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Genetic Studies on the Negative Correlation between Root
Weight and Sugar Content in Sugar Beets

XII. Regression analyses for selected progenies on
foliar traits of mother plant
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Hokkaido University)
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Table 1. Correlation
RW .SC LN1 LN2 LN3 LN4 LN5 PH1 LL1 LW1 LS1 PH2 LL2
skeskok % *
RW —.711 —.409 —533 —.323 086 —.482 —.236 —.116 106 051 107 097
*etok %
SC —.737 378 584 306 —.026 338 214 08 194 187 —-.162 .003
* ko * *
LN1 —.172 — 134 545 256 121 371 698 494 382 508 117 —.022
* *
LN 2 —.68% .442 .46% b517 354 529 259 074 159 150 155 082
sk * *ok ok kk
LN 3 —.660 539 194 .830 662 834 168 .139 —-.391 279 041 052
Fokok Kok stk *okk *
LN 4 —.704 —639 136 790 .850 584 157 010 —.059 —.078 105 —.013
sokok * Sak kK kkk
LN 5 —.728 55 207 .795 .736 901 270 317 —.129 003 101 115
* sokok *
PH1 419 —.6;; 517 —.100 —.199 —.330 —.284 789 319 585 424 101
sk sk * sk Kk kkk *
LL1 643 —.697 127 —555 —.565 —.702 —672 734 244 605 317 308
Hokk * * % dkk kR Sokk
LW1 —.436 —.682 285 —.420 —.447 —.513 457 756 812 917 125 046
* sk * * ok ¥ sk kkk REX
Ls1 525 —677 209 —.493 —.495 — 588 —.546 772 933 966 236  .166
* * * *ox Ko
PH 2 300 —.340 —.142 —.502 —.418 —451 —.430 486 482 561 569 257
*ox * * * * * * Kk
LL2 273 —.440 —.211 — 589 —.539 —526 —.460 202 477 459 500 .650
* ok *ok * ok EEE sokk T
LW 2 219 —-513 087 —.582 —.609 —556 —.395 425 620 .725 714 644 781
* *ok ok * * Kk % dx kER ek
LS2 237 —.479 —.087 —635 —.605 —559 — 450 314 574 612 632 689 928
ek *
PH 3 255 —.42g8 151 —.189 —.351 —.221 -—.181 .492; 257 422 356 732 506
skokk
LL3 —.060 —263 .116 —.123 —.258 —.107 —.117 144 122 272 211 438 692
sk *x ok * ¥kx *k ¢ *
LW 3 422 — 612 233 —.340 —.618 — 438 —.230 569 536 710 659 496 544
* % o * % sorx
1LS3 192 — 49 212 —.281 —.519 —.319 —.201 408 386 576 512 559 742
* * % dkok
WL 170 —.388 —.052 —.383 —.518 —.369 —.278 317 344 444 422 556 701
FKksk * * skokok skkeok ¥k Sdek *x X * Sk
TNL —686 —489 506 962 881 —.877 866 —.086 —.566 —.377 —.463 —.481 —.578
* * * *
TW 087 —.354 517 093 —.232 —177 —.122 501 293 445 389 241 458
* * *
WR 055 —.302 471 037 —.168 —.193 —.187 541 312 464 411 237 372
* k * %
CS —.144 267 —339 037 —.080 119 222 —.524 —.404 —479 483 —.510 —.357
SY 011 —.209 354 049 —.196 —.210 —.186 384 205 315 272 126 @ .347
R/T —.074 003 232 —.036 —.019 —170 —.205 .318 .167 .203 201 065 .103

Explanation of symbol.

RW

SC

LN1 :
LN2 :
LN3 :
LN4 :
LN5 :
PH1 :
LL1
LW1:
LS1 :
PH2 :
LL2 :
LW2:

Root weight of selected progeny.
Sugar content of selected progeny.
Rapidity of leaf defferentiation during 1st growing stage (Emergence to July 10}

ditto
ditto
ditto
ditto

Plant height on July 28.

Lamina length on July 28.
Lamina width on July 28.
Lamina size on July 28 (Lamina lengthXLamina width).
Plant height on Aug. 30.

Lamina length on Aug. 30.
Lamina width on Aug. 30.

during 2nd growing stage (July 11 to July 31).
during 3rd growing stage (Aug. 1 to Aug. 20).
during 4th growing stage
during 5th growing stage (Step. 10 to Oct. 7).

(
(
(

Aug. 21 to Sept. 10).
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matrix
LW2 LS2 PH3 LL3 LW3 LS3 WL TNL TW WR CS SY R/T
*
139 332 —.094 .095 190 196 193 —477 —.070 —.000 —.199 —.016 235
*
081 —196 —.160 -—.361 —.136 —.316 —.140 465 224 149 .149 186 —.150
*k sk * Sk
012 —.052 .086 126 —.159 —.005 313 633 676 522 —.182 593 —.054
Hokk *
—.012 —-.013 .096 118 —.117 .014 161 828 493 149 025 369 —.201
x * Fookok
— 464 — 241 071 120 —.467 —.246 —.134 837 299 345 —.235 305 169
*%k
—.242 —114 .003 052 —.008 .037 .008 648 .200 108 —.340 084 —.123
o,
—.176 —.024 055 115 —.245 —.096 —.056 843 355 300 —.138 300 —.016
*
.056 079 .388 .280 .082 275 178 408 416 145 —.025 232 —454
139 .303 190 277 —.088 146 209 262 377 193 189 280 —.316
sk * * * *
707 528 —.203 —.121 .552 335 .558 .004 523 324 —.043 392 —.235
Kk * * k&
642 566 —.079 026 A35 .356 .540 .091 577 342 047 433 —.312
* Kk * *
289 .560 670 504 197 491 242 139 217 011 —.011 064 —.344
144 394 —.110 173 —.041 .081 226 .066 .093 029 436 117 —.101
ekl kokok * *
798 109 —.024 695 486 466 —.217 .268 .098 050 184 —.180
ek * *kk kok
951 .096 .388 A75 604 652 —.114 428 291 .036 352 —.072
442 .48)'; ;63 133 5??1; .087 .088 128 .024 120 025 —.142
* s,k Soksk *kok *k *
503 616 699 047 .696 .570 141 445 393 —.272 371 126
ok ok *ok sk ’
745 .659 581 .406 748 255 —.278 002 —.188 038 —.133 —.332
Hkok ok Hokk ook ok ok .
756 771 748 842 831 565 —.087 321 143 —145 — 171 —.166
ek sk * *k Kk skekok gk Fkk skokok
694 742 496 635 641 760 087 773 770 —.330 715 207
* Kk * *
—b515 —584 —196 —.124 —348 —.279 —.401 551 446 —.191 A57 —.058
* ke k% *kkk k% kkck seskok
.393 402 534 607 634 725 561 .036 920 —.370 949 266
* * * *k Sekek * kksk ok
.305 317 446 425 .508 539 456 .005 915 — A77 981 602
* *
—294 —329 —492 —347 —133 —286 —.139 —.022 —-395 —415 —.368 —.526
* * sk - *
203 241 .364 445 430 .506 420 —.002 .883 937 —.224 —.519
* keskok Sk k
010 034 .096 .016 079 .045 059 —.038 484 .765 265 774
LS2 Lamina size on Aug. 30.
PH3 : Plant height at harvest.
LL3 Lamina length at harvest.
LW 3: Lamina width at harvest.
LS3 Lamina size at harvest.
WL Weight of largest laminae at harvest.
TNL : Number of leaves developed in a growing season.
™ Total weight of mother plant.
WR Root weight of mother plant.
CS Sugar content of mother plant.
SY Sugar yield of mothher plant (root weight X Sugar content).
R/T Ratio of root weight to total weight.

All characters except for RW and SC are those of mother plant.
* xk and *** are significant at 0.05, 0.01, and 0.001 levels respectively.
Above diagonal ; statistics in 1974. Below diagonal ; statisiics in 1975.
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DT, B LIS E ORI (PH L, PH
2, PH3), #4E (LL 1, LL 2, LL 3), & OBKID
@ (LW 1, LW 2, LW 3), +ol Lo tEHFOKE
XxFH L (LS1, LS 2, LS 3), I EREND
WHN1OKOESE LD, ToEEELRELTLIE
FECHE (WL), 24FHMcRE LciER (TLN),
2EEE (TW), RS AKHEE (WR), 5 (CS)
(5T FBBERT DR A), HEERE (SY) (SY=WRXCS),
BEOL G EHCHT5E5R (R/T) (2 hidisiiozh®
RO T) EHVRIE E FTE SR

Table 1 CHERBEBCHEIN B RRHM (FHFE20%
#) R UTREEHRT2) 2w TGHE SR
nOWERM, bR RHEOTFHIRE (RW) L5
4 (SC) & DHEBIRE A B ARE OFKR IR L,
RARDOHEMMBIC W THY 2 &k, HE»S T
A 10 Bi& O 0BEOHLEE R E S E i Bt L
THBREDHEL TR L, BH&ilizs A YEEMEAYTRE
Az &, Fl8ALUEDEDSLEE (LN 3~LN 5)
CXLTHAEBLEBEEZ R LTV EThB, i
LRTIDLP 1 EFEIEFTROR Y OEORE I
RTHEORE, 2% VERR, EHIEA S LIEOHBE
RLELRAROVRBCIEOHBEIY R L, F &R
RERTRT QYRR ELFOHBARL, RELE
SR VCADBERIED LRI,
BRRHEORE, B OZLic oW TR R (197756
R LI, LTFo X cBlTEs, BERLS, SS
DOFE, 2% VAETFHHYOHERLS DR
L7=BRO%IRN, ¥k Lic#, 2% b LL, SL
HXvERCEEYR L, —#5: LL, SL BN
T L TEER TR Lic, #ERORFARIICIRED
WTIEBEAREEREDL AT, L LS HROER
PED 2hz, —~HES oW TEERNCHERETTHNE
oA, LS, SL Mot < TEWEL R
L, ThbiRE, BroZERE Tablel it/ RE A T
WB X SWCBEROERE, B LA OBERSTEDLR
ehs oic, —H—iRiICRAROED G {LEE & IR EHH

B, B REORBEYR LI, ¥19754ED0F — 21T
BT 7TEERETTOEDORE S LFRIHE, 2EvE
HE (LL1), Bokxx (LS1) ER4EE0HENEY
BECKHLTRL, oo LTz hb U cESE
VBRI ADOHBY IR L,

2. BEBRAK a EEOBENRLE-LBHEC
STHW: ZOREEROEENS Lo LBEIR
8H21 QLR OREZER L, NEMRCHT S 1ESE
T, Table 2 KHiZBOHENHRERVHNRE, B
St A HEBER AR L, Table 3 iz o bt Fihxt
SV HCHT 2 BRIVBER S OBER ST OEREY
KLz, Table BB X5 I9T4ED T —5 T
BEBABERIELRT, 95E0F—-2Th, Bbh
7-EMBIGRENT, 8 A 21 HUBEOR 4 B R ORTHM
BRI L A EELRELYTRL, 1ESFEIALOK
EXLRERhote, 2OXSR AL 2HERTS
HERRSH S IERLERIB O, 1

b. BAEFBHCOGTTAERRES Y . L EOoEE
FPoxE & LB ERRACOWTRE Lo E
&AL LMY E LT (Table 1) o T, Thb
OWBEERACTES N ED I, = OHA, TR
FefBTT, BRE, EoYestRT e E R BN OR
H, BB id A EFEELERIDT EXRBLNE
otedT, ChoWERBATAZ LEL, SHRIE
AOKES, FHFOANLEDOEILERAETER, BX
U SEHAOR L (PH 1, PH 2, PH 3) % bERSL, 2D
14 D¥EDOREZFETE (LN1~LN 5, LL 1~LL 3,
LW1~LW 3, SL1~LS3) # BB EHKE LKL
¥t

FERRER S LT, BRERED S bERMEE (B
Bighs, 19712 iV ic, FASR RO LR EY L
F=20, kAT v 7819 & L, Tabled & XD
Bo—#ER LI,

Tish bR R ROBEORMM O BB 1974 5F0
BRI, TN »’BAOTHILE~3008, 84
21~9 410 5, 9 A 11 A~REHc B H5EOHLEE,

Table 2. Correlation coefficients of number of leaves developed
after August 21 with some other characters.
Year Lamina weight Root weight Sugar contents
of mother plant of progeny of progeny
1974 —0.035 —0.256 +0.196
1975 —0.328 —(.735*** -+ 0.609%**

*k kb significant at the 0.01 and 0.001 levels respectively.
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Table 3. Multiple regression analyses for root weight or sugar cont.e‘;nts
of progenies on the two foliar traits of mother plant for which
selection was made.
Source of variation . Adjusted
. Coefficient h
Dependent (Independent v Due to Residuals Multl{)le of coeﬂ‘i}:lent
variable variable ear regression correa- determina-|; or.
a Mean af Mean tion tion ete;mma-
square square tion
LNt 1974 1 0.0032 18 0.0025 .256 .066 .246
Root 1975 0.0400%* 0.0019 735 541 515
weight 1974 0.0024 0.0025 316 .100 —
LN WL2 | 1975 | 2 | 00205+ | 17| 00020 739 546 493
1974 0.339 0.472 196 .038 —
Sugar | ° 1975 | 1| 3508%+ | 18| 0330 509 371 336
contents 1974 0.248 0.490 237 0.56 —
LN WL | 1975 | 2| 1os0x | 17| o328 641 A1l 340

1) Number of leaves developed after August 21.

2)

Weight of a lamina at harvest.

*, %k significant at the levels of 0.05 and 0.01 respectively.
Adjusted coefficient of determination=1.0—MSgr/MSr, where MSr=Mean square for
residuals and MSt=mean square for total.

Table 4. Multiple regression analyses with foliar characters of mother
plant (Stepwise procedure with criterion F values for inclusion
and deletion=2.0).
D:é)reiggf:t Year Standardized regression coefficient N:;&g?irogf
Independent Ny LL1 LWz LS2 LN4 LN5 LW3
—.428** 535kx  726%*% — 740*%* — 287
Root | (1) & ® @ ®|
weight —407 375 —.878*%* —.342%*  g7H%*
1975 6 @ e o @ 2
Independent N2 LL1 LN3 LN4 LL3 LW3
B22%* —.441%* 332 —.451%*
1974
Sugar i) @w e @ 3
contents —.517* —.335
1975 (1) @) 4
ANOVA
Source of due to . .
variation Regression Residuals F Multiple |Coefficient of Ad]ust:fd Coe.
elgll?;;tioofn df MS df MS correlation |determination determination
1 5 0.0074 14 0.0008 9.18%** 875 766 695
2 5 0.0124 14 0.0009 13.36%%% .909 827 765
3 4 1.411 15 0.212 6.64%** .800 639 543
4 2 2673 17 0.241 11.07%#%* 752 .566 514

Adjusted coefficient of determination=1.0—~MSgr/MSr, where MSg=mean square for residuals
and MSr=mean square for total.
* %% and ***; signficant at the levels of 0.05, 0.01 and 0.005 respectively.
Figure in parenthesis represents the order of inclusion of corresponding independent variable.



6 EEAERFRBLLE #1115 F1F

Table 5. Contribution of selection to the variation among progenies.
(A) Aver:}ggd mean Ci=
Character Year Total mean square square within 1-(B)/(A)
among progenies selection group
1974 002523 002172 0.143
Root weight 1975 003947 1001876 0.525
Mean 003241 1002024 0.375
1974 465 432 0.070
?;‘ff;ms 1975 497 227 0.544
Mean A81 .330 0.315

(C) Proportion of total variace accounted for by selection.

8 ADIEDK E X (LS 2), INERFOIESIE (LW 3) DFt
SHEIC X - CHBEhB, 11975 E0E 3R
TEOLBD 75% # LN 2, LN 5, LW 30357 8 0¥
HE(LL1), 8 A0 EHIR LW 2) 5B L »THt
HT&hZ EWRERT,

— SO\, 1974 I3 7 B 11 B~30 |,
88 21~9 510 B X' 9 A 11 BLUG O HIERE & IX
EROESE (LL 3) Ik X » T#60%, 1975 E L7
RBOESR &INERORE S E X - T 50% BERHH
Ihic,

CHOERRFBIORE, BHoBED > RS
DHEBGIARRC L - THETES,

| (BEPESES)

(& FHFT7)

Table 5 & Lic X 3 @2 OfERiR B oW TF
Y389, B oWTIiL32% Thb, Zhics LER
ERUHRTEE S BHERE T 2ol ERE3 L
WX T4% & 52% TH5H (Table 4), & vEBEEN
DR DL R DY K 2 ooy v A OFEHH Eo—
KEEBC L - THRBETEX BT 5,

Table 6. Validity of obtained regression equation in each inclusion step (1)
Dependent Equation Inclusion step
variable No. in Table 4 1 2 3 4 5
Multiple correlation 533%  624%  TOBkE  Bqwrk  RTHwkx
1 . .
i(;orlge};“‘m with data | eooex 519+ 316 401% 400
Root weight
Multiple correlation oAk P74k BETRRR RRGkAR  GOGEAk
2 . .
Correlation with data | yq1« 458 389 310 337
Multiple correlation 584F*  72T**x TR GOQFH*
3 : : .
Correlation with duta | gyex 403+ 350 330
Sugar content
Muitiple correlation B97HE 752k
4 : H .
glor1r9e7l4azt10n with data |_ gz 031

*, *¥* and ***; significant at the level of 0.05, 0.01 and 0.005 respectively.
1) Correlation coefficient between value which was predicted by the application of regression
equation for 1974 to the data of mother plants of which progenies were tested in 1975,

and observed value in 1975,

2) Correlation coefficient between value which was predicted by the application of regression

equation for 1975 to the data of mother plants of which progenies were tested in 1974,

and observed value in 1974.
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oA CHEBEER O F 0 HIRE, EH2BE
MR EUTEE LBEER T, RECH THE R
+0.790%* & +0.359 FHy LT 0.619%*, JH/M o Tik
+0.741%*% &£ +0.197 SFH LT 0.520% DfEHES I T\
% (B 1975), Zhbofickt~, = 2t bhicER
BARBIIE L LR REL T3,

3. BHRANOEQHRADOTA

—BEBR T OBEYE L O B0, TR
Lic & 5 IR OERHEO— ki & LIcEEFARI K
ORI E D FHNCHIL? & ThuE, Zhi 3 gcHl
HTAZENAREL D THAH S, Tabled ioRmlLiz4
DOEEBRALFE R SOBREFRATE L EREAT
fodh, —OFEOHED AT » 72 LB i ER
R OFECHER LR ORADERHBEOEY
RALTTHELSE, ki EHEE OO E R
L7ze ZDRRFPEHBRE (FXOUZELEE OTFHIE
EHEPME L OB MBE) & &b Table 6 iR T h T
5. T b EMBIFEIHBER ORI X BIHE -
THREVEZRT IO D), HEEDTF —2~0
YTk UUTHEAELE D) BKRECES L5k
b, ZOFEE, ChOEBREE eI LT
BB TAZ LRIARAFETHDZ EXFT LT B,

% 2 T ALHEOEBBRCTA Thi2TOBE
B DWTILT, B>k 6 48 3B L%
& LTHEY B, WEREOR - LORLFREALT
HEZ LT EARRERD, FhbOoROEEE YR
Lo TOEMABRHEELMEED T — 5~ & EHM
Table 7 /R L TH 20, EMEBEREIISCRELD L
DDOFEREDF _LITED S ik o7,

% T B0l BEFEREZES D, FRE 120
HPEHE UCEWCHERAA, Toth 7L 1LI26 D
B A R AR - CBGAA T, Table8 w82 2
7 v THUFEOFEROHORER AL 2BV cb0 &, B
HERAET AORERRARLTH S, ¥z Table 9 O
RESTR RS ORI X B EFEOTFHIME L SIE L
DEMBIER AR LIz, b Offiix Table 7 iR L7
EHBIRII ARG REME R R 2%, SHEROHR
% e B - THWIML, HFREC>W TS
EERELTWD, Zhbix Table 7 B\ CHV- 7 B4R
DEWRRO B OEEC X b AR LR, ¥, 24
MOF— &2 LTHELLAEARRNOBEAE
(Table 9 OA¥5rER L) LR T3, Fig. 1
PEOBRKAT » 7 OERBAR X 5 FHE L ERED
FHERZ R L, ZoR»E, ELBRET>WTLS

Table 7. Validity of regression equation! (2)

Dependent . . Mulltip.le Correlation?
variable Step Independent variables included correlation with data in
1974 1975 1974 1975

1 LN 2 533**  605** 533* .605*

2 LN2 LL1 538 709** | 252 .552%

3 IN2 LL1 LW2 557 796%* 119 514*
Root weight 4 IN2 LL1 LW2 LS2 697* 796%* 112 .353
5 IN2 LL1 LW2 LS2 LN4 750+ 819*%* | —0.03 144

6 IN2 LL1 LW2 LS2 LN4 LNS5 873+ 816* | —0.55 .505%*
7 ‘ IN2 LL1 LW2 LS2 LN4 LN5 LW 3| 881* 910*¢| 051 426

1 LN 2 B84**  446% .584* 446%*
2 ILN2 LL1 .586* 700%* 412 —.003
Sugar 3 |LN2 LL1 LN3 586 725%| 413 —.085
contents 4 LN2 LL1 LN3 LN4 663 .738* 242 —.203
5 IN2 LL1 IN3 LN4 LL3 BO8**  756* 222 - 076
6 IN2 LL1 LN3 LN4 LL3 LW3 821* 797* 118 —.034

1) Computation was made with data in each year, and independent variables are those
included in equations 1 and 2, or 3 and 4 shown in Table 4.
2) Correlation of observed value with the estimate predicted by regression equation

obtained in another year.

* % . significant at the levels of 0.05 and 0.01 respectively.
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Table 8.

Multiple regression equations computed with foliar traits

and a dummy variable assigned to ‘year’ (1).

1. Dependent variable; root weight

Inclusion Constant Independent variable cﬁgfjﬁfit::t

step LNz LL1 LWz SL2 LN4 LN5 Lwas |of deter
mination

2 2.94622 —.07151*%* 303

3 2.81738 —.06459** 00480 319

4 2.83508 —.06652**% 00542 —.00159 299

5 2.84808 —.06440** 00478 —.00533 .00013 288

6 2.86636 —.06178** 00452 —.00566 .00014 -—.00746 272

7 2.88831 —.03039 .00533 —.00590 .00017 —.07430 —.12339** 440

8 2.85542 —.02818 00529 —.01416*% .00024 05821 —.11298** 01034 493

2. Dependent variable; sugar contents
LN 2 LL1 LN 3 LN4 LL3 LW 3

2 14.66 76%* 607

3 16.52 66%*  — 07 619

4 16.21 53 —.07 23 613

5 16.71 56 —.08 40 —.37 607

6 17.42 .60 —.06 31 —.26 —.05 635

7 18.19 68* —.04 —.05 —.02 —.05 —.07 637

1) Dummy variable assigned to ‘year’ was first included and 7 or 6 foliar traits were stepwise

included according to the order of observation during season.

Table 9. Validity of equations shown in Table 8 and equations computed
with pooled data.
Correlation between predicted Correlation between predicted
Step Year and observed value (1) and observed value (2)
1974 1975 Mean 1974 1975 Mean
1 533* 605%* BTLx** 533* 605%* ST1x¥*
2 475% B75%* 584x** A46T* BTY*** 583F**
3 446* 700%** 587Hx* 437 T04%%% 58G*¥*
vl‘fi‘é%tt 4 510% 6754 59GHkk 506* BTTH* 59gik
5 498* B82%Hk 59 ** 481* 690+ *x 595k
6 T86*%* T05%** 749k * (el T19**% T41%%%
7 T07xF* 814wk 766%** 686** 825Hk% 764x%%
1 HB4H* 446% 518%* 584 ¥k A46* 518**
2 500 .590%* B47H** B579%* A480* 530k
Sugar | 3 492% 610%* 554k 571%x 503% 53gkRx
contents| 4 545%* B586** 566%*+* 612%* 343 A4BYFH*
5 683xx* i .D84*x 636%** 754%%* 353 589k
6 641%* 642%% B42%%* 753%** 289 564K+

(1) Predicted values were computed by the equations shown in Table 8.
(2) Predicted values were computed by the equations with data pooled for two years. Lower
coefficient of correlation is due to the significant difference in sugar contents between

years.

*, %% and ***; Significant at the levels of 0.05, 0.01 and 0.001 respectively.
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Fig. 1. Scatter diagrams of observed and

predicted values of root characters. Pre-
dicted values were estimated by multiple
regression equations shown in Table 8.
All the values were plotted by the devia-
tion from corresponding mean value of
selected progenies.
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Table 10. Multiple regression equations computed with foliar traits and a
dummy variable assigned to ‘Year’ (2).

1. Dependent variable; root weight ANOVA
. due to : Adjusted
Inclusion Constant Independent variable Regression Residuals coefficient
step LN 5 LN2 NL4 LL1 |gf MS df | MS of determi-
nation
2 3.01471 | —.10884*** 2 | 0.051%+x 37 | 0.0020 379
3 3.04170 | —.07792¢ —.03223 3 | 0.018*%%¥ 36 | 0.0019 397
4 3.02157 | —.11518%* —.03803 .05907 4 | 0.015*** 35 | 0.0018 425
5 2.84402 | —.12182** —.03493 .08053* 0.0603 | 5 | 0.013**¥ 34 | 0.0017 454
2} Dependent variable; sugar contents
LN2 LS3
14.66 76*** 11.461%%% 37 | 0.368 607
15.96 BIFFX Q03I +* 8.327*%*% 36 | 0.321 657
Validity of equations
Root weight Sugar contents
Step Correlation between predicted Correlation between predicted
and observed value and observed value
1974 1975 Mean 1974 1975 Mean
2 482% T28x%* B20HH* 584** 446* 518**
3 568%* 719%x* B50%** 654** 575%* 616+**
4 69k 685HF% 692%F*
* *% and ***; significant at the level of 0.05, 0.01 and 0.005
Table 11. Co-variation between root weight and sugar contents
determined by regression on foliar traits.!
1974 1075 1974 1975
a. Observed sum of product —.480 — 625 Correlation —711%rek — 737*RK
b. Sum of product between :
values predicted. —.406 —.495 Correlation —.862%kk  — BPo¥wk
b/ax 100 84.6 79.2

1) Predicted value were obtained by regression equation for respective root character with
7 foliar traits which are independent variables included in the equation for root weight

shown in Table 8.
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Summary

In the previous report (TSUDA 1977), the author
revealed that the selection for two foliar charac-
ters caused the conspicuous variations in root
weight and sugar contents among progenies of a
hybrid population of sugar beets, and concluded
that these foliar traits would be useful as criteria
for the selection for these root characters. In this
report, the author applied the multiple regression
analyses to the results of this selection experiment
and intented to obtain some useful information.

The obtained results can be summarized as follows ;
1) The regression analysis for root weight or
sugar content on the selection criteria used in
this selection experiments (the number of leaves
differentiated after August 21 and the weight of
a lamina) failed to give any added information to
the results reported in the previous paper (Table
2 and 3). '

2) The regression analyses with 14 foliar traits
of mother plants as independent variables were
performed by stepwise procedure with the data in
each year (criterion F values for inclusion and
deletion=2.0). The results are shown in Table 4.
About 70 to 80 percent of variation in root weight
among selected progenies could be explained by
linear dependence upon 5 foliar traits of mohter
plant. About 50 to 60 percent of variation in
sugar contents could be explained by the variation
in 4 foliar traits of mother plants in 1974 and 2
in 1975. The values were much larger than the
proportions accounted for the selection for foliar
traits mentioned above (Table 4 and Table 5).

3) These equations were found to be invalid
for prediction, because, as shown in Table 6, the
correlations between observed dependent variables
in one year and the predicted ones estimated by
the regressions equations obtained from data in
another year were reduced as the number of inde-
pendent variables increased.

4) Regression analyses with these independent
variables and a dummy variable assigned to ‘year
were performed. The fittness of predicted depend-
ent variables estimated by these equations in each
year from which the term of year were deleted
as shown in Table 8 was fairly good (Table 9),
although the correlation coefficient were slightly
lower than the corresponding multiple correlations
which were computed with the equation shown in
Table 6.

determination were higher than the proportions

Furtheremore, adjusted coefficients of

of the variations determined by the selection to
the total variation among progenies. Thus, these
facts suggested that these equations might be use-
ful as the predictive selection criteria for root
weight or sugar contents.

5) The correlations between root weight and
sugar contents in selected progenies were highly
negative (Table 11). Since large proportions of the
variations in both characters can be explained by
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linear dependence upon foliar traits of mother
plants, the variation in these foliar traits of moth-
er plants will be responsible for this adverse cor-
relation in progenies. The sum of product be-
tween root weight and sugar contents estimated by
the two multiple regression equations with seven
independent variables were shown in Table 12,
The percentage of this value to the observed sum
of product was about 80 percent. Thus, the ad-
verse correlation between these root traits can be
attributed to the variation in foliar traits of
mother plants. Accordingly, the selection utilizing

these equations seemed to be ineffective for the
breakdown of these adverse correlation. However,
LS and SL groups whose foliar traits in parental
generation were quite contrary to each other,
showed no adverse correlation (TSUDA 1977). This
seems to suggest that mother line selection from
these groups would be effective for concomitant
improvement in these root characters. From this
viewpoint, the selection with which such multiple
regression equations are used as supplemental
criteria will be effective for concomitant improve-
ment in these root characters.



