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Evaluation of indices related to grain quality, chemical and rheological properties
of bread wheat using biplot analysis
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Table 1. Analysis of variance for traits related to baking quality in recombinant lines of bread wheat

Mean square o+ Kb

Y= a o S N 2 ;@ > g 2 :‘C_; 2 \ = \ o <>:I<.)
s el = - D — O =~ = N o= D =
52 5, b, 3Ez Bz 7% 1y YE. 78 38 BE A
815 . x;—“qﬁ 305\%‘90—) A=) 7 s K‘:o\o N = 3, @ =) \ o
CRS b3 782282 JE 4B 987 1% 33 Jgz ni
&S 5 487wz JE gz g P2 Y8 33
T YA a
Replication oSl 1 1.39ns 0.00"s 0.19" 0.17"s  0.001"s  0.11" 5.63"s  0.00"s  16.68"s
Genotype ] 29 11.28™ 4,06 0.10™ 0.96" 0.97" 0.14™  25.08™ 055™ 50.94™
Error 29 0.70 1.34 0.02 0.23 0.49 0.01 6.39 0.005 18.41
CV (%) e - 2.19 147 1.78 0.16 5.76 5.20 8.75 5.02 8.56
¥ ol
R? (%) R - 0.94 0.75 0.82 0.81 0.66 0.93 0.79 0.92 0.96

* *

NS s e

(N.9) Hls gae ;oo 5 (O=1Y) HIs fre Sl (0=70) Sl cme 54 ™

V Jau dela!
Table 1 (continued)

, ™ and ": Significant (0= 5%), highly significant (a= 1%) and non-significant, respectively

Mean square ol o ke

_ 2 §F B §F 3 EC c
5 S = 18 3 & s 3 £ 2
£ € 25 1% 35 182 4¢8 s 7 £ s
= 3 g E SR Y 2 9o £ S e 2 2D l S 3 2z 3
s %) ¥ 1 s S 38 33 485 4 ZE F s =28 32
4= : = 5 = 4 s 1l o 3 2 z 'E 1S z 'E 1S 3 o { 3 55 > 8
o 4 3 kS ) 3 3 £ S 85 NS 5 2 382 N
a ) . + + . [72] (8]
8 9 32 T RIS q\ S Eh Lex { 3 3 = E V‘L =
5 © » g q\ = > E EET) = @ g = =2 D g
s] w & =) D2 Do 8 N 3 2
3 =2 . = . — =) 7]
= 2 5P s P - 4 8 &

a e 3 0 9
Replication S b 1 0.43™ 0.24ns 0.04" 017" 1.66" 6.66™" 2.81™ 0.12"s 0.00"s
Genotype P 29 0.08™ 40.34™ 7.26™ 15.97™ 633.06™ 1007.77™ 159.08™ 431" 38.18™
Error L 29 0.01 0.09 0.005 0.13 0.42 0.18 0.23 0.03 0.05
CV (%) R N - 9.23 0.36 1.79 1.78 4.83 2.01 5.61 1.09 1.28
R? (%) S - 0.93 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99

* *

(N.9) Hls gae 1o 5 (O=11) s sne Hlos (O=T70) Hls fae o5 5 a4y
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, ™ and ": Significant (0= 5%), highly significant (a= 1%) and non-significant, respectively
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Table 2. Means comparison of 30 recombinant lines of bread wheat for 18 traits related to quantity and

quality of grain and flour

S 2 5 S g M v 98
B = [=2] S PR3 ~ 2 R BN P
L2 a9 3T € 30 s ag 2T B A%
N e 58 > 12 & 12 18 3E QB Y S
32 N - - - % 8 fp= » 3 4 3 B
8 g Tg JE Jz w5 1< 2g 22 28
=3 g T 95 g Y 2 LS Y 2
8 T o = 3 3 30
—
1 37.9Fi 78.4b¢ 8.4 b 91.5 b 12.1 ¢ 1.8 f 31.3%¢ 1.4 99 39.8 91
2 40.7%¢ 77.5 o 8.2¢h 91.7 ad 10.7¢ 2.0 28.1 ¢ 1.3 9k 35.7 hk
3 36.7 M 77.0 ¢ 8.0h 91.8%® 115 bd 2.0 29.1 ¢ 1.1mn 420
4 41.2b¢ 78.7 be 8.0h 9192 12.8 ¢ 1.6 9 32.2%¢ 1.4 h 51.1 of
5 40.9 b 83.0° g.7a¢ 91.3 9 12.3ad 2.0¢c 35.0% 1.6%¢ 47.8°¢9
6 37.7 9 8252 8.4 b 91.5 bk 12.9 1.7¢9 29.3 ¢ 1.3 9k 50.3 o
7 40.8 ¢ 77.7 ¢ 8.0h 91.9° 12.8 ¢ 2.1be 18.89 1.4 66.9 b
8 35.2mn 78.9 be 8.7 &d 91.2 9 11.834¢ 1.21 28.5¢c¢ 1.2%n 58.9 ¢
9 39.6 ¢ 78.5 be 8.83 91.1k 12.1 ¢ 1.9 f 25.9 &f 1.6¢ 70.2b
10 35,710 79.5 be 8.4 9 91.5 b 12.6 3¢ 2.0¢ 2120 1.2 76.8 %
11 39,5 ¢f 78.3 be 8.529 91.5 bk 12.8 3¢ 1.5h 27.3¢¢ 1.5 b 67.1 0
12 37.19m  78.9be g.7ac 91.2 #k 11.1 < 1.7 25.5 ef 1.3 9k 68.4°
13 43.62 78.5 be 8.7 &d 91.2 Mk 12.3ad 1.9 ¢f 23.0 &¢ 16 29.0K
14 37.8 1 79.0 be 8.29n 91.7 &¢ 11,924 1.9¢¢ 32.18d 1.2 hrm 45.7
15 426 80.0 b 8.6 &f 91.3 ¢k 12.1 &d 1.4 29.3 ¢ 1.4 99 56.0 d
16 40.1¢¢ 78.3 be 8.4 9 91.5 b 12.3 ad 2.1bc 29.1a¢ 1.4¢9 83.32
17 35.81in 77.5 ¢ 8.6 &f 91.3 13.0® 1.9 ¢f 25.6 ¢f 1.4 51.0 o
18 40.5 ¢ 79.8 bd 8.8 &b 91.1 1k 11.4 b 232 3512 1.5be 38.6 9
19 35.7 kn 78.5 be 8.6 &f 91.3 d 11.8¢ 1.8f 27.4¢¢ 1.1%n 51.0 o
20 38.4¢h 78.5be g.7ac 91.2 Mk 10.8¢ 1.8f 29.8 ¢ 1.1+ 43.0
21 39.9 ¢ 77.9be 8.4 ¢h 91.6 &9 10.7¢ 2.0 30.6 ¢ 1.3 9% 19.3k
22 36.8 9" 77.8°¢¢ 8.6 &9 91.4 ¢k 13.32 1.41 28.9 be 1.0" 35.2 ik
23 35.0" 77.0¢% 8.5 29 91.4 ¢k 13.0 2.3 28.4 c¢ 1.2¥n 68.7°
24 355N 77.5¢¢ g.3¢en 91.6 &f 12.2 2d 2.0¢ 27.7¢¢ 1.3 9% 71.3b
25 35.9 n 79.3 be 8.5 &9 91.4 ¢k 12.3ad 1.8f 29.3 ¢ 1.4¢eh 48.1°¢9
26 40.7 b 79 be 8.5 &9 91.5 bk 13.1 % 1.9 ¢f 34,9 1.72 34.8 ik
27 37.3¢! 79.4 b 83" 91.7 & 12.1 &d 1.7 29,5 ¢ 1.3 9% 42.4F
28 36.1 N 76.8¢ 8.4 ¢h 91.5 b 12,024 243 26.2 cf 1.5 b 29.6 %
29 36.7 80.7 % 8.5 29 91.4 ¢k 12.3 34 1.8 ¢f 27.0¢f 1.5 d 44.7 Fi
30 38.7 49 79.4 be 8.4 9 91.5 b 12.4 3¢ 2.0 30.2 ¢ 139! 33.2K

test

i) (5513 gnn 3l 0 Sl o 53 (S35 0 g0 5T ol s ckiteon &S 20 g (5115 47 (o Kol O gt 2 3
Means in each column fallowed by similar letter(s) are not significantly different at 5% probability level, using Duncan

kS s 4 e (S 4 Cuwglae il
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Table 2 (continued)

2 . 38 33 ;8

,\3 a < B IS qc_, 3 a B S 3

© . < y O i =2 3 2 3 2 )2 3 o = I S

o S y £ 15 5 3 B 78 W E 2 EL 2. Jsg

x 2 3 o A s O > 5 B =) §., Z Y5 < Y $c 3

. O 4 o _} o - R > : —_ s Q.= o

}-: & S .9 3 c 3“’ @ = EE EE D c

8§ 38 o8 4% 418 1& 13 8% 13 1%

ks L q\ b 2 £ i e = © = © v 8

< > ‘D z . o . o o

= 3 g 4% 25 g -

° 18 48 98

1 129 87.2d 5.4¢ 10.1¢ 20.3¢ 18.6 % 001 10.5¢ 10.0¢
2 1.2 84.2f 25m 30" 19.7 ¢ 18.4 ¢ 1451 195¢ 45f
3 1.8 g7.7¢ 50f 8.11 2054 17.1h 051 1059 1054
4 1.5ef 88.1¢ 5.4¢ 354 19.4 1 16.41 55h 10.09 50f
5 182 79.2% 24m 410 8.91 5.4Mm 59.0P 7050 1054
6 1.6%¢ 825N 7.0¢ 106°¢ 224¢ 18.9 ¢ 051 5.0h 50f
7 1.4 ¢ 90.5b 8.1b 11.6° 22.3¢ 18.4 T 95¢ 145f 451
8 1.8 84.3f 27! 41° 214c¢ 17.9¢9 051 051 05f
9 1.4 ¢ 839f 40N 9.1f 2212 19.4% 0.0 105¢ 1054
10 1.3 ¢ 80.4 1.9n 47" 20.1 ¢ 18.1 10 0.5i 051 05f
11 1.5bh 80.4 0.5¢ 158 19.7 ¢ 18.4 ¢ 205¢ 2051 05f
12 1529 85.3¢ 4.0h 9.4c¢ 1711 154k 00" 55h 451
13 1.6 83.39 371 55! 7.9k 42" 195¢ 20.5¢ 05f
14 1.4 ¢ 85.7¢ 459 8.3¢n 18.1h 16.11 051 051 0.0f
15 1.4 ¢ 88.1¢ 25m 50M 210¢ 19.0¢ 051 1059 1054
16 1.4 ¢ 9542 6.1¢ 8.01 21.4be 18.2 9 3051 405°¢ 1054
17 1.3¢i 83.1¢h 3.1k 741 18.9¢9 1690 1059 2051 1054
18 1.6%¢ 85.6¢ 449 8.49 219 2012 051 10.0¢ 1054
19 1.3 ¢ 90P 51f 6.7k 20.0 ¢ 17.1h 195¢ 20.0 % 05f
20 1.7 % 80.41 1.0°p 41° 19.1 7 16.4 195¢ 2051 00f
21 1.4¢ 8161 341 g.1hi 221 20.1°@ 1059 051 1054
22 1.6 83.2 o 2.7! 54! 21.4¢%c 18.4 ¢f 001 1059 1054
23 1.0} 80.41 25m 450 8.1k 5.5Mm 60.5 @ 80.52 205°¢
24 1.2 79.1% 2.8! 4270 20.1 de 18.1 7 29.5¢ 405°¢ 1054
25 1.4« 85.2¢ 4.0h 9.0f 19.3 1 16.9h 001 051 05f
26 1.3°¢ 755" 1.7° 3.1f 1941 18.1 7 051 405°¢ 4052
27 1.6%¢ 78.1! 25m 41° 20.1 de 18.4 T 30.5¢ 400°¢ 1054
28 1.6 774Mm 3.0k 40° 8.0 440 50.5¢ 80.52 3050
29 1.6%¢ 87.1¢ 35i 54! 20.4¢ 17.0h 051 1059 10.0¢d
30 1.7 90.4°P 8.5 1242 2044 13.1! 10.5¢ 15.0° 50f

Means in each column fallowed by similar letter(s) are not significantly different at 5% probability level, using Duncan

test
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Table 3. Factor analysis for studied quality traits of recombinant lines of bread wheat

Factors loading s .l -

Sliw Jsl add 5o £33 4l e 30 4 g0 ey ey il i adlge Ol e ST 250
Traits Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Communality
() wls,lm o
02 dioslm 05 -0.036 -0.261 0.640" -0.230 0.203 -0.019 0574
1000 grain weight (gr)
A2 05 0.035 -0.547" 0.335 0.139 0.292 0.381 0.644
Hectoliter weight
S e -0.211 -0.721" -0.100 0.571" -0.027 -0.276 0.980
Humidity (%)
it osle Aoy * *
0.206 0.725 0.100 -0.568 0.052 0.270 0.977
Dry matter (%)
IR e -0.118 0.200 -0.058 0.051 0.790 0.214 0.731
Protein content (%)
FuS s .
-0.373 0.530 0.384 0.202 -0.249 -0.325 0.777
Ash (%)
( ) o 5 I
e s S5 -0.298 -0.458 0.492 -0.305 -0.127 0.009 0.651
Wet gluten (%)
(Ao y3) i 5 58
= 7 -0.396 -0.234 0.511" -0.044 0.485 -0.270 0.784
Dry gluten (%)
( 3) 5 L
o0 < o 0.174 0.198 -0.441 0.461 0.482 0.119 0.724
Gluten index (%)
oy e -0.315 -0.506" 0.095 -0.191 -0.182 0.566" 0.658
Fat content (%)
T e Loy *
C ] 0.648 0.218 0.359 0.313 -0.009 0.130 0.721
Water absorption (%)
o OAs b e “ "
o 0.517 0.425 0.608 0.279 0.020 0.156 0.921
Mixing dough
s L
T ey ) . 0.568" 0.221 0.486 0.451 -0.105 -0.117 0.837
Dough development time
i5s1e ol C s
SN et 05 2 e -0.804 0.313 -0.049 0.189 -0.085 0.225 0.842
Degree of softening (after 10 min.)
PrIEN Y| S Odd [ oas s
270 Sy et 043 JE a2 -0.881" 0.323 -0.000 0.083 0.085 0.052 0.898
Degree of softening (after 20 min.)
o Ol S
] -0.579 0.191 0.144 -0.285 0.261 -0.433 0.730
Loosening of dough
SRCRUNE Lol L el
O sl b et S sl 0.781" -0.142 -0.199 -0.303 0.163 -0.316 0.89
Dough stability (after mixing)
S 4 Cuagla .
. . 0.856 -0.093 -0.010 -0.228 0.153 -0.239 0.886
Resistance to extension
o9 palie
. 4.636 2.845 2.211 1.759 1.480 1.311
Eigen values
il
e 25.76 15.81 12.29 9.77 8.23 7.29

Proportional variance (%)
5 ebyls deo
S T e 25.76
Cumulative variance (%)

41.57 53.85 63.63 71.85 79.14

(e 3l s /00 51 8 55 ele ol ) s gme ol ¥

* Significant coefficients (Factor coefficient greater than 0.5 regardless of the sign)

Yo
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1 g JPCl =398k, PLZ=240% Tum =63 %
. Transform = Oy, Scaling =1, Centering = 2, SYPE1
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Wthich wing where orwhich is best for what

(ol i Xp (i 03lo w33 1X3) Do (35 § 3 SR 95 et (Sl Cado X 93§ DB Sl - JKh
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Figure 1. Genotype by trait (GT) biplot to determine superior genotypes among traits (X1: Dry matter (%0), Xe:
Gluten index, Xs: Hectoliter weight, X11: Water absorption (%), X13: Dough development time, Xi17: Dough
stability, Xis: Resistance to extension)
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Figure 2. Ranking lines based on the average performance for all traits
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Figure 3. Ranking the genotypes based on ideal genotypes among wheat recombinant inbred lines using GGE
biplot analysis
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Figure 4. The relationship between genotypes of bread wheat than traits based on the GGE biplot analysis
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Figure 5. The relationship between traits in wheat recombinant inbred lines using GGE biplot
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Figure 6. Farinograph line 16 bread wheat
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Abstract

To study the genetic variation in baking quality related characteristics of 30 wheat bread recombinant
inbred lines, an experiment was conducted based on randomized complete blocks with two replications.
following traits were measured on each plot: Physical traits of grain (1000-grain weight, hectoliter
weight), Chemical traits of grain (humidity (%), dry matter (%), protein content (%), gluten index, wet
and dry gluten (%), ash (%) and fat content (%)) and bakihg quality traits of dough by farinograph
method including; water absorption (%), mixing dough, dough development time, degree of softening
(after 10 and 20 min), resistance to extension and dough stability. Analysis of variance showed significant
differences among genotypes for all traits. Factor analysis resulted in six factors that determined 79.14%
of the total variation. The first factor defined 25.76% of variation including farinogram triats. The second
factor explained 15.81% of variation including; qualitative traits. Third factor explained 12.29% of
variation included; 1000-grain weight, mixing dough and dry. The fifth factor along with the sixth factor
accounted for 15.52% of total variation. In this study, the purpose of using GGE biplot method on the
obtained data, was investigate the relationship between different traits and determining the relative
importance of traits associated with quality and yield. According to results from GT biplot, traits of dough
development time, dry matter (%), resistance to extension, dough stability, gluten index, water absorption
(%) and hectoliter weight can be introduced as the best and most important traits related to quality and
yield, as well as the appropriate indicators in the selection of genotypes of of bread wheat. Among bread
wheat recombinant inbred lines and based on all evaluation factors, line 16 was the closest line to the
ideal genotype. These findings would be employed in bread wheat breeding program to improve the
baking quality characteristics in breeding materials.
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