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Abstract: Faba bean plays an important role in human food, animal feed and soil fertility restoration. However, its productivity is
low due to soil acidity problem in the central highlands of Ethiopia. Hence, this study was designed to know the genetic diversity
existing among 50 elite faba bean genotypes tested at three locations (Holetta, Watebecha Minjaro and Jeldu) in 2017 using
randomized complete block design with three replications. The genetic distances estimated by Euclidean distances ranged from 1.55
to 15.60. The 50 genotypes were grouped in to 10 distinct clusters by Unweighted Pair group Method with Arithmetic Means
clustering method based on Euclidian distances matrix estimated from overall mean of genotypes for 19 traits over locations and soil
managements. Among the 10 clusters 5 were solitary (III, VI, VIII, IX and X) including the best and least performing genotypes
CS20DK (IX) and Wayu (X), respectively. Cluster II consisted of soil acidity stress tolerance genotypes. The results of the first three
principal components (PC) analysis accounted 84.32% of the total variations observed among genotypes of which PC1 and PC2
contributed 45.8 and 25.36%, respectively. In each PC single or few traits were not identified as having much contribution than others
traits. In conclusion, cluster IX was found as best of all the other clusters in most of traits performance and genotypes grouped under
cluster II, VI and VIII needs further evaluation to obtain genotypes with lowest relative yield reduction and stress susceptible index
and resistant to chocolate spot disease with other desirable agronomic traits.
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faba bean is very important to characterize available
germplasms to determine the presence of valuable trait
variation to use in the future breeding programs [6]. As plant
genetic resources play a major role in providing sources of
resistance to different biotic and abiotic stresses;
understanding genetic diversity among faba bean genotypes
is crucial to use in the future breeding programs.

Awareness of genetic diversity is vital for germplasms
conservation because the development of ideal crop varieties
depends on screening and selection of desirable genotype
available in the breeding program [7]. Genetic resource is a
base for crop improvement through selection to ensure the
needs of food security. However, the genetic difference
among genotypes of several pulse crops is being eroded

1. Introduction

Faba bean (Vicia faba L) is produced worldwide in
different agro-ecological regions. The world leading
producers were China followed by Ethiopia [1]. It’s the
leading among pulse crops in Ethiopia, sharing 30% of area
coverage and 34% of the total production of pulses [2]. To
boost the productivity of this crop more than 30 varieties
have been released nationally [3]. However, there are
different newly emerged biotic and abiotic factors that limit
its productivity in Ethiopia [4].

In breeding programs, existence of wide genetic diversity
is a key factor for successful crop improvement for different
traits [5]. Hence, assessment of existing genetic diversity in
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vastly hence modern cultivars are replacing the locally
adapted cultivars over large areas across the world [8]. The
presence of genetic diversity in Ethiopian faba bean is proved
from morphological characterization of accessions collected
from different regions [9]. Thus, this experiment was
initiated with the objective to assess the genetic divergence in
different Ethiopian faba bean genotypes.

2. Materials and Methods

2.1. Experimental Locations and Test Materials

The experiment was conducted at Holetta, Watebecha

Minjaro and Jeldu with soil of pH 4.66, 4.96 and 4.49,
respectively, in central highlands of Ethiopia under rain fed
during the main cropping season (June to December) of
2017. The soil type of at each location was nitisol. Fifty faba
bean genotypes were used for this study (Table 1).

The genotypes were arranged in a randomized complete
block design with three replications. Each experimental plot
consisted of one row of 4m long with inter-row spacing of
40cm continuously and intra-row spacing of 10cm. Fertilizer
were applied at the rate of 121 kg/ha in the form of NPS.
Weeds were controlled by hand uniformly to all experimental
units.

Table 1. Description of 50 faba bean genotypes used in this study.

Code Genotypes Year of release Code Genotypes Year of release
Gl Co0l-0030 G26 EKLS/CSR02017-3-4
G2 Wolki* 2008 G27 Kasa 1980
G3 EKLS/CSR02012-2-3 G28 Cool-0025
G4 Obse 2007 G29 EH06070-3
G5 NC58 1978 G30 EKLS/CSR02010-4-3
G6 Ashebeka* 2015 G31 Cool-0031 -
G7 Hachalu* 2010 G32 Cool-0018 -
G8 Degaga 2002 G33 EKLS/CSR02028-1-1
G9 EH09031-4 G34 EK 05037-4
G10 Holetta-2 2001 G35 Cool-0035
Gl1 EH09007-4 G36 KUSE2-27-33 1979
Gl12 EH07023-3 G37 EHO07015-7
G13 EK05006-3 G38 Cool-0024
Gl14 EKLS/CSR02014-2-4 G39 Selale* 2002
Gl15 Numan 2016 G40 Moti 2006
Gl6 Bulga 70 1994 G41 EH06027-2
G17 EK05001-1 G42 EKLS/CSR02019-2-4
G18 Dosha 2008 G43 EH09002-1
G19 Gora 2012 G44 Tumsa 2010
G20 EH08035-1 G45 Gebelcho 2006
G21 Wayu 2002 G46 EK05037-5
G22 EKLS/CSR02023-2-1 G47 Didi’a* 2014
G23 Mesay 1995 G48 Coo0l-0034 -
G24 EH09004-2 G49 CS20DK 1977
G25 EH06088-6 G50 Tesfa 1995

[ L

pipeline genotypes, ¥ =Varieties released for areas with waterlogging problems.

2.2. Data Collection and Analysis

The agronomic data were recorded on the entire plot or on
five randomly selected faba bean plants in each row.
Accordingly, data for days to 50% flowering, days to 90%
physiological maturity, gain filling period, hundred seeds
weight (g) and chocolate spot disease severity were recorded
on the entire plot. On the other hand, plant height, number of
poding node per plant, number of pods per poding node,
number of pods per plant, number of seeds per pods and
grain yield (g/5 plants) were recorded on five randomly pre-
tagged plants from each experimental plot. The average of
the five plants in each experimental plot was used for
statistical analysis. Chocolate spot disease was recorded
using 1-9 scale [10].

For multivariate analysis like cluster, distance and
principal component analysis, records on all traits were
standardized to means zero and variances of unity

(subtracting the mean value and dividing it by the standard
deviation) to avoid bias due to differences in measurement
scales [11].

2.2.1. Genetic Distance and Clustering of Genotypes

The genetic distances of genotypes were estimated using
Euclidean distance (ED) based on pooled mean data after
standardization as established by Sneath and Sokal [12] as
follows:

EDjk =

Where, ED;, = distance between genotypes j and k; Xj; and
Xi = phenotype traits values of the i™ character for
genotypes j and k, respectively; and n = number of phenotype
traits used to calculate the distance.
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The distance matrix from 19 traits (12 agronomic and 7
stress tolerance indices) was used to construct dendrograms
based on the Unweighted Pair-group Method with Arithmetic
Means (UPGMA). The results of cluster analysis were
presented in the form of dendrogram. The numbers of clusters
were determined using a formula (cutting point = mean ED —
SD). In addition, mean ED was calculated for each genotype
by averaging of a particular genotype to the other genotypes.
The calculated average distance (ED) was used to estimate
which genotype is closest or distant to others.

2.2.2. Principal Component Analysis

The principal component analysis was computed to
explore traits that accounted most to the total observed
variation. It was calculated based on correlation matrix using
SAS software according to Gutten’s lower bound principle,
eigenvalues <1 should be ignored [13].

3. Results and Discussion
3.1. Genetic Distances Among Evaluated Genotypes

Assessment of genetic distances measured by Euclidean
Distances (ED) using cluster analysis from 19 traits for all
possible pairs of 50 faba bean genotypes resulted in 1225 pairs
(Figure 1A-C). The ED showed wider differences among
genotypes in the range between 1.55 and 15.60 with the mean ED,
SD and CV of 5.79, 2.21 and 33.44%, respectively, over locations
and managements (Table 2). The three highest ED over 6
environments (three locations with lime and without lime
applications) were calculated between G21 and G49 (15.60)
followed by G21 and G40 (15.26), G4 and G21 (14.58). The three
lowest ED was registered between G12 and G42 (1.55) followed
by G28 and G31 (1.60) and G38 and G48 (1.62) (Figure 1A-C).

gimo OGI GI G5 GI G G6 G7 GS§ GY9 GI0 GII GIZ GIS GI4 GI5 Gl GIT GIS GIS G0 Gl 22 GY G4 G2
G2 000 7.8 516 575 436 346 555 801 997 919 735 509 713 624 672 6.08 404 556 821 1274 866 706 686 743
G3 000 554 765 441 617 652 307 864 406 217 360 313 485 598 364 557 403 457 1235 295 695 434 281
G4 000 739 440 405 737 623 1013 808 458 344 523 331 800 490 260 287 7.14 1458 754 828 655 623
G5 000 6.67 549 3.18 7. 6.7 833 824 661 661 774 358 507 581 7.04 720 931 733 278 672 1723
G6 000 298 620 578 945 717 434 293 445 448 653 458 338 306 667 1232 606 712 623 5358
G7 000 573 643 837 806 621 396 512 404 667 457 323 405 776 1174 738 643 il 6.69
G8 000 665 666 636 756 604 584 722 247 430 589 651 534 879 597 250 451 540
G9 000 682 268 433 439 255 409 646 350 658 495 516 1128 328 675 514 269
G10 000 694 993 871 669 828 664 6.14 963 952 901 696 727 500 892 7.80
Gl1 000 572 611 407 629 598 446 801 649 428 1036 257 647 448 263
G12 0.00 320 364 469 7.4 441 481 315 514 1387 445 812 533 399
A lG13 000 314 343 6.12 368 287 192 545 1250 531 696 536 4.10
Gl4 000 368 568 232 492 362 486 1095 329 591 532 319
G15 000 783 403 446 329 690 129 632 774 653 517
Gl16 000 460 656 674 493 842 500 258 463 3513
G17 000 444 414 475 1067 385 440 441 349
G18 000 265 640 1328 7.07 7.02 607 595
G19 000 528 1312 563 747 538 450
G20 000 1160 375 630 252 27
G21 000 1036 7.58 1177 1129
22 000 582 445 267
G23 000 587 6.14
G24 000 291
G25 0.00
Geno | G26 G27 G28 G29 G30 G31 G32 G33 G34 G35 G36 G37 G38 G39 G40 G41 G42 G43 G444 G453 G46 G47 G448 G499  G30
G1 325 600 299 412 399 296 330 287 355 422 446 362 463 338 615 290 358 405 441 482 424 476 347 872 3568
G2 759 844 532 833 747 624 457 663 3515 376 689 620 368 897 3531 605 639 687 360 533 844 334 376 447 803
G3 208 834 533 393 28 556 516 287 271 597 663 180 578 79 596 337 238 395 506 627 512 476 486 944 784
G4 612 980 599 742 594 696 637 498 427 496 870 460 550 1006 S06 548 400 618 513 689 823 293 497 772 975
G5 .70 368 434 766 831 493 412 711 653 392 459 78 513 517 826 575 723 617 72 655 6.16 688 472 910 518
G6 513 852 445 603 48 485 488 412 351 443 702 358 459 850 510 393 327 587 251 425 707 243 39 724 818
G7 679 782 511 664 701 584 530 544 506 429 755 543 521 805 652 420 494 593 366 373 728 3.09 448 735 765
G8 6.04 365 394 625 697 480 266 6.15 3568 376 321 652 488 463 734 492 663 4354 629 595 444 638 431 873 333
G9 342 799 663 200 514 695 630 333 473 705 764 348 749 702 800 292 397 264 602 3599 404 581 619 1072 7.03
G10 | 885 530 878 571 1059 885 821 827 919 902 847 921 1006 400 1247 610 897 572 966 741 497 986 888 1355 493
Gi1 |336 740 693 253 542 721 635 475 588 772 696 482 821 645 876 424 555 309 737 711 283 754 705 1179 6.16
G12 |3.10 952 555 553 274 58 607 293 280 597 768 221 585 927 531 459 155 535 551 728 674 451 513 941 938
B |13 407 832 426 530 420 475 483 186 266 415 685 263 451 798 493 370 221 470 358 541 641 263 338 762 800
Gl4 349 719 513 295 479 538 557 241 402 563 695 334 645 653 729 239 264 327 553 557 428 509 3520 1031 685
Gl5 |544 918 665 514 613 741 676 416 49 622 894 410 702 884 704 379 386 466 497 535 669 394 3590 926 839
G16 | 557 320 346 602 642 367 270 3578 561 435 19 650 494 379 764 494 648 486 676 647 408 693 421 932 378
G17 |396 604 462 370 524 520 433 366 361 4358 589 385 547 600 686 229 340 232 547 546 375 482 445 962 579
G18 | 584 843 411 731 558 508 495 450 374 293 708 464 391 885 444 516 380 608 452 629 766 276 352 707 860
G19 |414 876 438 596 391 514 535 289 345 432 737 312 507 875 462 423 240 538 428 590 683 29 415 803 864
20 1275 7.08 462 571 3.69 29 482 437 500 549 511 485 620 7.8 631 547 511 468 727 813 463 686 544 1028 684
G21 |12.01 632 10.74 9.68 1338 1038 1038 1191 1293 11.69 943 1292 1266 3534 1526 998 1293 1027 1231 958 820 1337 1171 1560 598
G22 |258 678 550 309 421 549 548 391 483 670 592 422 706 613 792 366 431 375 687 682 314 691 600 1128 640
G23 | 681 194 501 601 798 542 422 684 665 527 413 744 632 320 909 49 719 479 755 630 389 760 559 1047 294
G24 |313 700 472 573 397 570 368 487 424 495 464 441 522 734 545 507 525 396 627 738 464 592 466 885 632
G25 [163 728 510 355 351 561 477 279 384 569 581 306 6.10 676 643 366 381 279 584 659 376 567 498 976 645
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Geno | G26 G27 G28 G29 G30 G31 G32 G33 G34 G35 G36 G37 G38 G39 G40 G4l G42 G43 G444 G45 G46 G47 G438 G499 Gs0
G26 | 000 7.96 491 421 211 532 490 286 351 577 601 257 595 7.62 579 403 328 393 570 684 463 547 503 970 736
G27 000 584 712 911 602 540 801 823 644 452 891 757 256 1038 630 865 624 890 732 469 910 682 1154 297
G28 000 676 479 160 260 452 432 221 362 528 317 642 517 494 486 580 523 613 59 492 254 767 64
G29 000 604 638 632 428 558 742 735 453 797 590 899 272 490 284 634 542 311 670 668 1138 593
G30 0.00 517 521 354 341 567 642 289 545 0903 446 526 339 570 558 750 647 514 488 892 882
G31 000 349 474 488 353 386 574 395 624 609 532 523 643 567 639 626 569 331 834 674
G32 000 509 400 273 263 514 27 602 528 460 544 479 478 566 526 488 231 697 525
G33 000 3.18 508 657 249 546 735 584 353 235 415 472 595 545 434 419 892 760
G34 000 413 595 214 358 823 413 405 238 448 406 627 619 320 306 7. 791
G35 000 451 547 230 726 457 531 511 582 494 626 673 413 210 654 684
G36 000 701 461 536 715 623 720 609 7. 742 547 738 438 880 491
c G37 000 532 852 498 364 197 420 402 596 590 359 446 841 817
G38 000 820 375 3592 3533 644 458 675 757 402 162 534 177
G39 0.00 1088 581 841 573 865 685 404 916 7.2 1197 27
G40 000 727 537 765 515 827 913 409 426 559 1017
G4l 000 361 278 450 372 374 459 466 936 571
G42 000 468 471 621 613 373 448 903 847
G43 000 594 573 284 578 529 998 5.14
G4 000 375 743 232 389 574 8.00
G45 000 633 3504 568 839 636
G46 000 764 644 1155 377
G47 000 345 584 865
G48 000 589 6.89
G49 0.00 1110
G50 0.00

Geno= genotype, G1-G50 genotypes list given in Table 1.

Figure 1. Euclidean distances based on 12 agronomic traits and 7 stress tolerance indices of 50 faba bean genotypes evaluated over locations and soil

managements in 2017 main cropping season.
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Figure 2. Distribution of 1225 pairs of 50 faba bean genotypes into 8 different categories of Euclidean distances with mean Euclidean distance of 5.79 and

standard deviation 2.21 in the central highlands of Ethiopia in 2017.

In this study, the mean genetic distance of each faba bean
genotype as compared to other 50 genotypes were calculated
to generate information about the most distant and closest
genotypes (Table 2). Accordingly, the estimated mean genetic
distances of genotypes Wayu (G21), CS20DK (G49), Holetta-
2 (G10) and Kasa (G27) were the highest in descending order,
while Cool-0030 (G1), EK05001-1 (G17), EH06027-2 (G41)

and EK05006-3 (G13) had the lowest ED in ascending order. A
total of 16 faba bean genotypes (32%) had mean genetic
distances higher than the overall mean 5.79 while 34
genotypes (68%) including all advanced lines had mean
genetic distance below 5.79 (Table 2). The result showed
considerable dissimilarities among the genotypes that could be
used as parents in the faba bean breeding program in Ethiopia.
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Similar findings were also reported among faba bean
genotypes by different scholars [14, 15].

Further, the Euclidean distance values were higher among
released varieties than advanced lines. This indicated that
there is a chance of improving grain yield, and soil acidity
stress tolerance traits through selection and hybridization of
faba bean genotypes due to a higher distance in released
varieties. Genotypes with minimum distance were not
genetically diverse. A cross between two distantly related
parents results a great number of contrasting alleles at the
desired loci, and then to the extent that these loci recombine
in the F, and F; generation that leads to greater opportunities
for effective selection for yield factors [16].

The result suggested that, maximum genetic recombination
is expected from the hybridization of the parents selected

from divergent genotypes. Conversely, crossing of parents
selected from similar genotypes could not give higher
heterotic value in F, and will result in narrow range of
variability in the segregating F, generation. However, the
breeder should specify objectives for best use of the traits
where the traits are divergent. This finding is parallel with the
reports of Million [14]; Million and Habtamu [15].

Generally, among 1225 pairs of genotypes four ranges of
Euclidean distances had the largest number of pairs. The 243
genotype pairs (19.8%), had genetic distances between 2.00 and
3.99; 469 genotype pairs (38.3%) had genetic distances between
4.00 and 5.99; 324 genotype pairs (26.4%) had genetic distance
between 6.00 to 7.99 and 124 genotype pairs (10.1%) had
genetic distances between 8.00 and 9.99 while the genetic
distance between 14.00 to 15.99 had 3 genotype pairs (Figure 2).

Table 2. Minimum, maximum, mean ED, SD and CV of 50 faba bean genotypes in each pair over locations and managements.

Genotype Min Max ED SD CvV Genotype Min Max ED SD CV

Co01-0030 2.87 9.89 4.52 143 31.59 EKLS/CSR02017-3-4 1.63 12.01 5.11 2.12 41.54
Wolki 3.34 12.74 6.42 1.91 29.70 Kasa 1.94 11.54 7.03 2.09 29.74
EKLS/CSR02012-2-3 1.80 12.35 5.09 215 42.14 Cool-0025 1.60 10.74 5.09 1.60 31.49
Obse 2.60 14.58 6.28 225 3576 EH06070-3 2.00 11.38 5.75 1.93 33.49
NCS8 2.78 9.31 6.33 1.57  24.87 EKLS/CSR02010-4-3 2.11 13.38 5.70 2.19 38.50
Ashebeka 2.43 12.32 5.33 1.95  36.66 Cool-0031 1.60 10.38 5.56 1.50 26.96
Hachalu 2.98 11.74 5.82 1.72 29.58 Co0l-0018 2.31 10.38 4.95 1.49 30.15
Degaga 2.47 8.79 5.49 1.51 27.50 EKLS/CSR02028-1-1 1.96 11.91 4.89 1.97 40.30
EH09031-4 2.00 11.28 5.55 207 3733 EK 05037-4 2.14 12.93 4.88 2.00 41.08
Holetta-2 4.00 13.55 8.14 192 23.63 Cool-0035 2.10 11.69 5.26 1.75 33.18
EH09007-4 2.53 11.79 6.10 2.07 3395 KUSE2-27-33 1.96 9.43 6.13 1.68 27.34
EH07023-3 1.55 13.87 5.64 240 4254 EHO07015-7 1.80 12.92 5.01 224 44.59
EK05006-3 1.92 12.50 4.84 2.05 4238 Cool-0024 1.62 12.66 5.66 1.94 34.23
EKLS/CSR02014-2-4 2.32 10.95 4.95 1.87  37.79 Selale 2.56 11.97 6.99 2.03 29.03
Numan 3.29 12.96 6.00 198  33.03 Moti 3.75 15.26 6.77 232 34.24
Bulga 70 1.96 9.32 5.46 1.66  30.32 EH06027-2 2.29 9.98 4.72 1.52 32.26
EK05001-1 2.29 10.67 4.70 1.52 3232 EKLS/CSR02019-2-4 1.55 12.93 5.04 225 44.65
Dosha 2.60 13.28 5.57 2.08  37.29 EH09002-1 232 10.27 5.11 1.63 31.82
Gora 1.92 13.12 5.21 217  41.68 Tumsa 232 12.31 5.70 1.85 32.39
EH08035-1 2.52 11.60 5.78 1.78  30.84 Gebelcho 3.72 9.58 6.27 1.17 18.70
Wayu 5.34 15.60 11.10 23 20.73 EK05037-5 2.83 11.55 5.72 1.82 31.89
EKLS/CSR02023-2-1 2.57 11.28 5.49 1.96  35.59 Didi’a 232 13.37 5.44 221 40.59
Mesay 1.94 10.47 5.99 1.80  30.09 Cool-0034 1.62 11.71 491 1.73 35.23
EH09004-2 2.52 11.77 5.49 1.62  29.44 CS20DK 4.47 15.60 8.98 2.17 24.17
EHO06088-6 1.63 11.29 4.99 1.96  39.22 Tesfa 5.68 11.10 6.78 1.91 28.22
Overall mean 1.55 15.60 5.79 2.21 33.44

Min= minimum, Max= maximum, ED= Euclidean distance, SD= standard deviation, CV= coefficient of variation in percent.

Table 3. Distribution of 50 faba bean genotypes in to ten clusters using mean of 19 traits of agronomic and stress indices over locations and managements (six

environments) in 2017.

Cluster E;Tg/:egf List of genotypes

1 7 Co01-0030 (1), Cool-0025 (28), Cool-0031 (31), Cool-0018 (32), Cool-0035 (35), Cool-0024 (38) and Cool-0034 (48)

1I 8 Wolki (2), Ashebeka (6), Tumsa (44), Didia (47), Hachalu (7), Obse (4), Dosha (18) and Numan (15)

I 1 Moti (40)
EK LS/CSR02012-2-3 (3), EH07015-7 (37), EH07023-3 (12),

v 20 EK LS/CSR02019-2-4 (42), EK 05037-4 (34), K05006-3 (13), EK LS/CSR02028-1-1 (33), EK LS/CSR02010-4-3 (30),
EHO09031-4 (9), EH06070-3 (29), EH09002-1 (43), EK LS/CSR02014-2-4 (14), EK05001-1 (17), EH06027-2 (41), EH09007-
4 (11), EK LS/CSR02023-2-1 (22), EH06088-6 (25), EK LS/CSR02017-3-4 (26), EK05037-5 (46) and Gora (19)

v 2 EHO08035-1 (20) and EH09004-2 (24)

VI 1 Gebelcho (45)

VII 8 NCS58 (5), Degaga (8), Bulga 70 (16), KUSE2-27-33 (36), Mesay (23), Kasa (27), Selale (39) and Tesfa (50)

VIII 1 Holetta-2 (10)

IX 1 CS20DK (49)

X 1 Wayu (21)
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Figure 3. Dendrogram of 50 faba bean genotypes developed by UPGMA clustering method based on Euclidian distance matrix estimated from overall mean of

genotypes for 19 traits over locations and managements (six environments).

3.2. Clustering of Genotypes

The Euclidean Distance matrix of the 1225-genotype pairs
estimated for grain yield and soil acidity stress tolerance
indices were used to construct dendrograms based on the
Unweighted paired group method with arithmetic means
(UPGMA). Based on ED matrix, the 50 faba bean genotypes
were grouped into 10 clusters over locations and
management levels using 3.58 as cutting point (mean ED -
SD) to determine number of clusters (Figure 3). This implied
the presence of wide diversity or variability among the tested
genotypes. Likewise, previously different results were
reported that 8 released faba bean varieties were grouped into
3 clusters and their differences were largely attributed to the
variation on thousand seeds weight (Million, 2012) and also
36 faba bean genotypes were constructed 7 clusters based on
8 yield traits [17]. The disparities in the number of clusters
were due to the variation in tested genotypes the number of
parameters considered for evaluation.

Cluster I contained seven (14%) genotypes. Cluster [V was
the largest cluster (40%) containing twenty genotypes.
Clusters II, IV and VII together accounted 72% containing
thirty-six genotypes having twenty, eight and eight genotypes
each, respectively. Cluster IX and X constituted fourteen
genotypes (28%) with six and eight genotypes, respectively.

Cluster 111, VI, VIIIL, IX and X were solitary clusters that had
10% genotypes together. The four larger clusters (I, II, IV
and VII) together accounted 86% containing forty-three
genotypes (Figure 3; Table 3).

Five genotypes Moti, Gebelcho, Holetta-2, CS20DK and
Wayu were clustered as solitary, which implied the
performance of these five genotypes significantly, vary as
compared to the other genotypes. In harmony with this result
previously reported that Moti was clustered as solitary among
8 genotypes [15]. The numerous cluster groups in a small
sample of genotypes used in this study reveal as in previous
studies that faba bean has a wide genetic diversity [14, 15].

3.3. Cluster Mean Analysis

Cluster I consisted of 7 locally collected genotypes having
the characteristic of susceptible to chocolate spot disease
followed by cluster VII and moderate to the other traits. Eight
released large seeded wvarieties of which four (Wolki,
Hachalu, Ashebeka and Didi’a) released for areas with
waterlogging problem made cluster II and this cluster
considered the relatively most tolerant to soil acidity
problems due to lower relative yield reduction similar to
cluster VI next to cluster VIII. This cluster also characterized
by tall plant height and high yield index. The rest traits were
intermediate to this cluster (Table 4). This result implies that
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genotypes released for water logging problem areas were
better tolerate soil acidy problems too.

Cluster III consisted of one genotype having the
characteristic of tall plant height, grain production efficiency
and stress susceptible index. Twenty genotypes were included
in cluster. Cluster IV characterized by long grain filling period
and larger hundred seeds weight, low number of poding node
per plant and pods per plant. Cluster V characterized by high
relative yield reduction, late days to 50% flowering and 90%
maturity, short plant height, low number of poding node per
plant, pods per plant and pods per poding node. Cluster VI had
genotype with a characteristic feature of late days to 50%
flowering and 90% maturity, resistant to chocolate spot disease,
low number of poding node per plant and relative yield
reduction. Cluster VII characterized by susceptible to
chocolate spot disease, early day to 90% maturity and smaller
seed size (Table 4).

Cluster VIII had short plant height, lower grain yield,
relative yield reduction and stress susceptible index. Cluster
IX had high number of poding node per plant, pods per plant

Table 4. Mean performance of different clusters for 19 traits of agronomic

managements levels (six environments) in 2017 main cropping season.

and pods per poding node, high grain yield, economic growth
rate, stress tolerance index, mean productivity, geometric
mean productivity and harmonic mean and also characterized
by short grain filling period and resistant to chocolate spot.
The rest traits were intermediate to this cluster as compared
to the other clusters and this cluster was found as best of all
the other clusters in all traits performance. Cluster X had late
days to 50% flowering and short grain filling period and
plant height, less hundred seeds weight, grain yield, grain
production efficiency, economic growth rate, yield index,
stress tolerance index, mean productivity, geometric mean
productivity and harmonic mean (Table 4).

According to the cluster mean analysis, Cluster Il and V
were constituted the most soil acidity susceptible genotypes
due to high relative yield reduction and stress susceptible
index whereas cluster VIII was the only cluster that had both
lower relative yield reduction and stress susceptible index.
Cluster IX was characterized by high performance of all
traits in contradict to this, cluster X characterized by low
performance of all traits.

and stress indices in faba bean genotypes evaluated over locations and

. Cluster
SN Traits 1 1 1 v v VI v vl IX X
1 Days to 50% flowering (days) 54.17 55.17 53.39 53.43 51.97 58.11 53.57 53.61 55.61 58.50
2 Days to 90% maturity (days) 14548  146.56 14450 14693 14328 14750 143.56  146.33 144.44 145.94
3 Grain filling period (days) 91.31 91.39 91.11 93.50 91.31 89.39 89.98 92.72 88.83 87.44
4 Plant height (cm) 12123  123.76 12333 119.56  115.78 121.50  119.22  113.44 118.72 109.89
5 Number of poding node per plant 8.02 7.36 7.89 6.70 6.92 6.78 8.37 7.00 8.67 7.17
6 Number of pods per plant 11.63 10.12 10.50 8.51 8.75 10.06 12.11 9.67 14.33 11.22
7 Number of pods per poding node 1.46 1.37 1.34 1.27 1.26 1.50 1.45 1.37 1.66 1.57
8 Hundred seeds weight (g) 56.20 75.30 72.76 85.51 81.41 76.43 48.84 54.07 51.86 36.03
9 Grain yield (g/5plants) 81.24 85.15 93.92 78.31 79.09 76.07 72.54 58.63 96.40 51.16
10 Chocolate spot disease (%) 36.63 31.25 33.70 30.82 35.28 24.51 36.56 29.81 23.29 35.65
11 Grain production efficiency (g) 138.70 14297 163.70  139.16 14226  117.13 123.70  102.64 155.24 76.58
12 Economic growth rate (g/day) 89.35 93.47 103.35  84.01 87.16 85.60 80.89 63.48 109.20 58.85
13 Relative yield reduction 0.35 0.24 0.37 0.33 0.41 0.24 0.31 0.18 0.30 0.35
14 Yield index 091 1.05 1.04 0.89 0.84 0.93 0.84 0.76 1.14 0.58
15 Stress tolerance index 1.29 1.46 1.72 1.20 1.23 1.18 1.04 0.71 1.86 0.54
16 Stress susceptible index 1.54 1.03 1.86 1.42 1.78 0.96 1.20 0.48 1.48 0.92
17 Mean productivity (g) 81.23 85.14 93.92 78.31 79.09 76.06 72.54 58.62 96.40 51.15
18 Geometric mean productivity (g) 78.83 83.86 91.22 76.12 76.23 75.23 70.57 58.22 94.73 49.87
19 Harmonic mean (g) 76.56 82.63 88.63 74.05 73.51 74.41 68.77 57.84 93.11 48.64

3.4. Principal Component Analysis

Principal component analysis (PC) was carried out to
understand sources of variance among the faba bean
genotypes. The 12 agronomic traits and 7 stress indices
were grouped into the first four axes. The PCs indicated
that the first principal component accounted 45.80% of the
total multi-trait standardized variations over locations and
managements whereas the second principal component
was accounted 25.36%. The first and second PCs together
accounted 71.16% of the total variation. The first four PCs
accounted 90.27% of the total variation among 50 faba
bean genotypes of 19 considered traits over locations and
managements (Table 5). This is because their eigenvalues
were greater than 1, while factors having eigenvalue less

than one were ignored following Gutten’s lower bound
principle [13]. Similarly a previous report indicated that
the first four PCs explained 83.7% of the total variation in
which PC1 explained the most variability (36.1%), PC2
(22.3%) and PC3 (15.4%) [17].

The top important traits responsible for genetic divergence
in the major axis (PC1) include hundred seeds weight, grain
filling period and yield, number of pods per plant and
number of pods per poding node. The number of poding node
per plant, days to 90% maturity, grain production efficiency,
yield index, stress tolerance index, mean productivity,
geometric mean productivity and harmonic mean were also
important. The least contributors were relative yield
reduction, stress susceptible index and economic growth rate.
In PC2, the observed 25.36% variation was caused mainly by
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plant height, number of poding node per plant, pods per plant
and grain yield (Table 5). In line with this result, it was
reported that the variance explained by PC1 was mostly due
to traits related to days to 90% maturity and hundred seeds
weight whereas PC2 was mostly related to grain yield, plant
height and number of pods per plant [17]. Likewise, greater
percentage of variation in PC1 accounted by number of pods
per plant and PC2 by plant height [4].

The results of the PC indicated that more than two traits
with small contribution accounted for each principal
component load and the total contribution of the PC to the
variation observed among genotypes. All the values under
each principal component were in the absolute values due to

the fact that they represent the Eigenvector of PC. It is
normally assumed that traits with larger absolute values
closer to unity within the first principal component influence
the clustering more than those with lower absolute values
closer to zero [7]. Accordingly, many traits contributed to the
total variation and for differentiation of the genotypes into
different clusters was dictated by the cumulative effects of a
number of traits. As the more variations explained by the
PC1 its scores could effectively represent the genotype effect
[17, 18]. In this experiment, the PC ultimately revealed the
amount of variability for the traits that could be used for faba
bean genotypes improvement.

Table 5. The first four PCs explained for 19 traits of 50 faba bean genotypes evaluated with and without lime application across three locations in 2017 main

cropping season.

. Eigenvectors

SN Traits PCl PC2 PC3 PC4
1 Days to 50% flowering -0.17 0.04 0.64 0.33
2 Days to 90% maturity 0.30 -0.04 0.40 0.36
3 Grain filling period (days) 0.39 -0.06 -0.13 0.07
4 Plant height (cm) 0.15 0.40 0.00 0.37
5 Number of poding node per plant -0.33 0.30 -0.13 -0.01
6 Number of pods per plant -0.37 0.26 -0.01 0.04
7 Number of pods per poding node -0.37 0.14 0.19 0.10
8 Hundred seed weight (g) 0.42 -0.04 0.08 -0.07
9 Grain yield (g/5plants) 0.19 0.48 0.04 -0.07
10 Chocolate spot disease (%) -0.13 0.05 -0.51 0.38
11 Grain production efficiency (g) 0.27 0.40 -0.12 -0.12
12 Economic growth rate (g/day) 0.12 0.50 0.07 -0.10
13 Relative yield reduction -0.03 -0.07 0.56 0.36
14 Yield index 0.31 0.10 -0.20 -0.09
15 Stress tolerance index 0.33 0.10 -0.01 0.06
16 Stress susceptible index 0.11 -0.07 0.53 0.31
17 Mean productivity (g) 0.33 0.07 0.05 0.05
18 Geometric mean productivity (g) 0.33 0.07 0.00 0.03
19 Harmonic mean (g) 0.33 0.08 -0.04 0.01

Eigenvalue 8.70 4.82 2.50 1.13

% variance explained 45.80 25.36 13.16 5.94

Cumulative% of variance 45.80 71.16 84.32 90.27

PC= principal component.

4. Conclusion

Euclidean distances (ED) of genotypes estimated from 12
agro-morphological traits and 7 stress tolerance indices over
locations and soil managements indicated the wide genetic
distances among genotypes in the range between 1.55 and
15.60. The maximum segregation of progenies is expected
from crosses involving parents selected from genotype G21 x
G49, followed by genotype G21 x G40 and G4 x G21 across
locations and soil managements. Conversely, crossing of
genotypes with low ED such as G12 x G42, G28 x G31 and
G38 x G48 could give to lower heterotic value in F; and
leads to narrow range of variability in the segregating F,
generation.

The 50 faba bean genotypes were grouped into 10 distinct
clusters by UPGMA clustering method based on ED matrix
estimated from overall mean of 19 traits. Cluster IV is the
largest which constituted by 20 genotypes whereas five

clusters (III, VI, VIIL, IX and X) were represented by single
genotype. The overall mean trait performances clusters found
IX and X as the best and least performing genotypes,
respectively. Eight released large seeded varieties of which
four (Wolki, Hachalu, Ashebeka and Didi’a) released for
areas with waterlogging problem made cluster II and this
cluster considered the relatively most tolerant to soil acidity
problems due to lower relative yield reduction similar to
cluster VI next to cluster VIII.

The first three principal components (PCs) accounted for
84.32% among 50 faba bean genotypes having more than
10% contribution in which PC1 and PC2 constituted 45.80%
and 25.36% of the total variation, respectively. The genetic
divergence of genotypes in PC1 was mainly contributed by
hundred seeds weight, grain filling period, number of pods
per plant and number of pods per poding node. Hence, it is
difficult to identify one or few traits that had large
contribution to each PC because each PC cumulative
contribution was the results of small contribution of many
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traits. Therefore, for future breeding program that employ
hybridization, parental material selection should be carried
out considering ED of genotypes and principal components
that meets to breeders’ interest.
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