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Table 1.

Results of performance tests for two years

Root weight 2)

Suger Yield b)

Population or Line (gr.) Brix (%) (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¢) 452 884 54p 20.4% 19701 20.3* @B B
F (534)  (735)  (626) (19.4) (19.3) (19.3) (105)  (143)  (125)

FO3 729 19.4* 143

FO5 522 19.6* 104

F06 534 19.6* 106*

F11 699 19.6* 133

F20 777 19.0 147

F23 488 19.4* 95

F24 608* 710 657* 19.2*  19.3* 19.3* 7% 137 126*

F27 526 797 647 19.3* 19.2  19.2* 102 153 124*
Fs (607)  (743)  (672) (19.4) (19.2) (19.2) (120)  (144)  (130)

HH Group (679)  (743)  (706) (19.0) (19.1) (19.0) (129)  (143)  (136)
HH20 717* 845 T79* 18.4 18.6 18.5 134* 157 143*
HH24 655 19.8* 130
HH51 592 737 665* 19.3*  18.7  19.1* 115 138 125*
HH66 628* 678 653 19.4*  19.1  19.3* 122 130 125*
HH68 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)
LH22 572 722 647 20.1*  19.9* 20.0* 116 144 128*
LH27 645 709 677 19.8* 18.7  19.2* 128* 133 130*
LH29 472 19.7* 93
LH59 908* 18.9 172*

LH82 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 16.74 141

K-SS 551 19.6* 113

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

Brix (%). «c¢)

Retransformed from mean of log x.
S$-26 could not be tested in 1972 because of shortage of seeds, and 2 progenies

. significantly lower value than that of KWS-E at 5% level.

b) Estimated from product between root weight (gr.) and

which were mass-selected for root weight and sugar contents respectively, were grown as the

original population.
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Table 2. Variation in some foliar traits caused by hybridization and/or selection.
. Weight of a lamina Number of leaves Plant height Lamina length Lamina width
Trait .
(g) developed in a season (cm) (em) (cm)
Year 1971 1972 Mean | 1971 1972 Mean | 1971 1972 Mean | 1971 1972 Mean | 1971 1972 Mean
Original
Population (11.2) (12.3) (11.8) | (59.1) (53.9) (56.3) | {44.6) (S1.1) (47.9) | (19.3) (22.3) (20.8) | (10.0) (14.4) (12.2)
KWS-E 9.6 1.8 10.7 | 5.8  51.2 54.0 | 43.1 50.7  46.9 17.4 21.1 19.3 9.9 14.0 12.0
S-26 12.8* 13.1* 62.4*  565.6* 46.0 515 211 23.5° 10.1 14.8
F (10.6) ( 9.9) (10.2) | (66.6) (58.8) (62.6) | (51.5) (50.8) (51.2) | (23.1) (22.5) (22.8)|(10.3) (13.7) (12.0)
F03 10.1 59.6" 48.6 21.6 14.1
FO5 8.9 73.0*% 49.6* 21.3% 9.9
Fo6 10.8 62.2% 54.5* 23.9* 1.9*
Fl1 9.5% 59.1* 50.3 22.6 13.
F20 9.98# 59.3% 1.7 23.1% 13.8
F23 10.6 67.2*% 50.7* 22.4* 9.8
F24 11.9*  10.3 65.3*  55.0 50.6*  50.8 23.7*  23.8° 10.6 14.5
F2r 10.6 9.3% 65.1* 5 59.8" 52.0%  52.4 242 21.6 9.5 13.1
Fu (12.3) (10.8) (11.6) | (62.5) (54.0) (58.3) | (52.7) (51.3) (52.0) | (24.0) (23.4) (23.7)}(11.0) (14.4) U2.7)
HH Group (13.9) (11.1) (2.7 | (59.4)  (53.1) (56.3) | (51.8) (51.1) (51.5) | (24.8) (23.6) (24.2) | (11..7) (14.4) (13.1)
HH20 14.2* 1.3 55.5 48.2 55.2*  51.0 26.5*  23.9* 12.3* 144
HH24 10.0% 57.9" 51.1 22.6" 13.4
HH51 12.7* 9.6% 64.7*  55.5 48.2  50.2 23.5*  23.0° 11.7*  13.8
HH66 14.8* 2.1 £60.3 51.3 54.7%  53.8* 24.8°  25.1* 12.2*  15.4*
HH68 13.6* 12.6 61.0* 52.6 51.3*  49.5 25.6*  23.6* 10.5 15.2*
HH103 14.1* 55.5 49.5* 23.5% 11.8*
LH Group (11.5)  (10.6) (11.2) | (66.3) (58.1) (62.2) | (51.4) (50.0) (50.7) | (23.5) (23.0) (23.3) |(10.4) (13.6) (12.0)
LH22 11.3 4.7%# 69.0*  59.3% 51.8% 49.5 245 22.0 9.8 1244
LH27 10.6 10.7 67.3%  57.7° 52.7%  5l.1 22.4*  23.1* 10.1 13.7
LH29 11.0 63.4* 51.7% 22.9% 10.2
LH59 10.5 57.5% 48.5 22.3 13.0
LH82 10.9 10,04 69.2* L2* 49.7*  51.2 23.3*  23.8* 10.2 13.7
LH110 14.0% 62.5* 51.2% 24.3* 11.6*
LH112 12.4 56.7" 49.7 23.8* 15.1
LL Group L5 0.8 (11.2) ] 618 Sh.8  (56.3) | 5507 529 (4 | 2370 2.7 237 | 11.0° 151 (3.1
KWS$-E-RR 12.1 46,28 49.7 19.9 14.5
KWS-E-SS 8.4% 60.0* 45.74# 19.0% 12.7#
¥ Taignificantly larger value than that of KWS-E at 0.05 level. # . significanly smaller value than that of KWS-E at 0.05 level.

Table 3. Anova for foliar traits :
Weight of Number of de-
Source of df a lamina veloped leaves | Plant height | Lamina length { Lamina width
variation 1971 1972 in a season
1971 1972 1971 1972 1971 1972 1971 1972 1971 1972

Block 3 2 19.1 8.8 3.4 461 61.7 36.9 2.3 6.9 5.7 1.6
Line 17 20 11.8 5.4 9.9 53.2 39.2 8.8 15.7 6.4 3.4 2.4
Orighal 1 4.0 19.9%* | 135.6% 29.8 | 372.3** 0.5 | 1456 3.4 4.9 0.9
Fovs. Fy 1 57.1%% 10.6 200.8** 117.1 2.6 0.0 13.2 6.6 6.1* 1.3
Among F, Groups 2
Hwvs. LL 1 4.8 0.0 4.3 61.5 41.8 15.2 0.8 0.5 0.0 3.0
HH vs. LH 1 53.4** 1.8 469.1** 183.9** 1.3 9.4 17.3 3.3 17.2* 5.5*
Within group 12 5.1 2.9* 56.0** 18.2* 19.3** 5.9 5.2** 2.6 2.5%%  p.2%

F2 4 4.4* 0.4 65.8%* 12.0 4.6 61 5.8% 2.3 3.7 1.2

HH 4 2.9 5.1** 61.9%* 42.6** 38.3** 7.9 6.7 2.7 2.0%*  2.3*

LH 4 8.0**  3.2¢ 40.2** 3.8 4.9 3.9 3.2* 2.9 1.9** 3.2
KWS-E vs. S26 1 20.1** 2.6 63.5%* 42.0** 16.9 1.0 27.1**  §.5%* 0.0 1.0
K-RR vs. K-SS 1 20 .4** 285.8** 24.3* 1.3 4.6**
S-26 vs. 5-26S 1 0.0 62.2* 0.1 2.2 1.3
Error 51 40 1.3 1.1 4.6 8.6 5.7 3.5 1.1 1.2 0.4 0.5
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Table 4. Correlation coefficients for weight of a lamina versus root weight,or Brix.
Computed on the df Root weight Brix
basis of 1971 1972 1971 1972 1971 1972
All strains 16 19 + .632** +.129 —.052 —.066
Hybrid progenies 14 14 +.698** +.228 —.383 —.173
Table 5. Correlation coe fficients for number of leaves developed in a season versus
root weight, or Brix
Computed on the ] df | ROOt weight BI‘iX
basis of | 1971 1972 | 1971 1972 1971 1972
All strains 16 19 —.325 —.038 | +.618** + .562**
Hybrid progenies 14 14 | — .580* +.129 | +.650** +.419
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Correlation coefficients for number of leaves developed during each successive

growing period versus root weight, or Brix.
1. Computed on the basis of all strains (df=16 in 1971, 19 in 1972).

Number of leaves developed Root weight Brix

during period of 1971 1972 1971 1972
3. Emergence to July 10 —.026 +.575** +.241 +.014
4, July 11 to July 30 —.097 +.112 +.513* +.330
5. July 31 to Aug. 20 —.373 —.432 + .597** + .558**
6. Aug. 21 to Sept. 10 —.594** —.370 +.733** +.730%*
7. Sept. 11 to Harvest —.423 —.085 +.776** + .671**

2. Computed on the basis of hybrid progenies (df=14)

3. Emergence to July 10 —.465 -+ .595* +.455 +.123
4. July 11 to July 30 —.477 +.060 +.575* +.339
5. July 31 to Aug. 20 —.444 —.178 + .587* +.387
6. Aug. 21 to Sept. 10 — .688** —.147 +.721** +.439
7. Sept. 11 to Harvest —.607* +.074 +.703** +.242
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Fig. 1.

sKep (] Jod PadojoAdp SOABD[ JO ON)UOUBLUBIBLJP JBI[ jO Anprdey

(Growing stage I; From emergence to July 10,

to July 31, III; From Aug. 1 to Aug. 20, IV; From Aug. 21 to

Sept. 10, V; From Sept. 11 to harvest)

1971

Growing stage

4P OO0 @GR 4P

KWS-E
S-26
F2

HH

Rapidity of leaf differentiation in each successive growing stage.

I1; From July 11

1972

T | I [ | | |
I I I} v v I I il N v
Table 7. Correlation coefficients for some foliar traits versus root weight, or Brix.
1. Computed on the basis of all strains.
Root weight
Between 1971 1972 1971 1972
Sept. July Aug. Sept Sept. July Aug. Sept.
Plant height +.416 +.377 ~—.091 +.166 | —.016 | —.533* +.055 —.023
Lamina Leng. +.673%* | +.333 +.056 +.226 | +.072 | —.122 +.352 +.276
Lamina Width +.510% | 4+.190 —.053 +.118| —.269 | —.368 —.045 —.506*
2. Computed on the basis of hybrid progenies
Plant height +0.98 +.338 —.465 —.277 1 —.363 | —.258 —.067 +.037
Lamina Leng. +.596* | +.425 —.222 +.036{ —.429 | —.369 —.213 —.112
Lamina Width +.450 +.279 —.160 —.094| —.436 | —.333 —.179 —.184
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Table 8 Correlation matrix for foliar traits in 1971.

Trait 1 2 3 4 5 6 7 11 12 13
1 —.593** — 543* —.451* —.604** —.580** —.453* .265 B04** 719
2 —.789** .823** .878** .890** .895** .898**  —.002 .088 —.604**
3 — T78** .903** TT0** .580%* .53l .535* .296 123 —.359
4 —.719** .882** 726** 740%* .689** 763** .062 044 —.390
5 —.760** 927 L791** ,853** .869** 856%*  —.214 -~.282 —.762**
6 —.783** 967** .826** .846** .823** 926 —.214 —.280 —.643**
7 —.742** .942** J765** .862** .864** 934+ —.150 —.134 — .559**
11 177 —.393 —.1% —.578*  —.400 —.357 — 4% .790** LA450*
12 693%*  —.625** — 520* —.713%* —.621* —.605% —.646** .538* .512*
13 TALYY =757 — 669%* — 657 —.833** —.712** —.710** .382 .512*

Trait;

developed in each successive growing period. 11; Plant height.
Significant at 0.05 and 0.01 level respectively.

width. *,
Below diagonal; Computed on hybrid progenies.
Above diagonal; Computed based on all lines tested.

€%,
H

1; Weight of a lamina. 2; Total number of leaves developed in a season. 3-7; Number of leaves

12; Lamina length. 13; lamina

Table 9. Correlation matrix for foliar traits in 1972

Trait 1 2 3 4 5 6 7 11 12 13
1 —.493*  —.313 —.600** —.442* —.224 —.336 .338 404 785
2 —.52%* .507** .875** Tt .840** .866%* —.279 -.118 —.573**
3 —.227 .595* .553** .036 182 380 —.178 —.161 —.438*
4 —.601* .912** .519* .533* .565** 13T =102 —.131 —.582**
5 —.705** .789** 144 774** .863** 699** —.393  —.331 —.601**
6 —.491 .901** 416 .804** J780** .849**  — 128 .009 —.330
7 —.483 .815** .524* .760** T25** .842** —.040 183 ~.410
11 054 —.378 —.2% —.221 —.276 —.100 —.224 674** .448*
12 664**  —.648** — 4 —.732%* —.613* —.377 —.483 .505% 578**
13 804** — 620 — 428 —.617%  — 763%* — 498** — 509** 315 7%

The number of trait represents the said trait as in Table 8.

Below diagonal; Computed based on hybrid progenies.

Above diagonal; Computed based on all lines tested.
€ k%,

, ; significant at 0.05 and 0.01 level respectively.
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Table 10. Multiple regression analysis
Standard regression coefficient
Dependent No. of B .
variable Year lines We:)gfht Number of leaves developed during .
11 m NV | R R
Root 71 18 +0.685* +0.435 +0.179  +0.554 —1.023** —0.010 | .900** .705
Weight "2 20 +0.500* +0.665** +0.199 +0.377 —1.162  +0.407 | .838** .589
! 160 +0.728* +0.466 +0.229 +0.582 -—1.167 —0.036 | .865* .580
T2 160 +0.542  +0.937* +0.026 +0.694 —0.902 +0.082 | .835*  .497
Brix ! 18 +0.476* —0.093  +0.041 —0.034 +0.684 +0.407 | .879** .645
72 20 —0.073 —0.210 —0.169 —0.368 +0.804 +0.426 | .783* .505
71 16V +0.377  —0.289 —0.127 +0.067 +1.032  +0.292 | .800* .400
72 16V +0.101 +0.184 —0.091 +0.492 +0.645 —0.594 | .537 -

R** - Coefficient of determination corrected by degree of freedom

1) Coumputed on the hybrid progenies
2) I; From emergence to July 9,
Sept. 10, V; Sept. 11 to harvest.

* kX

I[; July 10 to July 30, [l; July 31 to Aug.

20, IV; Aug. 21 to

,¥*; significant at 0.05 and 0.01 level respectively.

Table 11. Multiple regression analysis (Continued) (Stepwise procedure)
Standard regression coefficient

‘]/Daerp;zgient Year IITIO. of Weight Number of leaves developed during
e Lamipa  (I1F+ID? M (N+V)» | R R*
Root 71 18 +0.757**  40.648**  40.567 —1.048** |.890** .853
Weight 72 21 +0.375 +0.841* —0.246 —0.471 .714% 388
71 16 +0.749* +0.627 +0.622 —1.192* .852%* 627
72 16V +0.345 +0.942* —0.206 —0.467 .601 .362
Brix 71 18 +0.489 * —0.072 +1.075**  [.877** 720
72 21 —0.224 —0.297 +1.127**  |.786** .551
71 16V +0.364 —0.365 +1.337**  |.796** .502
72 161 +0.107 +0.056 +0.480 .469 .220

R** - Coefficient of determination corrected by degree of freedom

1) Computed on the hybid progenies
2) Pooled data of growing period

*  kx,

s ; significant at 0.05 and 0.01 level respectively
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Genetic studies on the negative correlation between root weight
and sugar content in sugar beets

(X. correlated response of some foliar characters accompanied
with hybridization and selection)

Chikahiro TSUDA

(Lab. of Industrial Crops)
(Faculty of Agriculture, Hokkaido University)

Summary

The author has indicated that the mass selections for root weight or sugar content of sugar beets
caused the characteristic variation in some foliar traits (Tsuda and Hachinohe 1973). This report intented
to inquire whether such correlated responses occurred in the maternal progenies selected from a hybrid
population between the yield type variety KWS-E and a sibmated line with high sugar content. The
hybridization and selections were made to seek out the efficient.method for the simultaneous improvement
in root weight and sugar content, and the detailed results have been reported in elsewhere (Tsuda 1975).
As shown in Table 1, some maternal lines derived from selected F, plants were superior in both root
weight and Brix percentage to those of the variety KWS-E.

The results of the present investigation can be summarised as follows ;

1) The increase in root weight by seleetion accompanied the increase in weight per lamina, lamina
length, lamina wid th, and the decrease in number of leaves developed in a season, rapidity of leaf
differentiation in the later growing period (Table 2 - 7 and Fig. 1).

2) As Brix percentage was increased by selection, the weight per lamina, lamina length, and lamina
width decreased, on the other hand, the number of leaves developed in a season, rapidity of leaf
differentiation increased (Table 2 - 7 and Fig. 1).

3) The relationship of the rapidity of leaf differentiation with root weight and Brix percentage became
closer as the growing stage advanced (Table 6). )

4) Generally speaking, the progenies showing the superiority in both root weight and Brix percentage
in comparison with those of the variety KWS-E showed higher values in the weight of a leaf and rapidity
of leaf differentiation in the earlier growing stage.

These results mentioned above are quite similar to those observed in mass selections.
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5) The multiple regression analyses clarified that 40 to 60 percent of the genetic variation in the
root weight, and 30 to 50 percent of that in the Brix percentage could be explained by the variation in these
foliar traits operating jointly (Table 10 and 11).

6) The analyses also showed that the partial regression coefficients on the weight of a lamina and the
rapidity of leaf differentiation during emergence to July 31 had the positive or very small negative values
in two multiple regression equations of which dependent variables are the root weight and Brix percentage
respectively.

These results suggest that the selection for the increase in these two foliar traits may be useful for the
simultaneous improvement of both root weight and sugar conent, provided that the rapidity of leaf

differentiation in the later growing stage is held constant.



