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INDICA':!:IONS OF ?OLYPLOIDY IN SUGAR 
B:S:S'J:S IlmUCED BY COLCRI CHT.El 

By Ernst Artschwager, Pathologist, Division of Sugar Plant Investigations, 
Bure~u of Plant Industry, United States Department of Agriculture. 

In attempting to produce p~lyploidy in sugar beets three t~)es of treat~ 
ment \'/ere employed: (1) soaking of seed, (2) application of colchicine to 
croim buds, and (3) treatment of mature floral :parts. The first hacl for its 
object a change of chromosome number in the cells of the vegetaJ;;ive groiving 
poi:1t of the mature embryo of germinating seeds. By the second_ treatment as 
attenwt was made to induce chromosooe doubling in meristematic cells of the 
nascent floral axis of second year seedlings. ~he third type of treatment 
sought to influence the fertilized egg or the embryo in its initial stages of 
development. 

To bring about a change in the cr..romosome COillJ?lex of cells of the grmving 
:'?oint of the mature embryo, the seed itself was subjected to the influence of 
colcb.icine. Such treatment!:) have been atte:r:rpted b~r practically all "'ho are 
engaged in genetic research 11'li th sU~";e.r beets, ever since the discovery of tlle 
effects of colchicine on plants~ The treatment consisted essentially of soak
ing the clry seed balls j.n a weak aqueous solution of colchicine for a given 
period, usually 24 to 48 hours. The method produced apparent results in 
that the immediate visible effect \vas very striking, since man.y of the young 
seedlings sho\ved thickened hypocotyls and. malformed co~yledons a.TJ.d leaves , 
and. on cytological examinat),on exhni ted giant cells ',vi th a hi,··;her c~"lromos ome 
number. Unfortunately, the effect disappeared sooner or later. lifewly developed 
l e2.ves were of the normal type. 1/ 

In the vrri ter Is experiments, ti"JO types of seed treatment vre1·e used: 
(1) Treating dry seed balls vlith an aqueous solution of colchicine and (2) 
pre-soaking the seed balls in tap water before treatment '.ori th colchicine . 
r·:inimurn length of treatment was 18 hours \vi thout :pre ... soaking a.1'1c1. 10 hours 
uhen preceded by 24 hours of pre-soaking. '\Vhile the strength of the colchicine 
solution vras kept constant (0.5 percent), the length af treatme!'.t v1as varied 
in the different tests. The longer treatments gave a higher numoer of mal
formed seedlings, many of 1A7hich died in the early ste.ges of development . Of 
those remaining, some ap1)arently outgre>v the effects of colch~cine vrhile a fe\v 
continued to develop tissues with changed chromosomal n~1bers as attested by 
cytolos ical examination. 

In the second type of treatment, the aim was to influence the meristem
atic cells of the nascent growing point of the floral axis of second-year 
seedlinE,;s. About 500 plants vrere decapitated at the advent of seeclstalk develop
ment, care being taken to leave enough of the embedded l eaf primordia to assure 
ne'"' vegetative grm·rth~ The stumps left after the removal of 'Ghe leaves ,.,ere 
painJGed over vri th one-half percent coJ,chicine agar and, to protect tl1e exposed 
su1·face from sunlight and flooding during irrigation, small })archment bags 
'"ere tied over the s t~s and left tr..e re until new grmvth had structed. Since 
the treatment ,,as drastic, a number of treated plants fail eeL to recover and 
dieo.. Others developed ne'·"' leaves and normal seedstalks and flouers l'lhi ch, 
hol"rever, j;:>roduced normal pollen and s eed. Less than 10 perce~1t of t~1e treated 
plants produced new leaves 11i th signs of malformation like those of seedlings 
from colchicine-treP.ted s eeds . Since these plents failed to p :cocl.1.we seed.ste.lks , 

1) Rasmusson, J., and Levan, A. Tetr~0loid sugar beets from colchicine treat~ 
ment. Beet Breeding Station Hillesh~g, Landskro;na1 Sweden • 
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thejr ivere transplantecl to nursery rows a.rtd their further development ;.rill ·oe 
follo<·red this coming spring. 

As the vegetative growi~g point consists of many cells and as only a 
certain number divide simultaneously eve~ under most advantageous conditions, 
treatme..its to influence the fertilized egg or the embryo in its iJ:1itie,l stages 
of development should be more promising than the methods just outlined. 
W'i th tl1is in vie\.,, flowers that had opened the day before and. also ti1ose of an 
earlier date of an thesis \'lere treated vd th colchicine. In one set of e:("_peri
ments t~1e flo1:vers were pain ted over \1i th colchicine agar, 111hile in another set 
of treatments, lateral branches of the flor .?-1 axis from ivhich all unopened 
flovters had been re:r:1oved were immersed in test tubes of colchicine solution of 
one-half and one percent strength, respectively. The length of treatnent in 
the imme1·sion experiment varied from one-half hour to four hours. To keep 
the agar from drying out too rapidly the treated branches i'lere enclosed in 
parchment bags for a period of 24 hours. The treated material \vas left on tte 
plants u..11til harvest time. Each lot was collected separately anc1 p18ntecl out 
in nurser3r ro\•rs during July and August. The development af the you..11g seedlings 
v,ras folloved and alJ, plants that appef.l,red from a study of the lower lea:£' e-oi
dermis to be normal were discarded. 

It is a ;,rell-known fact the>-t plants vd th a higher chromosome number 
have larger stomates, and, since it is time-consuming to make a cytolos;ical 
a.11a lysis of all individuals, circumstantial evidence gained from a st-c.dy of 
the leaf epidermis ~s sufficient for making preliminary discnrdso 
The lecri' epidermis is ensily strip1)ed ~md ti1e length of the stomate mea,sured 
with an ocular micrometer. By this method about 10,000 seedlings were exa~ined 
in the course of the summer. All plants with stom;c,,tes measuring less than 35 
microns \vere discarc,ed and_ individual records were ke~)t of those remaining in 
the nursery rmvs. The plants were tested again after an inte:;:val of t vm ;months 
e .. :n.d those that had reverted back to norr::al "'ere removed. In this manner the 
m:•.mber of actual or potential 11 takes" 1rras narrov,red d.own vri th final eliminations 
to be me,de on actual cytological examination o-f: yoy..11g floral brnnchos when 
they appee.r. 

nUCLEAR PB:EHOMEN,A IH TEE POLLEN TUBE OF SUGA..'R. 3EE'7!S 

By 'Ernst Artschwager, Pathologist, :Pivision of Sugar Plant Investigations, 
:Bureau of Plant Industry, Unitect States Department of .Agricv~t"LU'e 

Pollen tubes that have developed on nutrient agar are broader tha'1l those 
that gro1rr in the tissue of the style fii the beet flovrer. This fact has been 
studied in other plants b~r i1ulff (.Q) :!:::..! vvho found in certP,in cases that tubes 
in culture uere from five to six times as broad as those in the style . Ho'lfrever, 
other inves tigators found no d.ifference in appearance of pollen tubes and 
their nuclei in artificial and natural media. 

Sperm nuclei first appear in the pollen tubes of the sugm~ beet cle
veloping on artificial media after the tubes have attained a leng th of about 50 
microns or apl)roximately the combined diameter of t11ro or three pollen grains . 
The spel~ms are not alwa~rs found close to each other ancl their position relative 
to the distal end of tne tube also varies. The ti10 sperms are easily recognized. 
Their sheJ:)e varies from that of a spindle or shallow crescent to thD.:ti of a 
sphere. i'lhen emerging from the pollen t:~rain they are practicall;f ahra3rs 
elongate but may become round later on. Occasjg..nq].:.-1 1r extra sperm-,. like bod.ies, 
l/liUI!1bers in ~·r~n.tho.soo r.C;f or . to Litorfl,tu.ro Citod • 


