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Table 1. Characteristics of faba bean genotypes

G g 0 lad uigij el PHERSIRY Lacw
Genotype code  Genotype name  Seed size Origin

1 G-faba-1 Sy ails L
2 G-faba-95 Sy ails I, IS5
3 G-faba-98 Sy ails J
4 G-faba-62 Sy ails IS5
5 G-faba-67 Sy ails 15
6 G-faba-13 Sy ails 1o
7 G-faba-16 Sy ails I IS5
8 G-faba-159 Sy ails I !
9 G-faba-133 Sy ails 1o, IS5
10 G-faba-146 Sy als 13,15
11 Balogi Sy ails O !
12 Saraziri Sypals byl
13 Barekat Syl odS= ol
14 G-faba-29 5y 4l 1o S
15 G-faba-31 5yl 13,15
16 G-faba-35 5yl 13,15
17 G-faba-51 5y 4l 1o S
18 G-faba54 5y 4l 13,15
19 G-faba-63 2, als 1o S
20 G-faba-64 5yl 13,15
21 G-faba66 5yl 13,15
22 G-faba-69 5y 4l 1o S
23 G-faba-79 5y 4l 13,15
24 G-faba-94 5y 4l 1o S
25 G-faba-161 2, als 1o S
26 Broujerd 0y als Sap ol
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Table 2. Analysis of variance (MS) for some traits of faba bean
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SOV qf Harvest Biological Dryseed Pod (o ‘flm Zr ofseed of node Number NUMber pjant payesto Dayesto  Dayes to
: index yield yield length >Se¢ ~ oOfsee per per ofsttm ofpod pejght maturity flowering germination
weight per pod plant stem per per
plant  plant
Bf(:(l;k 2 0.005™ 13798.3™ 4104.20 47.53** 29.45"™ 0.79"™ 53.97™ 055™ 0.10™ 39.05™ 114.12* 2.16™ 0.34™ 1.16™
Ge:::;pe 25 0.17**  66925.2** 22515.1** 32.4** 25222** (0.23** 1609.6** 15.92** 4.43** 206.72** 37454** 46.75** 4.32%* 4.22%*
(Error) > 50 0.018 3322.06 214172 0.76 14106 0.11 129.92 0.92 0.77 13.26  34.26 2.99 1.45 0.88
Sl s o i
’EJ\“/O/ e 20.98 10.89 14.55 10.39 1055 12,53 13.55 5.71 17.18 11.33 8.55 0.76 0.98 3.82
0

ns: Non-significant, *and **: Significant at « = 0.05 & « = 0.01, respectively
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Table 3. Mean comparison for traits of faba bean

T aibs >l
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w5 e el e OREW T Gy sl S BEs 9 T T T efude T
Genotype Days t;) Days to Da&s to Pl'ant ol;'mpogr Number Number Numbe Number 100 See d rl:i Dﬁ}o Nd (&0 302 Har:est
> flowering  maturity height per of stem ofnode  rofseed  of seed weight length yr:/;;e Biological indox

g (cm) plant perplant  per stem per pla per pod @ (cm) () yield (g m?) %)

1 25 122 238 64.93 13.7 4.0 16.7 43.9 3.3 170.9 6.0 183.3 480.7 0.38
2 26 123 228 59.47 29.9 4.3 19.0 69.3 23 116.6 73 379.0 966.0 0.39
3 28 123 228 55.80 23.2 31 14.3 66.0 2.9 116.4 9.4 282.1 583.3 0.48
4 24 123 228 52.33 36.5 5.8 17.0 95.9 2.6 125.1 8.5 228.1 644.0 0.35
5 25 122 226 55.67 28.2 38 16.7 58.6 21 166.0 10.1 355.6 648.7 0.55
6 26 123 221 69.13 25.9 4.6 20.3 51.2 2.0 161.5 7.3 320.4 700.0 0.46
7 26 121 222 65.73 315 6.5 143 78.5 25 1414 6.3 245.0 508.7 0.48
8 25 124 224 72.47 33.9 4.9 19.7 80.9 25 132.2 85 334.6 756.0 0.44
9 27 124 224 71.80 38.3 4.7 15.3 96.0 25 101.0 10.9 445.2 998.7 0.45
10 25 122 224 69.80 345 6.9 13.0 93.3 2.7 111.3 9.5 2215 513.3 0.43
11 24 125 219 83.73 37.7 8.7 18.3 58.0 15 105.6 224 386.0 1003.3 0.38
12 25 127 230 78.07 17.3 4.3 13.0 58.5 34 125.2 59 311.7 1003.3 0.31
13 26 122 227 70.40 14.5 4.0 13.7 58.7 4.1 148.3 31 367.9 840.7 0.44
14 24 125 224 56.00 38.0 4.2 18.3 87.4 23 69.3 73 276.5 473.7 0.56
15 24 123 224 50.47 46.2 5.7 14.7 121.9 2.6 71.0 7.2 81.7 499.3 0.30
16 24 123 227 60.73 38.0 4.9 15.7 95.6 25 82.8 75 197.9 728.0 0.27
17 23 123 225 61.40 32.7 4.3 18.7 929 29 914 8.0 358.1 889.0 0.40
18 24 123 226 68.00 29.8 4.5 17.0 80.8 2.7 105.9 7.8 353.3 1092.0 0.32
19 24 121 219 66.80 30.3 53 14.3 103.6 3.4 96.9 8.4 292.9 807.3 0.36
20 24 123 221 74.07 40.1 5.1 18.3 106.0 2.7 102.1 8.7 448.1 886.7 0.51
21 24 123 220 74.27 41.1 53 20.3 124.9 3.0 94.1 10.4 336.5 1010.3 0.33
22 24 122 222 69.73 44.9 7.1 18.3 137.6 31 103.5 7.2 366.0 980.0 0.37
23 24 122 224 65.00 274 5.7 16.0 80.2 29 119.2 8.2 296.7 574.0 0.52
24 23 123 229 74.13 34.3 4.6 15.7 80.9 23 105.3 8.9 427.1 830.7 0.51
25 24 123 228 90.07 32.6 4.8 18.3 77.6 24 108.4 8.0 391.8 784.0 0.50
26 23 121 222 98.60 34.7 6.0 20.3 88.1 25 53.7 6.4 380.0 793.3 0.48
(Iz_ﬁ/?) 1.54 1.97 2.83 9.59 5.98 1.44 1.57 18.71 0.54 19.47 1.43 75.89 94.52 0.16
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Table 4. Correlations between some of agronomic traits in faba bean genotypes

Slawy
yu o,S.L».c als .))S.Lo& o ,|}.m. 39 43|‘é al.w Aa'lf Slass a; al.w JRYELF) u.va: Slaxy &j)‘ sy olas ey Sl U ey olass
s il g.i.:,,],...» S Pod ails e yo aig 40 asly 0 Gy aig 40 o 9-.‘t Ty b opalS b 5lex
Characters H_arvest Biological Dr)_/ seed length 100 'Seed Number Number Number Number Number heiarr]u Daysto  Days to Days to
index yield yield (PL) weight ofseed ofseed ofnode ofstem of pod g maturity flowerin armination
(H1) (BY) (DSY) (HSW)  perpod per plant perstem per  per plant (PH) (NDM)y (NDF)g g (NDG)
(NSePo)  (NSePl)  (NNSt)  plant  (NPP)
(NStP)
NDG -0.06™  0.02™  0.014™  -0.05™ 0.45" 0.08" -0.37"  -0.35™ -0.35™ -0.39™ -0.26"™ 0.19™ 0.07™ 1
NDF -0.15™  0.37™ 0.15™ 0.32" -0.08™  -0.19™  -0.19™ 0.03™  -0.07™ -0.004™ 0.07"™ 0.07™ 1
NDM 0.09™  -0.32™  -0.26" -0.39" 0.40 0.26™ -0.49" -0.29™  -0.56™ -0.59™ -0.24" 1
PH 0.21" 0.24" 0.56™ 0.19™ -0.19™  -0.06™  -0.08™ 0.29™  0.33®  -0.01™ 1
NPP -0.13™  0.19™ 0.02" 0.35™ -0.68™ -0.46" 0.81" 0.33™  0.53™ 1
NStP -0.22™  0.16™ -0.06" 0.54™ -0.26™  -0.30™ 0.35™ 0.08™ 1
NNSt 0.08" 0.21" 0.38™ 0.19™ -0.15™ -0.45" 0.11™ 1
NSePI -0.27™  0.26™ -0.08™  -0.04™  -0.65™ 0.12" 1
NSePo -0.25™ 0.14" -0.14™ -0.61™ 12 1
HSW 0.18™ -0.27"™ -0.02™ -0.12™ 1
PL 0.056 ™ 0.19™ 0.24™ 1
DSY 0.52™ 0.33™ 1
BY -0.59™ 1
HI 1
Qo )08y 5 do oy Jleio sk 55 I e 5 5l gine pas i g KT 5 F NS
ns: Non-significant, *and **: Significant at o = 0.05 & « = 0.01, respectively
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g 45 ;0 DL sl Wiy el )b 5l Cote s 8
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3l as gl sezg bog als 0, Slee L (+NY) Cude oo
= CIYE) wloY e 59 9 (+/Y0) e 0 wlo Slawy i
O e i yuf Ol Lo a4 gy Cude alls & Sles
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Table 5. Direct (under lined) & indirect path coefficient on grain yield

B sluy a3l olasy 30 0,5 Sl 30 &l dlasy b S b 5 51
ag glisyl i i . o WlVer 3y O Job ]
Slio Plant 302 G322 sl e 100Seed  Pod udly oo
Characters height Number of Number of Number of Number of weight length Total effect or
(PH) pod per plant stem per node per seed per pod (HSW) (PL) correlation with
(NPP) plant (NStP) stem (NNSt) (NSePo) dependent variable
PH 0.74 -0.009 0.24 0.22 -0.04 0.14 0.13 0.56
NPP -0.005 0.51 0.27 0.17 -0.24 -0.34 0.18 0.02
NStP -0.21 -0.34 -0.65 -0.05 0.20 0.17 -0.35 -0.06
NNSt 0.03 0.04 0.009 0.11 -0.05 -0.02 0.02 0.38
NSePo -0.01 -0.09 -0.06 -0.09 0.20 0.02 -0.12 -0.14
HSW -0.06 -0.23 -0.09 -0.05 0.04 0.34 -0.04 -0.18
PL 0.08 0.15 0.22 0.08 -0.25 -0.05 041 0.24
2 . B
REOSD) oot a2 (V1—R? -0.66) osilessl ol
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Table 6. Eigenvalues, percentage of variance and coefficients of eigenvalues of traits in principal component analysis

ol Laaljo
Parametérs Components
1 2 3 4 5 6
Eigenvalue o35 sl 414 2.99 241 1.75 1.25 1.06
% of Variance _.ib s ao)s 24.34 17.57 14.18 10.32 7.34 6.21
CUMUIALIVE % _xezs uily s oy 24.34 4191 56.09 66.41 73.74 79.96
Days to germination _;als> b 5, olass -0.253 0.060 -0.276 -0.226 0.105 0.635
Days to flowering aals b 55, oloss 0.049 0.167 -0.475 -0.206 -0.386 -0.274
Days to maturity S, b j9, slas -0.377 -0.004 0.007 -0.011 -0.265 -0.368
Plant height s, glis | 0.174 0.330 -0.096 0.394 0.350 -0.312
Number of pod per plant ws, ,» e slaws 0.427 -0.152 0.164 -0.120 -0.200 0.187
Number of stem per plant s, ;s asLs slaws 0.341 -0.035 0.044 -0.217 0.551 -0.214
Number of node per stem asLs ;o 6,5 slass 0.240 0.251 0.051 0.150 -0.380 -0.045
Number of seed per plant x5, ;s wls slass 0.324 -0.383 0.110 0.176 -0.094 0.241
Number of seed per pod sk ;o ails slass -0.219 -0.323 -0.176 0.462 0.232 -0.021
100 Seed weight wis) - - o3 -0.341 0.203 -0.038 -0.163 0.255 0.097
Pod length cie Jobs 0.265 0.282 -0.117 -0.442 0.165 -0.016
Dry seed yield s ails o Slee 0.124 0.464 -0.125 0.383 -0.022 0.327
Biological yield <G59/50 o Sloe 0.210 -0.055 -0.619 0.184 -0.019 0.094
Harvest index <ozl jasls -0.079 0.426 0.449 0.144 -0.056 0.154
4 |
3
2
o
Z 2.
8
14
-
2 4 6 8 1 12 14 16

Component Number
Olaw g )l.\f).uia radlio slawi (40 )5 asio (g dastie laaiy ;) ousdoLis 81,5 5 Sl - o
Fig. 1. Graph showing eigenvalues in response to number of components for the estimated variables of faba bean
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Fig. 2. Tow-dimensional graph (biplot) of 26 faba bean genotypes based on morphological traits and yield
(principal component analysis)
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Introduction

Faba bean (Vicia faba L.) is a major crop legume that is used as food owing to the high nutrient
components in seeds. Yield improvement is a major breeding objective of most crop breeding programs.
Multivariate analyses are useful for characterization, evaluation and classification of plant genetic resources
when a number of accessions are to be assessed for several characters of agronomic, morphological and
physiological importance. Different types of multivariate analysis such as regression analysis, path analysis,
principal component analysis (PCA) can be used to identify groups of genotypes that have beneficial traits
for breeding and instructing the patterns of variation in genotype accession, to recognize relationships among
accessions and possible gaps. Correlation coefficients describe the mutual relationships between different
pairs of characters without providing the nature of cause and effect relationship of each character. Path
analysis was also performed to determine the direct and indirect contribution of each character to seed yield.
Principal component analysis has been widely used in the studies of variability in germplasm collections of
many species. The objective of the present study was to estimate the correlations and partition of the
coefficient of correlation between seed yield with its primary components, into direct and indirect effects to
determine the relative importance of each one in faba bean seed yield. The other aims of the present study
are to assess the genetic diversity present in the morphological and agronomical traits in 26 faba bean
genotypes by principal component analysis.

Materials & Methods

This study was carried out during 2015-16 growing season in Lorestan province, Iran (longitude, 48° 45
E; Latitude, 35° 55" N; Altitude, 1629 m above sea level). Experimental material comprised 26 genotypes of
faba bean. Field experiments were conducted in a randomized complete block design with three replications.
Each plot consisted of four rows with 4 m long and distance between rows and plants were 50 and cm,
respectively. The characters included days to germination, days to flowering, days to maturity, plant height,
number of stems per plant, number of node per stem, number of seeds per pod, humber of seeds per plant,
hundred seed weight, pod length, dry seed yield, biological yield and harvest index were measured before
and after harvesting. SAS 9.2 used to analyses the correlation and regression coefficients. Path coefficients
were estimated by path analysis software. Principal components analysis was done using SPSS and the
graphs were drawn via Minitab.

*Corresponding Author: sharifi@iaurasht.ac.ir
AF


http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 11, No. 1, 2020, p. 74-87 (Research Article)

Results & Discussion

The analysis of variance indicated significant differences between genotypes for all of the studied traits.
Correlation analysis indicated there were positive correlation coefficients between seed yield and number of
days to germination, number of days to flowering, plant height, number of pods per plant, number of nodes
per stem, hundred seed weight, pod length, biological yield and harvest index. Regression analysis indicated
seed yield as dependent variable, while plant height, number of pods per plant, number of stems per plant,
number of nodes per stem, number of seeds per pod, hundred seed weight and pod length were considered as
casual variables. Path coefficient analysis indicated plant height (0.74), number of pod per plant (0.51),
number of nodes per stem (0.11), number of seeds per pod (0.20), hundred seed weight (0.34) and pod length
(0.41) had positive direct effects on seed yield. The results of principal component analysis showed that the
eigenvalues were reduced with the increase of the number of PCs. Principal components analysis, identified
six components that explained 80% of total variation. The maximum values of eigenvalues were obtained for
first three PCs, which accounted for a cumulative percentage of total variance of 24.34%, 17.57% and
14.18%, respectively. The remaining percentage of the total variation decreased sharply. The eigenvalue of
the first principle component had a variance of 4.14, while the other two components had much smaller
variances. It could be said that the first principal component is by far the most important of the three and that
the first principal component include the largest variance of any one unit the length linear combination of the
observed variable. The first two and three PCs was used to grouping the genotypes in two and three-
dimensional plots, respectively.

Conclusion

Attention should be paid to traits such as plant height, number of pods per plant, number of nodes per
stem and pod length for augmentation of seed yield and these traits could be used as selection criteria in faba
bean breeding programs. Tow dimensional plot based on first two principal components showed genetically
different genotypes by the pattern on scattering. It could be concluded that the high yielding genotypes, such
as 9 and 22 could be used to improve seed yield of faba bean and making possibilities of extending
production of this legume crop.
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