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00!-l:PARISON OF SOME ADVJu"ifCED GEN3JBATIOHS OF A HYBRID STRAIN 
OF SUGAR :BEET WITE TEE ORIGilTAL THIRD GENEP.ATIOH SELECTIONU 

:By 
G~ W. Deming, Assistant Agronomist, 

:Bureau of Plant Industry, U. S. Dept. of Agriculture. 

Introduction 

Sugar-beet breecU.ng in<restigations in United States have reached the 
point where inbred lines are becoming available for use in hybrid combinations. 
There has been considerable eJ~loration of the possibilities of combining ex
isting inbreds which in themselves may be more or less satisfactory for com
mercial use, in order to obtain superior varieties for general introduction. 
Large mass increases from seed mixtures of more promising inbreds have been 
made, notably in the recent :Bureau introductions, u. s. 217 and u. S. 200 X 215. 
By pooling the seed of inbred strains and then carrying this mixture for1·rard to 
seed production, an att~pt has been made to utilize first-generation ~~brid 
v:i,.gor, the e~perience being that a considerable amount of hybridization occurs 
in the seed field. Obviously, the progenies consist of selfs of the parental 
strain and the hybrid. As yet, certified hybrids he.ve not been produceo. in 
quantity for direct use by sugar-beet gr01<1ers, nor have the F1 hybrids been 
carried to advanced generations for cormnercial use. The foll01ving data deal
ing with Hybrid Strain 520 and its selected and non-selected advanced gener~ 
tions are presented as having bearing on the question of >-vhat may be e;:;pected 
from advanced generations of sugar-beet hybrids. 

Origin of the Hybrid Strain 520 

~n AU£~st, 1930, the American Crystal Sugar Company planted a field 
on their West Ranch farm at RocbJ Ford, Colo., with seed of their sugar-tY.pe 
variety, Flat Foliage, for the production of stecklings to be siloed a..ncl re
planted in the spring of 1931 for seed production. A few rows on one edge of 
this field were left in the ground in the fall and a small proportion of the 
beets ii.1 these rows was alive the next spring., having survived the tvinter. 
Forty of these stecklings showing the least frost injury were planted in the 
spring o.f 1931 with 10 red garden boets which had been kept in a pit over v.rin
ter by a local gardener. These red beets are believed to have been of the 
Detroit Dark Red variety. The red beets were slow in starting but did produce 
a sco..nty growth of seed staD~s, blooming rather late in the season. The follow
ing year, 1932, the open-pollinated seed saved from the 40 sugar-beet pla.TJ.ts 
was planted and showed that there had. been about 5 perce.nt of intercrossh'lg of 
the sugar beets with the red. garden beets. 

A seed crop was produced in 1933 from the sugar beet X red garden beet 
hybrids, crossing taking place inter £2• ln 1934, a considerable second-gener
ation progeny was grown. No genetic analysis of this crop ivas at ·Gempted. How
ever, the presence of red, white, and a few· yellow roots, the great range in 
root shape from garden-beet to sugar-beet type, and a considerable range in 
sucrose percentages are sufficient evidences that segregation for different 
characters had occurred. Many of the white roots were ~f such large size and 
--;--:------------ ---· ·- -·~....-----1/ Agronomic investigations at Fort Collins, Colo. are conducted in coopera-

tion with the Colorado .Agricultural E.Jq?eriment Station. The early uork 
with Hybrid Strain 520 was conducted at Rocl~ ·Ford, Colo. in cooperation 
with the American Crystal Sugar Company. (Coope:~'e,tive e,ssistance of the 
Great Western Sugar Compe.,ny, and the Holly Sugr.r Corpo1·nti on in r:onduct of 
field tests with strr:dn 520 is hereby aolmm.,rleclged.) 

------~------------------------ ----~ 
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fair to good sucrose percentage that it was decided to select for the pro
duction of a white-rooted third generation. Since the roots '"'i th white epider
mis a."YJ.d flesh color lack the dominant factor Y t eUmiilt.'t tion of red or y.e;JJ .. cw 
fleshed beets in future progenie~ is thus accomplished. 
~he basis of selection in size and sucrose percentage was roughly tha t of gross 
sugar l:ler root. J;'l'o roots of pronounced garden beet shape '''ere retained, but 
most of the selected beets were shorter and thicker than the conventional sugar
boot type and the crovms of many of the beets retained were unusually small. 
One hunc~ed and twenty pounds of cleru1ed seed were produced in 1935 from a 
grou:p p~anting of about 560 of these selected roots. This seed had the plant
ing number 520 and this selected third-genere.t:i,on of the hybrid has been l:nown 
since as Hybrid Strain 520. 

Hybrid Strain 520 has been exte::.si Yely tested in the beet-grovring 
ar eas of Colorado (with the exception of the w·estern slope) a.."'lo .. i!l some ot:!:ler 
states on the eastern slope of the Rocky Mountains in 1936, 1937, 1938, ~"YJ.d 
1939. In general, it has equalled or surpassed the better comn1ercial var~eties 
in acre-yield of rocts in these tests. Sucrose percentages have almost invar
iably been belo>v those of the majority of coomercial varieties with 11l:ich com
parisons \vere made. Ho' . .;ever, the sucrose percentage of Hybrid Strain 520 has 
not been so low as to m&~e tne variety definitely unsatisfactory for sug~x 
manufacture. Because of the high yield of roots, the acre-yield of sugar has, 
in genera~, been approximately equal to that of the better commercial Vc~ieties. 
Examples are the 1937~1939 averages at Fort Morgan, Colo., in a high-yi eld, 
low-sucrose-percentage area; and the 1938 test at Sheridan, Wyo., where rela
tively high percentages of sucrose are eJ~ected. Summarized data from t hese 
tests are given in Table 1. 

The showing of Hybrid Strain 520 in 1936 and in succeeding trials 
appeared to justify further work with this hybrid. By the spring of 1939, 
several different advanced generations produced by direct increases, as well 
as by selection, were available for testing i n compari son with t he origi nal 
stock. T:1ose of most interest for the pUll.JOSes of this report are as follo1·rs ; 

Table 1.--Results from comparative tests of Hybrid Strain 520 and a co~ner
cial variety at Fort Morgan, Colo. (3~year average), ~~d at 
Sheri~~n, Wyo., in 1938. 

.------
1 l Acre-~ield of 

+--Yp.rie.,.,t.u...y ___ __,...;.!Gross Sugar 1 Roots ; . ___ .§_:gcr_gse ___ _ 
I pounds l tons j p ercent 

Fort !-1organ, Colo. !Hybrid Strain 520 1 5,593 : 21.57!; 12.93 
---~d=o~·~--------~! C~ommercial 5 ,590 ~-·~·~6~8+--------~l~4~·~10~---
Sherid2ll, Y.iyo. !Hybrid Strain 520 5,687 1 17.36! 16. 20 
_ _ -..-::::d;.::.o-=-·------! Comn1ercial ~548 15. 391 __ __,l,_,8. QQ_ __ _ 

Place 
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l'lonting ~u:rrent 
designation. ]reeding l'Jo •. 

1 520 

Gener-! 
i 

.......11.tion~ __ j__ Description 
F3 I foundation stock arising from 

I :Beet X Red Garden :Beet 
Sugn.r 

2 

3 

4 

5 
6 

7 

8 

9 
10 
11 

304 

301 

302 

300 
250:S 

80186 
I 
I 
l 80187 I 
I 250,A. 

I 
-L 

F4 I Selection from 520 on basis of 
I 

l 
' 

..,. 

saccharimeter test 
Direct increase without selection from 

520 
Direct increase without selection from 

304 
Selection essentially the srw<e as 304 
Selection from 520, for improved 

sucrose percentage; size of root 
ignored. 

Selection from 520 made in Wyoning 
(pink bud color) 

Selection from 520 nade in 11yoming 
(green bud color) 

Hybrid of 520 X commercial 
JL~ American variety used as check 
A European brand used as check 

The strains listed above were used in trials in 1939 as follo-vrs: 
(1) all tvere included in a test on the College Farm at Fort Collins, Colo.; 
(2) five were used in strip plantings made in a farmer's field near Fort 
Morgan, Colo.; (3) six were used in a replicated test at Rocky Ford, Colo.; 
(4) six we:re used in a replicated test at Shericlan, Wyo.; and. (5) one was 
tested at Sydney, Mont. ,A.n American variety used as a check i'ras com~;:on to 
tests 1, 2, 3, and 4. A ~uropean brand ~sed as a check was common to tests 
4 and 5. Limited se$d s~pp1y of certain of the strains and other considera
tions prevented uniform testing of all the above generations at each of the 
locations. The data as obtained at these five locations have been brought 
together in IJ:able 2 for acre-yields of roots and gross sugar and for sucrose 
percentages. 

Table 2.-Results obtained. in 1939 at various locations with Hybrid 
Strain 520 and cert<lin advanced generations. (Results given 
as averages~) 

Plant- J (i.) I (2) I (3) T- (4) (sf-! ----------
ing 1 Fort Fort ! Rocky i Sheri- j I Avera::res 

desig- I Collins 1 Morgan J ford I dan I Sydney! Locations i/Locations 
...,n""'a'-'<-t"'-i""on""-~_V'-"ar=-ei,_,e,_,t""---t-=-Co:::.:l=-:o~.,_-+__Qglo. -l-· Colo. i ltfy_o. I Hont ·I 1~3 1 ... 4 

tons ' tons l tons ' tons · tons 1 tons 
1
1 tons 

Calculated Acre-Yields of Roots , 
14.45 

1
. 23.12 12.86 111.88 I 16.81 !15.88 

14,64 '22.75 12.05 1112.10 21.391 16.48 1'1_5~~38 
12.61 1 22.os 12.96 - i 15.88 -
13.60 li 21.31 12.56 110.83 ,1! 15.82 114.58 
13.98 2~-·55 11.87 I --_ 16.13 I 
13.47 l ~ 1-
13.86 - 113.61 i -~ 
~~:~~ !' :: 1Z:44 I ~;:;~ I l = 

10 Check 13.74 20~54 1 11.05 l 10.19 -- I 15.11 ~~,1~~88 
-=11,___+--....::C:;;::.:h~e-':::;cl~c---~-----+l-..... --_--f----- ! 10. 52 19 .18j 

1 
2 
3 
4 
5 
6 
7 
8 
9 

520 
304 
301 
302 
300 
250] 
80186 
80187 
250A 

Difference re- I 1 
quired for signif- J 

icance 19:1 1.87 I 1.27 2.56 
I I 

1.49 2.58 
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Table 2 (con'td.) 

Plant- I 
ing 

desig
nation 

I (1) ! (2) I (3) l (4) I (5) 
1 Fort i Fort Rocky Sheri- I Av(3rap·es 

!Collins !?·forgan Ford dan Sydney Locations j Locations 
Variet~" Colo. I Colo. I Colo. I ill:y.Q~--4----Mont. ___ 1-3::11 ·.: ..... ...1-4. ___ _ I ! Sucrose Percentages 1 

I percent 1 percent I percent! percentj percent percent percent 
1 520 i 15.96 15.20 16.73 I 14.60 1 15.96 15.62 
2 304 1 16.27 15.41 l7.o6 15.15 I 15.54 16.28 15.97 
3 301 I' 15.61 14.82 16.59 - I .....- 15.67 
4 302 I 15.85 15.07 17.00 14,68 i 15,97 
5 300 1 16.05 ~5.44 16.98 ~ 

1
· 16.16 

6 250B I 16.64 ~ i 
7 80186 1 15.29 14.71 j 
8 80187 1 15.28 14.41 ! 

15.55 

9 250A l 16.39 17.23 I 15.19 I 
10 Chcc~c t 16.95 16.21 18.14 ! 15.59 j 17.10 16.72 
11 Check 1 ! - I 16.24 j--=1~7...!•:..=1:...:..7-+-----l- ·---

Piffcrcnce ro-' · · 
quired for signif- ~ I I I I 
i cance 19:1 • 5~ • 49'--+---"''.:=:3-""8-11---__;•,~5::...;4::...· ..L.; -~·~6::::.5-+-----+-l . 

Calculated Acre-Yj._elct. of Gross Sugar._ 
pOU...'YJ.dS i pounds ; pounds, pounds; pounds, pounds pOU:'ldS 

1 520 4,614 I 6, 999 I I 
3,461 I 6:~42! 5,298 4,838 4,280 1 i 

2 304 4,792 i 7,011 1 4,054 1 3~6721 5,286 I 4,882 I 
3 301 3,960 l 4,926 ' 

6,525 I 4,293 : I I I 
4 302 4,308 I 6,424 4,237 1 3,156 I 4,990 I 4,531 I I 5 300 4_,490 j 6, 957 1 4,002 l i 5,150 

I ! i 
I l 

6 250B 4,-1:90 l -- I t 
4, o1s 1 7 80186 4,256 I -... l 

5~261 ~37 
8 80187 4,084 I 

l I 3,612 i 

9 250A 5,037 t 4,24"1 1 3,965! I 
10 Check ! 

I 
4,663 6,742 3,974 I 3,169 I 

ll Check j -- ! 3.431 I 6 617 
Difference ro- I I [ I 
quired for sign:i.f- l 

I ! I ! J 

icance 19:1 693 j 690 831 I 517 ! 911 I 

St<.1.nds or soil variability, or both, were u..'YlfJ.vorable in the case of the 
tests at Fort Collins, and Rocky Ford, Colo., a..Yld at Sherida.11, t'Tyo., but i"b is 
believed tho.t, in general, the reliability of the tests was not seriously im
paired.. Hovrevcr, in some cases, rather large d.ifferences clo not roach the 
level of statistical significance. 

It >vas hoped that these tests \-Tould give information on the relative :pro
gress to · be e.::;::pected from continued selection, chiefly for ir.rproved quality, 
following the original selection of desirn~le segreg~tos from a hybrid. 

The performance of 304, 300, 250B, 80186, and 80187 in relation to c:-tch other 
and in com::.oarison \-lith 520 should bear on this point. Since 520 was hiGh b. 
yield of roots and some•.;hat lo\.r in sucrose percentage, the purl;ose of further 
selection was to retain the high tonnage and increase the sucrose :pe:rcen-te .. ge 
of this hybrid, if possible, Seed of 304 Vl'as avo.ilable for testing in 1938 
and it, vvith 520, was included in plantings at Fort Collins, Colo., Fort 
Norgan, Colo., and Sheridan, 1rlyo. Dat0 from those tests r.re sumn2rized in 
Table 3· 
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Table 3.--Smlli~ary of performance of 304 ~~d of 520 at t hree locations, 
Fort Collins &"ld Fort HorgD.;.'1, Colo. , and Sheridru.1, 11;;,•o. , in 
1938 .. 

I Acre.::yield. -of 1 Acre-yield 1· Sucrose 
L_ gross -sugar 1 of roots . 1 percentg,g_e ____ _ 

Fort I Fort ! I Fort ! Fort \Sheri- I Fort 1 Fort ! Sheri,.. 
ollins I~or an 1Sheridan ICollinsll-.lorgan , d.an--+.Collins iMor,c;c•:J. ! dan 

jpoundsl pound~ po·unds tons ! tons i tons ipercent !percent;percont 
520 I 4,8371 4,388 I 5,687 I 17.97 i 18.37: 17.36 ! 13,46\ 11.97! 1~.30 

Variet 

304 I 5,0401 4s433 i 5,904 18.21 j 17.99 \ 17.60 i l3.84i 12.32 lo.83 
Commercial ck. : 4 934 4 840 5,548 116.98 17,98! 15 .. 39! 14.64i 13.46 18.05 
Difference re- l , 1 1 ; 
quired for signif•· l l I i i 
icanee 19:1 !392/ 2451 516 I 1.26 .86 i 1.41 ' .37 ; 

' 
.34 .64 

It appears from the 1938 tests that reselection has not sacrificed ton
nage a:nd. that sucrose percentage has probr:.bl~r been increased significantly. i1.hen 
the data from the various 1939 tests are considered, it is found that 30~1: agc.b. 
exceeds 520 in sucrose percentage in every case. the differences reaching the 
level of statistical significance in some of the cases. Also, ton..'18{;e in the 
case of 304 has been quite satisfactorily retained. On the basis of the Fort 
Collins test, the selection for higher sucrose, 250B, s hows a substc:.~1tinl in·· 
creo..se in sUcrose percentage. However, this increase in qUc.'llity ho..s been ac
compa..'lied by o.. reduction of npproJdmatel;:r one ton in acre-yielct of roota,. 
While t~1is difference d.oes not reach tt,vice the stn.ndard error of a dif:fo;rcnce, 
it is too large to be entirely ignored as evidence of a trend. In these tests, 
300 does not appear to be quite the equal of the first reselection, 304. HO'\v
ever, the differences are not significant a'!ld the trend indicates that in this 
selection qurtli ty has been slightly raised without serious sacrifice of ~rielding 
capncity. The performance of the Wyoming selections 80186 and 80187 at Fort 
Collins, Colo., and at Sheridan, i'lyo., in comparison with 520 and 304 is of 
interest in tl1at the possibility of regional ado..ptation is involved since t~:.ese 
selections 1-1ere mn.de from \'l'yoming-grown roots of 520. At Fort Collins, the 
i'l'yoming selections appear to be definitely lo\,rer in sucrose percento..ge tha."1 the 
original selection and. both of tho Color~do P4• 8 , 304 and 300. Yield of roots 
is also lo\•ler, but the differences n.re probably not significant on the basis of 
this test. 80186 exceeded 80187 in acre-yield of roots, sucrose percentage, ~'ld 

acre-yield of gross sugar at Fort Collins, Colo., but t l:e differences do not 
appoC'.r to be significant. At Sheridan, vvyo., the Wyominc; selections e:;:ceed 520 
nnd 304 in root yield. In the case of 80186, these differences reach the level 
of statistical significance. The Wyoming selections do not differ significantly 
in sucrose percentage from 520. On the basis of this test, the selection of 
Wyoming-gro1N.n roots has resulted in a possibly significa'lt increase in root 
yield without a loss in sucrose percentage, While the evidence is far from con
clusive, it is possible thn.t regional adaptation is indicated in t his c~se. At 
Fort Collins and Rocky Ford, Colo. • and at Sherio.l'.n, i'fyo., 250A, the 520 X Com
mercial hybrid gave a high yield of roots with a sucrose percentage that is prob
ably significantly higher than the sucrose percentage of 520 in all cases . These 
tests inO.icate that crossing of such a strain as 520 with a good cmnmercial var
iety promises as quick or quicker improve;raent than continued selection. 

A question which arises in boot breeding work mny also bo considered, 
namely, can the generA-l trend of perforuance of o. hybrid sugar beet best be 
maintained, when non-selected increases are mad.e for production of seed. ~n co;::-
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mercial quantities. The relative performance of the unselected adv~~ced genera
tions, 301 C.:IJ.d. 302, shoulct be indicative of the performt:mce of conraercial in
creases of the Hybrid Strain 520. While the grou:ps of stecklings which produced 
these seed lots consisted of onJ..y a fe;.T hu...~dred roots, they a.re probo.bly con:;.or~ 
able to a crop of seed produced on a coLrrnercinl scale by direct increase of seed 
since there was no selection of the roots used for these groups. ln general, the 
differences in acre-yields of roots and acre-.yields of gross sugar sho>'l11 by tlw 
various strains of 520, whether selected or Q~selected, did not in those tests 
reach t~o lev~l of statistical signific~~ce. This is true of the m1selectod 
strains, 301 a.1.c. 302, ;'lhether they are cor:rpared vri th 520, the selected stre,i!.1s, 
or with each other~ ln the Rocky Ford test, the extrene difference is loss than 
300 pou...~cls of sugar per acre. In the other th:cee tests, in which one or bot~1 of 
the U.."tlselected strains were included, there appears to be a defini to tre11d tm·rard. 
slightly lmvor yields of roots in conparison >vith the parent struins, 520 anO. 
304. Tl:e trencl. in sucrose percentages is the sm.1e; 301 is slightly lo':rer tho...."YJ. 
520, nno. 302 Slightly low·er than 304. These differences both in yield. anct q_~J .. al
ity are small and, on the basis of these tests, the u.nselected increases are not 
definitely poorer than the parent strains, It is believed that the basis of 
selection of both 520 and 304 was such as to retain a high degree of heterozy
gosity for the factors influencing both yield and quality. If this is t:eue, it 
is logical to expect that the normal segregation in the unselected increase of 
either would result in certain indi vio.uals with small size or lo'" sucrose per
centage. If this has occurred, there mir.ht be a lowering of the general level 
of performance. This does not necessarily follo''', however, since in the case of 
sucrose percentage; at least, there sho-q.ld also ·ne segregation in the direction 
of higher sugars. It is worthy of note . that 302 appears to have retr:cined a 
portion of the improvement in sucrose percentage gained in tho selection of 304. 
These tests, while not proving the case, at least can be interpreted. as not dis
proving the practicability of increasing a hybrid such as 520 without selection 
after the third. o...."lld. fourth generations. 

Summary and Conclusions 

A high-yielding l~brid sugar boot has been produced from the cross of 
sugar beets from a variety classifiable as of sugex typo and. red. garden oeets. 

An increase in qu,-llity, as measured. by sucrose percentage, \vas obtained. 
by reselection from the third generation. This increase in qualit;T was not ac
compo....~ied. by a material decrease in tonnage. 

W:~en the selected fourth generation was advo....~ced. to the fifth generation 
without selection, part of tho incre~se in sucrose percentage was retained.. The 
unselocted. fourth and fifth generntions, on the basis of these tests 1 were prob
ably not significantly lo1:1er in sucrose percentage and root yield than the par
ent third and. fourth generations, respectively. 

The slightly higher tonnage and increased sucrose percentage s:wwn by 
the cross of 520 roots ,.ri th a good. commerci[\,1 variety in comparison \vi th 520 
shows that this method. of utilizing a promising hybrid combination should. not 
be overlookoc •• 

It a--ppears from these tests that it is possible by cnref•J.l. reseloction 
to increase the quality of a hybrid. strain without materially reo.ucing the 
yield of roots. 

Since in these tests definite retrogression in yielding capacity ond 
quality of a hybrid strain was not found as ad.vQnced. gen~r~tions be?ond. F3 were 
made, it may be po~sible to make direct increases from s~m~lar hy?r~d stoc~s 
without material loss occurring in yielding cap~city as measured. ~n acre-y~eld 
of gross sugo.r. 


