Characterization of Genetic Variability among Common Bean Genotypes at Hawassa, Southern Ethiopia

[bookmark: _Toc100069829]ABSTRACT
Availability of adequate amount of genetic variability is a prerequisite for the improvement of any crop. Forty nine common bean genotypes were evaluated at Wondo Tika, Southern Ethiopia, in simple lattice design during the 2021 cropping season. The objectives of the study were to estimate the extent of genetic variability, heritability, genetic advance in various traits and identify high yielding genotypes with desirable traits to advance them for common bean improvement. There was highly significant difference between the genotypes for all 14 studied traits except HSW. Grain yield ranged from 2223.5 for MALB-133 to 4152.1 kg/ha for MALB-100. Genotypic coefficient of variation (GCV) ranged from 3.73% for days to 90% maturity (DM) to 29.05 % for harvest index (HI), while phenotypic coefficient of variation (PCV) ranged from 4.36 % for days to flowering (DF) to 38.46 % for plant height (PH). Heritability ranged from 25.52% for grain filling period (GF) to 97.36% for pods per plant (PPP). High heritability coupled with high GCV and high genetic advance (as a percent of mean) was recorded for pods per plant, harvest index and number seeds per pod. This indicates that additive gene action is predominantly involved in the expression of various polygenic traits. Thus, desirable improvement in seed yield can easily be achieved on implementation of effective selection scheme for pods per plant, harvest index and number seeds per pod. Hence, top ten performing genotypes are recommended for further study in the variety development.
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Introduction
“Common bean is one of the most important cash crops and sources of protein for farmers in many lowlands and mid-altitude zones of Ethiopia. It is preferred by farmers because of its fast maturing characteristics that enable households to get cash income required for purchasing food and other household needs when other crops have not yet matured” (Berhanu et al., 2018).
Ethiopia is among the major bean producers in Sub-Saharan Africa (Asfaw et al., 2009). “However, national average bean yield of 1750 kg/ha, which is still far from its production potential of 3000 to 4000 kg/ha in research fields” (Beebe et al., 2013). “This is attributed to a number of factors such as low-yielding capacity of cultivars under use, biotic/abiotic stresses, and low soil inorganic nutrients” (Asfaw et al., 2009). 
“Common bean research was started in Ethiopia 60 years ago. Since then more than 57 common bean varieties have been released from Mesoamerican gene pool and Andean gene pool for some specific traits and for different altitude ranges” (Demelash, 2018, Nigusse et al., 2020). However, only few genotypes have wide adaptation being suitable to all beans growing environments because of differences in consumer preferences and specificity of varieties in adaptation to limited climatic conditions and cropping systems. 
“Therefore, there is an urgent need to increase the productivity of this crop to narrow the present yield gap through developing high yielding varieties. Characterization of genetic resources has always remained one of the favorite methods of scientific community to investigate the novel variations which can be used for the development of improved cultivars expressing higher yield with better quality and resistance to biotic and abiotic stress” (Nadeem et al., 2020).
For selection to be effective, it is also essential to assess the quantum of genetic variability.
New common bean genetic materials are always introduced from CIAT, ICARDA and ICRISAT. Recently accessions of common bean from medium red common bean market class have been introduced from CIAT. The extent of genetic variability in this material has not been investigated. Keeping in view of the above facts, the present investigation was carried out with the following objectives.
[bookmark: _Toc100069831]1.1 Objectives
· To estimate the extent of genetic variability among common bean genotypes.
· To identify high yielding genotypes with desirable traits to advance them for common bean improvement
Materials and Methods
3.1. Description of the Study Area
The study was conducted at Wondotika, a research site of Hawassa Agricultural Research Center, in Sidama Regional State (Fig.1). The site is located at the 7◦06′N latitude and 38◦23′E longitude, at an elevation of 1730 m.a.s.l. The soil at this site is sandy loam. It is characterized by low water retention capacity and is quick to drain under normal rainfall and drainage system. The rain fall pattern of the area is bimodal, which is characterized with an extended period of wet season from March to October with average annual rainfall of 966 mm and annual maximum and minimum temperatures of 27.8◦C and 14◦C, respectively. Maize, Common bean and Enset are major crops grown in the study area.  
[image: ]
Figure 1. Location Map of study area (Wondo Tika)
3.2. Experimental Materials 	
Forty nine common bean genotypes from the medium red common bean market class introduced from CIAT in 2017 were included in this study (Table 1). These genotypes were Mesoamerican collections characterized by their root rot disease tolerance, Aluminium toxicity resistance, drought resistance and deep rooting ability and greater remobilization of photosynthates to seeds under drought (Porch et al., 2009). 
Three checks, Hawassa dume (H/dume), SER-125 and Rori were included from small red market class in the study. These varieties were characterized by their high yielding capacity, determinate growth habit and drought tolerance.
[bookmark: _Toc100216954]Table 1. List of common bean genotypes
	No.
	Genotypes
	Status
	No.
	Genotypes
	Status
	No.
	Genotypes
	Status

	1
	MALB-94
	Acc.
	18
	MALB-29
	Acc.
	34
	ADP-0016
	Acc.

	2
	MALB-79
	Acc.
	19
	MALB-92
	Acc.
	35
	ADP-0750
	Acc.

	3
	MALB-100
	Acc.
	20
	MALB-7
	Acc.
	36
	ADP-0032
	Acc.

	4
	MALB-93
	Acc.
	21
	MALB-39
	Acc.
	37
	ADP-0742
	Acc.

	5
	MALB-182
	Acc.
	22
	MALB-23
	Acc.
	38
	ADP-39
	Acc.

	6
	MALB-56
	Acc.
	23
	MALB-3
	Acc.
	39
	ADP-0018
	Acc.

	7
	MALB-47
	Acc.
	24
	MALB-99
	Acc.
	40
	ADP-0098
	Acc.

	8
	MALB-26
	Acc.
	25
	MALB-96
	Acc.
	41
	ADP-0577
	Acc.

	9
	H/dume 
	Released
	26
	MALB-97
	Acc.
	42
	ADP-0049
	Acc.

	10
	MALB-115
	Acc.
	27
	MALB-45
	Acc.
	43
	ADP-0048
	Acc.

	11
	MALB-133
	Acc.
	28
	MALB-28
	Acc.
	44
	ADP-0738
	Acc.

	12
	MALB-48
	Acc.
	29
	MALB-2
	Acc.
	45
	MALB-51
	Acc.

	13
	MALB-16
	Acc.
	30
	MALB-25
	Acc.
	46
	MALB-95
	Acc.

	14
	MALB-103
	Acc.
	31
	MALB-30
	Acc.
	47
	 MALB-209
	Acc.

	15
	MALB-108
	Acc.
	32
	MALB-109
	Acc.
	48
	SER-125
	Released

	16
	MALB-67
	Acc.
	33
	ADP-0390
	Acc.
	49
	Rori 
	Released

	17
	ADP0103
	Acc.
	
	
	
	
	
	



[bookmark: _Toc100069849]3.3. Experimental Design and Trial management
The experiment was arranged in a 7 * 7 simple lattice designs with two replications. The plot size was 6.4m2 i.e., with 4m length and 1.6m width. A spacing of 40 * 10cm was used. Each plot had four rows and the spacing between blocks and between plots was 1m and 0.8m, respectively.  Two seeds were planted per hill at the depth of 5cm. Two weeks after seedling emergence, thinning was carried out leaving one plant per hill. Weeding was done three times by hand and with a hand hoe. 
[bookmark: _Toc100069850]3.4. Data collection
Two border rows were excluded from data collection. Data on days to flowering, grain filling period, days to maturity and grain yield were collected on plot basis, while plant height, number of pods per plant, number of seeds per pod, and pod length were recorded at physiological maturity from five plants randomly taken from the middle two rows of the plot. Mean of these five plants was used for analysis. 

[bookmark: _Toc100069851]3.4.1. Data collected on plot basis
A. Days to 50% flowering (DF): Number of days from planting to when 50% of the plants flowered. 
B. Grain filling period: The period from flowering to maturity.
C. Days to 90% maturity (DM):- Number of days from planting to when 90% of the plants in a plot changed the colour of their pod from green to lemon yellow.
D. Biological Yield (BY): Determined by weighing the total air dried above ground biomass and converted in to ton/ha.
E. Grain yield (GY) (kg/ha): Was recorded in kg and was adjusted to 12 % moisture level and converted to kg/ha.
F. Harvest Index (HI): The harvest index was estimated by dividing total Grain yield by biological yield.
G. Hundred Seed Weight (HSW) (gm): Weight of 100 seeds in grams was determined by weighting the mass of 100 seeds and was adjusted to 12 % moisture level. 
3.4.2. Data collected on individual plant basis
A. Plant height (PH) (cm): Length of the central axis of the stems from the soil surface up to the tip of the stem at maturity. 
B. Internode Length (IL) (cm): Average length of all internodes on the main stem. 
C. Number of Nodes on the main stem (NND): Number of nodes from the cotyledonary node to the tip of the main stem. 
D. Pod length (PL) (cm): Average length of pods measured on five randomly taken pods of each of the five plants.
E. Number of primary branches per plant: Number of primary branches was counted excluding the main stem.
F. Number of pods per plant (PPL): Average number of mature pods of a plant.
G. Number of seeds per pod (SPP): Average number of seeds per pod counted on five randomly taken pods of each of the five plants.
Analysis of variance
Analysis of variance (ANOVA) was done using SAS software applicable for simple lattice design, but relative efficiency of the lattice design when compared with randomized blocks was low (less than 105 %), it was decided to use analysis of variance with randomized complete block design (Appendix Table 1). Mean separation of traits was compared using Least Significant Difference (LSD) at 5%. 
The mathematical model used for RCBD design was:
Yij= μ+Bj + Ti +Eij 
Where, μ= grand mean, Bj = jth replication effect, Ti = ith treatment effect, and Eij = error term.
Estimation of Genotypic and Phenotypic Variance
Estimation of parameters of variability, genotypic and phenotypic coefficients of variation, was done following Burton and De Vane (1953).
Environmental variance (2e) = MSe
Genotypic variance (2g) = 
Phenotypic variance (2 p) = 2g + MSe/r
Genotypic Coefficient of Variation (GCV) = 
Phenotypic Coefficient of Variation (PCV) =
= population mean of the character being evaluated.
[bookmark: _Toc100069855]3.5.3. Estimation of Heritability and Genetic Advance
Heritability (H2) for all characters was quantified using the formula given by Falconer (1989): 
Heritability (H2) = (σ2g / σ2p) x 100 
Where:  σ2g, σ2p and H2 are as described above.
 Genetic Advance (GA)
“Genetic advance is the estimate of the expected gain for a particular character through one cycle of selection” (Burton and Devane, 1953). “The expected genetic advance (GA) in the initial units of measurement was calculated” as per Johnson et al. (1955).
GA= (k) (σp) (H 2)
Where 𝐻2 is heritability, σp is phenotypic standard deviation, and k is selection deferential (2.06 at 5% selection intensity).
Genetic Advance as percent of mean (GAM%)
GAM (as a% of mean) = x 100
Where, GA = Genetic advance in original unit, =grand mean.
[bookmark: _Toc100216956]Table 2. Limits used for categorizing the magnitude of different parameters are as under:
	Component
	High (%) 
	Moderate (%)
	Low (%)
	Source

	GCV and PCV  
	More than 20 
	10-20 
	 Less than 10
	Burtone and Devane(1953)

	Heritability 
	More than 60
	30-60
	Less than 30
	Johnson et al. (1955)

	Genetic advance 
	More than 20 
	10-20 
	Less than 10
	Johnson et al. (1955). 



Results and Discussion
[bookmark: _Toc100069859]4.1. Analysis of Variance for 14 traits of common bean genotypes
[bookmark: _Toc100216957]Results of LATTICE ANOVA are presented in Appendix Table 1. Relative Efficiency of the LATTICE design is less than 105% for all traits. Therefore further discussion was based on RCBD ANOVA. The ANOVA results for 14 traits are presented in Table 3. The result showed significant (P < 0.001) variation for days to 50% flowering, days to 90% maturity, number of primary branches, number of pods per plant, seeds per pod, number of nodes on main stem, internode length, pod length, biological yield and grain yield per hectare. Grain filling period and plant height showed significant variation (P < 0.05) whereas, hundred seed weight showed non-significant variation at (P < 0.05). The analysis of variance revealed significant differences for the characters under study indicating wide variation among the genotypes. 
Table 3. Mean squares from analysis of variance by RCBD for 14 traits
	Traits
	Rep (1)
	Genotype (48)
	Error (48)
	R2
	CV(%)

	DF
	3.306
	6.178***
	1.619
	0.74
	3.15

	DM
	0.255
	1.687***
	11.714
	0.79
	4.00

	GF
	18.000
	32.699**
	12.375
	0.73
	7.76

	PH
	3.762
	297.358**
	12.507
	0.96
	7.85

	PPP
	18.000
	53.707***
	1.417
	0.97
	6.62

	SPP
	0.255
	1.687***
	0.401
	0.81
	14.01

	HSW
	41.796
	57.239ns
	38.914
	0.60
	20.26

	NNM
	0.255
	5.287***
	0.484
	0.92
	8.85

	INL
	0.207
	4.986***
	0.402
	0.93
	10.28

	PL
	0.235
	5.680***
	0.693
	0.89
	9.03

	NB
	0.827
	0.799***
	0.222
	0.79
	18.27

	BY
	0.535
	4.901***
	1.271
	0.79
	12.74

	HI
	2.358
	261.130***
	35.325
	0.88
	16.25

	GY
	72012.84
	664823.87***
	106200.36
	0.86
	10.62



[bookmark: _Toc100069860]4.2 Variability in genotypes performance
The minimum and maximum by each trait and mean performance of genotypes evaluated at Wondo Tika are presented in Table 4. Days to 50% flowering ranged from 36.5 days to 44.5 days. Genotypes MALB-92 (36.5 days), MALB-2 (36.5 days) and ADP0049 (37.5 days) were early flowering, whereas, MALB-28 (44.5 days), ADP0390 (43.5), ADP0103 (43.5) and MALB-23 (43.5) are late flowering genotypes. “Days to flowering is considered an important trait of bean cultivars because it is positively correlated to days to maturity” (Gonzalez et al., 2016). The earlier a crop flowers, the earlier it matures and be ready for harvesting. Hence, there is an opportunity to find genotypes which can escape terminal drought.
Maturity period length of common bean can be determined based on the temperatures during growing season of a cultivar; especially it depends on the night temperatures. However, the period of common bean maturity period was categorized as early (60-90 days), Medium (90-120 days) and late (above 120 days).
Based on these category most of the genotypes were early maturing. Relatively the earliest maturity period was recorded for MALB-182 (79 days), MALB-103 (80 days), MALB-92 (80 days) and MALB-25 (80 days), whereas the genotype ADP-09390 (95 days), MALB-2 (94), MADP0048 (93), ADP0103 (92), MALB-7 (92) and MALB-39 (91) days to attain physiological maturity (Table 4). An early maturing bean genotype has the advantage of reducing disease occurrence, lowering soil “use” time and thus facilitating crop rotation (Zilio et al., 2013). The considerable variation observed among genotypes for phenological traits likely reflects the broad genetic diversity of the common bean lines evaluated in this study. This diversity creates potential for identifying genotypes that perform well under moisture-limited conditions. The variability present within these materials provides valuable options for breeding varieties adapted to the different agro-ecological zones of Ethiopia. In particular, genotypes with shorter maturity periods may be better suited to regions that often experience terminal drought. 
Grain filling period also revealed significant variation among tested genotypes. The shortest grain filling period was recorded from genotype MALB-47 (38.0) and MALB-25 (38.5 days), whereas longest grain filling period was recorded from genotype MALB-2 (57.5 days). This wide range of variability shows ample scope of selections for the desirable genotypes. There should be focus on having the longest grain filling as possible since it is responsible for the grain yield of the plant due the rate of dry matter accumulations will be increased (Guilherme et al., 2021). 
Plant height showed a wide range of variability from 29.4cm to 72.5cm. The highest plant height was recorded from the check SER-125 (72.5 cm), ADP0742 (72.3), MALB-182 (72.1) and MALB-7 (71.7), whereas the shortest plant height was recorded from genotype MALB-56 (29.4), MALB-103 (30.5) and MALB-93 (30.7) (Table 4). 
Number of nodes on the main stem is an important yield contributing characters, since it is associated with pod loading. In the present study, number of nodes on the main stem showed highly significant difference among common bean genotypes. The highest number of nodes was recorded from genotypes MALB-39 (10), ADP0016 (10) and MALB-99 (10), while lowest number of nodes on the main stem was observed for ADP0049 (4.0) and MALB-25(4.0).
Internode length showed significant variation and it ranged from 3.35 for genotype MALB-92 to 9.85 for genotype MALB-100. The highest internode length was observed for genotypes MALB-100 (9.85), SER-125 (9.5), MALB-182 (9.2) and ADP0103 (9.1), whereas the lowest for MALB-92 (3.35) and MALB-193 (4.20). Similarly Yohannes et al. (2020) found internode length ranging from 4.00 cm for (ALB 209) to 7.33 cm for (Nasir).
Number of primary branches showed highly significant variations among the common bean genotypes. It ranged from 2 to 4. The highest number of branches per plant was recorded for the check H/dume, MADP0098, MALB-96 and MALB-30, while the minimum number of primary branches was recorded for genotypes MALB-94, SER-125, MALB-108 and MALB-56.
Number of pods per plant ranged from 9 to 30.5 with a mean of 18.0. The highest number of pods per plant was observed for ADP39 (30.5), while the lowest PPP was observed for ADP0577 (9). “Number of pods per plant is an important selection criterion for obtaining high yielder genotypes and has been used as selection criteria to improve grain yield and cultivar development” (Beebe et al., 2013).
Number of seeds per pod ranged from 2.5 to 6 with the mean of 4.5. Genotype MALB-47 (6) showed highest number of seeds per pod, whereas MALB-94 (2.5), MALB-103 (2.5) and ADP0750 (2.5) had the lowest number of seeds per pod.
The pod length ranged from 5.6 to 12.4 cm. The longest pods were recorded from genotypes MADP0103 (12.4) and MADP0018 (12.2). On the other hand the shortest pods were recorded from genotypes MADP0750 (5.6), MALB-182 (5.9) and MALB-133 (6) (Table 4).  
In the present study, biomass yield of common bean ranged from 4.94 ton/ha for SER-125 to 12.12 ton/ha for MALB-93. Similar results were reported by Yohannes et al. (2020) where biological yield of common bean genotypes ranged from 4.33 to 17.67 ton/ ha.
Harvest index was also significantly different among common bean genotypes. It ranged from 20.7 to 67.8%. The highest harvest index was obtained from the check SER 125 (67.8), while the lowest harvest index was obtained from genotype MALB-133 (20.7).
There was highly significant (P < 0.01) variation among tested genotypes in grain yield (Table 3). “Grain yield is a product of both plant growth rate and capacity to partition photosynthesis to seeds. Significant yield differences are likely due, in part, to differing growth habits and seed sizes for beans from different market classes and gene pools” (Beebe, 2012). In the present, study grain yield of common bean ranged from 2223.47 kg/ha for MALB-133 to 4152.07 kg/ha for MALB-100.Yohanes et al. (2020) also reported similar results for grain yield of common bean genotypes varied from 1147 to 4462 kg/ha. Mean performance for grain yield revealed that MALB-100, H/dume, ADP039, ADP0032, MALB-96 and ADP0018 were high yielder, whereas MALB-133, ADP0750, ADP0738, MALB-7 and MALB-56 were low yielders (Table 4). This is the indicator of great opportunity for the development of high yielder varieties.

















[bookmark: _Toc100216958]Table 4. Mean performance of common bean genotypes for 14 traits 
Top ten performing genotypes
	Entry#
	Trt. Name
	DF
	DM
	GF
	PH
	PPP
	SPP
	HSW
	PL
	HI
	NB
	INTL
	NNM
	BY 
	YLD (kg/ha)

	3
	MALB-100
	38.5
	86
	47.5
	34.6
	30.0
	5.5
	26.6
	45.2
	4.0
	9.85
	10.0
	9.21
	11.85
	4152.1

	9
	H/Dume
	41.0
	89
	48.0
	40.7
	21.0
	5.5
	27.5
	38.6
	4.0
	6.00
	9.0
	10.78
	11.75
	4142.4

	38
	MADP39
	40.0
	85
	45.0
	35.6
	30.5
	5.5
	34.5
	57.9
	3.5
	6.80
	9.0
	7.08
	11.65
	4090.1

	36
	MADP0032
	40.0
	83
	43.0
	64.6
	27.5
	5.0
	26.8
	46.3
	3.0
	6.75
	8.5
	8.66
	10.15
	4008.3

	25
	MALB-96
	40.0
	84
	44.0
	46.9
	24.5
	5.0
	26.5
	41.9
	4.0
	4.75
	8.5
	9.53
	9.70
	3983.5

	39
	MADP0018
	40.0
	89
	49.0
	35.1
	28.0
	5.5
	25.0
	49.1
	3.0
	4.70
	5.0
	8.02
	12.20
	3904.5

	46
	MALB-95
	41.0
	88
	47.0
	33.1
	27.5
	5.5
	29.0
	61.8
	3.0
	4.40
	9.0
	6.30
	9.90
	3892.5

	40
	MADP0098
	39.5
	90
	50.5
	54.8
	19.0
	5.0
	24.8
	50.6
	4.0
	8.90
	9.0
	7.43
	11.40
	3757.7

	42
	MADP0049
	37.5
	84
	46.5
	35.5
	20.5
	4.0
	24.9
	51.2
	3.0
	4.60
	4.0
	7.62
	11.90
	3741.3

	47
	 MALB-209
	40.5
	81
	40.0
	31.3
	13.5
	4.5
	26.3
	59.1
	2.5
	5.10
	6.5
	6.30
	9.40
	3716.4


Bottom ten performing genotypes
	Entry#
	Trt. Name
	DF
	DM
	GF
	PH
	PPP
	SPP
	HSW
	PL
	HI
	NB
	INTL
	NNM
	BY 
	YLD (kg/ha)

	33
	MADP0390
	43.5
	95
	51.0
	53.3
	13.0
	4.5
	31.8
	28.9
	3.0
	7.45
	9.0
	8.74
	11.60
	2511.9

	27
	MALB-45
	40.5
	85
	44.0
	47.1
	15.5
	4.5
	32.8
	21.2
	2.5
	6.75
	9.0
	11.65
	10.55
	2461

	21
	MALB-39
	40.0
	91
	51.0
	44.1
	24.5
	4.5
	30.0
	24.9
	2.5
	5.90
	10.0
	9.76
	9.30
	2428.3

	13
	MALB-16
	40.0
	84
	44.0
	39.0
	17.5
	4.5
	34.0
	29.6
	2.5
	6.05
	9.0
	8.23
	8.95
	2428.1

	1
	MALB-94
	39.5
	81
	41.5
	40.9
	13.5
	2.5
	43.6
	28.8
	2.0
	6.70
	6.0
	8.41
	7.15
	2412.1

	6
	MALB-56
	40.0
	85
	44.5
	29.4
	15.5
	3.0
	28.9
	29.8
	2.0
	5.15
	8.0
	7.91
	6.30
	2354.9

	20
	MALB-7
	38.0
	92
	53.5
	71.7
	10.5
	5.0
	44.7
	23.8
	2.0
	6.95
	8.5
	9.90
	8.60
	2351.7

	44
	MADP0738
	41.5
	88
	46.0
	46.9
	17.5
	4.0
	27.1
	24.0
	2.0
	5.50
	9.5
	9.74
	7.40
	2334.4

	35
	MADP0750
	42.0
	82
	39.5
	45.4
	11.5
	2.5
	27.9
	26.7
	2.0
	5.00
	7.5
	8.86
	5.60
	2323.3

	11
	MALB-133
	40.5
	86
	45.0
	35.3
	15.5
	3.0
	41.3
	20.7
	2.0
	5.60
	6.0
	10.77
	5.95
	2223.5

	Mean
	40.3
	85.7
	45.3
	45.1
	18.0
	4.5
	30.8
	7.9
	6.2
	9.2
	2.6
	8.8
	36.6
	3067.2

	Minimum
	36.5
	78.5
	38.0
	29.4
	9.0
	2.5
	22.1
	4.0
	3.4
	5.6
	2.0
	4.9
	20.7
	2223.5

	Maximum
	44.5
	94.5
	57.5
	72.5
	30.5
	6.0
	44.7
	10.0
	9.9
	12.4
	4.0
	12.1
	67.8
	4152.1

	LSD (0.05)
	2.6
	6.9
	7.1
	7.1
	2.4
	1.3
	12.5
	1.4
	1.3
	1.7
	0.9
	2.3
	12.0
	655.2
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4. 3. Genotypic and phenotypic coefficients of variation
In the present study, estimate of variance component (genotypic variance and phenotypic variance) and coefficient of variation (genotypic and phenotypic coefficients of variation) are presented in Table 5. “In common bean, a wide range of GCV and PCV values were reported” (Ahmed and Kamaluddin, 2013).
In the present study, genotypic coefficient of variation (GCV) was ranged from 3.73% for days to 90% maturity to 29.05 % for harvest index, while phenotypic coefficient of variation (PCV) was ranged from 4.36 % for days to 50% flowering to 38.46 % for plant height. 
According to Burton and De vane (1953), GCV and PCV values less than 10 %, between 10-20% and above 20% were considered as low, medium and high, respectively. In the present study, high GCV were observed for harvest index (29.05), pods per plant (28.44), seeds per pod (26.90), plant height (26.5), internode length (24.6) and number of primary branches per plant (20.80). This is in line with Lad et al. (2017) who found “high GCV for plant height, number of primary branches per plant, number of pods per plant, number of seeds per pod and harvest index”. Langat et al. (2019) also found “high genotypic coefficient of variation for number of pods plant-1”.
 Moderate GCV were observed for number of nodes on the main stem (19.70), grain yield (17.23), pod length (17.14) and biological yield (15.29). Similarly Mudasir et al. (2012) reported moderate GCV for pod length and yield, whereas low GCV were exhibited for days to 50% flowering (3.74), days to 90% maturity (3.73), grain filling period (7.33) and hundred seed weight (9.83). This is in agreement with the findings of Lyngdoh et al. (2018) who reported that low GCV value for days to 50% flowering and days to 90% maturity. 
High PVC were observed for plant height (38.46), seeds per pod (31.98), harvest index (31.24), pods per plant (28.82), biological yield (28.00), number of primary branches per plant (24.48) and nodes on the main stem (20.67). This is in line with Lad et al. (2017) who found high PCV for plant height, number of primary branches per plant, number of pod per plant, number of seed per pods and harvest index. 
Moderate PCV were observed for grain filling period (14.50), hundred seed weight (17.30), pod length (18.29) and grain yield (18.80). Similarly Mudasir et al. (2012) reported moderate PCV for pod length and yield, whereas low PCV was exhibited for days to 50% flowering (4.36) and days to 90% maturity (4.68). This is in agreement with the findings of Wondwosen and Abebe (2017); Lyngdoh et al. (2018) who reported that low PCV value for days to 50% flowering and days to 90% maturity.
[bookmark: _Toc100069862]4.4 Estimate of Heritability
In the present, study heritability ranged from 25.52% for grain filling period to 97.36% for pods per plant (Table 4). Johnson et al. (1955) classified heritability value < 30 as low, between 30-60 as medium, and above 60 as high. Based on this bench mark number of pods per plant (97.36), number of nodes on the main stem (90.84), pod length (87.80), harvest index (86.47), grain yield (84.03), days to 50% flowering (73.8), number of primary branches (72.17), seeds per pod (70.8) and days to 90% maturity exhibited high heritability values. This result is in agreement with Yohannes et al. (2020) who reported high heritability exhibited for pods per plant, grain yield and days to maturity. Similarly, Ghimire and Mandal (2019) reported high heritability value for pods per plant, pod length, grain yield, days to 50% flowering, seeds per pod and days to 90% maturity. 
“High heritability estimates for these traits indicates only the fact that the genotype had larger contribution to the phenotype. Hence, selecting superior individuals based on heritability estimates alone may not be evidence for genetic improvement. So, heritability estimates along with genetic advance would be more useful in predicting the effectiveness of selecting the best individuals” (Johnson et al., 1955). 
Moderate heritability values were recorded for plant height (47.36), inter node length per plant (42.86 and hundred seed weight (32.01). This result is in agreement with Wondwosen and Abebe (2017) who reported moderate heritability for plant height, whereas low heritability values were recorded for grain filling period (25.52) and Biological yield (29.81). Similarly Langat et al. (2019) also found low heritability value for biological yield. 
[bookmark: _Toc100069863]
4.5 Genetic Advance and Genetic Advance as a percent of mean
The value of expected genetic advance and genetic advance as percent of mean (GAM) are presented in Table 5. 
According to Johnson et al. (1955), “GAM values less than 10 are regarded as low, between 10-20 moderate; whereas above 20 are considered as high”. Genetic advance as percent of mean varied from 6.12% for days to 90% maturity to 57.81% for number of pods per plant (Table 5). High GAM at 5% selection intensity was obtained for pods per plant (57.81),  harvest index (55.64) number of seeds per pod (46.7%), number of nodes on the main stem (38.67%),plant height (37.52), number of primary branches (36.39), pod length (33.08%), inter node length (32.91%) and grain yield (32.54). Similarly Ghimire and Mandal (2019) obtained high GA as percent of mean for number of pods per plant, grain yield, number of seeds per pod, pod length. This indicates that selection will be beneficial for improvement of these traits to improve grain yield. 
[bookmark: _Toc94338566]Moderate GAM value at 5% selection intensity was obtained for biological yield (17.21) and hundred seed weight (11.46). This is in line with Ahmed and Kamaludin (2017) who found low GAM for days to 50% flowering. Nigussie et al. (2020) also reported similar results for days to 90% maturity.
High heritability coupled with high GCV and high genetic advance as a percent of mean was recorded for pods per plant, number of nodes, number of branches, harvest index and number seeds per pod (Table 5). This is in agreement with Lad et al. (2017) who found “high heritability coupled with high genetic advance in number of primary branches, number of pods per plant, number of seeds per pod, harvest index and seed yield per plant. This indicates that additive gene action is predominantly involved in the expression of various polygenic traits. Thus, desirable improvement in seed yield can easily be achieved on implementation of effective selection scheme for pods per plant, harvest index and number seeds per pod”. 
Pod length exhibited high heritability, moderate GCV, and a high genetic advance as a percentage of the mean, indicating that this trait could be effectively improved through selection. However, its usefulness for long-term genetic improvement may be limited. 
High GCV and high GAM with intermediate heritability was observed for IL.
High heritability, low GCV and low genetic advance as a percent of mean was observed in DF and DM.
Grain yield had high heritability and high GAM. But, intermediate GCV whereas biomass yield had intermediate GCV and GAM but low heritability.
[bookmark: _Toc100216959]Table 5. Estimates of Variability for 14 traits of 49 common bean genotypes tested at Wondotika in 2021
	Trait
	σ2g
	σ2p
	GCV
	PCV
	Heritability (%)
	GA
	GAM (%)

	DF
	2.28
	3.09
	3.74
	4.36
	73.80
	2.67
	6.63

	DM
	10.20
	16.05
	3.73
	4.68
	63.52
	5.24
	6.12

	GF
	11.05
	43.30
	7.33
	14.50
	25.52
	3.46
	7.63

	PH
	142.2
	300.26
	26.45
	38.46
	47.36
	16.91
	37.52

	PPP
	26.15
	26.85
	28.44
	28.82
	97.36
	10.39
	57.81

	SPP
	1.48
	2.09
	26.90
	31.98
	70.81
	2.11
	46.65

	HSW
	9.16
	28.62
	9.8303
	17.37
	32.01
	3.53
	11.46

	NNM
	2.40
	2.64
	19.70
	20.67
	90.84
	3.04
	38.67

	INL
	2.30
	5.37
	24.60
	37.60
	42.86
	2.03
	32.91

	PL
	2.49
	2.84
	17.14
	18.29
	87.80
	3.05
	33.08

	NB
	0.29
	0.40
	20.80
	24.48
	72.17
	0.94
	36.39

	BY
	1830800.50
	6140535.10
	15.29
	28.00
	29.81
	1521.96
	17.21

	HI
	112.90
	130.56
	29.05
	31.24
	86.47
	20.35
	55.64

	GY
	279311.80
	332411.90
	17.23
	18.80
	84.03
	997.97
	32.54


Key: DF =Days to 50% flowering, DM=Days to 90% maturity, GF =Grain filling period, PH=Plant height, PPP=Number of pods per plant, SPP= Number of seeds per pod, HSW =hundred seed weight, NNM = number of nodes on the main stem, INL= Internode length, PL= pod length, NB= Number of branches per plant, BY =Biological yield (ton ha-1), HI= harvest index and GY= Grain yield(kg ha-1). 

Summary and Conclusion
Understanding the level of genetic variation and the relationships between yield and key agronomic traits is essential in plant breeding, as it forms the foundation for effective selection. In this study, 49 common bean genotypes were evaluated at Wondo Tika using a simple lattice design during the 2021 main cropping season.
The analysis of variance showed highly significant difference for the majority of traits studied. The presence of highly significant differences shows that there is substantial variation among the genotypes. This level of variability provides a strong opportunity for developing varieties that are well adapted to the diverse agro-ecological conditions found across Ethiopia.
Grain yield reflects both the rate of plant growth and the plant’s ability to allocate photosynthates to the seeds. The significant differences observed in yield are likely associated, at least in part, with variations in growth habits and seed size among the bean genotypes. In the present study, grain yield of common bean ranged from 2223.47kg/ha for MALB-133 to 4152.07kg/ha for MALB-100. 
[bookmark: _GoBack]Genotypic coefficient of variation (GCV) ranged from 3.73% for days to 90% maturity to 29.05 % for harvest index, while phenotypic coefficient of variation (PCV) ranged from 4.36 % for days to 50% flowering to 38.46% for plant height. Heritability ranged from 25.52% for grain filling period to 97.36% for pods per plant. At a 5% selection intensity, the Genetic Advance as a Percentage of Mean (GAM) ranged from 6.12% for days to 90% maturity to 57.81% for the number of pods per plant. Traits such as pods per plant, harvest index, and number of seeds per pod exhibited high heritability along with high genotypic coefficient of variation (GCV) and substantial genetic advance as a percentage of the mean. This suggests that additive gene effects play a major role in controlling these polygenic traits. Therefore, significant improvements in seed yield can be effectively achieved by applying a targeted selection strategy focusing on pods per plant, harvest index, and number of seeds per pod.
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[bookmark: _Toc94340465] Appendix Table 1.Mean squares from analysis of variance for 14 traits, using lattice design
	Traits
	Replication
df= (1)
	Genotypes
df= (48)
	Intra block
error df= (36)
	Bock(rep)
df=(12)
	CV%
	Relative Efficiency 
over RCBD

	DF
	3.306
	6.178***
	1.61
	1.639
	3.148
	100.01  

	DM
	36.73
	32.10***
	11.798
	11.46
	4.01
	99.28

	GF
	18.0
	32.699**
	10.60
	17.69
	7.1839
	103.09

	PH
	3.76
	297.36**
	12.948
	11.18
	7.98
	96.51

	PPP
	17.979
	53.7***
	1.61
	0.82
	7.068
	87.7

	SPP
	0.255
	1.686***
	0.187
	0.386
	14.09
	98.77

	HSW
	41.7959
	57.239ns
	34.599
	51.859
	19.1029
	103.83

	NNM
	0.255
	5.287**
	0.513
	0.398
	9.1
	94.39

	IL
	0.206
	4.98***
	0.38
	0.4689
	9.99
	101.05

	PL
	0.118
	2.7130***
	0.3885
	0.442
	6.407
	100.77

	NB
	0.8265
	0.7989***
	0.1876
	0.3265
	16.779
	104.11

	BY
	534680
	4901068***
	1239467
	1364277
	12.58
	100.23

	GY
	72013
	664824***
	104170
	112292
	10.52
	100.14

	HI
	2.357
	261.13***
	34.82
	36.84
	16.13
	100.08


Appendix Table 2. Rainfall and Temperature (maximum, minimum) at Wondo Tika in 2021
	Monthly
	RF
	Temperature (T)

	
	
	Max(T)
	Mini(T)
	Mean(T)

	January
	0
	27.9
	9.7
	18.80

	February
	0
	29.4
	14.5	
	21.95

	March
	310	
	31.2
	14.5	
	22.85

	April
	188.5
	30.3
	14.8
	22.55

	May
	93.1
	27.6
	15.8
	21.70

	June
	128.9	
	27.7
	15.5
	21.60

	July	
	153.6	
	26.1
	16
	21.05

	August
	116.4	
	26.0
	15.5	
	20.75

	September
	174.4	
	25.1
	15.6	
	20.35

	October
	73.7	
	26.1
	15.1
	20.60

	November
	6.4	
	28.2
	11.7
	19.95

	December
	0
	28.3
	8.8	
	18.55

	Mean Annual 
	966
	27.8
	14
	14


Source: Hawassa meteorology Agency
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