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Genetic studies on the negative correlation between root
weight and sugar content in sugar beets

IX. Selections in F, generation of a varietal cross |

Chikahiro Tsuba

(Laboratory of Industrial Crops, Faculty of Agric.
Hokkaido University, Sapporo, Japan)

"

FAEIER, 7 A OWBAEERAER T AREL
B OBERECEE EZE X h 28 G0 A0 GRY
FETHEABRE L, TOBRENDE, 55 N5
X TRIcH, £MEKC L > TE%, BATI-T
2 OEBAEERE IR BHEELD, ChASEET B0
STFEBL OB X - TIFR ST BTl
FELCTEL,

FYHATBNTE, HEoMEZ AL LT, W
BTN TR TE LI WS T, FhicBT 54
EVIIRYE - HEMETRRME - BARRME7s & AR B AR IR
% & BHEEOEAR B E Licb0rig <, REE
WSO L5 B EOSEOHBAYERE Lich ok
XD THI,

ABFIBESECEER T, EoavE- R
SUTHMEITI LIt L - C, EORESERYEA
THIENTEDD, iy BUCHRIPEDADE
FE LT 5REIBH AT 5 B CHELRL D
ThHY, BEZTTCELREEY - Jw#iET 5,

=
a

HREFE
1966 4F, FTEH Erta Bic/EL, BVRELXETHR
W, oI HEHE-RETHE D KWS-E &, duiid
BEABRS TER IR IcEBEO B AHTH D S-26

144

{Hondai No. 13088 75 BIf 2 B, SLER3IAL 4 B 2§
724, »—Suto and Tokuyasu, 1962) D+ h E I EZD
LEtkT & D, TOMT, BRiffiflel, ST CRBEZAT
o 1oo BAEFy 28 AR, 1968 4= b &—IiEiRk
LTS &8, B F @A il 7., 1969
FIRB 280 F i HEFEIC 18 RFE L D, 2R
FEEBECRIE Uic, BEMOZNTh 3 EGELRE, R
HPH1-b 60 ik, HEHY 1,080 Bk ET Lic, &
Bf, 7oy b ZELIBHROKE 3~4 FffAEEL,
AEF 128 ERC DLW TIERLIRTELE 7Y » 7 2 %R
L, ThboO¥HE, TihbIiREE 907g, 7V v 7
A 21.3% %¥#Eic L€, Table 1 iRT 4B H AL
foo 1970 4F, ThbERI &ICTREHIE AT - 225,
HL FE3EEEAR{FAVE RETE L Ao le DR R ATHE & 75 -

Table 1. Mean value of root weight
(including crown) and Brix
of selected group.

Designation | No. of Root weight Brix
of group plants logX (er) )
HH 16 3.0414 1,103 23.0
HL 30 3.0682 1,117 194
LH 52 2.9038 764 23.1
LL 30 2.8990 800 19.6




BE: FvyAoRELESOMOAOHBNFCET 5 BREFNITE 145.

7o HH BEE LH $RZ oW, BEREENCT,
LL #sEHcE@sh i,

1971, 72 DWE, Zh D Fs o HH 3308 LH it
WO ET OBORcK 5 FRME LL#, Thic
Fy X EBIFEICHEAL S ik & B EMTH 5 KWS-E
& S-26 Nz CESRERE /- TR L, 19724
VL B0 rady, KWS-E O Th ZHRE ¥ /o385
o0 CERE 2 EEREY 1T » THICRITE, bbb
K-RR & K-SS twltordmiic, 7.2 DE,
S-26 OREFAFRLILDT, ThlvBE ¥y
oW TEMER L ETRTIT > THECKRH, S-26R &
S-26S % b - TIRA L7, ,

SEAIT 1971 iR 4H, TUFEIR3EORELL, 17
oy MILEE B0cmX9m) b7 3 (72151, 19724
KB AR J1) B, KWS-E & & DS

X170 » P3EEE L, PRELZHAE L), AEXE S

Ty b D ERRERD RO A TR 15 [Eifki & D

RN AT » foo ABEL, BEREAIERICID, FEH
BITEEMEN) D 21T - TRV AEZREEARER TED
L, SgHfrs Lic, BO@ARD LTRmS, £Rko
9 1/3 DGR & - TH L, RS cllE L
Ty 7 A%y TEb LI, ELATES S EEHEN
TEHEOETH S,

BEOSHIITEE L EOMB R LcO CE R
AL, SO ERFEECE ST T ¥
7o, WSECHSR U CHR LR —E Lic o8 ix
Fots, ELT Yy 7 ZOBEFRITECTHEIZR
\~tz (Table 4 BM8) 25, —IG o &ic LTHEGHT
L7,

Fo-F3 OBMNORIIL T v & 2IBRINIRMTH D
Fodb, SEL - OO EHE L, EERc7 A -4
—ERTELDT, B0 (1968) X Cochran and
Cox (1961) {2t > T Table 2 iRd Rl - TaHE
Lz,

Table 2. Pertinent portion of analysis of variance (or covariance).
Source of & MS Expectation of variance (covariance)
variation Each Year Pooled data
RGN & | M| U 24 1n{od+ kol + () b
Progeny X Year (6) M, a2+ 1/n{cd+kiogp
Error Dy My a2+ 1/n(sd) a2+1/n(ad)

¢%: genotypic variance (covariance). o¢2:

interaction variance ' (covariance) for ProgeniesX

Replication (X Year). a}: Variance (covariance) among individuals. ¢p: interaction variance
(covariance) for ProgenyXYear. 7 : Number of replications in each year. n: Number of
individuals per plot. D,: Degree of freedom of error in each anova. Mj: MS for error in
whole anova in each year or pooled anova which were shown in Table 4 and 5.

k values are expected coefficients due to unequal number of replication, where 4 =343 and

ky=3.57 (Cockran and Cox 1961).
h2=a%f(oh+(o%yp)+(1/1y) M)
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Table 3. Results of performance tests for two years.

Root weight® Brix Sugar Yield?)

Population or Line (gr.) (%) (gr)

1971 1972  Mean 1971 1972  Mean 1971 1972  Mean

Original Population (457)  (672)  (554) (19.2)  (19.3) (19.2) (88) (130)  (106)
KWS-E 462 684 562 18.1 18.3 18.2 84 126 102
S-26) a2 B 546 204¢ 2070 203 o BT

F, (534) (735) (626) (19.4)  (19.3) (19.3) (105) (143) (125)
F 03 729 19.4* 143
F 05 522 19.6* 104
F 06 534 19.6%* 106*

F 11 699 19.6* 133

F 20 777 19.0 147

F 23 488 19.4* 95

F 24 608* 710 657* 19.2* 19.3%  19.3* 117* 137 126*
F 27 526 797 647 19.3% 19.2 19.2* 102 153 124%*

Fs 607) (743) (672) | (194) (192) (192) | (120) (144)  (130)

HH Group (679) (743) (706) | (19.0) (191) (190) | (120) (143)  (136)
HH 20 717* 845 779* 18.4 18.6 18.5 134* 157* 143*
HH 24 655 19.8* 130
HH 51 592* 737 665* 19.3* 18.7 19.1* 115* 138 125%
HH 66 628* 678 653 19.4%* 191 - 19.3* 122%* 130 125*
HH 68 738* 821 778* 19.0* 19.3*  19.1%* 142%* 161* 150*
HH103 683* 19.1* 133*

LH Group (562)  (762)  (655) | (20.0) (19.3) (19.7) | (113) (148) (127)
LH 22 572% 722 647 20.1* 19.9%  20.0* 116* 144 128*
LH 27 645* 709 677* 19.8* 18.7 19.2% 128* 133 130*
LH 29 472 o197 93
LH 59 908* 18.9 172*

LH 82 561* 666 612 20.2%  19.5%  19.9* 114%* 130 121
LH110 573 - 20.0% 115+
LH112 833 19.4* 162*

LL 548 649 596 18.7* 19.2 18.9 103 127 113

Mass selected
K-RR 848 16.7¢ 141
K-S S 551 19.6* 113

*: significantly higher value than that of KWS-E at 5% level.

significantly lower value than that of KWS-E at 5% level.
a) Retransformed from mean of log X,

b) Estimated from product between root weight (gr.) and Brix (%).
¢) S$-26 could not be tested in 1972 because of shortage of seeds, and 2 progenies which were
mass-selected for root weight and sugar contents respectively, were grown as the original

population.



Table 4.

Anova for data in each year.

df Root weight Brix Sugar yield
Source of variation
1971 1972 1971 1972 1971 1972 1971 1972
Block 3 2 .006309 008916 3.046 3.461 375 279
Line 17 20 015167 007511 1.481 1.805 1,015 613
g?gg‘;lpggg:é‘;“"“ vs. 1 709999%* 015480* 0.236 0.920 4,988+ 2,191%
F, vs. Fg®) 1 042869 .000235 0.000 0.140 3,032+ 18
Among F; Groups® 2 032710 006175 5.580%% 0.131 1,847 568
H vs. LL® 007811 011452 2.420* 0.000 1,198 1,109
HH vs. LH® .057608* .000897 8.740%* 0.262 2,496 213
Within F, 4 .004980 002798 0.107 0.198 258 199
Within F; group 8 .007905* 008207+ 0.430%* 0.733 546% 838*
Within HH group 4 006383 007220 0.681%* 0.674 457 678
Within LH group 4 009426* 009193 0.179 0.792 636+ 999*
KWS-E vs. S-26 1 000171 000589 9.909%* 6.840%* 136 191
KWS-E vs. K-RR 1 013160 4.168** 352
KWS-E vs. K-SS 1 007993 2.282% 241
K-RR vs. K-SS 1 041666%* 12.617%* 1,176
S-26R vs. S-26S 1 001568 1.402 48
Error 51 40 003376 003547 0.146 0.373 236 345
LSD at 5% level 082499 098277 0.54 1.01 218 30.6

a) Mean squares for group were tested over corresponding mean squares for within group.

* Aok
L FE

Significant at 5 and 1% level respectively.
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Table 5. Anova for data of lines tested successively for two years.

Source of variation df Root weight Brix Sugar yield
Block 5 .009571 2.116 525.6
Year .177683** 0.520 13,080.0%*
Line 11

1) g;ifrii‘;flpfgge‘ﬁ‘;‘ﬁo“ vs: 1 089790 0.000 5,758.0
2) F, vs. F3 003298 0.000 267.0
3) Among F3 groups 2 1023607 4.100 1,572.0

a) .H vs. LL 020706 1.060 2,080.0

b) HH vs. LH .026508 7.140 1,064.0

4) KWS-E vs. 5-26 1 .000553 14.810** 248.0
5) Within F, 1 .000743 0.000 12.0
6) Within F3 group 5 .009271* 0.952 762.8

c¢) Within HH .012929* 0.927 1,161.0*%

d) Within LH 003784 0.985 166.0
Line X Year 11 '

1) XY 1 022340** 0.120 1,153.0*
2) XY . 1 009006 0.110 814.0
3) XY 2 .000180 1.040* 40.0

a) XY .000031 1.020* 68.0 -

b) x Y 000327 1.040* 11.0
4) XY 1 .000051 0.130 1.0
5 XY 1 .011058* 0.037 901.0
6) XY 5 001407 0.354 153.6

¢c) XY .001308 0.308 97.7

d) XY .001056 0.430 238.0
Error 55 .002683 0.217 243.2

LSD at 5% level .07920 0.73 22.0

* %%k Significant at 5 and 1% level respectively.
Mean squares for among Fj3 groups and its subgroup were tested over mean square for

within group of Fs.
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1.

Bivariate scatter diagram of lines (1972). The
root weight and Brix of them were represented
by the diviations from the variety KWS-E,
which were standardized through ¢ value =
(Mean of a given line —Mean of KWS-E)/
V2-MSerror/3. Dotted line shows the z value
of 2.021 (significant at 5% level).

LSD

Brix (1)

1
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Table 6. Correlation between selection re-
sponses in F3 progenies (Calculated
based on the differences between
mean of F; group in each character).

Total Group  Within gourp
df 9 1 8
1971 —.356 —.626 -.171
1972 —.149 262 —.191

Table 7. Root weight (including crown)
and Brix of individual F, plants
of which progenies were tested
for performance.

Des;%nﬁ‘xstion ggﬂ;"% Root weight Brix
progeny line of. gr. logX (%)
HH 20 06 1,095 3.0394 22.8
HH 24 11 1,060 3.0253 23.0
HH 51 23 1,050 3.0212 23.6
HH 66 24 980 2.9912 24.6
HH 63 28 1,150 3.0607 214
HH103 22 1,050 3.0212 22.0
LH 22 06 900 2.9542 25.6
LH 27 11 880 2.9442 234
LH 29 05 765 2.8837 234
LH 52 23 870 2.9395 230
LH 82 04 705 2.8482 25.0
LH110 20 720 2.8573 236
LH112 16 940 2.9731 21.8
LL* 800 2.8990 196

* Mean value of 30 plants.

FOMEOROELXTIFLEC O\ TR, FOROER%
kB L Table 6 DFEHTH B, TichbHES L4
Picflia s L, B X - T UM E O MBI
12 A ERDBRI, Ffo Table 7 &, Table 3 2~
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Table 8. Correlation between root °
weight and Brix.

Within
Total Group group
Parent-offspring | 1971 —.544 — 657
relation!) 1972 —651 —.434 —507
Pooled | —.341 —.742
df 96 1) 8()
Phenotypic 1971 | —.521 —.669 —.269
correlation 1972 —.373 —.267 —.433
Pooled | —.533 —.461 —.638
Genotypic 1971 —.380
correlation? 1972 —.322
Pooled —.759

1) 7=4C14+C33/Ci3:Cas , where C represents cova-
riance, 1 and 2 are respectively root weight
and Brix of F, plant, and 3 and 4 are respec-
tively root weight and Brix of F; progeny.

2) Based on the component of covariance accord-
ing to Table 2.
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Table 9. Relationship between hybrid F; plant and its F,; progeny.
Root weight Brix
F, line Performance of F; line Performance of F line
Fy plant 1971 1972 Fy plant 1971 1972
F 03 3.2967 2.8627 17.8 194
F 05 3.1271 2.7178 174 19.6
F 06 3.0792 2.7279 . 16.4 19.6
F 11 3.1399 2.8253 16.8 19.6
F 29 2.9731 2.8903 16.6 19.0
F 23 3.1173 2.6880 174 194
F 24 3.1569 2.7838 2.8510 15.6 19.2 19.3
F 27 3.2878 2.7205 2.9013 15.8 19.3 19.2
Covariance 0.000229 0.000094 102 .065
b .036 005 102 .083
r .092 012 666 331
Table 10. Relationship between F; plant and its progeny.
Total Group ’ Within group
Character Year
df r bo|df  r b ]df Cov. r b sds
1971 790%%  588** 1 1.000%* 592%% 8 .000879 .503 573 +.348
Root weight 1972 .359 288 1 165 063 8 001227 .606 817 +.379
Pooled .830* 471 1 .935 423 5 .001159 754*  612% +.238
1971 741% 7 256% 1 837 .320 8 194 .536 146 +.081
Brix 1972 197 .051 1 151 .019 8 153 131 082 =.122
Pooled 625 149 1 756 178 5 247 518 153 +.113
1971 .706* 271% 1 1.000%* .294%** 67.1 .318 192 +.213
Sugar yield 1972 219 111 1 .350 .082 52.2 230 273 +.408
Pooled 701 233 1 .999* 242% 58.0 .316 192 =+ .258

r: correlation coefficient, b: Coefficient of regression of F3 progeny on F; plant.
*, **: significant at 5 and 1 per cent level respectively.

deviation of regression coefficient.

sdp : standard
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Table 11. Estimated variance components and heritabilities.
Root weight Brix Sugar yield

’ 1971 1972 Pooled 1971 1972 Pooled 1971 1972 Pooled
5 .001132 .001553 000941 071 .091 103 77.5 164.3 74.2
0oy — — .000000 — — .040 — — 0.0
M, 003376 003547 002683 146 373 217 236.0 345.0 243.2
h? 573* .568* T11%* 660* 423 567* .H8y* 681*

1) h2=0}/(634-(6%y)+1/r:M3), where r; is number of replications in ith year.

2)
(Falconer 1960).

*  significant at 5% level.
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Then all of the heritability values will be larger than 0.8.
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Summary

With the intention of evaluating the usefullness
of the motherline selection after hybridization for
the simultanous improvement of root weight and
sugar content of sugar beets, a cross was made
between two plants which were arbitrarily sampled
from the variety KWS-E and §-26 respectively.
The former variety is a yield type one with rela-
tively lower sugar content, and the latter is a sugar
type inbred line.

Three or 4 plants with the largest root size were
saved from each plot of performance test for F
progenies, and as a results, 128 plants in total
were selected from about 1080 F; plants. On the
basis of means of root weight and sugar content
of these selected plants, they were classified into
following 4 groups; HH (showing higher values of
both characters), HL (showing higher root weight
and lower sugar content), LH (showing lower root
weight and higher sugar content), LL (showing
lower values in both characters) (Table 1.) Each
of these groups was grown for seed production
in isolated plot and seeds of HH and LH group
were harvested separately on the plant basis, and
those of LL group were harvested in mass. But
HL group failed in the seed production because
of poor soil condition.

Five families of each of F,, HH and LH group
which produced ample seeds, and LL group were
grown for performance tests in comparison with
The test
in latter year involved 2 progenies of KWS-E
designated as K-RR and K-SS, of which the
former line was obtained by two successive mass-

2 original populations for two years.

selections for root weight, and the latter for sugar

content.

As shown in Table 3, 4 and 5, no significant
variations in root weight, Brix and sugar yield
estimated by product of the former two traits
were detected among F; families and among Fj3
groups, but it was indicated that the genetic varia-
tions in these characters had been produced among
F; families. Some F3 families showed superior
performances in these characters as compared with
the original variety of KWS-E. In addition to
this, Fig. 1 clearly shows that some Fj families
with high root weight comparable to K-RR have
the significantly higher value of Brix than that
of the said line, and some other F; families with
high Brix value comparable to K-SS have the
significanly higher root weight than that of the
said line.

The parent-offspring relationship (Table 10) and
heritability value estimated on the basis of anova
(Table 11) suggested that the existence of additive
genetic variations for these characters can be ex-
pected among F; individuals after such hybridiza-
tion.

The genetic correlation between root weight and
sugar content found in these hybrid progenies was
still negative, but much lower than that estimated
by the mass-selection from variety per se (Table
6, 8 and Fig. 1).

Based on above mentioned results, it was con-
cluded that the mother-line selection in F, after
hybridization between two plants differing from
each other in superiority of root weight and sugar
content would be effective for simultaneous impro-
vement of these characters through the recombi-
nation. Furthermore, these results implies that a
part of the genetic negative relationship between
these characters may be ascribable to the linkage
of genes.



