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Cytoplasmi c male-s terility is the only practical, if no t the onl y tool for 
enforcing hybridization on a large scale in sugar beets. Littl e if any geneti c 
research has bee n done regarding this complex character in sugar beets 
since O wen 's rep orts (6) 2 (7) in 1945 and 1950. Limited planti ngs of com
mercial sugar beet inbred x variety hybrids utilizing cytoplasmic male 
sterility have been ma de recently by some commercial compani es. Corn 
breeders are n ow successfully using cy toplasmic male sterili ty for the com
mercial production of hybrids. Several sources of . maize cy toplasm are 
ayailable, (2) (5) and the one in use is capa ble o f ca using castra tion over 
a broau range of inbreds (8) (5). Very effecti ve emasculat ion ca n be ac
complished by the cytoplasm aviala ble in sorghums (9). 

Sugar beet p lants having genotypes, whi ch with sterile cytoplasm, can 
be castra ted, are rather rare In open-pOilJl"latecl populat IO ns. ' .1 nls llmlts 
the proportion of inbred lin es whi ch can be made male sterile, ancl prevents 
the full exploitation of Lh e male-s terile charac ter unless a long and an 
il1lcnsive program is under ta ken to transfer sui table genotypes to the nec
essa ry inbreds. 

T he purpose of this p aper is to (a) repor t observa tions and results of 
experiments of the Grea t \ IVes tern Suga r Compa ny for the las t two years 
regarding cy toplasmic male sterility and (b) point up th e necessity for 
basic research r egarding male steril i L y. 

Indexing Varia tion Attributed to the Male-Sterile P arent 

Intrasource va ri a tion overshadowed in tersource variat ion as to castra
ti on of progeny from the same pollen paren t when a Great W estern source 
and a USDA (Owen) source of male sterility were compared. T hese results 
prompted a design of an experiment to determine the prevalence and de
gree of intrasource vari ation. T he index of the progeny of one male-sterile 
plant was comp ared to the index of progeny from another male-s terile plan t, 
when the pollen parent was the same. 

T he male-sterile populat ion from whi ch the test plants were chosen 
was heterogeneous, consi st ing of male-sterile plants foun d in the variety 
GW304 polli nated with the variety GW359, both varieties being very 
heLelOzygous anu heterogc neo us. 

The u se o f male-steril e plants for index ing was confined to plants 
showing no visible signs of pollen in the anther, all other p la nts be ing 
rogued in th e isol ation plot. Pollinati on was accompl ished by bag in ter
(!la nge, Lhe p olle n bat,s being bro ught from ano th er i,oiat ion. One pol
linator was used on as many as 10 di ffe ren t male-sterile plan ts. Pollina ti ons 
were arranged so tha t one male-sterile p arent had as many as 8 pollina tions 
III common with other male-sterile plants. 

1 Plant Breeder, Agricultural Experim ent Sta ti on , T he Grea t Wes tern Sugar Company, 
Longmont, Colorado. 

!! N umbers in parentheses refer to literatu re cited. 
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T a ble I.-Nulnbers and Percentage of Sterile, Intermediate and Fertile Progen y Pro· 
duced by Various Male·Sterile Plants with Common Pollina tors. 

Sterile l'lant Number 

Male Parent B623-1 vs 8623-2 

Sterile Inter. Fertile Sterile Inter. Fertile 
No. % No. % No. % No. % No. % No. % 

51-412-1 18 78 5 22 0 0 17 53 15 47 0 0 
-457-1 3 8 II 31 22 6 1 3 9 12 36 18 55 
-457-3 8 29 15 54 5 17 8 20 22 55 10 25 
-500-1 20 57 9 26 6 17 19 48 18 45 3 8 
·517-3 3 23 9 6!) I 8 8 23 22 69 10 8 
-622-1 7 25 14 50 7 25 II 31 19 54 5 14 

GWI-5 -2 9 47 10 53 0 0 22 79 6 2 1 0 0 
-7-1 29 81 7 19 0 0 17 65 7 27 2 8 

Total 348 324 128 328 354 li S 

Total X2 = 12.953 , P = .7-.5 for 14 d.f. 

B623- 1 vs B623-3 

5 1-412-1 18 78 5 22 0 0 14 44 18 56 0 U 
-4[)7-1 3 8 11 31 22 ti l 2 5 15 38 23 58 
·457 -3 8 29 15 54 5 17 15 38 16 40 9 23 
-622·1 7 25 14 50 7 25 18 64 7 25 3 11 

GW I ·5-2 9 47 10 53 0 0 10 24 23 56 8 20 
·6· 2 1 3 23 57 16 40 1 2 14 35 25 ti3 
·7· 1 29 81 7 19 0 0 7 33 10 48 4 19 

Total 27 1 286 143 210 298 194 

Total X2 = 32.543, P .01-.00 I for 13 d.f. 

B623 ·2 vs 8 623 -3 

51·412-1 17 53 15 47 0 0 14 44 18 56 0 0 
·'157 · 1 3 9 12 36 18 55 2 5 15 38 23 58 
· ,157 ·3 8 20 22 55 10 25 15 38 16 40 9 23 
·622-1 II 31 19 54 5 14 18 64 7 25 3 II 

GWI-5·2 22 79 6 21 0 0 10 24 23 56 8 20 
-7- 1 17 65 7 27 2 8 7 33 10 48 4 19 

Total 257 240 102 208 263 13 1 

Tota l X2 = 34.085, P <.001 for II d.f. 

13623· 1 vs 13623-7 

51-412-1 I S 78 5 22 0 0 15 44 15 44 4 12 
-457·3 8 29 15 4:3 5 17 6 40 9 60 0 0 
-622-1 7 25 14 50 7 25 2 6 27 77 6 Ii 

GWI·6-2 I 3 23 57 16 40 I 2 5 12 34 85 
-7-1 29 81 7 19 0 0 19 46 2 1 5 1 2 

Total 216 202 82 138 244 lIti 

Total of X" = 37.562. P <.00 1 lor 10 d . r. 
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Table 2.-Ratios of til" Total Perrelllagt' of Sterile Progeny (or All Combinations 
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Male-Sterile Sterile 

Comparison Ratio 


1 '.IS 2 L06 

3 1.29 

" lA7 

5 168 
fi ],79 

7 1.57 

H 2.:18 
2 vs 3 l.~,j 

" 1.41 

5 l.:J9 

6 l.lU 
7 1.2,. 

H 2.16 

:\[aic-Sterile 
Compari'ion 

6 

7 
I! 

4 vs 

6 
7 

11 

vs 6 

14 

G 7 

Sterile 

Ratio 


0.83 

0,85 

1.09 

UO 
0.60 

1.71 

0,92 

2.53 

Ll3 
1.42 

1.22 
0.6G 

l.2! 



3tH JOt R:\,\L OF rilE .\. 'i. S. B. r 

The r~ttio. LO(i. fOJ I vs. :2 (TaiJlc 2) is ()bt~1 incel by dividin,e; the total 
pCJ'(l'ntage in tile sterik (olunJJts (Tahle I) of Rfi23·], 34R, hi 32R, the 
lutal plTU'lllage o[ steriles ()f 1;(j2'1·2. This indicatcs H(j2'l1 produced a 
grealer proportion of s(Cl ile', (han JlG23·:2. ,\rr,mged in de.sleJl(ling· order 
ill the production of steriics. tl1<' [JI,tllts arc 1, 2, 1, ].(, :;, 3, G. and 7. The 
only exception to tllis order IS that 6 prodwed Illore than'!, but ill all 
cases .J prodttced lllore than 11, '" 3. and 7; and .) aIld 'l prodtl(cd more 
than 6. 

'\nnthcr group of lllail'stlTilc pbn!.s "';1., tes(cd "'ith I1!.S from (he 
\ariel) A118'3 (SLH9) \\'hich Ins ne,n' "0" type. Only sterile alld iniermediale 
ofbpring resulted. Comp;tring the total 0/ (he sterik and interlllcdiate 
offsprillg produced COmm()ll pollinators, <1, "':IS dOllc in the prniouo 
group of male·sterile pLlIlLS, H or 2'1 cOllll,arisotls had to be r(jn.tcd. 
Pies., til,ltl .05. This again indicates little if any likeness exist.s bc(,,'CclI 
t/w l'iallU, as regard.s production or s(crile pmgcIi). i'he 1<11 ios oj 10lal 
percentage's of sterik progeny produced by ;1 set or common pollinators ,Ire 
Ulhubted in 'Iah1c :L Male·sterile pbn\) ill descending order of the per· 
centage Ol male-sterile- progeny produced, ,',9. '19, 10'1. Ill .. jOH. IL,. ;'IIlt! IR, 
show no dn'iation [rom the order. 

Tbere arc two possible caUSl' lor male sterile plant> producing- differ· 
cnt pcrcc'lllagcs of male·sterile progeny and jailing into ,I continuous scrics 
as to percentage of ,ferile prog'cny when ll'msccl to the sallle pollinators_ 
TIre lllak·sterilc plants might differ ill (;1) plasm;1 gellt'" either ill number 
or n,tture or (b) in colltell! 0/ mitlOl' muddying- genl'" gl'lJCs llot nccc"arily 
involved in differential inter'lClion,. 

Testing- for variation;, ill plaslil" genes \I'()uld ilJ\ohT bat kcro"ing a 
homozygous inbrl.'d to ,evcr;ll hO!l1o/ygous lll,dc.stcrilc plants Sl1'PCl ted of 
h;l\ing' different pLbrn<l gTllC' and oiJscning the llmgcny during and al 
the end of it Humber ()f IJ;lckc rosse.s. Dilfcrclllc's ill the male·sterile char· 
<Jeter oj the progeny [rom L1lc samc inLncd, but cr()s.'l~d to different lllale· 
slf'rile parcnt.s .. could then be a (tribn (cd to \ aria (ion ill plasma genes. 

,\lso contrihuting to the lolal X~ (Tablt- I) is I.h:lt \ari;llioll which clOl'S 
not «()nform to the trelld lor OIlE' rn:ile-stcrile pIan( to produce 
lTlore or less sterile olf.spring. Tlte general trcml [or B(i2:l· I wa.' to produce 
a grC;JlCT pCrCl'llLlgc of stu-iles than n62?2. but the index of C\VI.,·2 h) 
these two pbnl.S \\';lS the opposite. \ll()tiJcr of the "llllC yariatioll 
is the indexing of plallt 511:,7.;; plalH, J\(i2'\·1 and Bfi2'l·3 ..'iuch \;Iria· 
Lion is eyidellt, IllOlT or lc,s. ill all coltll):lrisoll.s ;Illd is pmhably the rcqtlt 
of genetic interaction in \\'hich the g-Ulco or ;1 male I'l:tlll cOlllplement the 
gene, of one male·stel ile platH dille-relltly th:1l1 the gClIcs of another male· 
.,tCl-iic plallt as reg'ards their infiuf'ncf' Oil pollen produc( ion. 

The n',ults of this smely do not ll(,Cl"'~lril) rciutc Ow('n\ (Ii) poslula· 
tioll of 2 lll,tjor laclor 101' the (untrol of c)loplaslllic male sierility in 
sugar beets. [hc IlLI inr Y;lri:l1 ions found betwcen the indexes or different 
pollen plants un tIll' same lllalc·,terilc plant HI<1) be due Lo dilrerclIlc.s in 
the two [actor pairs. l[o\\'c\'Cr, it is h;mll) (ullcciYahlc I.hat all Ihe \,lri;llio!( 
round in this group 01 male·stcrik plants, as regards the fertility of their 
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Ntw and 'fore Potent Sources or Cytoplasmic "fale 

A 	 mol'(' pOtellt 50urce or (; \\'hich would ChlTat" Wilh 
wider Lmge of gellotvpes l(lim is the pnwlIL llla]eslerilc 

wuuld mllke an breeding progTarn mllch more fkxi
ble Ill;lS111uch two nell' sourccs ill wild lldo h~\T been discovered 
Great \lVestern, new and a, ;. ct llndisco\'(TCd .'ources exist. 

mak-sterile B. llliUTI!Cln/Hl {;ll.>S, J 1) x sUg':1l' hy 
hrid sug;1r bect a perccntage of male
stcrile .\ willi kid heet introduced from Turkey, rEI 20fi41I, ,,'as 

male )lcrile, of these sources ill(\icltc are 
very similar tu. if nnt the sallie ~, lhe ,,0Ilr('(', now available, In addition to 

these two lH,'\\' "lUreC';, (xisu; in Gn'lH stocks seHTal addi
tional sources 1I'11ich have not ;et been ied, 
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Several instances of sterile cytop lasm existing in other species and races 
of genera have been reported for Nicotiana (4) and Linum (I) . Caspari 
(3) reviewed the work of Michaelis who also found the phenomenon in 
Epilobium. In the above instances when the nuclear germ plasm of one 
species was placed, by backcrossing, into the cytoplasm of another, cyto
plasmic male sterility resulted. A limited survey will be made by Great 
W estern for male-sterile cytoplasm in other races of B. vulgaTis and other 
species of Beta. 

Summary 

I. A group of sugar beet pollinator plants was used on a series of 
male-sterile plants so that the male-sterile plants had pollinators in common . 
An analysis of the progeny produced by different male-steril e parents with 

. 	the same pollinator indicated genic interaction, influencing degree of fer
tility in male-sterile cytoplasm, exists be tween two parents and is not the 
same from one parental combination to another. Consistent differences in 
the proportion of sterile progeny existed between male-steril e parents over 
a range of common pollinators indicating either minor differences in genes 
not involved in interactions or variation in plasma genes. 

2. Plants in a heterozygous population having male-sterile cytoplasm 
varied as to pollen abortion in a continuous series from abortion in the 
tetrad stage of developmen t to normal pollen production. A classification 
based on microscopic examinat ion of pollen is proposed. 

3. Two new sources of mal e-sterile cytoplasm, one in Beta macTocarpa 
and one in a wild beet from Turkey, were discovered by Great ",Tes tern. 
Preliminary investigation would indicate little difference between the action 
of the new sources and the sources already avai lable. 
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