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Abstract 

Through the use of path coefficient analysis and correlation, crop breeders can improve complex traits like grain yield through 

indirect selection. The current study set out to quantify the relationship between yield and traits related to yield as well as 

pinpoint critical features for indirect selection aimed at enhancing the grain yield of faba bean. The objective of the current study 

was to identify key characteristics for indirect selection targeted at increasing the grain yield of faba beans as well as quantify the 

relationship between yield and variables related to yield. The study was conducted at Fogera National Rice Research and 

Training Center at the Debre Tabor research site used a 7x7 simple lattice design with two replications to evaluate 49 faba bean 

genotypes during the rainy cropping season of 2022. The study found a significant positive correlation between grain yield, plant 

height, pod number, biomass yield, 100-seed mass, and harvest index. The study found that biomass yield and harvest index 

significantly impact grain yield, suggesting they can be used as indirect selection criteria to enhance faba bean grain yield. 
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1. Introduction 

Due to its high seed protein content, the faba bean (Vicia 

faba L., 2n = 12) is a significant cool-season grain legume 

(pulse) crop that is farmed all over the world for the pro-

duction of human and animal feed [13]. Ethiopia, after China, 

is the world's second-largest producer of fababeans The 

country's total cultivated fababean area was 504,569.99 

hectares, and its total production was 10,706,365.38 quintals, 

with an average national yield of 21.22 quintals per hectare 

[1]. 

It is crucial to have knowledge about the relationships 

between yield attributes and how they affect grain yield both 

directly and indirectly. Path analysis combined with correla-

tion would provide a more comprehensive understanding of 

the causal relationships between various character pairs. 

Understanding the relationship between yield and its com-

ponent traits in detail is essential before starting any suc-

cessful selection program [3] to improve faba beans further. 

By doing this, the likelihood of getting a correlated response 
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in the intended direction would increase. 

The yield is a complex and highly variable character and is 

a result of the cumulative effect of its component characters; 

therefore, direct selection for yield may not be very effective. 

Understanding the degree and kind of relationships between 

traits facilitates the creation of effective multiple trait selec-

tion systems. Therefore, study on phenotypic and genotypic 

correlation on crop among traits of crop are important in 

planning, evaluating and setting out a selection criteria for 

desired traits in breeding program [10]. Phenotypic correla-

tion, the observable correlation between two variables, which 

includes both genotypic and environmental effects, and gen-

otypic correlation, the inherent association between two var-

iables were estimated using the standard procedure suggested 

by [11]. 

When more traits are considered in correlation studies, 

correlations of traits become more complex; therefore, cor-

relation study followed by path analysis will help to identify 

yield attributing traits. Path coefficient analysis is a statistical 

technique of partitioning the correlation coefficients into its 

direct and indirect effects, so that the contribution of each 

character to yield could be estimated. It is used in plant 

breeding programs to determine the nature of the relationships 

between yield and yield components that are useful as selec-

tion criteria to improve the crop yield. Path coefficient anal-

ysis was carried out using the phenotypic correlation coeffi-

cients as well as genotypic correlation coefficients to deter-

mine the direct and indirect effects of the yield components 

and other morphological characters on seed yield [7]. There-

fore, the present study was conducted with the objectives of 

determining the relationship between grain yield and yield 

components, and their direct and indirect effects of contrib-

uting characters to seed yield in faba bean. 

2. Material and Methods 

2.1. Description of the Study Area 

The field experiment was conducted in 2022 main cropping 

season, under rain-fed condition at Fogera National Rice 

Rsearch and Training Center in Debre Tabor research site, 

northwestern Ethiopia. The experimental location represent 

the highland areas of major faba bean growing area of south 

Gondar and located about 660 km Northwest of Addis Ababa, 

about 103 km from Bahir Dar town. The latitude and longi-

tude of the experimental site is 11°88’N and 37°98’ E, re-

spectively, and an elevation of 2706masl. The experimental 

site receives high amount of rainfall and an average annual 

rainfall of 1500.9 mm with maximum and minimum temper-

atures of 29 and 16°C, respectively. The soil type of experi-

mental area was characterized by nitisols. 

 

2.2. Treatments, Experimental Design and  

Procedures 

Forty nine faba bean genotypes were used for this study (Table 

1). The tested forty nine faba bean genotypes were obtained from 

collection and crossed which were obtained from Holeta Agri-

cultural Research Center. The experiment was arranged in sim-

ple lattice design with two replications. The experimental areas 

was 780 m
2
 (30 m * 26 m) with experimental plot area 3.6 m

2
 (3 

m * 1.2 m) having three rows and thirty plants per row. Spacing 

between replication, incomplete block, plots, rows, and plants 

was 2m, 1.5m, 0.6m, 0.4m, and 0.1m, respectively. NPS ferti-

lizer was applied at planting time in the rate of 121kg/ha. 

Weeding practice was applied uniformly for all treatments for 

two times at seedling stage and after flowering stage. 

Table 1. List of 49 faba bean genotypes used in the study. 

 Genotypes  Genotypes 

1 Cool-0030 26 EH011029-2 

2 EK 01002-1-1 27 EK05024-2 

3 Cool-0025 28 EH011049-2 

4 EH011070-1 29 ET 07013-1 

5 EH011040-1 30 EK 01006-7-1 

6 EH011001-1 31 EK 01015-1-1 

7 EH011093-2 32 EH011037-2 

8 Cool-0031 33 EK 05023-1 

9 EK 01001-5-1 34 EH 06007-2 

10 Cool-0018 35 Coll 155/00-3 

11 Cool-0035 36 EK05005-4 

12 Cool-0024 37 EH01048-1 

13 EK 01001-8-1 38 Gora(S.C) 

14 EK 05014-3 39 EH99051-3 

15 EK05027-5 40 EK 01004-2-1 

16 EK 01001-9-2 41 EH 06028-1 

17 EK 01001-10-5 42 EH95073-1 

18 EH96009-1 43 EK 01019-7-5 

19 EH95078-6 44 EH00102-4-1 

20 EK 01007-2-6 45 R-878-3 

21 CSR02010-4-3 46 EK 01024-1-1 

22 CSR02012-2-3 47 EH96049-2 

23 EH011089-3 48 EK 01021-4-1 

24 EK 01019-2-1 49 ET 07005-1 

25 Numan (S.C)   
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Figure 1. Map of the study area. 

2.3. Data Analysis 

2.3.1. Estimation of Correlation Coefficients 

Correlation between the traits was estimated using R 

software (R version 4.1.0, 2021) package “Variability” ver-

sion 0.1.0. Phenotypic and genotypic correlation coefficients 

were estimated using the standard procedure suggested by [11] 

from corresponding variance. 

Phenotypic correlation coefficient (
𝑟𝑝𝑥𝑦) =

σ𝑝𝑥𝑦

(√𝜎2
𝑝𝑥∗ 𝜎2

𝑝𝑦)
 

Where, rpxy = phenotypic correlation coefficient between 

character x and y 

Genotypic correlation coefficient (
𝑟𝑔 𝑥𝑦) =

σ𝑔𝑥𝑦

(√𝜎2
𝑔𝑥∗ 𝜎2

𝑔𝑦)
 

rgxy = genotypic correlation coefficients between character 

x and y 

Phenotypic correlation coefficient was tested for their sig-

nificance using the formula suggested by [12]. 

𝑡 =
𝑟

√1−𝑟𝑝
2

𝑛−2

  

Genotypic correlation coefficient was tested with the fol-

lowing formula suggested by Robertson (1959) 

𝑡 = 
𝑟𝑔𝑥𝑦

𝑆𝐸𝑟𝑔𝑥𝑦
 where, 𝑆𝐸𝑟𝑔

𝑥𝑦
= √

1−𝑟𝑔𝑥𝑦
2

2ℎ𝑥
2 ∗ ℎ𝑦

2
 

SErgxy = Standard error of genotypic correlation coefficient 

between character X and Y 

h
2
x = heritability for character X 

h
2
y = heritability for character y 

The calculated absolute t value was test against the tabu-

lated t- value at g-2 degree of freedom for both phenotypic 

and genotypic correlations. Environmental correlation coef-

ficients was tested at {(g-1) (r-1) – 1} degree of freedom. 

Where g is the number of genotypes and r is number of rep-

lication. 

2.3.2. Path Coefficient Analysis for Traits Subjected 

for Analysis 

By using R software path coefficient analysis was per-

formed as suggested in [7] with phenotypic and genotypic 

correlation coefficients to know the direct and indirect effect 

of yield components on grain yield using the general formula 

of by considering grain yield per hectare as dependent varia-

ble. 

Rij = Pij +  rik Pkj 

Where, Rij = Mutual association between the independent 

character (i) and dependent character, grain yield (j) as 

measured by the correlation coefficients. Pij = Components of 

direct effects of the independent character (i) as measured by 

the path coefficients and rik pkj = summation of components 

of indirect of a given independent character (i) on a given 

dependent character (j) via all other independent characters 

(k). 

The contribution of the remaining unknown factor will 

measure as the residual factor (PR), which was calculated as: 

PR= √   ∑𝑟  𝑝  the magnitude of PR indicates how best 

the causal factors account for the variability of the dependent 

factor. That is, if PR value is small (for instance, nearly zero) 

the dependent trait considered (grain yield) is fully explained 

by the variability in the independent characters, whereas 

higher PR value indicates that some other factors which have 

not been considered, need to be included in the analysis to 

account fully the variation in the dependent character (seed 

yield). 

3. Result and Discussions 

Estimates of genotypic and phenotypic correlation coeffi-

cients were calculated among all quantitative traits studied 

(Table 2). The study found that the genotypic correlation 

coefficient had higher values than the phenotypic correlation 

coefficient for most studied traits, indicating a strong inherent 

relationship. 

3.1. Correlation of Traits 

Estimates of genotypic and phenotypic correlation coeffi-

cients were calculated among all quantitative traits studied 

(Table 2). The study found that the genotypic correlation 

coefficient had higher values than the phenotypic correlation 
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coefficient for most studied traits, indicating a strong inherent 

relationship. 

3.1.1. Correlation of Grain Yield and Other Traits 

In this finding, seed yield had a significant positive geno-

typic correlation with plant height (rg = 0.69**, rp = 0.62**), 

pod per plant (rg = 0.85**, rp = 0.78**), above-ground bio-

mass (rg = 0.73**, rp = 0.63**), harvest index (rg = 0.83**, rp 

= 0.76**), and hundred seed weight (rg = 0.39**, rp = 0.37**) 

(Table 2). Based on the finding, the present study genotypes 

with high plant height, pod per plant, above ground biomass, 

harvest index and hundred seed weight produce high seed 

yield. In agreement with these result, [6] reported that seed 

yield had a positive and significant association with pod per 

plant and hundred seed weight both at the phenotypic and 

genotypic level. Likewise, [8] reported similar results be-

tween the genotypic correlations of pod per plant, plant height, 

number of branches per plant, and above-ground biomass 

with seed yield. The finding of [9] showed that pod per plant 

and seed per pod had a significant positive correlation with 

seed yield. Similarly, [5] reported consistent findings with 

current findings for above-ground biomass, harvest index, pod 

per plant, and hundred seed weight, both at genotypic and 

phenotypic levels. Based on this study, seed yield had a sig-

nificant positive correlation with seed per pod at both geno-

typic and phenotypic levels (rg = 0.35*, rp = 0.24*). A similar 

finding was reported for seed per pod, which had a significant 

positive correlation with seed yield at the genotypic level [8]. 

Likewise [2] suggested that, seed yield had a highly signifi-

cant and positive correlation with plant height, number of 

branch per plant, pod per plant, above ground biomass, hun-

dred seed weight and harvest index for both genotypic and 

phenotypic correlations. Likewise, [4] reported a high and 

positive correlation between seed yield with plant height, pod 

per plant, seed per pod, number of branches at Girar Jerso, and 

thousand seed weights at Degem in 2018. The study indicates 

a strong positive correlation between certain traits and seed 

yield, suggesting that any enhancement in these traits could 

potentially enhance the seed yield of faba beans. 

On the other hand, seed yield showed a negative and sig-

nificant association with days to flowering (rg = -0.28*, rp = 

-0.25*) both at genotypic and phenotypic levels, including 

grain filling period at the phenotypic level. As shown in Table 

2, seed yield also showed a non-significant negative correla-

tion with days to maturity, both at genotypic and phenotypic 

levels, and grain filling period only at the genotypic level. In 

the present study, seed yield had a negative significant cor-

relation with grain filling period (rp = -0.23*) at the pheno-

typic level, and days to maturity had a negative 

non-significant correlation with seed yield both at the geno-

typic and phenotypic levels (rg = -0.15, rp = -0.14), which is 

similar to the report of [4] only in days to maturity, which 

showed a non-significant correlation with seed yield. The 

chocolate spot showed a negative and highly significant cor-

relation with grain yield at both the genotypic and phenotypic 

levels. This is in disagreement with the finding of Gizachew 

Yilma et al. (2022), who reported a non-significant and neg-

ative correlation between seed yield and chocolate spot. 

Generally, based on the correlation analysis, seed yield had 

positive and significant association with pod per plant, harvest 

index, above ground biomass and plant height. 

3.1.2. Correlation Between Traits 

In the study, days to 50% flowering had a significant posi-

tive correlation with days to maturity (rg = 0.3*) and grain 

filling period (rg = 0.33*) at the genotypic level. This indi-

cated that increasing days to 50% flowering would increase 

days to maturity and the grain filling period. It showed a 

significant negative correlation with plant height (rg = 

-0.45**) and biomass yield (rg = -0.39**) at the genotypic 

level, which indicates that genotypes with the lowest days to 

flowering had the highest plant height and biomass yield. 

Days to flowering had a positive, non-significant correlation 

with traits such as seed per pod (rg = 0.08), hundred seed 

weight (rg = 0.18), and chocolate spot (rg = 0.25). It also 

showed a non-significant negative correlation with the num-

ber of branches (rg = -0.22), pods per plant (rg = -0.17), and 

harvest index (rg = -0.13). 

At the phenotypic level, days to 50% flowering had a sig-

nificant positive correlation with days to maturity (rp = 0.24*) 

and chocolate spot (rp = 0.21*), and it showed a highly sig-

nificant positive correlation with grain filling period (rp = 

0.29**). (Dubey et al., 2022) reported there was a significant 

phenotypic correlation coefficient (p<0.01%) between days to 

flowering and days to maturity. [5] reported days to flowering 

and days to maturity (p<0.05). As represented in Table 2, the 

days to flowering showed a highly negative and significant 

correlation with plant height and above-ground biomass yield 

with rp values of 0.36** and 0.31**, respectively. It also had a 

significant negative correlation with the number of branches 

(rp = -0.24*) and seed yield (rp = -0.25*). [5] reported a sig-

nificant negative correlation between days to flowering and 

grain yield. On the contrary, days to flowering exhibited a 

positive, non-significant correlation with seed per pod and 

hundred seed weight, as well as a negative, non-significant 

correlation with the trait pod per plant and harvest index 

(Table 2). 

There was also observed a highly significant positive gen-

otypic correlation between days to maturity and grain-filling 

period (r = 0.55**). Days to maturity showed a significant 

negative correlation with plant height (r = -0.29*), while it 

showed a non-significant negative correlation with pod per 

plant, seed per pod, above ground biomass, seed weight, and 

grain yield. On the other hand, it showed a positive 

non-significant correlation with number of branches, harvest 

index, and chocolate spot. 

Days to maturity showed a positive significant phenotypic 

correlation coefficient with grain filling period (rp = 0.41**) 

and a negative significant correlation with plant height and 

above-ground biomass yield (rp = -0.25*, rp = -0.2*) in re-
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spective order. On the contrary, days to maturity showed that 

there was a non-significant negative phenotypic correlation 

with plant height, pod per plant, seed per pod, harvest index, 

and seed yield, whereas the number of branches and chocolate 

spot had a positive, non-significant correlation with days to 

maturity (Table 2). As the result revealed, the number of 

branches had a non-significant positive correlation with traits 

such as days to maturity, plant height, pod per plant, seed per 

pod, above-ground biomass, harvest index, and hundred seed 

weight both at genotypic and phenotypic levels, but it had a 

significant positive correlation with above-ground biomass at 

the phenotypic level (rp = 0.22*). It showed a negative sig-

nificant correlation with days to flowering (rp = -0.24*) at the 

phenotypic level and a highly negative significant correlation 

with chocolate spot, both at the phenotypic level (rp = 

-0.308**), whereas there was a negative significant correla-

tion with chocolate spot at the genotypic level (rg = -0.33*). 

On the other hand, the number of branches had a 

non-significant negative correlation with days to flowering 

and grain filling period at the genotypic level, whereas at the 

phenotypic level, only the grain filling period had a 

non-significant negative correlation with the number of 

branches, as represented in (Table 2). 

Grain filling period had significant positive genotypic 

correlation with days to flowering and days to maturity 

(rg=0.33*, rg=0.55**), respectively. There were a negative 

significant association between grain filling period and above 

ground biomass yield (rg=-0.32*). On the other hand, it had 

non-significant negative correlation coefficient with number 

of branch, plant height, pod per plant, seed per pod, harvest 

index, and hundred seed weight at genotypic level, while it 

showed a positive non-significant correlation with chocolate 

spot (Table 2). 

At the phenotypic level, the grain filling period had a highly 

significant correlation coefficient with days to flowering (rp = 

0.29**) and days to maturity (rp = 0.41**). As a result of this 

study, grain filling period had a highly significant negative 

correlation with above-ground biomass at p<0.01 (rp = 

-0.28**) and a significant negative correlation with hundred 

seed weight at p<0.05 (rp = -0.24*). On the contrary, grain 

filling period had a non-significant negative phenotypic cor-

relation with number of branches, plant height, pod per plant, 

seed per pod, and harvest index. It also showed a positive, 

non-significant correlation with the chocolate spot (Table 2). 

Plant height showed positive significant correlation with 

pod per plant, biomass yield and seed yield with rg value 

0.7**, 0.87**, and 0.69**, respectively at genotypic level 

which implies that increase in plant height leads to increase 

pod per plant, biomass yield and seed yield. Plant height also 

showed positive and significant correlation with seed per pod 

(rg=0.31*) and harvest index (rg=0.3*) at genotypic level. 

This indicated that genotypes with high plant height had high 

seed yield and harvest index. The result is inconformity with 

result obtained by [2] revealed plant height had positive and 

highly significant correlation with pod per plant, number of 

branch per plant, above ground biomass and hundred seed 

weight. On the other hand, it was also showed that negative 

and highly significant correlation with days to flowering 

(rg=-0.45**) and chocolate spot (rg=-0.38**) and negative 

significant correlation with days to maturity at P<0.05 

(rg=-0.29*). [2] reported similar finding for the correlation 

coefficient of plant height and chocolate spot. On the other 

hand, plant height showed non-significant positive genotypic 

correlation with number of branch and hundred seed weight 

and also non-significant negative correlation with grain filling 

period (Table 2). At phenotypic level, plant height showed 

positive and highly significant correlation with pod per plant 

(rp=0.6**), biomass yield (rp=0.71**) and grain yield 

(rp=0.62**). It also showed that negative and highly signifi-

cant correlation with days to flowering (rg=-0.0.36**) and 

chocolate spot (rg=-0.34**) and negative significant correla-

tion with days to maturity at P<0.05 (rg=-0.25*). On the other 

hand, it showed non-significant positive phenotypic correla-

tion coefficient with number of branch seed per pod, harvest 

index and hundred seed weight whereas it showed 

non-significant negative correlation with grain filling period 

(Table 2). 

Pod per plant showed positive and highly significant gen-

otypic correlation with plant height (rg=0.7**), above ground 

biomass (rg=0.83**), harvest index (rg=0.6**), hundred seed 

weight (rg=0.45**) and grain yield (rg=0.85**). [2] reported 

similar finding for above ground biomass. Pod per plant 

showed positive and significant correlation with seed per pod 

(rg=0.31*). Similar result was reported for the correlation 

coefficient between pod per plant and seed per pod [1]. On the 

other hand, pod per plant had non-significant and negative 

association with days to flowering, days to maturity and grain 

filling period and also it showed positive non-significant 

association with number of branch as represented in (Table 2). 

At phenotypic level, pod per plant showed positive and highly 

significant correlation with plant height (r=0.6**), above 

ground biomass (rp=0.64**), harvest index (rp=0.52**), 

hundred seed weight (rp=0.4**) and grain yield (rp=0.78**). 

Pod per plant showed positive and significant phenotypic 

correlation with seed per pod (rg=0.21*). It also had a nega-

tive and highly significant correlation with chocolate spot 

(rp=-0.41*). In the otherwise, pod per plant had negative 

non-significant association with days to flowering, days to 

maturity and grain filling period and also it showed positive 

non-significant association with number of branch as repre-

sented in (Table 2). 

Seed per pod showed positive and significant correlation 

with plant height (rg=0.31*), pod per plant (rg=0.31*), har-

vest index (rg=0.34*) and seed yield (rg=0.35*) at genotypic 

and negative and significant correlation with chocolate spot 

(rg=-0.35*). Seed per pod had positive highly significant 

phenotypic correlation with harvest index (rp=0.27**) and 

similarly, it had positive and significant correlation with pod 

per plant and grain yield (rp=0.21*, 0.24*), respectively 

whereas chocolate spot had negative and significant correla-
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tion with seed per pod (rp=-0.25*). As the result showed, seed 

per pod had positive and non-significant phenotypic correla-

tion with days to flowering, number of branch, plant height, 

above ground biomass yield and hundred seed weight and also 

it had negative and non-significant correlation with days to 

maturity and grain filling period. 

Above ground biomass showed positive and highly signif-

icant genotypic correlation with plant height (rg=0.87**), pod 

per plant (rg=0.83**), hundred seed weight (rg=0.37**) and 

grain yield (rg=0.73) and it showed negative and highly sig-

nificant association with days to flowering (rg=-0.39**) and 

chocolate spot (rg=-0.46). It also had negative and significant 

association with grain filling period (rg=-0.32*). On the other 

hand, above ground biomass had positive and non-significant 

phenotypic correlation with number of branch, seed per pod 

and harvest index and also it had negative correlation with 

days to maturity non-significantly (Table 2). 

At the phenotypic level, above ground biomass showed 

positive and significant phenotypic correlation with plant 

height (rp=0.71**), pod per plant (rp=0.64**), hundred seed 

weight (rp=0.33**) and seed yield (rp=0.63) and it showed 

negative and highly significant association with days to 

flowering (rp=-0.31**), grain filling period (rp=-0.28**) and 

chocolate spot (rp=-0.36**). It also had negative and signifi-

cant association with grain days to maturity (rp=-0.2*). On the 

other hand, above ground biomass had positive and 

non-significant phenotypic correlation with seed per pod and 

harvest index. Harvest index showed positive and highly 

significant genotypic correlation with pod per plant (rg=0.6**) 

and seed yield (rg=0.83**) and it had positive significant 

correlation with plant height and seed per pod (rg=0.3*, 

0.34*), respectively. As the result indicated, harvest index had 

negative significant correlation with chocolate spot (rg= 

-0.35*). On the other hand, it showed positive and 

non-significant correlation with days to maturity, number of 

branch, above ground biomass and hundred seed weight and 

also negative and non-significant correlation with days to 

flowering and grain filling period. 

Harvest index had positive and highly significant pheno-

typic correlation with pod per plant (0.52**), seed per pod 

(0.27**) and grain yield (rp=0.76**) however it had negative 

and highly significant correlation with chocolate spot 

(rp=-0.29**). It also had positive significant correlation with 

hundred seed weight (rp=0.2*). In the contrary, harvest index 

had negative and non-significant phenotypic correlation with 

traits such as days to flowering, days to maturity and grain 

filling period whereas plant height, seed per pod and above 

ground biomass had positive non-significant correlation with 

harvest index (Table 2). 

Hundred seed weight had positive and highly significant 

correlation with pod per plant (rg=0.45**), biomass yield 

(rg=0.37**) and seed yield (rg=0.39**) and it also had nega-

tive and significant with chocolate spot (rg=-0.34*) at geno-

typic level. Disease significantly reduces yield, while hundred 

seed weight positively correlates with traits like days to 

flowering, number of branches, plant height, seed per pod, 

harvest index, and grain filling period (Table 2). In pheno-

typic correlation coefficient, hundred seed weight had posi-

tive significant correlation with pod per plant (rp=0.4**), 

biomass yield (rp=0.33**) and seed yield (rp=0.37**) and 

positive significant correlation with harvest index (rp= (0.2*) 

and it also had negative and highly significant association 

with chocolate spot (rp=-0.31*) but had significant correlation 

with grain filling period negatively. Oppositely, hundred seed 

weight had positive non-significant correlation coefficient 

with days to flowering, number of branch, plant height and 

seed per pod but it had negative non-significant correlation 

with days to maturity. 

Chocolate spot had negative and highly significant geno-

typic association with plant height (rg=-0.38**), pod per plant 

(rg=-0.49**), biomass yield (rg=-0.46**) and seed yield 

(rg=-0.53**) and significant negative genotypic correlation 

with number of branch (rg=-0.33*), seed per pod (rg=-0.35*), 

harvest index (rg=-0.35*) and hundred seed weight 

(rg=-0.34*) while there was a positive non-significant corre-

lation between chocolate spot and days to flowering, days to 

maturity and grain filling period at genotypic level. Where as 

in the case of phenotypic correlation, chocolate spot had a 

negative and highly significant correlation coefficient with 

number of branch (rp=-0.30**), plant height (rp=-0.34**), 

pod per plant (rp=-0.41**), biomass yield (rp=-0.36**), har-

vest index (rp=-0.29**), hundred seed weight (rp=-0.32**), 

and seed yield (rp=-0.48**) and also had negative and posi-

tive significant correlation with seed per pod and days to 

flowering (rp=-0.25*) and (rp=0.21*) respectively. Chocolate 

spot had positive non-significant correlation with days to 

maturity and grain filling period. 

Generally, from the result of correlation study positive 

correlations between traits such as plant height, pod per plant, 

biomass yield, harvest index, seed weight, and seed per pod 

indicate that enhancing one trait can lead to enhancing others. 

Table 2. Genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficients for 12 traits of 49 faba bean genotypes. 

Traits DF DM NB GFP PH PPP SPP BY HI HSW CS GY 

DF 1 0.33 * -0.22 0.33* -0.45 ** -0.17 0.08 0.39 ** -0.13 0.18 0.25 -0.28* 

DM 0.24* 1 0.11 0.55 ** -0.29* -0.16 -0.16 -0.27 0.04 -0.2 0.12 -15 

NB -0.24* 0.11 1 -0.07 0.19 0.13 0.08 0.26 0.2 0.05 -0.33* 0.29 * 
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Traits DF DM NB GFP PH PPP SPP BY HI HSW CS GY 

GFP 0.29 ** 0.41 ** -0.07 1 -0.14 -0.23 -0.15 -0.32* -0.14 -0.25 0.12 -0.23 

PH -0.36** -0.25* 0.17 -0.12 1 0.7** 0.31 * 0.8** 0.3* 0.24 -0.38** 0.69** 

PPP -0.12 -0.1 0.11 -0.18 0.6** 1 0.31* 0.8** 0.6** 0.45** -0.49** 0.85** 

SPP 0.05 -0.15 0.05 -0.08 0.15 0.21* 1 0.18 0.34* 0.04 -0.35* 0.35* 

BY -0.31** -0.2* 0.22* -0.28** 0.71** 0.64** 0.04 1 0.25 0.37** -0.46** 0.73** 

HI -0.09 -0.02 0.17 -0.12 0.17 0.52** 0.27** 0.06 1 0.23 -0.35* 0.83** 

HSW 0.17 -0.19 0.04 -0.24* 0.19 0.4** 0.04 0.33** 0.2* 1 -0.34* 0.39** 

CS 0.21 * 0.08 -0.3** 0.13 -0.34** -0.41** -0.25* -0.36 ** -0.29** -0.3** 1 -0.53** 

GY -0.25* -0.14 0.27** -0.23* 0.62** 0.78** 0.24* 0.63** 0.76** 0.37** -0.48** 1 

*And** indicates significant at 0.05% and 0.01%, respectively 

DF =days to flowering; DM = days to maturity; NB= number of branch; GFP= grain filling period; PH = plant height; PPP=pod per plant; 

SPP=Seed per pod; BY=above ground biomass yield; HI= harvest index; HSW= hundred seed weight; and CS= chocolate spo. 

3.2. Path Coefficient Analysis 

The phenotypic and genotypic correlation coefficients were 

divided into the corresponding direct and indirect effects 

through path coefficient analyses. Tables 3 and 4 show the 

direct and indirect effects of various traits on seed yield that 

are caused by genotype and phenotypic factors, respectively. 

3.2.1. Phenotypic Path Coefficient Analysis 

In the present study, number of branch, grain filling period, 

plant height, seed per pod, biomass yield, harvest index and 

hundred seed weight showed positive direct effect on seed 

yield at phenotypic level. However, biomass yield and har-

vest index exerted the maximum positive direct effect (0.705) 

and (0.695) on grain yield (Tables 3 and 4), respectively. 

This is in line with this result; Chaurasia et al. [5] reported 

similar results for biomass yield and harvest index. Similarly, 

[2] observed that traits such as plant height, number of 

branch per plant, pod per plant, above ground biomass and 

harvest index had a positive direct effect on seed yield. The-

se highest direct effects of above ground biomass and harvest 

index on yield suggest a true relationship, and selection 

based on these traits may give better response for improve-

ment of grain yield in faba bean. 

Plant height (0.438), pod per plant (0.369), hundred seed 

weight (0.18) and number of branch (0.125) exerted a mod-

erate to high indirect effect via above ground biomass and 

negligible direct effect on grain yield (Table 3). This indi-

cates that the significant positive correlation of these traits 

with the grain yield at phenotypic levels was due to the indi-

rect effects of these traits on grain yield via biomass yield. 

The traits days to flowering, days to maturity, pod per plant 

and chocolate spot had negative direct effects on grain yield 

but pod per plant had a highly significant positive correlation 

with grain yield via its indirect effect through biomass yield 

(0.369) and harvest index (0.362). 

3.2.2. Genotypic Path Coefficient Analysis 

Tesfaye Walle et al. [14] classified path coefficients (0.00 - 

0.09) negligible, (0.10 - 0.19) low, (0.20 - 0.29) moderate, and 

(0.30 - 0.99) high and more than 1.00 is very high. Genotypic 

path coefficient analysis revealed that above ground biomass 

exerted the highest positive direct effect on seed yield 

(rg=2.05, p≤0.01), followed by harvest index (rg=1.265, p 

≤0.01), which showed a good relationship between these traits 

and seed yield (Table 4). This result indicates that the positive 

and significant correlation of biomass yield and harvest index 

on seed yield at genotypic levels was due to the direct effects 

of these traits on the seed yield. The study found that pod per 

plant and plant height had a negative direct effect on seed 

yield, but also had a positive association due to the influence 

of other traits like days to flowering, number of branches, 

grain filling period, and seed weight. 

Table 3. Estimates of direct (bold diagonal) and indirect effect (off-diagonal) at phenotypic level for different traits on grain yield and yield 

components of faba bean. 

 DF DM NB GFP PH PPP SPP BY HI HSW CS rp 

DF -0.00275 -0.00069 -0.00505 0.00475 -0.01615 0.00042 0.00012 -0.1673 -0.06908 0.0075 -0.00467 -0.25* 
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 DF DM NB GFP PH PPP SPP BY HI HSW CS rp 

DM -0.00068 -0.00728 0.00231 0.00681 -0.01105 0.00035 -0.00036 -0.11838 -0.01572 -0.00831 -0.00188 -0.14 

NB 0.00067 -0.00031 0.02077 -0.00125 0.00753 -0.00038 0.00012 0.12533 0.11861 0.00174 0.00657 0.27** 

GFP -0.0008 -0.00116 -0.00159 0.01626 -0.00054 0.00061 -0.00019 -0.14264 -0.0839 -0.01017 -0.00289 -0.23* 

PH 0.00101 0.0007 0.00355 -0.002 0.04402 -0.00197 0.00036 0.43857 0.12459 0.00817 0.00732 0.62** 

PPP 0.00035 0.0003 0.00243 -0.00303 0.02661 -0.00327 0.00049 0.36967 0.36285 0.01706 -0.00894 0.78** 

SPP -0.00014 0.00043 0.00112 -0.00135 0.00681 -0.00069 0.00233 0.03895 0.19297 0.00191 0.00547 0.24* 

BY 0.00081 0.00058 0.00457 -0.00407 0.0339 -0.00212 0.00016 0.70589 0.05259 0.01325 0.00842 0.63** 

HI 0.00027 0.00006 0.00354 -0.00196 0.00788 -0.0017 0.00064 0.04305 0.69565 0.00875 0.00631 0.76** 

HSW -0.00049 0.00055 0.00086 -0.00392 0.00852 -0.00132 0.00011 0.17868 0.14414 0.04222 0.00666 0.37** 

CS -0.0006 -0.00024 -0.00639 0.0022 -0.01509 -0.00137 -0.00059 -0.22469 -0.20584 -0.01317 -0.02133 -0.48** 

Residual effect=0.0289; DF =days to flowering; DM = days to maturity; NB= number of branch; GFP= grain filling period; PH = plant height; 

PPP=pod per plant; SPP=Seed per pod; BY=above ground biomass yield; HI= harvest index; HSW= hundred seed weight; and CS= chocolate 

spot 

Table 4. Estimates of direct (bold diagonal) and indirect effects (off-diagonal) at genotypic level for different traits on grain yield and yield 

components of faba bean. 

 DF DM NB GFP PH PPP SPP BY HI HSW CS Rg 

DF 0.05791 -0.05804 0.03822 0.12288 0.30259 0.20355 0.01329 -0.8185 -0.1654 0.01171 0.00852 -0.28* 

DM 0.01756 -0.19146 -0.01994 0.20369 0.20017 0.18871 -0.02586 -0.57218 0.05239 -0.01371 0.00426 -0.15 

NB -0.0132 -0.02276 -0.1677 -0.02905 -0.13237 -0.15612 0.0126 0.54796 0.26411 0.00327 -0.01152 0.29* 

GFP 0.01956 -0.10719 0.01339 0.36384 0.09584 0.26248 -0.02382 -0.66811 -0.18314 -0.01609 0.00424 -0.23 

PH -0.02606 0.057 -0.03301 -0.05186 -0.67243 -0.80252 0.04971 1.78807 0.38815 0.01559 -0.01294 0.69** 

PPP -0.01041 0.03192 -0.02313 -0.08437 -0.47676 -1.13188 0.04901 1.71622 0.07707 0.02813 -0.01685 0.85** 

SPP 0.00495 0.03183 -0.01359 -0.0557 -0.21488 -0.35659 0.15556 0.38122 0.43067 0.00262 -0.01205 0.354 * 

BY -0.02311 0.05341 -0.0448 -0.11851 -0.58619 -0.94707 0.02891 2.05113 0.31744 0.02314 -0.01564 0.73** 

HI -0.00757 -0.00793 -0.03501 -0.05267 -0.20629 -0.68951 0.05295 0.51463 1.26519 0.01483 -0.01218 0.83** 

HSW 0.01085 0.042 -0.00879 -0.09368 -0.16782 -0.50961 0.00652 0.75966 0.30032 0.06249 0.01153 -0.39** 

CS 0.01455 -0.02407 0.05699 0.0455 0.25667 0.56262 -0.05532 -0.94633 -0.45457 -0.02126 -0.03389 -0.53** 

Residual effect=0.056; DF =days to flowering; DM = days to maturity; NB= number of branch; GFP= grain filling period; PH = plant height; 

PPP=pod per plant; SPP=Seed per pod; BY=above ground biomass yield; HI= harvest index; HSW= hundred seed weight; and CS= chocolate 

spot 

The number of branches per plant positively correlates 

with grain yield due to its indirect effects on above ground 

biomass and harvest index. The result was in close agree-

ment with the result obtained by [4] who reported number of 

branch per plant exerted the negative direct effect on seed 

yield and exhibited significant positive correlation with grain 

yield due to their positive indirect effect on seed yield 

through other traits at Jirar Jerso in 2018. Generally, the cur-

rent finding with respect to path analysis was partly in 

agreement with the result reported by [4] (days to flowering 

and plant height and pod per plant) at Jirar Jerso and in 2018 

and 2019, respectively, whereas at Degem he reported pod 

per plant exerted negative direct effects on grain yield and 

also had a positive association with seed yield due to its pos-

itive indirect effect through other traits. In general, the study 

highlights the importance of traits like biomass and harvest 

index in seed yield improvement, suggesting that considering 

indirect effects may be more effective. 
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4. Conclusion 

The phenotypic and genotypic correlation between grain 

yield and plant height, number of pods per plant, number of 

branches per plant, biomass yield, 100-seed weight, and har-

vest index was highly significant (p < 0.01). These findings 

suggested that these traits could be selected to improve grain 

yield at the same time. According to path coefficient analysis, 

harvest index and biomass yield had the highest direct effects 

on yield both at the genotypic and phenotypic levels, indi-

cating the importance of these traits for indirect selection. 
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