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STUDIES ON SOME 11 SU(}AR :BEET HY.BRIDS 
(Pemonstration Paper) 

Frank F. Lynes and o. E. Cormany (l 

Considerable breeding work has been conducted on sugar beets both 
in foreign countries and in the United States, Much valuable information has 
been obtained as a result of this work. As a direct result of the \'rork in the 
United States there are on the market tod~ a n~bor of American varieties of 
augox beets. 

~he commerciul varieties of sugar beet seed available for planting 
by the beet grower are largely hybrids. Thus in the development of new var­
ieties of sugar beets hybridization is usually employed at some point. The 
point where hybridization is employed is determined by the material being de­
veloped. ~he formation of a hybrid by cross pollination of two strains may be 
the initial step in the development of a new va.riety or it may be the final 
step in the breeding process giving rise to :W1 commercial seecl for planting by 
the grower. 

~n as much as hybridization occupies a promin~nt position in breed­
ing programs on sugar beet improvement, a study of F1 hybrids should add mater­
ially to our kl1owledge of how we might benefit the most from this process. 

ifnen hybridization is employed in the early stages of the develqp­
ment of a new variety for purposes of combining desirable characters, the · 
plant bree~er has available only a few selected roots of his strains to work 
with. In hybridizing two strains, tho usual method employed is to pl~~t roots 
of the t\'lO strains in close proximity to each other and allow them to cross 
pollinate s~nce the sugar beet is naturally a cross pollinated plant. The 
sugar beet flower is a perfect flower having both staminate and pistillate 
pQXts. The question arises as to whether or not seod harvested from Strain ~ 
assumed to be pollinated by Strain :B will give rise to a progc11Y materially dif­
fe~ont from that produced by the seed harvested from Strain :B assumed to be 
poll~tad by Strain A. Evidence obtained in our l939 :Breeding Strain trinls 
of the progeny of ~1 hybrids at Sheridan, Wyoming. indicates that the seed 
borne by the mother parents may differ materially. 

ln the production of a new variety. conei4eration should be given to 
the foliage characteristics, a variety having large, upright, broad foliage 
appearing to be desired by our growers. Inasmuch as contrasts of these foliage 
characters appeared in the parent material of the hybrids, notations ,.,ere made 
of the foliage character of tho progeny of the Fl hybrid~ The parents of the 
hybrids studied were selected roots of commercially available varieties which 
have proven their ability to perform satisfactorily commerciallYt ana wore in 
gener~ use in tho vario~s sugar beet territories in 1938. The hybrids were 
formed 'by the bagging method i'lhereb~ a bra."lch of each of the two po.rents was 
confined in a 6#s kraft paper bag a."'ld the seed t'las harvested separately from 
each branch- Thirt~nine hybrids involved the contrasting traits of loxge ana 

l) Assistant Agronomist and O~ief Agronomist, respectively, Holly Sug~ 
OoTporation. 
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smc.'"'.ll top. Twenty-six of these hybrL1s exhibited the trait of the pollen parent, 
ten having large top a-r:~d sixteen having sr.:nll top~ e..nd thirteen of these hybricls : 
exhibited trnit of the oother parent, six having large top a_r:~d seven having 
small top. Seven hybrids involved the contrasting trait of broad and nn.rrot-w 
leaf bladesp Six of these ~~brids exhibited the trait of the pollen :poxent, 
tvro having broad and four r.:.aving narrovr leaf blades; and one of the hybrids ex­
hi b:i. ted the trait of the mother parent, broad leaf bla,.de. Seven hybrids in­
volved the contrasting traits of uprigtt and flat foliage. Five of these hybrids 
exhibited the trait of the po:Uen parent, three having Upright an¢. tvro having 
flat foliage; and two of tl:lese hybrids exhibited the trait of the mother parent, 
both ~right foliage. 

These limtted data indicate that the appearance of these contrco.sted 
foliage characters in the F1 progeny of ·a cross may be depend.ent upon their 
introduction oy the pollen parent. 

Other desira·ole characters e.re also incorpora.ted through 
hybridization. All hy·o:rids in our breed.ing strains were eva.l1J~3.ted on 
the oasis of visu<=tl appearance as conrpprec1 ,.Ji th our commercial check, 
tl-'l.k;ing into cons ider&.tion size and. she.po of roots, together 1!ri-th ~;dze 
and shape of crown. The progeny of those hybrids which appeared to be equal 
to or better than the progeny of the commercial check were o.esignated as good 
hybrids, those being inferior to the check were designated as being poor hybrids, 
This study involved 808 hybrids formed by harvesting 404 single crosses separ­
ately by mother parent as previously eA~lained. The following table gives the 
results of the crosses involving one parent of the intermediate type and serves 
as a cross section of the data obtained.~ The term 11Percent Good ;E'J_ Hybrids11 

refers to the above mentioned classification whereby the entire progeny of a 
mother parent was considered as being good or poor. 

TABLE 1 
CLASSIFICATION OF ~HE PROGENY O:W F1, HYBRID SEED EESULTING FROM CROSSES O,F 

1 VARIETY. OF Il~TEP.lvJEDIATE TYPE WITH SIX OTHER VARIETIZS 

Percent Good F1 Hybrids 
1fnen Parent Used As: 

~ d' 

0 
100 

0 
100 

0 
0 

Average Difference 

100 
0 

100 
100 
].00 
100 

Difference 
100 
100 
100 

0 
100 
100 

TyPe Crossed_ i•Ti t h 
Intermediate 
Sugar 
Tonnage 
Intermediate 
Tonnage 
Intermediate 

(6 Varieties - 5 Types) 

These data emphasize the di f ferences 1t1hich may be obt~1.ined. b;t the 
use of selected roots of co~~ercial varieties as rr~le and female parents of a 
single cross, and show an average difference due to the use of this variety 
as the pollen or mother parent, of 83%. 

As the number of individuals entering into the cros ses is increased, 
the contrast between the use of the individual plant as the malA or female 
pm·ent is minimized by the compensating effect of rrrern.ging the resillt.s, 
This is illustrated in the fo],lo...,ring data '"here the r esults of all crosses 
beti-;een tHo varieties are averaged for one lJarent of the intermecliate type. 

- - ------- -----
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T.A:BLE II 
CLASSIFICATION OF THll .!VERA.GES O;B' Tl-:8 PROGENY OF Ji':L HYBRID SEED 

rolStJLTING FRO!:I CROSSES OF 1 V'AR!ETY OF Il~ERMEDl.A.XE TYPE 
W!TH 11 OT"BER V.A.RlE~IES 

No. Of 
Crosses 

2 
16 
26 
27 

8 
6 
3 
9 
3 
4 
2 

Ave. % Good F1 Hybrids 
When Parent Used As: 

e{' 

Difference 
100 0 100 

86 67 19 
67 79 12 
64 77 13 

100 75 25 
lOO 100 0 

50 100 50 
75 40 35 

100 w w 
100 50 50 
100 100 _Q 
942 738 354 

86 67 32 

TyPe Crossed With 
+ntermediate. · 
Sugar 
Ton..'lage 
Tonnage 
Intermediate 
Intermediate 
Intermediate 
Intermediate 
Tonnnge 
Intermediate 
Sugar 
(11 Vnrieties ~ 3 T7pes) Tottll lo6 

.A.verage 
;rncreo.se in percent good hybrids ::: 86 - 67 + 67 ::: 28%. 

. 'rh.e data presented in Tnble I and II shot-r a reduction in the 
average· difference from 83% when based on indi vidul'l.ls to 32% \vhen based on the 
averages of the variety crosses. For the particular v~iety, considered in 
Table II, difference between averages of the parent effect of all 106 crosses 
show an increase of 28% in good hybrids ,.,hen thevariety is useo_ as the female 
parent as compared to its use as the mole parent. These results are tY.Picnl. of 
the results where the data are assembled by varieties. Due to the volume of the 
do.ta collected it is · not presented at this time, but they show that the 35 var­
ieties studied ~aried from 0 to 203% increase due to po.rent use. The average 
percent increase due to parent use for the 35 varieties was 45%. Some of the 
varieties had a greater percent of good F1 hybrids when used as the f~1ale p~ 
ent and others as the male parent, whereas other varieties showed no differences 
due to parent effect. The average percent good F1 hybrids for all vorieties 
when used as the fenale parent wa~ 74, and when used as the male parent 75, 
which shows lack of consistant influence of either nale or female parent. Fifty­
seven percent of all hybrids tested showed a variation in t~e progeny due to the 
use of the variety as the nale or femnl.e parent. ' 

Compilation of the data by types, shows considerable variation in­
dicating that the variation between varieties is greater than the yariation be­
tween t;ypes. In general, the data indicate tho.t better yielding hybrids will 
be obtained, when crossing two tY.J?es, by using the heavier yielding of the t\1fO 
tY.J?es as the nether parent as illustrated by the follmving data • 
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TABLE UI 
CL.ASSIFIC.:\.TION OF THE AVERAGES OF THE PROGENY OF F1 HYB.RID SEED 

RESULTlNG FROM CROSSES OF TYPES 

Parent 
me ... 

J;nter. 
:Vo1m.age 
Tonnage 

No. 
~rosses 

33 
3~ 

132 

Ave. %. Good F1 Hybrids 
When Pa;ent UJi!ed As: 

~ 0 

73 
73 
73 

46 
60 
66 

Percent Increase 
due to parent use: 

59 
22 
11 

Type Crossed 
~lith 

Sugar 
Sugnr 
J;ntermediate 

!n addition to the production of hybrid seed by the bagging method from 
selected roots where limited amounts of seed are obtained, there is also the 
method of producing hybrid seed in quantity by pl~~ting blended seed of parent 
varieties, and obtaining F1 hybrid seed by natural crossing of the entire progeny 
the following year. This seed is harvested in bulk irrespective of parent plant 
since it is the product of a large group cross of unselected material.. The 
blend of seed used for such plantings is known as a mechanical mixture and the 
~l seed resulting therefrom is referred to as a genetic Dixture. 

~n connection with the production of genetic nixtures the question has 
been raised as to what criterion will give us a fair estimate of the perform~~ce 
of these genetic mixtures prior to production of the seed and subsequent nrsrono­
mie evaluation. The following study was lL~dert~en to determine whether the 
arithnetic average of the performance of the parent forms would serve as a~ 
index to the :performa.~ce of their mechanical oixtures or their genetic mixtures. 

The fo~lowing table presents data talren froo variety tests co:1.clucted at 
Sheridan, Wyoming, during the seasons of 1938 and 1939. .The tests were of the 
Quasi~actorial design having 91 varieties with ten replications in 1938 ~~d 
144 varieties with six replications i~ 1939. ~he data nrc based on total plat 
yields. ~1e :parent ferns consist of Extreme Sugar, Sugar, Inter.nediate, Ton­
nage, altd Extreoe Tonnage irr.r;pes of unselectec1. comi::lercie.lly available w..rieties. 
The data involve mixtures of equal and unequal proportio~s but do not include 
extrene proportions such ~s 95 percent extreme sugar and 5 percent extrene ton­
nage mixtures. 



COMPARISON OF GEliETIC MIXTURES, MECHANICAL MIXTU"'R]]S, A1TD TEE \1EIGHTED AVERAGE OF THE PAF.E.L"'rr FORMS 
1-liTH THE A...'1.ITillviE'l'IC A \'"ERAGE OF THE PA...'tEl~T FORI~S 

All results are expressed as p ercent of the commerci~l ~heck 

~ Sucrose Tons Per Acre Lbs. Gross SugarLAcre % Stnnd 
Ari th. Wtd. ~lech. Gen.., Arith. Wtd. Mech. Gen. Ari th .i'Ttd. ~Iech. Gen. Ari th .Wtd. 1'4ech . Gen. 

Mixture Year Ave. Ave.~ Mix Ave. Ave. Iviix Mix Ave. Ave. Mix lviix Ave. Ave. l'-1i x Mix. - --
1 - 10 Varieties 1938 100 100 - 98 96 98 ... 91 96 97 - 89 99 100 - 102 

1939 100 100 100 99 107 108 104 99 106 107 104 98 108 110 110 107 

2 - . 10 Varieties 1938 100 100 - - 98 98 - - 99 98 - - 100 99 
1939 100 100 98 93 107 106 114 97 107 105 111 95 107 105 101 100 

3 - 7 Varieties 1938 100 - - 99 99 - - 97 99 - - 96 101 - - 95 
1939 100 - 98 100 107 - 95 105 106 - 93 104 108 - 101 100 

4- 5 Varieties 1938 97 - ... 99 104* - - 94 101 - - 93 99 - - 90 
1939 98 - 100 oq 

-' ~ 107 - 109 103 105 - 101 102 108 - 95 100 1 
1-' 
():;). 

5- 5 V;>ri&tiGs 1938 99 98 - - 101 103 - - 100 100 - - 102 102 - - 1...0 
1 

1939 99 98 98 - 103 105 102 - 102 103 100 ... 104 107 101 
6- 4 'fd.rieties 1939 98 - 98 - 105 - 102 - 103 - 99 - 105 - 95 

1- 4 Varieties 1939 98 - 98 - 97 - 117* - 94 - 114* ... 104 - 105 

8- ~ Varieties 1938 97 97 - - 104 105 - - 101 101 - ... 98 98 
1939 96 96 99* - 106 106 116 - 102 102 115 - 105 105 108 

9 - 4 Vari aties 1939 96 - 98 - 103 - 114 - 98 - 111 - 104 - 111 

10 - 4 Varieties 1939 98 - 97 - 106 - 110 - 103 - 106 - 107 - 101 

ll- 2 Varieties 1938 96 96 95 - 103 104 111 - 100 100 105 - 102 102 105 
1939 93 97 96 - 104 103 110 - 102 100 105 - 105 105 108 

Tiiffer ences for si gnific&~ce for odds of 19:1 for 1938 and 1939 r espectivel y ar e: Per cent Sucrose! 4 and 3; 
Tons Per Acre: 9 &~d 19; Pounds Gross Sugar Per Acre: 9 and 20 ; Percent St and: 10 and 15. 

*Significantly s1.1:pori or. 
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.PERCENTAGE COMPOSITI01T .AliD :r'YPE~ .. -

No. Vo.rieties Percentage Copposition 

1 Unequal Parts: 32 10 .... 10 9 9 .... 9 ... 7 '1 5-2 
*Ty-_()es: ~ I I ES .... I :ET :ES - T I- I 

2 Uneq1k'12 .!'arts: 16 ..... 16 16 ..... 14 .... 11 6 6 6 6 ... 3 
Ty-_()es: T I I - ;B:S s T - I .... I ;ES- I 

3 Equal ;!?arts: 15 15 
Types: T T 

4 Equal J?a:rts: 20 - 20 
Types: T T 

5 Unequal Parts: 30 ... 30 
TYJ.JGS: T ET 

6 Eqtml Parts: 25 25 
Types: T - T 

7 Equal Parts: 25 25 
Ty-_()eS: T .... I 

8 Uneqp.al. Parts: 27 27 
Types: ET - I 

9 Equal Pc.:rts: 25 .,.. 25 
Ty-_()es.: T ... I 

10 Equal Parts: 25 25 
'r>Jpes: T I 

11 Uneqtru Parts: 60 40 
Ty-pes: ET I 

*Types: ES = Extreme Sugar; S 
ET ::: Extreme Tonnage. 

15 15 15 - 15 15 
s I ES s ET 

.... 20 ... 20 '"'l 20 
I I ...,. I 

20 10 10 
I ... s I 

25 ... 25 
I - I - 25 ... 25 
I .... T 

26 :.;o 
T I 

25 .... 25 - I s 
25 25 
I I 

Sugar; I ::: Intermedi~te; T ::: Tonnage; 

Exrunination of the data shmvs that only four co:wparisons out of the htu1c.'Lred 
and si::t;;r-eis ht exhibit significa..-·1t differences. The ari thnetic ru"1.d iveighted 
averages of the parent forms of V8.:rie ties used in unequal proportions in Hecho:0.ical 
and genetic mixtures, do not differ significantly. The a:ri t:!:ll:1etic avc:;:-~\'?:e of the 
parent forns D-"'ld the mechanical T4ixtures differ significantly in only three of the 
forty-eight com-parisons. The ari thnetic average of the parent forns and the genetic 
mixtures differ significantly in only one of . the tvlenty-eight conpariso11.s. 

The data show that for the !:lixtures used. in this stuc1_~r , the nrit:U.1etic n.verage 
of the perfornn.:nce of the parent forns serves as an inclex to the perfornn11ce of 
necho.nical 1:1ixtures or genetic uixtures of co:ouercin.l varieties v.rhe·cl1er propl~otion ... 
ea eqlU.llly or U."t'lequo.lly. 

SUMN:ARY 

The <lata :presented based on selected roots of coar.1ercial varieties sho>v that 
the appeara...'lce of sone foliage characters i n the progeny of the F1 hybrid of single 
crosses of such roots may be dependent upon their introduction by ti.1e pollen parent. 
Other data based on 808 crosses give differences in percentage of good F1 hybrids 
depending 'L"\i-:J On \vhether the variety was used as the male or female po.rent . The aver­
age difference in good hybrids for all 35 varieties studied was 45~. The data in­
dicate that bet t er yielding hybrids of the na ture studied may be obtained, when 
crossing two ty-_fles, harvest ing the seed separately by parent, by u sing the heavier 
yieldinG of the two t~~es as the feEale parent. 

Data presented on the performance of certain genetic mixtures produced from 
quantities of mecha~ical mixtures of seed of co~nercial varieties show tha t the 
arithmetic average of the performance of their parent forms serves as a...'1 index to 
the performance of such gonetic mixtu,res . 


