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Introduction 

Study of some characteristics or leaves such as chromosome 
number (7 ,11,19)2, size of stomata cells (2 ,12,14,16), number of 
nucleoli chromocenters (15), and number of chloroplasts (3,4,5, 
7,10,12) is widely used at present time fe r determination of ploidy 
levels. Except for examination of chromosome number, the most 
used method involves determination of the number of ch loro
plasts in the guard cells of stomata . 

Mochizuki and Sueoka (13) first indicated that dipl oid , tri
ploid and tetrapl oid sugar beets differ in the number of ch loro
plasts in the stomata cells of leaf epidermis (Table 1;. 

Table I.-Average number of chloroplasls per s toma . 

f According to 

I :" 

Ploidy Mochizuki Margara 
levels and Sueoka Butterfass Graf and Touvin Savitsky 

D iplo ids 14 ( 12-16 ) 14.23 ± 0.10 17.09 ± 0.25 14.74± 0.32 l4 .57 ± 0.28 
Triploids 20 ( 17-22) 20.H ± 0.07 20.74± 0.19 JS.97± 0. 36 20S7± C. 37 
Tetraploids 25 (22 -28) 25.36 ± 0.17 24.42± 0.36 25.9S± 0.54 25.90 ± 0.57 

Further inves tigations by Butterfass (3,4,5), comprisi ng mort' 
than 900 plants, lent more dt'finition to this method. The kind 
and age of the leaves tha t are best for examination were indi
cated . Although the average number of chl oroplasts is different 
for the diploid, triploid and tetraploid populations, th.e variation 
in the number of chloroplasts in th e individual plants makes it 
difficult, in some cases, to determine the ploidy grade . The limits 
of the number of chloroplasts between diploids and tripl oids and 
between triploids and tetraploids are overlapping. 

Modification o f the number of chloro plasts a t different ploidy 
levels was the main subj ect of the investiga tions of Butter[ass 
(5) . He indicated that the limits of variation between diploids, 
tripl oids and tetraploids should be established for every plot 
studied, by using the frequency curve. He concluded th at counts 
of chloropl asts in 10 stomata cells permitted determination of 
ploidy gTades for the major ity of plants; however, this determina

1 Geneticist, Crops Research Division, ARS, USDA, Salinas, California. 
2 N umbers in parenthf'scs re[er to literature cited . 
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tion was wrong for 1 to 1.5% of the plants and could not be 
performed for 16 to 18% of the plants. According to Grar (10) 
determination of ploidy grades in individual plants was wrong 
for 1.4% of diploids, for 7.0% of triploids and for 5.6% of 
tetraploids. Dudley (6), basing on study of chloroplasts in one 
guard cell of stomata in eight diploid and eig'ht tetrapl oid sugar 
beets, concluded that diploids and tetraploids can be accurately 
separated by counting chloroplasts in the guard cells. Because 
of a certain convenience which the chloroplast method offers, 
it may be used (but with some limitations) and its applicability 
varies, depending on the objectives. Especially difficult is identi
fication of triploid plants, because the limits for chloroplast 
number in triploids also comprise some diploids and tetraploids. 

In inducing polyploidy in sugar beets, a study of leaf clIar
acteristics (one or which is number of chloroplasts) is a common 
method for selection of tetraploid Co plants after colchicine treat
ment. The results oC a study of reliability or this method for 
selection of tetraploid plants in the mixoploid Co generation are 
presented in this report. 

Materials and ~Iethods 

Seed of the following sugar beet strains were exposed to 
colchicine treatment: 2 self-sterile monogerm populations (573 
mm high in curly-top resistance and 202 mm N-type strain); 4 
self-fertile monogerm inbred lines (171 mm E-type, 127 mm 
Z-type, 200 mm leaf-spot resistant, and 537 mm which is highly 
leaf-spot resistant); and 1 selL-fertile multigerm inbred line (509 
MVl) which is curly-top resistant. 

After treatment, seed was planted in soil in a gTeenhouse. 
Seedlings coming up were classified as affected (with short, 
thickened hypocotyls , thick and dissected leaves) , or unaffected. 
All unaffec ted seedlings were discarded and the afiected ones 
were transplanted into cylinders and kept in the cold frame dur
ing the winter for thermal induction. In the spring they were 
transplanted to the field for further growth and selection for 
tetraploid Co plants. 

Treatment of seed is an effective method of inducing poly
ploidy (17). About 40% of affected seedlings develop completely, 
or almGst completely, tetraploid mai n inflorescence in which 
hundreds of flowers carry diploid gametes. 

Tetraploid plants were selected on the basis of the size of 
pollen grains in flowers developed in the- main inflorescence. It 
is well known that tetraploidiza tion increases the size of pollen 
grains in many crop plants as well as in sugar beets . . \be~:2; ( I ) , 
Artsch'ivager (2), Schlosser (18) and \ 'on Rosen (19) indicated 
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larger size of pollen in tetraploid beets in comparison with the 
diploid. Ernould (8) found that mean size of pollen in diploid 
beets equals 19.86", and in tetraploid 26-27",. Feltz (9) reported 
that the average size of pollen for diploids was 21.87"" and for 
tetraploids 26-27",. ,\ccording to Savitsky (16) the size of mature, 
normal! y dew' Ioped pollen varies in diploid beets from 19 to 
22"" and in tetraploid beets from 28 to 33",. 

In several plants studied in this experiment, the chromosome 
number was determineJ in meiosis. The buds on branches carry
ing large pollen gTains baJ 36 chromosomes in the Pollen Mother 
Cells at prophase, and those on the branches with small pollen 
grains had 18 chromosomes. 

Plants which developed lan!e pollen grains (2B-fl:llL) in all, 
or in almost all , flowers (some flowers with smaller pollen grains 
may have been missed) of the main inflorescence were con
sidered to be tetraploids. Plants with smaller pollen grains (19
22",) were considered to be diploids. Actually, all plants in the 
treated generation (Co) are to some extent mixoploids, carrying 
bGth diploid and tetraploid tissues, but those plants which develop 
prevailingly a majority of diploid gametes in flowers of the main 
inflorescence may be considered tetraploids, for practical pur
poses, because they produce tetraploid progeny after being inter
crossed ( 17). 

The number of chloroplasts was counted in both g'uard cells 
of stomata in the epidermis of the lower .surface of leaves. Leaves 
were collected from the same seed stalk from which the anthers 
were examined for the size of pollen grains. Chloroplasts were 
counted in 10 stomata cells (20 guard cells) of each plant. Silver 
nitrate (1 %) was used for dyeing. 

On the basis of average number of chloroplasts "per stoma 
cell, plants were classified as falling into 1 of 3 groups as follows: 
1) plants havinf!: the number of chloroplasts corresponding' to 
diploids. Such plants had mostly 1:l, 14, 15 or 16 chloroplasts 
per stoma cell; 2) plants with a number of chloroplasts corre
sponding to tetraploids (24 or higher); and :l) pl;mts with an 
intermediate number of chloroplasts (19 to 24). The last grou p 
might include diploid, as well as tetraploid plants, since the 
number of chloroplasts in this gTOUp does not g'ive a clear indi
cation as to the level of ploidy of individual plants. This QTOUP 
arose partly because of the chimeral nature of the Co plants. In 
some leaves stomata lying side by side were observed with number 
of plastids corresponding to diploids and tetraploids, or close 
to their limits. 

I 
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Data concerning the number of chloroplasts in stomata cells 
of diploid and tetraploid plants are presented in the Tabies 2 
and 3. Photomicrographs of chloroplasts in stomata of diploid 
and tetraploid beets are presented (Figures 1 and 2). 

Table 2.-l\umber of chlorop!a,!s in stomata cells of diploid Co sugar beet planL~ . 

l'lants with number of chloroplasts 

Strain 
Corresponding to 

IntcI"mediate-Betwcen 
designation Diploids Tetraploids Diploids and Tetraploids 

537 
201 
17 I 
127 
509 
57;; 
202 

17 
5 
8 
I 
3 

13 
23 

4 
5 

13 
15 
3 

45 
19 

2 
.~ 

Total 100 104 21 
Percent 44.44 46.22 9.33 

Table 3.-Number of ch loroplasts in stoma ta cells of tetraploid Co sugar beets plants. 

Plants wirh number of chloroplasts 

Corresponding to 
Strain 1ntermedia tc-Belwccn 

desig nation Diploids Tetraploids Diploids and Tetraploids 

537 
201 
171 
127 
509 
573 
202 

8 
2 
4 
0 
I 

16 
6 

42 
46 
57 
30 

9 
69 
22 

11 
6 

10 
3 
3 
7 
fi 

Total 37 275 49 

Percrnt 10.2 76.2 13.6 


Figure I.-Chloroplasts in stomata leaf cells in diploid sugar beets X 42. 



659 VOL. 13, ?\lo. 8, JANUARY 1966 

! 

, 
j 

.-
f 

Figure 2.-Chloroplasts in stomata leaf cells in tetraploid sugar beets X 42. 

Experimental Results 

Only 44.4 percent of diploid plants (with small pollen grains) 
had the number of chloroplasts characteristic of diploids Cfable 
2). Forty-six percent (46.2%) o( plants in this group showed 
chloroplast numbers corresponding to tetraploids and in 9.3% 
of plants the number of chloroplasts exceeded the number of 
chloroplasts peculiar to diploids. Thus, 55.5% of the diploid 
population had larger number of chloroplasts in leaves than 
should be present in diploids. This indicated that the epidermal 
tissue was affected hy colchicine to a greater degree than the 
suhepidermal tissue. 

As a consequence, doubling of chromosomes occurred more 
often in the epidermis than in the tissues which produce sexual 
cells. 

Among tetraploid plants (with large pollen grains) 76.2% 
of plants had the number of chloroplasts corresponding to tetra
ploids (Table 3). Only 10.2% had the number of chloroplasts 
corresponding to diploid plants. Also, 13.6% of the plants showed 
lower numbers than tetraploids had to have. Therefore, if se
lection of tetraploids had been made on the base of chloroplasts 
number, 23.8 percent of the tetraploid plants would have been 
discarded. 

At the same time, the group of tetraploid plants, selected 
from the whole population (586 plants), would have consisted 
of 275 true tetraploids and 104 (27.4%) diploids. This group 
of diploid plants would very highly contaminate the tetraploid 
population. Instead of obtaining a C, progeny with a high per
cent of tetraploid plants, the C1 generation will contain many, 
if not a majority, of diploid and triploid plants which would 
necessitate extensive screening to eliminate plants with undesir
able chromosome numbers. 
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Leaf characteristics, such as size of stomata cells, number of 
chloroplasts, and even number of chromosomes, often used for 
selection of tetraploids, should be used in Co generation only for 
preliminary test and screening, if such a screening is really needed 
in some circumstances or climates. Final selection for tetraploids 
in the Co generation should be based on direct selection of diploid 
gametes which will produce a tetraploid progeny. The ploidy 
level of gametes is detem1ined either by the size of pollen grains 
or by chromosome number in the pollen mother cells. This 
gamete selection is highly effective and reduces the work of con
trolling chromosome numbers in the following generations. 

Conclusion 

Selection for tetraploid plants in the trea ted mixoploid Co 
generation based on the leaf characteristics, number of chloro
plasts, number of chromosomes, size of stomata, etc. is an un
reliable method. 

Selection for tetraploids in Co generation should be based on 
selection of diploid gametes (pollen grains) which will produce 
a tetraploid progeny. 

Literature Cited 

(I) 	 ABEGG, F. A., DEWEY STEWART and G. H. COONS. 1946. Further studies 
on sugarbeet autotetraploids. Proc. Am. Soc. Sugar Beet Techno!. 
4 : 223-229. 

(2) 	 ARTSCHWAGER, E. 1942. Colchicine-induced tetrilploidy in sugar beets: 
Morphological effects shown in progenies of il number of selections. 
Proc. Am. Soc. Sugar Beet T echno!. 3: 296-303. 

(3) 	 BUITERFASS, TH. 1958. Die praktische Ermittelung des Ploidiegrads 
von Zuckerri.iben durch Zahlen der SchlicsszeIIen-Chloroplas ten. 
liichter. 28 (7) : 309-3 I 4. 

(4) 	 BUITERFASS, TH. 1961. Die Chloroplasten lahl als Merkmal. l,?erichte 
der Deutsche Botanische Gesellschaft. 74 (6): 217-218. 

(5) 	 BUTTERFASS, TH. 1961. Das Verhalten der Chloroplastcnzahkn in den 
Schliesszellenpaaren von Zuckcrriiben verschicdcner Ploidiestufen 
vom Keimling bis wr blUhenden PfIanze. Zii chter. 31 (2): 62-71. 

(6) 	 D UDLEY, J. W. 1958. Number of chloroplasts in the guard cells of 
inbred lines of tetrapl oid and diploid sugar beets. Agr. J. 50 : 169
170. 

(7) 	 ELLERTON, S. and A. J. TH . HENDRIKSE"I. 1959. No te on the probable 
cause of the occurrence of tetraploid pla nts in commercial triploid 
variet ies of sugar beet. Euphytica. 8: 99·103. 

(8) 	 ERNOULD, L. 1946. L'autopo lyploidie experimcntale chez la betterave. 
Cellule. 50 (3): 363-430. 

(9) 	 FELTZ, H. 1953. Untersu chungen an diploiden und polyploid en luck
erriiben . leitschr. fUr Pfla nzenziicht.. 32 (3): 275-300. 



Val.. 13, No.8, ]Al\CARY 1966 	 661 

(10) 	 CRAF. A. 19:,9. Be'st im;nung des p1oidie'grades in Zuckerri.ib en 
(;ebrauchssaatgut. Zucker. 12: 344-:H9. 

(II ) KLOEN, D. and G. L. SPECKMANN. 1953. The crcation 01 tetril ploid 
beets. Euphyti ca 2: 187- 196. 

(12) 	 MARGARA J. and H . TOUVIN. 1958. La po lyplo idie chez la betterave 
sucri e re. Acad. Agricult. France. COlllpl. Rend . 44: l7 2·17G. 

(13) 	 i'vloCHIZUKI, H. and N. SUEOK.\ . 1955. Genetic studies on th e nUlIl ber 
of plastid in stomata. 1. Effects of a u topolyplo id y 111 suga r IJC:.:ts. 
Cytologia (Tokyo). 20 : 358-366. 

( l ·t) PEro, F . H. and K. \,y. HILL. 1942. Colch ici ne treatment of sugar 
beets and the yielding capacity of the resulting polyploids. Pro, 
Am. Soc. Sugar Beet T echnol. 3 : 287-295. . 

(15) 	 R EITBERGER, A. 1956. Rubekernuntersu chunge n bei gcsunden und 
viruskrankcI1 Diploiden und Polyploiden von Beta vulgaris. Zuchter 
26: 106-117. 

(16) 	 SAVITSKY. H. 1952. Polyploid sugar beets-Cytological study and 
method of production. Proc. Am. Soc. Sugar Beet Techno!. 7: 
470-476. 

(17) SAVITSKY, H. A method of induci ng autopolyploidy in sugar beets by 
seed treatment. J. Am. Soc. Sugar Beet Technol. (In press) . 

(18) 	 SCHLOSSER, L. A. 1940. Untersuchungen a n autoploiden 7.uckerri.icben 
(1). Z. d. Wirtschaftsgruppe Zu ckerindustrie. 90: 88-106. 

(19) 	 VON-ROSEI', G. 1949. Problems a nd me thods in th e' prcduction of 
te traploids within the genus Bela. Socker H a ndl. 5: 199-217 . 

.: 


