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Quality selection indices and parent combination principle of weak-gluten wheat
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Abstract: To identify the efficient indices of quality selection and the principle of parent combination for weak-gluten wheat, a
7%6 diallel crossing of Griffing II analysis involving 21 combinations of seven wheat varieties with different quality types was
performed, and genetic analyses of the quality indices of F, kernels was carried out. The results showed there were extremely
significant differences in general combining ability (GCA) of the quality indices. The effect values of GCA of hardness, sodium
dodecyl sulfate (SDS) sedimentation value, and solvent retention capacity (SRC) were relatively higher, while those of GCA of
protein content and gluten content were relatively lower. Meanwhile, significant or extremely significant differences in special
combining ability (SCA) of the quality indices were observed, except for protein content, SDS sedimentation value, sucrose SRC,
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and gluten index. Hardness, SDS sedimentation value, and SRC had the high general combining ability, indicating that additive
effect was dominant. The negative GCA effects of weak-gluten wheat and the positive GCA effects of mid-gluten and
strong-gluten wheat were significant. The narrow heritability of hardness, SDS sedimentation value, water SRC, and sodium car-
bonate SRC was as high as 91.23%, 82.66%, 83.81%, and 83.96%, respectively, indicating that they could be strictly screened in
the early generations. The narrow heritability of lactic acid SRC and sucrose SRC was 72.79% and 75.26%, respectively. The
narrow heritability of protein content, wet gluten content, dry gluten content, and gluten index was as low as 30.72%, 25.62%,
32.62%, and 49.82%, respectively. The quality analysis of high generation lines in different combinations revealed that grain
hardness, protein content, SDS sedimentation value, SRC, and other quality indices of the descendant of weak-gluten/weak-gluten
wheat combinations were the lowest, followed by those of the weak-gluten/strong-gluten wheat combinations, while those of the
strong-gluten/strong-gluten and medium-gluten/strong-gluten wheat combinations were the highest with the rare separation of
weak-gluten lines. In conclusion, hardness, SDS sedimentation value, water SRC, and sodium carbonate SRC were the
high-efficient selection indices for quality breeding. We suggested at least one parent of weak-gluten quality should be selected in
the breeding of weak-gluten wheat.

Keywords: weak-gluten wheat; quality selection; principle of parent combination; combining ability; heritability
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Table 1 Analysis of variance for combing ability in different quality traits (F-value)

SDS

SDS SRC SRC SRC SRC
Source of  Grain . . . Water Lactic Sucrose Sodium Wet gluten  Dry gluten  Gluten
. Protein sedimentation . .
variance  hardness SRC acid SRC SRC carbonate SRC content content index
content value
512,517 0.777 7.97" 66.117  78.06" 76.33" 151.02" 9.76" 2.79" 166.50"

GCA

1175 0.21 0.29 3.75" 7.20" 4.20 6.61" 3.64" 0.81" 26.67
SCA

* kk

0.05  0.01
" and " indicate significance difference at the 0.05 and 0.01 probability levels, respectively. GCA: general combining ability; SDS: sodium
dodecyl sulfate; SRC: solvent retention capacity; SCA: special combining ability.

R2 TNERBRER—RESHHE S

Table 2 General combing ability for quality traits in seven wheat parents

SDS SRC
SRC SRC SRC .
. . SDS . Sodium
Grain Protein . . Water  Lactic Sucrose Wet gluten  Dry gluten  Gluten
Parent sedimentation . carbonate .
hardness content SRC acid SRC SRC content content index
value SRC
13 -9.53d 0.38a -1.05¢ —4.74e -4.59¢ -5.39d -6.82d 1.87 a 1.22 a —4.14 ¢d
Yangmai 13
16 11.84a 042 a 1.07 b 297b 291b 3.66 ab 5.65 ab 1.46 ab 0.72ab  -3.11 bed
Yangmai 16
18 -10.63 d 0.05 abc -1.04 ¢ -241d -335de -2.50¢ -3.16 ¢ -0.22 be 0.04bc -7.31d
Yangmai 18
20 -5.54 ¢ —0.22 bed -1.02 ¢ -2.73d -2.85d -2.83¢ -5.13d -0.71 ¢d -0.33cd -2.08 be
Yangmai 20
23 7.03b -0.24 cd 1.08 b 225b 292b 2.72b 4.16b -0.62 cd -0.26 cd 6.77 a
Yangmai 23
24 -5.75¢ -0.65d -0.86 ¢ -0.73¢ -0.98¢ -0.83 ¢ -1.55¢ -2.23d -1.03d 1.71 b
Yangmai 24
9 12.57 a 0.26 ab 1.82 a 54la 594a 5.18a 6.85a 0.45 abc -0.35cd 8.16 a
Zhenmai 9

0.05
Different lowercase letters in the same column show significant difference at the 0.05 probability level. SDS: sodium dodecyl sulfate; SRC:
solvent retention capacity.
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Table 3 Special combing ability for hardness in 21 crosses
16 18 20 23 24 9
Parent Yangmai 16 Yangmai 18 Yangmai 20 Yangmai 23 Yangmai 24 Zhenmai 9
13 Yangmai 13 -3.42 3.93 -0.17 2.74 2.65 -5.73
16 Yangmai 16 1.34 -0.57 1.70 -1.95 2.90
18 Yangmai 18 0.34 0.42 -2.78 -3.25
20 Yangmai 20 -1.89 2.39 —-0.09
23 Yangmai 23 —4.72 1.75
24 Yangmai 24 4.42
F4 21 MRREAEK SRC HHREE NS
Table 4 Special combing ability for water SRC (solvent retention capacity) in 21 crosses
16 18 20 23 24 9
Parent Yangmai 16 Yangmai 18 Yangmai 20 Yangmai 23 Yangmai 24 Zhenmai 9
13 Yangmai 13 —-1.18 1.90 1.55 0.44 0.68 -3.39
16 Yangmai 16 —-0.34 -0.93 1.23 -2.47 3.69
18 Yangmai 18 1.27 -1.16 -0.05 -1.62
20 Yangmai 20 —-1.64 0.28 —-0.54
23 Yangmai 23 0.41 0.71
24 Yangmai 24 1.15
x5 NERRERKNEESY
Table 5 Genetic parameter of different quality traits
Quality trait Adt.litive Dom'inance Gefletic Phen.otypic Degree of ge.netic Narr.ow .se.nse
variance variance variance variance determination heritability
Grain hardness 200.30 8.01 208.31 219.55 94.88 91.23
Protein content 0.22 0.06 0.29 0.73 39.28 30.72
SDS Sedimentation value 3.07 0.12 3.19 3.72 85.86 82.66
SRC Water SRC 24.94 3.21 28.15 29.76 94.59 83.81
SRC Lactic acid SRC 28.35 5.50 33.84 38.94 86.90 72.79
SRC Sucrose SRC 28.85 1.56 30.41 38.34 79.31 75.26
SRC Sodium carbonate SRC 57.77 4.40 62.16 68.80 90.35 83.96
Wet gluten content 2.45 1.91 4.35 9.55 45.56 25.62
Dry gluten content 0.79 0.40 1.19 2.43 48.91 32.62
Gluten index 55.94 11.83 67.77 112.27 60.36 49.82
SDS: sodium dodecyl sulfate; SRC: solvent retention capacity.
, SRC SRC SRC
, SDS SRC SRC 9 18 2
80% , / 18 /
/ 15/ 9
2.5 2020
2020 )
( 6), 9 / 18 boxplot D), /
SDS SRC SRC
, 10.56 12.78% 10 mL , / /
76.22%, 16/ 168
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Table 6 Quality trait of high generation lines from different quality types combination in 2020
16/ 168 15/ 9 9 / 18
. Yangmai 16/Zhenmai 168 Yangmai 15/Zhenmai 9 Yangmai 9/Yangmai 18
Quality
trait
Range Mean+SD Range Mean=SD Range Mean=SD
Grain hardness 44.70-55.63  49.68+2.68 3.67-60.56  23.05+19.81 0.55-10.56 5.04+2.93
Protein content (%) 12.25-15.86  13.86+0.71 12.01-13.58  12.83+0.52 10.76-12.78  12.18+0.45
Sedimentation value (mL) 11.50-18.00  15.06+1.35 9.75-14.50  11.54%1.19 5.25-10.00 7.51+1.18
SRC Water solvent retention capacity (%) 77.66-88.43  83.26+2.28 70.06-85.77  75.63%£4.63 71.26-76.22  73.79£1.55
SRC: solvent retention capacity.
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Fig. 1 Quality trait of high generation lines from different quality types combination in 2020
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15/ 9 ;C 9 / 18
Both ends of box plot indicates the extreme range of traits; box: the mean of the trait; the lines in the middle: the median line; *: the individ-
ual extreme value. A represents the combination of Yangmail6/Zhenmai 168; B represents the combination of Yangmai 15/Zhenmai 9; C
represents the combination of Yangmai 9/Yangmai 18.
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Table 7 Quality trait of high generation lines from different quality types combination in 2021

529/ 9 22/ 9 22/ 4
Qualit Xinong 529/Zhenmai 9 Yangmai 22/Zhenmai 9 Yangmai 22/Yangfumai 4
uality
trait
Range Mean+SD Range Mean+SD Range Mean+SD
Protein content (%) 11.99-15.02 13.26+0.69 11.05-14.92 12.51+0.79 10.55-13.44 11.78+0.68
Sedimentation value (mL) 7.75-14.25 10.98+1.61 5.00-15.25 10.27+2.94 2.50-12.50 5.65%1.52
SRC Water SRC (%) 68.12-92.48 79.48+6.37 65.18-75.60 70.79+2.60 64.94-73.62 68.57+2.33
SRC Lactic acid SRC (%) 60.18-99.66 86.23£7.74 69.58-86.90 78.22+3.62 66.46-79.02 70.82+2.71
SRC Sodium carbonate SRC (%) 85.06-119.88 103.93+11.01 80.50-94.740  87.73%£3.31 78.32-87.90 82.96+2.23
SRC Sucrose SRC (%) 95.24-125.92  113.59+9.17 95.06-106.96 100.93%£2.77 86.48-99.46 91.88+3.49
SRC: solvent retention capacity.
169 a 189 b
[_Jal 6
B Bl _ 161
151 ® x *
~ E=c E 141
X Q
T 149 T = 124 RS SREIRRS x
8 E ? BB IBS
o = 8 IRX
g 131 RS £ 191 s
g x;l%x* g g L < :
S 121 K E
= l 3 0] l +
11+ R 4
« *
104 2
T T T 0 T T T
Al Bl Cl Al Bl C1
1004 ¢ 1104 d
95 1
100 A
T . T
8 854 % 90
2 80+ 5 Z i
@ 2 804
g 751 8 l
2
= 704 l § 70
651
60 *
60
55 T T T 50 T T T
Al Bl Cl Al B1 Cl
1304 e f
130 4
9 120+ -T
g T 120 4
@ 1107 9
£ o g °
1104
£ 100 &
5 5]
S 13
£ S 1004 l
2 904 >
- .
804 90
70 T T T 80 T T T
Al Bl Cl Al Bl C1
Combination of different quality types Combination of different quality types

2 FRMRERASSRERMRENR
Fig. 2 Quality traits of high generation lines from different quality types combination in 2021
; ; ;o* Al 529/ 9 ; Bl
22/ 9 ;Cl 22/ 4
Both ends of box plot indicates the extreme range of traits; box: the mean of the trait; the lines in the middle: the median line; *: the individ-
ual extreme value. Al represents the combination of Xinong 529/Zhenmai 9 combination; B1 represents the combination of Yangmai
22/Zhenmai 9; C1 represents the combination of Yangmai 22/Yangfumai 4.



5 1289
3 itie » /
3.1
GB/T 17893-1999 ’ ’
3 2
GB/T 17320-2013 ’
b
( ) 9 13 15,
13 , 15
9
[22.25] 20, 10 (
b
Y 9 (), 2016
26-28
(26-28] , SDS
9
SRC ,
30, s
b
SRC ’ '
[29-30]
b
SDS SRC
:l: N
, 4 éI:I llt\.
’ SDS SRC SRC
b b ,
B , =75%
b
SDS (lg ) =10 mL SRC (
)=76% =12% ;
SKCS =30 =45
Zeleny ( )=30mL SRC( )=65% References
=12% (1] , , , ; ,
32 ,2013, 46: 4189-4196.
: Wei Y M, Zhang B, Guan E Q, Zhang G Q, Zhang Y Q, Song Z
13 18 M. Advances in study of quality property improvement of winter
20 24 wheat in China. Sci Agric Sin, 2013, 46: 4189-4196 (in Chinese
with English abstract).
b
(2] , , , ,
) 13 ; ,2012,32: 184-189.
; 16 23 9 Zhang X, Zhang Y, Gao D R, Bie T D, Zhang B Q. The develop-
ment of weak-gluten wheat breeding and present situation of its
b
production. J Triticeae Crops, 2012, 32: 184-189 (in Chinese
with English abstract).
’ (3] , ) , , , ,
s ,2021, 41: 50-60.
/ Liu J, Zhang X, Li M, Wen L, Jiang W, Zhang Y, Gao D R. Qua-
lity analysis of Yangmai series wheat varieties for biscuit-making.
> / ’ / / J Triticeae Crops, 2021, 41: 50-60 (in Chinese with English
s s abstract).
, (4]
s ,2004.
’ Liu L. The Analysis of Genetic and Combining Ability for Some
20 Quality and Major Agronomic Characters in Wheat. MS Thesis of



1290

49

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Shandong Agricultural University, Tai’an, Shandong, China, 2004
(in Chinese with English abstract).
F] Fz

2007.
Sang W. Study on Heterosis and Inheritance of Main Quality and
Yield Traits of Winter Wheat in F, and F, Hybrid. MS Thesis of
Shihezi University, Shihezi, Xinjiang, China, 2007 (in Chinese
with English abstract).
, 2007, 27:
1005-1009.
Yao J B, Yang X M, Yao G C, Zhang Y, Gu Z Z, Zhou Y M. In-
heritance of protein content in weak gluten wheat cultivars. J
Triticeae Crops, 2007, 27: 1005-1009 (in Chinese with English
abstract).

. , 2020, 34: 469-475.
Zhang Y F, Peng S F, Guo J W, Lei Q K, Wang J Q, Lyu S Z. Ge-
netic characteristics analysis of quality traits in wheat. Crop Res,
2020, 34: 469—475 (in Chinese with English abstract).
Pasha I, Anjum F M, Morris C F. Grain hardness: a major deter-
minant of wheat quality. Food Sci Technol Internat, 2010, 16:
511-522.
Ma F, Baik B K. Soft wheat quality characteristics required for
making baking powder biscuits. J Cereal Sci, 2018, 79: 127-133.
Zheng B Q, Zhao H, Zhou Q, Cai J, Wang X, Cao W X, Dai T B,
Jiang D. Relationships of protein composition, gluten structure,
and dough rheological properties with short biscuits quality of
soft wheat varieties. Agron J, 2020, 112: 1921-1930.
Huebner F R, Bietz J A, Nelsen T, Bains G S, Finney P L. Soft
wheat quality as related to protein composition. Cereal Chem,
1999, 76: 650-655.
Bettge A D, Morris C F. Relationships among grain hardness,
pentosan fractions, and end-use quality of wheat. Cereal Chem,
2000, 77: 241-247.
Gaines C S. Prediction of sugar-snap cookie diameter using su-
crose solvent retention capacity, milling softness, and flour pro-
tein content. Cereal Chem, 2004, 81: 549-552.

2008.

Chen M F. The Variation of Flour Quality Characters and the Fer-
tilizer Operations in Chinese soft Wheat and Correlation with the
Short Biscuit Quality. MS Thesis of Yangzhou University, Yang-
zhou, Jiangsu, China, 2008 (in Chinese with English abstract).

,2014.
Wu H Y. Chinese Biscuit Study-from View of Agronomy. PhD
Dissertation of Yangzhou University, Yangzhou, Jiangsu, China,
2014 (in Chinese with English abstract).
Jeon S, Baik B K, Kweon M. Solvent retention capacity applica-
tion to assess soft wheat flour quality for making white-salted
noodles. Cereal Chem, 2019, 96: 497-507.
Bettge A D, Morris C F, DeMacon V L, Kidwell K K. Adaptation
of AACC method 56-11, solvent retention capacity, for use as an

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

early generation selection tool for cultivar development. Cereal
Chem, 2002, 79: 670-674.
N N , Pena R J.

. ,2005,31: 1125-1131.
Zhang Q J, Zhang Y, He Z H, Pena R J. Relationship between soft
wheat quality traits and cookie quality parameters. Acta Agron
Sin, 2005, 31: 1125-1131 (in Chinese with English abstract).
Kweon M, Slade L, Levine H. Solvent retention capacity (SRC)
testing of wheat flour: principles and value in predicting flour
functionality in different wheat-based food processes and in
wheat breeding: a review. Cereal Chem, 2011, 88: 537-552.
Souza E J, Sneller C, Guttieri M J, Sturbaum A, Griffey C, Sor-
rells M, Ohm H, Sanford D V. Basis for selecting soft wheat for
end-use quality. Crop Sci, 2012, 52: 21-31.

. ,2014, 34: 1651-1655.
Zhang X, Li M, Jiang W, Zhu D M, Gao D R. Application and
evaluation of three micro detection methods for process quality in
wheat breeding. J Triticeae Crops, 2014, 34: 1651-1655 (in Chi-
nese with English abstract).

5 5 s s 5

,2004, 37: 948-953.
Guo TC,MaDY, Zhu Y Q, Wang C Y, Xia G J, Luo Y. Geneo-
type, environment and their interactive effects on main quality
traits of winter-sown wheat variety. Sci Agric Sin, 2004, 37:
948-953 (in Chinese with English abstract).
Kong L A, SiJ S, Zhang B, Feng B, Li S D, Wang F H. Environ-
mental modification of wheat grain protein accumulation and
associated processing quality: a case study of China. Austr J Crop
Sci, 2013, 7: 173-181.
. , 2016,
42:803-812.
LiZS,WuXL, Tang YL, Yang WY, WuY Q, WuC,Ma XL,
Li S Z. Quality of major wheat cultivars grown in Sichuan pro-
vince in recent decade. Acta Agron Sin, 2016, 42: 803-812 (in
Chinese with English abstract).

13 . >
2017, 50: 4100-4106.
Gao D R, Song G H, Zhang X, Zhang B Q, Li M, Jiang W, Wu S L.
Quality consistency of soft wheat Yangmai 13 under different. Sci
Agric Sin, 2017, 50: 4100-4106 (in Chinese with English abstract).

, 2012,

18: 1312-1318.
Zhang M W, Wang C Y, Guo T C, Ma D Y, Zhu Y J. Effects of ni-
trogen fertilization on protein quality and flour color of winter
wheat. Plant Nutr Fert Sci, 2012, 18: 1312-1318 (in Chinese
with English abstract).

> > 5 5 s s

2019, 45: 635-644.
Jin X X, Yao YR, Jia X L, Yao HP, Shen HP, Cui Y Z, Li Q.
Effects of genotype and environment on wheat yield, quality, and



1291

(28]

[29]

nitrogen use efficiency. Acta Agron Sin, 2019, 45: 635-644 (in
Chinese with English abstract).

De Santis M A, Giuliani M M, Flagella Z, Reyneri A, Blandino
M. Impact of nitrogen fertilization strategies on the protein con-
tent, gluten composition and rheological properties of wheat for
biscuit production. Field Crops Res, 2020, 254: 107829.

. , 2020, 53: 1309-1321.
Zhang X, Li M, Liu D T, Jiang W, Zhang Y, Gao D R. Analysis of
quality traits and breeding inspiration in Yangmai series wheat
varieties. Sci Agric Sin, 2020, 53: 1309-1321 (in Chinese with
English abstract).

[30]

[31]

s 5 s 5 s .

. ,2021, 35: 1979-1986.

Li M, Zhang X, Liu D T, Jiang W, Gao D R, Zhang Y. Research
on quality evaluation indices of weak gluten wheat. J Nucl Agric
Sci, 2021, 35: 1979-1986 (in Chinese with English abstract).

, 2005,
38: 1088-1094.
Chen F, Li G Y, Geng H W, Xia L Q, Xia X C, He Z H. Re-
view and prospect of wheat kernel hardness and its molecular
genetics basis. Sci Agric Sin, 2005, 38: 1088-1094 (in Chi-

nese with English abstract).



