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THE SELECTION EXPERIMENT FOR BREAD
BAKING QUALITY AND YIELD IN HARD
RED SPRING WHEAT CROSSES

II. Genetic Parameters and Selection Effect of Several
Quality Characteristics or These Indices
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Table { Heritability percentages of several quality characteristics, yield, yield x sedimentation value,

and yield x protein estimated by the analyses of variance (#?) and regressions (b)

e b

‘64, 65 , 68 66, 67 | ’64, '65 | 65, '66 . ‘66, 67

Fs, Fo | Fo, Fro * Fi, Fu Fs, Fy | Fs Fio Fio. Fn
Percentage of vitreous kernel 76 46 25 63 . 6 27
Wheat protein content 79 62 4 65 50 58
Sedimentation value 76 82 85 93 (101) 74
Farinogram valorimeter value 72 80 77 72 81 73
Bread score 23 47 58 26 44 50
Yield (-2) 62 65 (—-2) 59 45
Yield x Sedimentation value 46 76 81 52 60 99
Yield x Protein -7 60 ’ 46 (—6) 55 51

Table L1z XN, i FRIZESIZEZE B A HORAGHE DGESN, & FITRN

¥ L <,

TR R0 R T <, s

PADNENZ EIZH EF TN D, IO

BTN HE X U G<,

& ¢ iz Sedimentation

value (LAFSV L8sfT3) 779/ 77 4D
Valorimeter value ({F VV EaFid 23 -2 V8

Table 2 Genetic advances for sedimentation value

based on the upper 5 lines selected from

the each cross in every generations

Cross Fs, Fy ‘ Fs Fio I Fi, Fu
|| Predicted gain 1.7 47 3.5
Actural gain 2.0 ] 10.3 3.2

- Predicted gain 10.2 ’ 12.8 11.2
Actural gain 12.3 | 13.2 . 8.4

. Predicted gain 9.7 11.9 16.0
Actural gain 13.1 i 11.5 16.2

Table 3 Genetic advances for sedimentation value

based on the upper 10 lines selected once

from three crosses in Fg generation

| R
Mean of population 54 lines | 61. 2
Mean of selected 10 lines 72.5
Selection differential () 11.3

Predicted gain (b x¢)

Actural gain

Percentage of increment |
for population mean [

'Fs

72.0
1.3

7.7
1.3

!

14.0’ 10.9

60. 7‘ 46. 6‘ 55.1
60.6, 66.0

9.6/ 9.4

14.0. 10.9
15 25 120
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Table 5 Relations between sedimentation value and bread baking quahty in Fg or Fio generation
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Table 4 Relation between wheat protein content and

bread baking quality in F7 lines

7" " Protein content (%)

General remarks|—

of bread 1 (N 2| 16 |17 | 18 Total
A Y 2
B 2! 8 5 2| 22
C 3| 11 | 10 1! 26
) 12 3

|
E | 1 ‘ i 1
Totatl 5| 23| 17, 3. 54
- ' o )
f:o
2 SVICLDEE

Table5iztx, SV @i -7 1964 4 (Fe) &,
i€ - 72 1966 42 (Fio) DBA &AL 720 W E b

‘lll ﬁ 75

J1 H SV %

EINHUIEL T D

&, SVo

IEWHD R EEF O TR 2 L2089 haibi
bHo ZIUTLTHEUHILIEI0 B THD 5 5,
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U TE AN
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7V H5FLOVVICE DR

BT & DEY UL & ik % Table 6 (2

'j‘i'j-o

S Sedlmentatlon value (ml)
General remarks | Fs (1964) . . R (19665
of bread R N75 s |— N75
40 1 50 70 | Total| 20 | 30 ' 40 2| 60 | 70 |Total
A l 2 2 i t i 1 1 2
B L4 1 17 22 5 3[ 3 8 3 22
c 3 5 9 9| 26 1; 4, 10, 4 4 3| %
D 1{ 2 | 3 1l 2 ; 3
E | I | b1 | : 1
I ’ o i - :
Total 4 ul mu| 2 s’ 2 12, 13 | 8] 1 6| 54
Selection effiect (%) 51 60
Selection intensity (%) 72 50
Table ¢ Selection effiect and intensity based on the farionogram valorimeter value
Selected gernleration [ 77111:;54 I lggﬁ lg& 11;%17
Selected criterion above 50 above 60 above 50 above 55
Selection effiect (%) 50 61 46 54
Selection intensity (%) 44 43 52 52
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Table ] Selection efflect and intensity based on two characteristics with

the crystalloidal property and the sedimentation value

.- Crysta‘lloidal Sedimentatio;—ﬁ i Crystalloidal l Sedimentakion
Characteristics property value ml. property l value ml.
Selected generation ; FoO%H) | Fs (1960 Fs (1964) | Fuo (1966)
Selected criterion : + 4+ ‘ above 60 ++ + above 50
Selection efflect (%) 60 69
Selection intensity (%) 50 30

Table § Phenotypic and genotypic correlations between several quality

chracteristics and grain yield

| Percentage of Protein i i | Fari

' ge o Wheat Protein . Sedimentation | Farinogram

| vitreous kernel content 1 valuei valorimeter value! Bread score
rP l —-0.094 0.029 0.140 0.011 0.065
G —0.208 —0.519 —0.568 | —0.479 0.002

Table 6 t= X 1i¥, 1965 40 % J12 VV D
EOSHPREGEIHTE L Do F BRI T
1SV L REL WA, BHRTERR TS 70

4) WEEKRFESVICLDEEK

I TWBEDEY L 2Nk B8R KA
7:0

Table 7 izix, MUEHhRL 2% <, SV {0
OB (Fay &, 2 Q12 £ 72412 AR FTES hRY
T- DB NGH(Fg) & SV DICVE (Fio) 2 04E T D
MR AR Ulco MU, SHIGRIE E HiTik
FEHRXBMPITTEE 572,

A E2~3 5T, Wi viEEirsbhd
R B2 TR T\ IS o W% 5| R BB 127 @ gt W
7o, ESAAITIE o vt & DB A LAY
IHRGDBETY, WL Emy i e
BRI A OGN o7, & RS TD
RAGRIZE BHUNIBERTH 72 L, BEH
TEQTe T L7 7 ) 7 75 7R 7ol ) &
BEDHPRERE N holzo BT LABENTEY L
T HHEEBRB T2 SV OEEA HH TH - 70

29 LR TG 2T H &Y, I
5DBEDBENNCTN G <V EAUDORIEN) K
D7z (Tablel), Ak VilkD + ¢
RHMOBYE AW E LRs, eobiugd
WA ROBUEI B E AN 2 REIEDOH D
IETH Do PSR SUCAT T, M4

5V BT E 50 %125 8 X, test year 113
MU, MR TE SV 2% 2T &
Yot 285{% (Table7) Th, SEHHIEE 30 Z MM
REBDTHD I

3 NrEEBORMER

A NEDRFHZY &S, AVvEIHETS
ARV LI E o R BE E X OSEE R
[{]% Table8, 91z, .3 v &M (KBrOa#HhiF ~ 1)
LD MK A Fig. 11 0R L7,

Table8 ;3 Xt Fig. Ltz Laug, v & 0
OB K HESRRD LN ol EHD
TETE & WU MY BB UL\ - 7285 ol
ZIE h 2 VR ADdE 2R Lo

Table 9z 4612 &k 512, Wi xSV it v
Mk, IR E QIEOHMAE L, wEE U2
B4R TH D AT LI x TS
KB IIGICE > TRECHIES B 7:
W, iR EDHRILEETHBH,, vl

Table § Inter-correlations between yield x sedimen-
tation value and yield x protein, and bread
score and yield

Yield x protein

”'Tﬁﬁﬁ?&ﬁﬁﬁﬁ'

\valwe | T
S ‘ ] rp B ! o rGi_‘,?,,_,,‘ rG,4
Bread score 0.296 0.634 [ 0.085 | 0.211
Yield 0.696 ! 0.760 | 0.921 | 0.762
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Iig. 1 Scatter diagram for a plot of the bread score and grain yield
of four-years mean for 54 lines in three crosses
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Table 1) Bread baking quality and yield based on the selection for yield x sedimentation
value in the first preliminary performance test (Fs, 1564)

o ~ Yield x sedimentation_value .
General remarks of bread 80 1 100 120 ; N1 Zg 160 | 180 Total
A ! ** 2 2
B 1 ' 1 * 9 % 8 2 1 22
C 2 | 9 8 5 2 26
b 2 | 1 ;
: | 3 1
Total 5 | 10 17 | 15 6 1 54
Grain yield e ] w00 120 R 160 180 Tatal
15 ! | ‘i 1] 1 1 3
17 | 1 4 !1 7 , 5 1 17
19 2 i 3! 6 ' 5 1 1 18
21 3! 2 { * 4 * 3 ok 3 15
23 | 1 * 1 | 1
Total 5 | 9 ! 8| 15 6 | 1 54

* jndicates No. of transgressive lines, and N 75 is Norin No.75.

Table 11 Bread baking quality and yield based on the selection of two-years mean of yield x sedimen-
tation value in the flrst and second preliminary performance tests (Fs, Fy; 1964, 1965)

T Yield x sedimentation value .

General remarks of bread 80 ‘ 100 120 NIZ(SJ 160 Total

A *k 2 2

B ** 3 6 8 *5 22

C 7 11 7 1 26

D 1 2 3

E 1 1

Total 1 12 ! 18 15 8 54

Grain yield an N75

A ). s | w00 | 12 e | 160 Total

15 2 1 3

17 2 7 8 17

19 5 5 4 4 18

21 1 *5 6 4 2 w3 15

23 * 1 1

Total 1 12 18 15 8 54
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Table 12 Heritability percentages of protein content, sedimentation value
and farinogram characteristics

- Heritability

Characteristics Nnrrowsense Broad sense Material Observer
Protein 68—83 Winter wheat STUBER et al (1962a)

z 65 v HaunoLp et al (1962a)

4 %38 (greer/l/ house) 4 (1962 1)

v 37, 70 Spring wheat Lessock et al (1964)
Sedimentation value 56, 60 v p v
Protein 44—46 v KauL & Sosurski (1964)
Sedimentation value 79—92 ” v 7 )

» 90, 50 » SosuLskr & KavL (1966)
Protein 15, 24, 26 e SUNDERMAN et al (1965)
Sedimentation value 64, 44, 4 7 Y4 7
Mixing tolerance 63, 87 v Lessock et al (1964)
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Table 13 A proposed model of breeding for good baking quality with high
ylcld in a hard red spring wheat

o "Planted “Selected T
Year | Gene: Trial No. of \ 'No of | No. of | N Of Method of selection and sclecting traits
ration fami- lines lants plants
lies pi or lines |
]
1 | cross ‘ a good hard spring wheat variety should
| be used as a parent
i
2 F 20 20
F: | Growing 2,000 mass selection for specific gravity
population
4 Fa ditto 5,000 ditto
Fyq ditto 10,000 ditto
6 Fs Individual 10,000 200 | quality of visual kernel, much crysta-
selection lloidal particles selection based on sedi-
mentation value, if possible
7 Fe Line . 200 100 | yield test of smali-scale like hill-plots,
selection low intensity of selection for yieldx
sedimentation value
8 Fs Preliminary 100 400 40 | high intencity of selection for yield x
performance sedimentation value
test
9 Fs ditto 40 200 20 | chemical analysis, flour color, milling
quality, and farinograph analysis
10 Fy Performance 20 100 10 ] ditto, Brabender test, and bread baking
test test
11 Fio | ditto 10 100 5 | ditto
12 Fn | ditto 5 50 1—2 | ditto
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Summary

According to the results of a previous
paper, it was concluded that the sedimenta-
tion test may prove to be a useful tool in
selecting for bread baking quality in early
generations. The studies reported here were
undertaken to get information on an effective
model of breeding for high bread baking qua-
lity with high grain yield. Therefore, the
genetic parameters were estimated on the
several component characteristics of bread
baking quality and some indices, based on the
Fur-
thermore, the selection effect and intensity

same materials in the previous paper.

for the bread baking quality and grain yield
were ascertained, in the cases used indirect
selections for the given characters were from
Fg to F,, generations.

Heritability percentages by the analyses
of variance and regressions were as follows:
percentage of vitreous kernel, 6-76 % ; wheat
protein content, 44-79 % : sedimentation
value, 72-81 % ; bread score. 23-58 % ; yield,
(—)2-65 % ; yield x sedimentation value, 46—
99 % ; and yield x protein, ( —)6-60 %. Herein,
heritability of sedimentation value was the
highest, and yield x sedimentation value was
fairly high comparing yield x protein, bread
score, and yield (Table 1).

Genetic advances in the sedimentation
value made by selecting the upper 25 % lines
in each cross exceeded the predicted gain
(Table 2).

made by the selection of the upper 18 % lines

Likewise, the genetic advance

within 54 lines in all crosses in the F; gene-
ration indicated that the percentage of incre-
ment for the population means is 15-25 % in
the later three generations (Table 3).

Using selection based on the sedimenta-
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tion value and the farinogram valorimeter
value, effect and intensities of selection were
around 50 % in order to select the desirable
lines with the potential bread baking quality
not less than Norin No.75 (Table 5 and 6).
In the pedigree culture, selection based on
protein content was not effective, because the
level of protein content was high enough in
the majority of lines (Table 4).

Selection based on both characteristics of
crystalloidal
value was more effective than those based on
either characteristic and it indicated that the
maximum of effect and intensity are 69 % and
30 %, respectively (Table 6).

Genetic correlation between yield and

property and sedimentation

protein content, sedimentation value, and
farinogram valorimeter value was generally
negative, namely, —0.519, —0.568, and —0.479,
respectively. However, in spite of the fact
that genetic correlation between yield and
loaf volume is highly negative, association
between bread score and yield was negligible
(0.002). Genetic correlation between yield x
sedimentation value, and bread score and yield
was rather high, 0.634 and 0.760, respectively.
On the other hand, yield x protein was highly
correlated with yield (0.762), but it was poorly
correlated with bread score (0.211) (Table 8).

Thus, early-generation selection for yield
x sedimentation value should be effective for
both characteristics, bread baking quality and
yield (Fig. 2).

In the first preliminary performance test
(F, generation), the result of selection based

on yield x sedimentation value showed that

an effect and an intensity of 50 % and 40 %,

respectively was necessary in order to select
the desirable lines with bread baking quality

and yield not less than Norin No. 75.

In the first and second preliminary per-
formance tests (F; and F, generation), the
result of selection based on the mean of two-
years yield x sedimentation value showed that
an effect of 80 % and 50 %, respectively for
bread baking quality and yield was necessary
in order to select the desirable lines with the
above mentioned characteristics. In this case,
the intensity of selection was 15 % for both
characteristics, bread baking quality and yield.

Based on the above information, a model
of breeding for high bread baking quality with
high yield in a hard red spring wheat was
presented, as shown in Table 13.

The proposed breeding scheme was as
follows:

1. Individual plants are selected by the crys-
talloidal property, and the sedimentation
value used, if possible.

2. Inearly generations through indirect select-
jon for yield x sedimentation value, desir-
able lines with high bread baking quali-
ty and high yield may be selected the
same time.

3. Further, yield test of small-scale like
hill-plots with reasonable replications in
earlier generation should be effective in
combining high grain yield with baking
quality in the breeding scheme.
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