result, bulb yield was significantly and positively 
correlated with number of clove per bulb, clove weight, 

clove height, clove diameter, bulb polar diameter, bulb 

equatorial diameter, plant vigor, plant height, neck 

thickness, pseudo stem length, and leaf width. While 
bulb yield was significant and negatively correlated with 

days to maturity, pseudo stem length, clove diameter at 

genotypic level. Negative correlation between two traits 

implies selection for improving one character will likely 
cause decrease in the other traits. The result of path 

analysis indicated that clove weight, number of clove per 

bulb, length, clove diameter, plant vigor, plant height, 

neck thickness, pseudo stem length, leaf width, bulb 
polar diameter and bulb equatorial diameter had highly 

significant and positive direct effect on total bulb yield at 

both genotypic and phenotypic level. The traits that are 

directly and significantly associated with bulb yield 
should be considered in selection at garlic improvement 

programs that aim to increasing bulb yield. 
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