Generation Studies of Sugar-Beet Varieties
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It has long been the popular belief, particularly by Europeans
interested in sugar-beet seed sales in the United States and Canada,
that continued selection was necessary in order to maintain produc-
tiveness in a commercia variety. Two years ago the senior writer
reported some preliminary results on the performance of direct in-
creases of pedigreed and commercial lots of seed.’ These studies have
been continued; first, to develop more pertinent information on this
subject; second, to obtain further evidence with respect to the per-
formance and adaptability of our new productions, and third, to de-
termine the effect of seed production under widely different condi-
tions upon the productivity and agronomic characters of importance
to the commercial beet grower.

Methods Used

All plots consisted of 4 rows by 30 feet in length at harvest for
Longmont, Fort Morgan, and Brush, Colorado, locations. All 4 rows
were harvested for yield with only the 2 center rows being taken for
sugars. At Billings, Montana, the plots were 4 rows by 60 feet in
length at harvest, the center 2 rows being taken for yield and half of
these roots for sugar.

The tests at Longmont and Brush were planned using a "triple
lattice" design with 9 replicates, while those at Billings were simple
randomized blocks with 6 and 4 replicates, respectively, for A16-40A
and A16-40W (table 2). Only those tests are included in this report
where stands were very good, no material corrections for stand being
necessary.

The various seed increases, and the tests herein reported, were
made incidental to the regular sugar-beet improvement, seed produc-
tion, and varietal test program of the Great Western Sugar Com-
pany. Under these conditions it has been obviously impossible to
supervise every phase of the study, and while we have no reason to
question the purity of the productions with respect to possible mix-
tures, either by off-pollination with some other lot, or of the seed it-
sef, such possibilities must be admitted. For this reason the study
becomes more of a practical one since it provides the comparisons
necessary for intelligent direction of a sugar-beet seed-production
program.

In referring to the various classes of seed used in this study they
may be described as follows;

'Agronomist and Statistician, respectively; Experiment Station, The Great West-
ern Sugar Company.

Brewbaker, 11. E. Performance of Direct Increases of Pedigreed and Commercial
Lots of Sugar Beefs. Proceedings, A.S.S.B.T. 1147=148. 1940.
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Breeding group mixtures are made up of mass collections of seed
from isolated groups of selected mother beets designed primarily for
breeding purposes.

Pedigreed seed results from small plantings of transplanted or
overwintered stecklings and represents the first mass or unselected
increase of breeding families.

Commercial seed may result from the first or any later mass in-
crease of either pedigreed or commercial seed lots.

In testing significance the Isd (least significant difference) used
is based on the 5-percent point with odds of 19:1.

Results

The results presented in the following tables were limited to
those cases where stands were good.

Increases of Breeding Group Mixtures, Pedigreed, and Commer-
cial Lots—The results for increases of breeding group mixtures to
pedigreed seed are summarized in table 1.

Of these increases, 4 show- significant losses with 1 significant-
gain in yield, and 2 significant losses with 1 significant gain in per-
centage of sugar. For al lots tested there was an average percentage
loss of 4.68 for yield, 0.33 for percentage sugar, and 533 for total
sugar.

Comparisons of pedigreed lots with their first-generation com-
mercial increases are made in table 2 in terms of loss or gain for the
increase in percentage of Standard (GW18).

The data summarized in table 2 are inclusive for those tests made
during the past 3 years. In yield there were 2 gains and 6 losses
WhICh were significant. For percentage of sugar 3 of the increases
show'ed gains and 5 showed losses of magnitude sufficient to be sig-
nificant. As an average of all lots tested the increase generation
showed percentage losses of 1.78 for yield, 0.50 for percentage of
sugar, and 2.35 for total sugar. While these are not large there ap-
pears to be a trend in the minus direction for both yield and sugar.
The direct increases of commercial lots are summarized in table 3.

Only 2 of the yield figures are significant, 1 of these being a 5.88
percent loss for GW31, and the other a 2.25 percent gain for GW42,
these comparisons being made directly with the commercia parents
in each case. None of the percentage of sugar gains or losses were
significant. The general mean amounted to the very small net loss of
0.44 percent for yield, 0.79 percent gain for percentage of sugar, and
0.28 percent gain for total sugar.

The results indicate some lowering of the variability between the
original and the increase when these are the first and second com-
mercial increases (table 3) as compared with increases of breeding
group mixtures (table 1) or pedigreed lots (table 2). It seems highly



Table L=—luereiaca of breeding greup miztures to pedigreed sesd.

Lugs or gain for locrease

FarieHos Method in percentoge of standard (OWIS)
. Where For Where Year
Cretginal Inereags increpbed increaning Listed rgted Tleld Pereentage sagar Total sugar
B4 GWIRG Cole, Seckilog Longtucnf 1wl + 208 +&.46 + 420
B4y GWINS Coka, Hleekling Erash 1ML —10.42% —Li5F —14.78
jith] GW1070 Ariz. LW, T.angmount 141 — .50 +451* -— 0.53
Bij GWINT Arlz 0w, Tirush 1ML ~— B 08T — T2
Ed3 GWI0TE Culin. Stockllng Lungmvat 1541 + 9 +2.52 + 334
BiS GW e Cola. Bteckiing Reogh Thit + RTO* —1.27 + .32
B46 GWINTL Arlz. 0.W. Frugh 1M1 T2l —248 —15.74
Bl GWI0TT Cola. Htecklog Brysh 1wl =124 —5.30 —15.06
General mean — i —03 — 53
Wi 5 percent polnt. Longment 1M1 - a6 2IR -
Jed §-percent point. Brush 1941 9.62 34 —-—

* — Sfgniticant on beyls of §-percent pednt.



Table 2—Increases of pedigreed lots to commercia lots.

Loge or guin for iocrense

Varietien Method in percentage of dtandard (GWIS)
———— e Where for Where Year
Originat Inerease Inerenyed incteasing tegted tested Yield Leremntage sugsr Total sugar
Gwien Gws NAL 0w, Longmant 1o + (50 —L6% — D87
GWIHL Wi Cole, Steckllog Lungmnnt 1539 — 285 —027 — 316
GW1j20 dwil Arls, 0w, Langmont 10 — .08 —214 — 487
GW120 Gwil Arlz. 0w, Longmont 1H + 0 —1.1% —e 100
GWI1G Wi Artls. O.W. Brush 1M1 — &8 =147 — &27
W00 GW3B Arla. aw. Lot Tk — 335 —2.24 -~ 547
GWI1r GWiB Ariz, 0w, Loangrntant 1940 - 3.0 4074 w20
WS GWE Apjz, 0.9, Ltugattont 10 — 1m0 —-222 + .16
GWUPE GWE Artz. 0w, Faort Mergan 1HG + 180 —240* — T3
GW1ES GWSE Ariz. (1% Brusl 141 —1147* —a —18.82
GW6e GWik Ariz, AN Longmunt b — +3. 70 + 188
GW1032 GWiD Ariz, LW, Fort Morgan 160 - .51 EXIN -] 4 0gd
GW I GG Aris, L. Tenpggnonl 1Ml — 248 =67 — 275
GG Gw) Ariz, aw, Brush 141 ) —2.51 — 80
GWINK QW Colo, Shckling Longtoont 1MHO — i — 2 —_ i
G2 GWE Ariz, 0w, Lorgmout JiH + 0.31 —~—BT" — 335
GWET GWT Arix, oW, Longmeont 1Mo + 4000 -+ f.584 +10.81
GWIDGS GW4l Colo, Bteckling Longmoat 133 - —1.53 + 18
Gwios! Gwy Arlz, 0w, Lgnjinent Trhiey + 16 il i + 60
GWI0H G4 Cate. Steckling Lngment 1840 -— e ~—2H —
GWI0T2 qwiz Az, 0,3 Liongmuent i1 - 24 —40 — 248
GW1 Chem. GW4 Texay 0. Lengmont 1040 — 14 —40.17 — 081
General menn — 138 iy, Y — 235
led &-percent poiot. Lovgment 1930 433 1.1 544
Ted §-percent point. Longwont 1040 217 L8} 427
led J-percent point. Longmont 1941 3] o58 —
gl J-percent point. Fort Morgen 1840 232 141 280
Tad S-pevcent point. Brual 1841 262 443 —

* = Significant on basis of 5-percent point.



Table 3—Direct increases of commercial lots.

Loss or gain for increase

Varietlea AMlathod in percentage of standard (GW18)
- Where fur Whete Year .

Original Tucrease inereased Increaning teated terted Tiedd Parcottage sugar Total sugar
0wis GWwaG Cola, A Tongmane 10 —1.52 .+1.ﬂ3 44017
GW25 Gwyl Ter. 0.W. Laorgmant 1043 —h.5se +0.81 —4.03
GWH awR ATz, 0.W. Lueghpunt 1m0 -1.82 +1.58 +017
GV GW3T Cels. 0w, Lengmont 1HE 0,06 —{1.80 —12%
aws W42 Cela. Steekllng Longnont T4 +2.35¢ +1.32 3.5
GWH QW 3H-40 Colo, DW Lomgment 1M1 —10g 40,20 —.37
GWi GW4E QOre, 0w, Lobpmont Ml +1.80 +1.52 +345
GWH) owes Colo. 0w, LaRpimont 198% +3.25 +1.0¢ 45,00
GwWe aw Colo. 0w, Longnront MK +4-4.83 04T +t43
GWit GwWal Tex. (1R Longment 1% —5.81 ] —T7.30
Gencrdl mean .44 +0.70 +40.28
1gd 3-percent peint. Longmont 1939 ) L% x] 4 Bdd
Ied B-percent peiut, Loogmount 100 17 2.5 427
lad H-pereent point, Longmoent 1941 4.1 23 -

* = Higmificant on basis ef G-percent point.



Table 4—FEffect of location of seed production on yield of roots, percentage of sugar, and total sugar.

Inerease 1o percentage of standard

Varletiea Method (W18}
. Where for Where Year — S

Qriglnal lncrege ineresped Joereasing tosred teghid Yleld Tercentage sugar  Total sojur
w2z w2 Cola, o Longman: 154 .90 10029 10048
GW2 Gwat Tex. 0.W. Lungmonk RLEN BB .22 508
(30 ] AW Atis. D.W. Lungnont 1650 10145 0610 .50
GWid GWH-40 Celo, oW, Tongment 1ML 55T 100.73 B0
GWE W48 Qre. (1A Longmont w1 101.43 W05 10852
GWI1011 GW1044 Cela. Steckllng Longmont 1938 n20 1076 LR
Gwiil QW2 NM. 0w, Lo fraecorn. 10D 1283 1050 102.2%
Bi5 GWINTY Cola, Bteckllag Lougmont HHI W5 108.15¢ 104,37
B4 GWLT Arla. O.%. Limgrmunk 11 a6 1517 100,60
Edb GWI10TH Celn. Bteckling Brnkhk 141 120,524 W 11875
BiS GWimg Arfs, a.w. Brush 11 10540 A7 10514
B4R GWTT LCole, Btockling Brush L] Wt g a1z HE31
B4f GWIiTL Arls. 04w, Hrugh M 1017.61* 10004 10563
Ald ATG-40W Cele. Btorkllng Rillings 1541 11819 0.2 1024
Ald AlG-41A Atle, W, Eillings T Al WBIT B4 )
Average for Colornde Boures (B) 1,58 0008 106,40
Average for Arizonn Mource 1870 pLLIE.. ] W01
18d S-perevnt polnt. Longmont 1838 633 4.4 Bdd
lsd 5-percent point. Longmont 1940 217 250 4.7
lad S-percent point, Longmoat 1941 51 258 -
18 Se-percent poind, Brush 1941 B2 3.36 -
18d S-pereent point. Billings 1841 570 2.0 -

(a) GW34-40 and GW1044 not included.
* Varies significantly from standard on basis of 5-percent point.
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probable that little real change has taken place resulting from this
first increase of commercial to commercial, and that the chances are
about equal for any gains or losses o real magnitude.

Effect of Location of Seed Production on Performance.—Several
cases are available where comparisons of performance could be made
between separaie increases of lhe same original lot of seed in differ-
ent locations. The results for these comparisons are summarized in
table 4, the respective losses or gains for the "increase" under or over
the "original” being put in percentage of the standard variety
(GW18), which has been in al of our comparative variety tests for
several years.

There appears to be some rather definite, although nol consistent,
evidence to indicate belter yield.-., with sllghtly reduced sugar per-
centage, for Colorado as compared with Arizona increases. The one
Texas increase of GAY3l as compared with the original ((1W25)
showed a significant loss in yield, while the UW26 increase made in
Colorado ami GWIHi in Arlzona were both equal to the original.

The two increases of A'6 were tested in separate variety tests,
the two tests being adjacent, and in the same field. Stands were ex-
cellent in each, and while it is only possible to compare the perform-
ance of these two lots in percentage of the standard, the wide dif-
fefrence in yield between 1he two io*s appears to be quite highly sig-
nificant.

Discussion and Summary

When a preliminary report was made 2 years ago the need was
expressed for further data in order to reach definite conclusions.
Now that more data are available, we are still hesitant to generalize
too far. We do believe, however, that the data presented indicate:

~\. Predictions as TO the performance of increases of breeding
group mixtures or pedigreed lots are unsafe, and that comparative
variety tests can only be relied on in such cases.

2. Direct mass increases of commercial lots of seed may be ex-
pected to approximate the performance of the original, at least so
long as those increases are made under conditions where adverse nat-
ural selection does not appear to occur.

3. While the evidence is somewhat conflicting, there appears to
be some indication of better performance from Colorado-produced
seed as compared with Arizona-grown seed when tested in Colorado.

4. Extensive variety tests are indicated as an essential feature
of any improvement program if the best varieties are to be provided
for the commercial grower of sugar beets. In these tests, each suc-
cessive generation increase should be included until it can be shown
that no further change in the innate capacity to produce has been -
fected. Such increases could well be made on a small scale to pro-
vide seed for preliminary variety tests, and large commercial in-
creases would be made only as justified by these preliminary tests.



