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ABSTRACT

Chromosome counts were obtained from heart ieaves (2nd, 4th,

12th,13th,19th and 20th) of colchícine treated sugar beets plants

and correlated with the chromosome counts of po1len mother cells with

a view to establíshing a method of selecting only 4N inflorescences.

It was found that counts of the 12th or a subsequent heart leaf in

conjunctjon with counts of a florai heart leaf were satisfactory

ìndicators of the ploidy level of the inflorescence" The number of

chloroplasts per 2 guard cells was not a satisfactory index for

sel ecti on of 4tr¡ 'inrl orescences due to the presence of perí c1 i nal

chimeras" Poi len diameter hras found to be a workable seiection

criterion for the determination of the pioÍdy level of the inflorescence.

Root tips were relatjvely less affected by colchicine than the

shoot apex and gave no jndjcatjon as to the type of inflorescence the

plant would produce,
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I NTRODUCTT ON

The y'i e 1 d advantage of t ri pl oí d sugar beets over di pl oi ds (;01

and the poss'ibil'íty of usíng male sterility to facjlitate the product'ion

of hybrid triploids has increased the need for the efficient production

of large numbers of tetraploíd strains.

Aithough an effective method for polyploid induction is establish-

ed, controversy exjsts as to the best means of identífy'ing tetraplo'id

plants in the Co (treated) generation, Fortunately the type of growth

of the sugar beet lends itself to such an jnvestígation, The leaves

of the shoot apex grow very v'igorously and chromosome counts can

easily be obtaíned on leaves up to 15 mm, ín length" Also it is

possÍble to determine the chromosome number of the Co generation by

i nvesti gati on of pol l en mother ce1 1s ( P¡vtCts ), Thus one can f o1 i ow

the effect of coichicine on the chromosome number of prefloral

growth via cytology of the heart leaves and correlate this with the

chromosome number of the C1 generatíon"

The Ittunica corpuslr concept of apÍca1 meristem organizatÍon

visualizes the promeristem to consÍst of two jndependent layers (24)"

Evidence of perjcl inal chimeras in dicotyledons supports this hypothesjs

(6)" The outer tunica consÍsts of two layers whjch give rÍse to the

epidermis by anticljnal divísions, The corpus which ís enclosed by

the peripheral tunica gives rise to the vascular and ground tissue by

pericf inal and antÍclinal divjsions. There may be, however, some

modifications of this general scheme as the layers of the tunica and

corpus sometimes gíve rise to tissue other than that designated above (7)"
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Theoretically colchicine could have a range ín effectiveness of

polyploid inductíon from complete conversion to no effect. HornJever,

even if ali of the initials are not converted to the 4N condítÍon, a

certain percent conversíon may result in a 4trl inflorescence íf the

4trl initials in such a chimera give rise to the floral apex.

Since both the heart leaves and the inflorescence are belìeved

to arise from the corpus, the chromosome tbalancerrjn one should be

correlated with the other. One can assume that the ieaves are a

random sample of the shoot apex since the heart leaves arise from the

promeristem in accordance with the phyllotaxis of the shoot (z/sl"
The presence of mixoploid or sectorial chimeras could lead to

confusíng results as the prímordia that initiate the heart leaves

could come from a different area of the corpus than that which initjates
the flohlers" Periclinal and mericl inal chimeras could inval ídate the

use of chloroplast counts of epÌdermal guard cells as an indicator of

chromosome number in the germ plasm. A difference jn the rate of

dívisjon of 2N and 4N ceils in the corpus ínïtials would cause the

chromosome count at one growth stage to be different than at a sub-

sequent growth stage, SimilarlY a difference in the rate of division
of 2N and 4N cells in the young heart leaf could give a false indicatjon

of the chromosome number of the corpus. Another probable source of

experimental error is from an inadequate sampling of the heart leaves

and i nf1 orescences.
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With the above statements in mind a study of the effect of

colchicine on the chromosome number of plant grourth was made with the

object of determíníng selection criterja that would permit accurate

identificatjon of plants in the vegetative state which would produce

only tetraploid seed when induced to flou/er,



L.TTERATURE REVI El/I

Several methods, other than the counting of chromosomes, have

been used to predíct the ploÍdy level of sugar beet plants. Due to

the frequent occurrence of chÍmeras jn the Co the selection criteria

that are suitable in later generations may not be useful in the Co (29)"

Artschwager (2) used piant morphology in the Co jn conjunctíon

with other selection criteria to evaluate the efficíency of tetraploid

índuction, Savitsky (29)t however, found plant morphoiogy alone to be

a poor criterion. 0f the plants that appeared to be affected by

colchicíne in the seedlÍng stage only 6.4 purcent produced 4N

í nf 1 ores cences "

Stomata size was used by dífferent workers (1r 2t 3) as a

screening devise, but due to the appljed nature of their investigations

they did not give experímental evidence to show ìt was a valid criterjon.

Peto and Hiil (21) suggested using the area index of the stomata from

comparable leaves as a selection criterion but gave no data to sub-

stantiate its value. Deneuche (5), Varga (32) and others (10, 26)

Ìndi cated that stomatal size is a poor selection crj terion.

Evidence has been given (4r 9r 20) that the number of chloroplasts

per guard ce11 js posìtívely correlated wjth the ploidy level of the

piant. Powers and Dudley (22) suggested this as a method for screening

Co seedlíngs in order to eliminate undesjrable plants, Savitsky (29),

however, found that of 225 Co plants whose infiorescences were shown to

be 2N via pollen diameter, 125 $5"5n had a larger number of chioroplasts

than is expected jn djploids" Similari ly of 361 Co plants whose
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jnflorescences were shown to be 4n via polfen diameter, B6 (23"6%) had

a iower number than is expected jn 4trt guard cel ls. Kloen and Speckman

(17) and Rosen (26) emphasjzed that there is a variable envjronmentai

effect on the number of chloroplasts per guard cei1.

Many workers (1r 21 11, 12,27r 31) have indicated that the

increased diameter of 4t'¡ pol Ien graíns couid be used to select for

infiorescences with diploid gametes but several workers (10, 17r 26e 32)

have found this method unsatísfactory. Kuzdowícz (18) and Walther (33)

state that the number of pores per pol1en grain can be used to

differentiate between haploid and d'iploid pollen graÍns. Walther (33)

claims that environment produces a smaller variability in pore number

than it does on pollen diameter. Hourever, Varga (32) tound this method

unsatisfactory and Essad and Touvin (10) and DonatDaíle Rose (B) found

jt less satisfactory than chloroplast or chromosome counts.

The number of nucleoli in the restjng nucleus of epidermal cells

has been used by Reítberger (25) and Graf (14) to differentiate between

2N,3N and 4N plants. Speckman (3i) found that the time sayed'ín

analysis by this method was not great enough to compensate for the

extrê time it took to make the preparat'ions. Sjmilaríiy Varga (321u

Essad and Touvin (10) and Dona'Dal1e Rose (8) found this method

unsatisfactory.

Feltz (11 ) suggested that hjgher amounts of abnormal tetrad

formation in 4trt plants could be used as a select'ion criterion. However,

he stated that the greater amount of non-staining micro po1len grains

found among the diploid pollen grains could not be used as an absolute



selection críterion.

Kioen and Speckman (16, 17) found that cytolog'icai examination

of leaves in the rosette stages uras an ineffective method of selectÍng

for 4N inflorescences ín the Co. They then examined the cytology of

heart leaves of the floral apex from plants previously selected for

4tr¡ ti ssue í n the prebol ti ng heart l eaves and exci sed the api ces that

were not 4N at both sampling tjmes. The progeny (Cl) from plants

sampled twice gave 77.3 percent 4Nr 20.6 percent 3N and 2.i percent 2N

whereas wjth only one preboltíng cytological examjnation they got 52"6

percent 4t'1, 45"6 percent 3N and 1.8 percent 2N" They used a rapid

counting method in whích there is no staining and the material is

observed by aid of phase microscopy. Deneuche (5) using the same

method, compared jts accuracy in estimating chromosome number with the

chloroplast number per guard cel1. He made 36 errors out of 142 plants

examined using the rapid counting method whereas he made only 3 mistakes

using the criteria of chloroplast number per guard celi.

Hammond (15) selected 4Ìrl plants based on cytology of the floral

apexrthat were shown to be highly 4tt ctrimera on the basis of vegetative

tissue, and found seed from selected plants to be al,l 4N.



MATERÏALS AND METHODS

The material used in thjs experjment was an open polljnated

monogerm strain of sugar beets designated as 6210, obtained from the

Sugar Beet Breeding Station, Taber, Alberta" Five hundred seeds were

treated with the fungicide, Arasano and germinated. Ì^lhen l0 percent

of the seeds showed protruding root tÍps the entire sample was placed

Ín a solution of.J percent colchicjne for 6 hours at room temperature,

then washed twice in water and planted jn the greenhouse.

As the seedlíngs grew an attempt was made to sample each of the

Zndr 4thr 12th,13th, 19th and 20th heart ieaves (p1ate I. Fig. 1-6)"

However, jn the early stages of growth the deliterious effect of

colchicine on plant growth made ít ímpossjble to a'lways sample the

exact heart leaf desíred" Thus the first two growth stages were in

some instances sampled at the 3rd, and lth or 6th heart 1eaf. Sjnce

the prime interest of the experiment was not to determine an effective

method of polyploid jnduction but rather to determine the nature of

colchícine conversÍon, seedlings that did not show the morphological

effects of colchicíne were not sampled and were discarded.

The heart leaves were excised when they attajned a length of

four to six míllimeters. Great care was taken in excísÌng the heart

leaves to avoid mechanical damage to the plant apex whìch would result

in abnormal plant growth and thus would not give a true Ìndication of

the effect of colchícine on normal plants. However, many plants sti1l

had to be discarded because of apical damage which resulted jn plants

with several apices.
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PLATE I - The_growth stages from which samples for cytoiogical
analysis ulere taken.

tsl ñ,'v.

..ts1ñ| ':,.

Þ1õr ¡ J.

1I- two ieaf stage

- 12th leaf stage

- flora1 apex leaf stage

Fig.2. - four leaí stage

Fíg. 4. - 20th leaf stage

ilrg. b. - rnïlorescencri -
s tage f rom whi ch po1 1 en
mother cel 1s were taken.
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From each heart leaf corlected two random samples were taken

frorn opposite sides of the leaf. This was facilitated. by the fact that

the periphery of ühe heart leaf was found to be the area of most active

division. Chromosome courrts of twenty five cel-ls r/üere mad.e on each

sample to give a total of fifty counts per heart l-eaf.

The heart leaves were collected directly into cold water and

received a 2[, hour pretreatment at 0o - 2oC. They were then fjxed j_n

Farmerts sorution (J parts c2H5oH :1 part cH3coOH) for a mi¡imum of two

days" They then received an I minute hydrolysis in 1 percent HCI at

60oc. prior to stai¡j¡g in Feulgen. squash preparations were nade

usj-ng aceto-carrnirre as the counter-stain"

0n the basis of the cytology of the last heart leaf sanipled.,

the plants r^rere divided into 3 groups: d.iploids, t,etraploids and

ehj:neras" These plants then received a photo-thermal induction period

of continuous light at /çOop. for three months (13). After the jnduction

period one heart leaf was taken from the floral apex of each plant v¡hen

the apex r^ras approximately six inches high" Fifty cel_ls per floral
heart l-eaf v¡ere counted.

PoLLen mother cell counts rù'ere nad.e on alJ. plants that bolted."

Tv¡o random sartples were taken from each j¡florescence and. fi:ced directly
i:rto carnor?s solution (6 parts czï¡0ï: J parts cHcl3: 1 part cH3cooH)"

ldhen a courrt was made aIL fj-ve starnens were jlcluded j:r the squash

preparation" lwenty-five counts were mad.e per slide for a totat of

fifty counts per inflorescence.



10

A sample of poilen from one flower of each plant was collected

into a solutjon of i part 1 percent aceto-carmine and 1 part glycerol

and the diameter of ten vjable polien grains bras recorded. The viable

pol1en grains were defined as those that stained red whereas the inviable

remajned colorless. It was deemed necessary to do thjs because the h.igh

proportion of aneupioidy ín an autotetraploíd results in an appreciable

amount of inviable pol len graíns, of a smal ler di ameter (l 1 ). In

addition to this, 2 additional samples of pollen were taken from 2

random flowers from ten plants of the 4N and chimera groups"

Thus a total of three ploídy determinatjons were taken on all of

the inflorescences (Z vla PMCrs and 1 via po1len dÍameter), and five

determinatjons on ten plants from each of the 4N and chimera group

(2 add'itional via pollen diameter).

An attempt was also made to count one root tip of each plant

that recejved the photo-thermal induction period. In addition to this

a separate populatíon of 106 seeds of strain 6210 were treated with

colchicine and root tips were collected from the seedlings, Chromosome

counts were obtained by the same technique as descrjbed for heart leaves,

The lower epidermis of turo leaves (J ìnches in length) from ten

plants of each of the three groups was strjpped into a 1 percent

solution of AgC1" The total number of plastids contajned in the two

guard cel1s surrounding each of 10 stoma was recorded. Thus there

were 200 chloroplast counts per group.

In the case of chimeras an attempt bras made to sample prebolting

heart leaves at two stages of growth" This was accomplished by excising

the leaf tip when the leaf was 4 - 6 mm. long and then excising the

remainder of the leaf four days later"



RESULTS AND DiSCUSSION

Sixty one percent or 305 of the 500 treated seeds germÍnated;

of these 64 died as seediings prior to sampling, 118 were djscarded

because of apical damage durr'ng samplíng and 5l were discarded because

they showed no morphological effect of colchicine. Chromosome counts

from heart leaves of plants that iater showed apical damage are

íncluded in some of the data. The remain'ing 72 plants hrere given a

photo-thermal induction treatment after being sampied for cytologicai

analysis,

In the course of the cytologícal analysis difficulty was encounter-

ed in obtainÌng suitable preparations at the eariy growth stages probably

as a result of the deliterjous physiologíca1 effect of colchicine on

early plant growth. Consequently only 10 plants were analysed at al 1

s'íx growth stagesg 22 plants at ! growth stages, níne at four stages

and the remaining 31 plants were examined at three or less stages.

Cytologíca1 data for the fírst three groups is presented in

Fìgures 7 to 9 respect'iveiy. In Figures 7A, BA and 9A the average

chromosome number per ce11 at each stage of anaiysis ís recorded;

firstly for the entire group and secondly for the díploids, tetraploids,

and chimeras in each group as determined by the iast heart leaf counted.

In Figures/Br 88 and 98 the same procedure is followed but the data is

plotted as the percent tetraploid cells at the different growth stages.

The average chromosome number at a given growth stage is higher

as the number of growth stages analysed decreases (i.e. at the lzth

heart leaf the average chromosome number of piants sampled at sjx stages

is 22'42 26o6 for plants sampled 5 times and 38,2 for plants sampled four
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t'imes). This is 1ikely due to the fact that the majoríty of the plants

that were analyzable ín the early growth stages were relatively less

affected by colchicine and thus had a lower chromosome number.

These graphs jndicate that the heart ieaves have a high average

chromosome number in early growth which decreases rapidly and reaches

a reiatively stable leve1 by the time the l2th heart leaf is sampled"

The high chromosome number in the early heart leaves is due to the

occurrence of 8N and 16N cel1s. The frequency of such cells declines

rapidly and cells greater than 4N are seldom observed beyond the 4th

heart 1eaf. Table 1 gives the eÍght groups of chromosome numbers

found in the first heart leaves sampled and the number of plants

found in each groupè 0f the 26 plants with heart leaf cells having 72

or 144 chromosomes at the early stages only one plant had heart leaf

cells with more than 36 chromosomes at the 1zth leaf stage. Thís plant

h,as a 4N - BN chjmera. The mitotic configurations of a typical 4n - 8N

chimera is shown in Plate II. Figures 11 and 12 show mitotic metaphases

of 135 and 72 chromosomes respectively, which presumably have arÍsen

through successive C - mitoses. Plate III. F'igure 13, shows a mitotic

metaphase of 9 chromosomes found in one Co plant at the 20th heart

leaf stage, This plant was a chimera of 180 36 and 9 (Table IVe No.209)

and later produced a 4tt inflorescence. The chromosome number oF 9 could

have arisen by somatíc reduction but more fikely arose by the formatjon

of a multipolar restitution nucleus (19)"



TABLE Ï

CHROMOSOME NUMBERS FOUND iN EARLiEST HEART LEAF SAMPLED

Chromosome Numbers Found
in First Heart Leaf

Number of Plants

1B

36

36 and lB

72 and 36

36 and 72 and 18

144 and 72

144 and 36 and 72

I r+4

22

F

12

B

10

1

6

1
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The possibjlity of predicting therrchromosome balancerrat later

stages of plant growth from thertchroro=o*" baiancertof an early stagee

makes it of interest to compare the relative frequencies of 2N and 4N

ce1ls at different growth stages.

The data for the 32 plants in Figure /fl and 8A is regrouped

and presented jn Table II for three growth stages. The first stage

includes data from ail the heart leaves sampled prior to the 12th heart

leaf. Stages two and three have the combined data from the 12th and

13th, and 19th and 20th heart leaves, respectívely. None of these

plants had a chromosome number greater than 4N after the 4th heart

1^^g -+^^^| çq I J LO9ç.

Six of the nine plants that were 4N in the 3rd growth stage

h,ere completely 4N or greater, and three of them (No. 179,211 and 184)

were ch'imeras wíth some 2N cel1s, at stage one. At stage two ali

except No, i4 and No. 179 were totally 4ru and these two were 75 percent

and 95 percent 4N respect'ively. All of these nine plants analyzed

produced 4tl inflorescences (tabte III). Six of the i7 plants that

ended up chimeras showed an increa=" in percent 4N cells from stage

two to stage three and 11 plants showed a decrease, In generalrthe

percent 4N cells decreased and the percent 2N ceils increased from

stage one to stage tworbut the opposíte also occurred less often" Two

of these plants (t'to.4 and 55) produced 4t'l intlorescences (tab1e III

and IV). Al1 six plants whose last heart leaf was 2N showed a decrease

in percent 4N celis wjth increasing growth stage and all produced 2N

í nf1 orescences , (of pl ants ana lyzed) .
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TABLE IÏ

THE FREQUENCY OF 2N, 4N AND GREATER THAN 4ru CTTTS iN HEART LEAVES AT

THREE GROWTH STAGES

Plant
Numbe r

Sta
r

19 and
ea
20

184
13
14

34
4g

110
179
211
213

r

55

4
36
11

199
116
206
172
'127

o2
25
20
2B

3
11?

16
175
26

178
22

159

100
100
'l00

100
100
100
100
100
100
95
Rq

66
53
44
32
22
22
20
20
t¡.

14
i?
11

I
o
o
0
0
0
0
0
0

Staqe I
art Lea

2'3and4
art Lea

12 and 13

49
100
9O
20
,5

0
0

14
1/to

0

öl
Ãn

0
tl

0
o
0
0
n

0
rì

10
0
o

32
0

7
44

2
0
0

2
0
ll

0
0
0

32
12

0
24
1<

U

5
0

26
40

U

46
0

5
31

2
0

63
66

0
0

)?
10

68
B8
e9

49
n

l0
BO
l-

100
68
zl,la

8¿+

lo
2

13
l+C

100
74
OU

94
rh

100
95
AO

oR

90
37
28
68

100
70
37
30
12
1I

100
100

75
100
I00
100

95
100
100
30
61
oA

28
Rc

4
23
25
71
46

ö
0

66
20
20
26
21

o
n

0
0
0
0
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TABLE ÏiI

DATA FROM THE ANALYSTS OF THE FLORAL HEART LEAVES, POLLEN MOTHER CELLSg

R00T TIps, poLLEN ntemrrin AND cHLoRoeLAST NUMBER FRoM 34 pLANTs FouND

ï0 BE ToTALLY 4ru rru THE LASï HEART LEAF couNTED

P1 ant
Numbe r

LaSt
Heart
Lea f
Numbe r

Fresuenci es of 4N:'2N Ce I 1 s r Mean
Po1 len
Diameter
in p

Mean Chl oro-
plast Number
per Z.rGua rd
Cel 1 s'

Floral nearf
Leaves

Pol len
Mother
Cei 1s

Root Ti ps

7
13
17

'Q
3o
JI
34
46
4g
55
59

102
110
179
182
184
189
207
210
211
212
214
228
237
242
108

75
111
213
255

2
t lrIT

135
F1

10
20
20
20
20
13
20
1q

20
20
20
20
20
20
IJ
20
20
20
20
20
20
16
11

13
14
20
20
20
19
20
2A
20
16
20

5020
5o: o
5o: o
5o: o
50:0
5o: o
50¡0
5o: o
5o: o
5o:0
5o: o
5o: o

5o: o
5o: 0

5o: o

5o: o
5o: o
5o: o
5o: o

50¡ 0

50zO
5o: o

5o; o
5o:0
5o: o
10:40
5o: 0
5o: o

5o: o
5020,

?

3

¡o?o

5or o

5o: o

5o: o
5o: o

5o: o
5Oz0
5o: o
5o: o

5o: o
5o: 0
N.C.
5o: o
5o: o

5o: o

5o: o
5o: o
5ozo
5o: o

5o: o
50¡ 0
5o:o
50¡ 0

5o: o

5o: o
5o: o

0¡ 50r,
T

I

- 

Ita

- 
,|
I

:
-a

0225
0225
0225
N.C "
0225
0225
Oz25
0225
oz25
0225
0t25
N,C .
Àt a

0*5
Oz25
0s25
Oz25
0225
At25
0225
0t,25
0225
N.C.
l\oU r

N.C.
0:25
0t25
N,C n

0=25
N.C.
N"C.
l\¡t, ¡
N.C "
N"C,

26.64
26.021
25.46',
25.67
24.33
27.001
27 "28',
27 .69,
27 "36',
28,98
25.50
25.94
28.14.
26,701
26.94
24.741
26,96;
26.23'
22.9+,
27.9+:
27 .081
24.72
27 .05.
26.46:
26.27 |

-

-
_

lo.zs

29.90
29.90
20.30
24.65
31.10

19.80

lg,to
29.00

22.80

lMuan of 30 measurements
2M""n of 20 stomata
3Did not bol t

Late bol ter
5Mechanical damage
N.C, - not countable
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TABLE IV

DATA FROM THE ANALYSTS OF THE LAST HEART LEAVES, FLORAL HEART LEAVES,

POLLEN MOTHER CELLS, ROOT TTPSg POLLEN DIAMETER AND CHLOROPLAST NUMBER

FROM 24 PLANTS WHOSE LAST HEART LEAF COUNTED WAS A CHIMERA

Plant
Numbe r

Last
Hea rt
Leaf
Number

Frecuencí es of 4N:,2N Ce 1 I s : Mean Po1 len
Diameter
in p

Mean Chloro-
plast Number
per ZrGuard
Cells'

Last
Heart
r ^^€Lçd I

FIOTAI
Hea rt
Leaves

Pol 1 en
Mothe r
Cel1s

Root
llps

187
36
4

234
15

216

170
172
199
20
2B

196
25

206
139

11

116
71,

239
B6

114
209

20
20
20
20
16
20
20
2A
20
20
20
20
20
20
20
20
20
20
20
20
14
20
20
20

45¿5
33217
25225
18232
18ú2
17 233
17 ¿33
14236
9¿41
9t41
o.l¡. t

B¿42
8z4z
8*2
7 t43
2úB

?^" th
27 223

Bz42

"A.11!30t20..
31:19i
20úol.

38t5t7+

5o: o
11 ¿39
37 213
10:40
10:40
16234
11 239
9 241
Bz4z

19 231
10¡40

6244
0:50
c.Lr.c

6244
7 243

5o: o
-1 .lr"
A.hl+

5o: o

r
r
r

5o: o
0¡50

5o: o
0: 50
0:50
0:50
0: 50
0:50

0: 50
0r50
0:50
0:50
o: 5o

25:25
0250.

b
o

=u
¡0, o

0225
25t0
0:25
0225
0225
N.C .
4".25
0=25

25zo
0¿25
0¡,25
0225
0225
0225
0225
0225
0225
Na
0225
0225
N,C .
Oz25
0225
0225

26,581
20 "71 1

26.68:
2r.oBi
20.98'
20.40
21 .15 ,
u.171
19 ,66 

"20.55:
20 "90:
21.451
20,32
23,07 .

zo.4ol
,r_ru

-

ze ,t+A1

17 .20
22 "85

23.45
24.0a
27.90
15 .15
25.80
24.60
20 "95
,u_oo

:

-

1

'Mean of 30 measurements
2Mu"n of 20 stomata
?- ' ô..
'Frequency of 8N = 4N
,,-Frequency of 4N:2N:N
)Did not bolt
6-LAte DOI ter
N.C. - not countabie



23

These data indicate a generai jncrease ín the number of 2N cells

Ì^rith increasing growth stage. Howeverr 4N cells sometimes increase at

the expense of 2N cells while both 4¡¡ and 2N ce1ls increase relative to

celis with chromosome numbers greater than 4N.

There were some plants (trto. 6, 13, 14r 36, 116, 172,20, 113, 16)

whjch have shown all cells in Stage one to be of a hígher ploidy than

cells that were subsequently found ín Stages two and three. Yet there

were no'instances where Stage one had all cells of a lower chromosome

number than that subsequently found in stages two and three. Thus it

does not seem logical to attribute the observation of cel1s not previousiy

encountered to a sectorial chjmera Ín the corpus" The phenomena is more

adequately expiained by assuming that the prÍmordía of the heart ieaves

ín Stage one h/ere already formed in the embryo at the time of colchicine

treatment and thus received a colchicine treatment totaily unrelated to

that of the plant apex.

Thus the leaves of Stage one could have a higher chromosome

number due to increased susceptibilíty to the colchicine and the effect

of colchicine on the chromosome number of these leaves could be

compietely different than that on the corpus which later gÍves ríse to

the heart leaves of Stages two and three.

Some of these 32 plants, plus the I sampled at four growth stages

and presented in Graph l, plus addìtional plants that were anaiyzed at

less than 4 growth stages received the photo-thermal inductjon treatment.

0n the basis of the last heart leaf sampled 34 plants were classified as

4N, Z4 as chjmeras and 14 of the 2N plants were included for a control.
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The data obtained from the floral heart leaves, Pollen mother cel1s,

pol 1en measurements, chloroplast counts (eiate IV. FÍgure 14) and root

tip analysis, of these plants is presented in Tables III, IV and V. The

last heart leaf anaiysis for the chimerê group js also included.

The floral heart leaves of 3O of the 31 (4N) plants (faUle iII)

that bol ted were completely 4N. 0nly one plant (tlo. 108) was a chimera

at this stage and it produced a diplo'íd inflorescence. This plant ìdas

eljminated from the 4N group before anthesis, The pollen mother ce11s,

of the 24 plants in the 4N group that were analyzed, were all 4N"

The floral heart leaves of 16 of the 20 chìmera piants (faUle IV)

that bolted remained chimeras, three were totally 4N (No. 13g, 187r 2Og)

and one was diplo'id (trto. ZB). Pollen mother cells of 16 of these plants

were analyzed. One inflorescence was chimeral (tto. Z5), 12 were compietely

diploid and three were tetraploid (No. 187t 4,2Og). The 14 plants in the

diploid class remaíned diploid in the fIoral heart leaves and PMCts. 0n1y

one of the 72 plants analyzed(fabte IV, No.25) was chímera in the

inflorescence as it had one 2N and one 4ru ftoret. None of the índividual

flowers sampled were chimeras as judged by the PMCrs,

These data índicate that the floral heart ieaf of a plant will

haye the same chromosome number as its prebolting heart leaf. Also if

the floral heart leaf is 2N or 4N then the inflorescence will be 2N or 4N

respectively. However, if the floral heart leaf is chimera then the

inflorescence will likely be completely 2N although occasionally it may

be 4ru or chimera,
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TABLE V

DATA FROM THE ANALYSIS OF THE FLORAL HEART LEAVES, POLLEN MOTHER CELLS,

ROOT TTPS, POLLEN DIAMETER AND CHLOROPLAST NUMBER FROM 14 PLANTS FOUND

TO BE TOTALLY 2N IN THE LAST HEART LEAF COUNTED

P1 ant
Numbe r

Last
Hea rt
Leaf
Number

Fresuencies of 4tq:Zn Ceils: Mean Pol 1 en
Diameter
in p

Mean Chl oropl as
Number oer 2¡1

Guard Ce1 1 s'
l- lora I

Hea rt
Leaves

Y o ll
Mothe r
Cells

Roo t
| 1 nc

1/tÐ
R

26
12'7

181
186
200
202
204
205
220
t/ó
oA

97

20
20
20
20
20
20
20
20
20
20
20
20
20
20

0: 50
lì. Ãlì

0:50
0:50
0: 50
0:50
0:50
0:50
0¡50
0: 50
0: 50
0:50

2
2

0:50
o:50
0: 50
0:50
Ot50
0:50
0:50
0:50
0:50
0:50
0:50
N.C .

0¿25
0¿25
0225
Az25
0225
0!25
0:25
0¿25
0225
0225
0:25
N"C.

0:25

21 .85
20,72
21 .56
20. Bi
20.46
20.44
20.56
20.45
21 .42
21 .24
20.54
,o_tu

1 7,80
16 .05
17.90
15.50
17 .05
17 "20
16 .05
15 .40

17.95
16,95

f lul""n of 20 stomata
2Did not bolt
N,C. - not countabje
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Du¡ing the anaiysis of polien mother cells the range from complete

bivalent to complete quadrjvalent chromosome associatíon was observed"

Generally the 4t't plants had 2 to 4 guadrivalents at f4etaphase I but

some indívidual plants had a very h'igh number of multivaient associations

(PIate V). One such plant (tlo. ¡¡) was observed to be completely

sterile (no seed set).

The results of the root tip analyses on the plants that were

forced to bolt are also presented in Table III, IV and V for the diploíd,

chimera and 4N groups respect'ive1y, It ís evjdent from these analyses

that there is no posjtive correlation between the effect of colchicine

on the root apex and the floral apex and that the root apex is reiativeiy

less affected by colchicine than the shoot apex,

The root tips of the separate population of '106 seeds were

divided into tl^ro groups. Jwenty plants whose root tips had protruded

1/4 to 2 inches whí1e they were jn the colchjcine sofution were analyzed

separateiy from the restrwhose root tips d'id not emerge until after the

seeds had been removed from the colchicine solution, 0f the 20 plants

in the first groupe roots of 19 brere countable; 16 had all diploid cells

and three were chímeras of 18 and 36. 0f the 86 piants Ín group 2, the

ínitial root of 69 were countable, 50 were all 2N, 1B were chimeras of

18 and 36, and 1 was a chimera of 72, 36 and 18" The root tips dÍffered

from the heart leaves mainly in that the heart leaves showed a much h'igher

chromosome number in the early stages of deveiopment"
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for sugar beets as determ'ined byThe pol 1 en

several workers is

díameter ín microns

given in ïable Vï.

TABLE V]

2N ANd 4¡I POTTTru DIAMFTER MEASURED TN MiCRONS

Djameter
2N

1n p
Refe ren ce 4t'l

Feltz (1 1 )

Fransden ( 1 2)

iav'itsky (27)

Speckmann (ll7

Author

21 .87

21 .20

18 "7

20,1

20 "90

0.065

0.09

21 .8

22.5

Ã?

t
Í

27 .97 t 0.48

26.90 + 0.19

28"0 - 31 .2

28.0 - 31 .2

26.41 ! t "SC

Plants with 2N and 4N inflorescences had a range in poilen diameter

of 19.66 to 23.07p and 22.8 to 28.98v respectively (faUle IIIe IV, V)"

There was oniy one 4ru plant (trto.210) whose poiien diameter was smaller

than the largest 2N diameter. Thjs variant may have been due to the

herita'bility of pollen size or to the presence of a chímeral inflorescenceÒ

Since ail previous cytoiogícal data (fanie iII) indicated thís plant to be

4ru the variant was likely due to geneti c and/or environmental factors.

Similar1y plants (tlo.30, 1g+,214 and 196) would be djfficult to classify

on the basis of thei r pol ien diameter. In general, however, po1 len

diameter ín nricrons is an adequate selectíon criteria of the ploidy 1eve1

of the inflorescence as one could discard the few plants whose pol1en

measurements were intermediate between the two extremes.
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The Ll ptants ma-lyzed. from the !f plants'r,hat'¡iere cl-assified as

hrrrino /,II inflnrssssnces on the basis of Fl-'iCrs had. a rånge ú L7"2Ol¡a v rrr6 r+ru ¿¿rr rv¿

(No. 18?, Table fV) to 31,10 (i,üo" I8&, Table ITT) chloroplasts per tr'ro

guarC cells, A range of 15.15 (l'to* 216, Table fV) to 27"90 (.AIo' J-!,

Table IV) chloroplasts per two guarC cells occurred in the f7 pl-ants

analyzed from ihe 2[ ptants classi-fied as 2N on the basis of P]¡t0ls"

Tabl-e VII gives data obtaíned by the author and other workers fcr tte

mrmber of chloroplasts per t'r,to gi-rard cel-ls n

T;-ETJ VTÏ

ITITERAGE CHLOROPL,AST I\]IJI'ßER PBR 2 GUÀRD CEJTLS IN TM CO ¡JI]D LT{ISR TTi.N'hJ CO

GH.¡ERATISI{ FOR a\, ¿rN .4I{D CHII'ßR,A (ZN r¡\lD U¡1) HE.tu1T LEÄVES

Reference Generation Chloroplast nu¡'ber per 2 gu,ard cells
Chimera4ll

Àuthor

Savitslcy (29)

i'Iochiøuki (20)

Duiley (9)

Co

Co

Co

Co

16"79

T2

LLþ"55

L3.2

+

.L
I

l-

I

t
+

^r / aUøYY 1) øoY

L9

0"87 2L"85

0,16 23"7

l+"83 22.59 !
20_23

O"26

0.1ó

) "Y4

On the basis of this data f orr ptants (trto, t?9, 2Q?, ZLL, 21+2)

would not be ]rut j-n t]æ l+N gro1rpo They v¡ould have been djscarded as

being either chimeras or diploic. Thj-s inùicates the presence of a

z-t+-l+ox2-?*t+perielína}chintera'.A}sofromt}æchimeragroupthereis

orre plant (Uo, f8?) ltùrich hart a 4N infloreseence but v¡Ïrich had eiiher a

2l{ or chi¡nera stonata classifícation, Four pleu'rts (No" 15, L7O, 65, L99)



which had a 2N inflorescence would have been class'ified as 4N on the

basis of stomata. These four plants indicate the presence of a 4-Z-Z

or 4-4-Z periclinal chimera.

Thus it js obvious that the mean chloroplast number per thro

guard cells is not a good seiectíon criterion for ploidy number of the

Ínflorescence in the Co generation due to the presence of períclinal

chimeras, In addjtion the analysjs of variance for the three groups

is appended. The error variation is partitioned into between and

wjthin leaf variation and each group is anaiyzed separately,

The oniy sÍgn'ifÌcant difference between the leaf variances htas

found ín the chimera groups where the between leaf variatjon was shown to

be significantiy larger" This difference between leaves is 1 ikely due

to mericlinal or mjxoploíd chjmeras in the tunjca rather than a

competatíve ploidy change of the epÍdermal initiais because if 2N and

4N initjals are divíding at a different rate one would be expected to

dominate by this late growth stage,

There was s'ignìficant differences Ín chloroplast counts between

the p1 ants and leaves within al 1 three groups. This agaín emphasizes

the futility of attempting to ciassify Co plants usÍng the mean chloro-

plast number per two guard cells as a selectíon criteríon,

The attainment of many chimeral heart leaves with 50 counts

(2 samples of 25) facilltded thei r analysis to ga'in more information

about the adequacy of sampf ing and the nature of chimera heart leaves.

0f the leaves sampled prior to photo-thermai índuction 79 were chimeras

and i9 additjonal chimera leaves were obtained from f1ora1 ap'ices" Two
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cytological sarnples veïe taken from each of the 98 leaves anð.25

chromosome counts ltere made in each sanple.

Tn Figu-re 19 the htl cetl frequencies are tabulated. Of i.'}:r.e '()

prebol-iing heart leaves JO or 63"3 percent had. tnore 21li'chan 4N ce1ls

and L6 of the Ip floral heart leaves vere predominately 2N.

In Figu.re 20 the d.ifferences in 4U cell frequencies betveen

samples from the same leaf are depicted. for Li¡e 79 prebo|ting and Ip

floral heart leaves, As is expected. from the clistribution in Figure

19 the variation from sample to sarnple r,¡ithin a leaf is small and not

significant as jud.ged by a paired "t" - (tZB = "936, tLB = "314).

Similarly if the totals for the tvo samples of the pre and post bolting

heart leaves are compared. to a common rnean they are not significantly

different (X2(:_) = L.52t 
"t(r) 

= .05). Ilor+e.ve:', if the 79 pre floral

heart leaves vere ind.ivi-d.ually corirpared. to a common mean iline X2ç79: =

l3f.06 vas significant at the I percent level. Al-so the heterogeueity

X-(fA) of L29.54 is significant at, the t percent level. hrlren the 2

sarnples from the t9 floral heart leaves r,ltere ind'ivídually compared to a

cornmon mean the X2(fg) = 7.gB r,¡as not significant. Simitarly the

heterogeneity X2r-., of 7"g3 lvas not significant,
( ro/

Tf, in the case of t,jbe '() preboliing heart leaves, B leaves that

had. the greatest differences between samples Here removed- the remaining

?t l-eaf samples had a non-significant X?- '1or heterogeneity, and totals

in eomparison to a col'n:lon mean. These B l-eaves may d.iffer from the

otbers in that their primordia arose at the periphery of a sectorial
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chimera whereas the remaining leaves arose from a mixoploid chimera.

The above data shows that in the great majority of cases (except

where leaves are initiated at the periphery of a sectorial chimera)

the sampling was adequate to determíne the true chromosome number of

cel 1 s i n the heart 1 eaf. A1 so the non-si gní fi cance of the heterogeneí ty

lÉ inalcates that the chimera heart leaves are essentially the same

and one js not just'ified in group'ing them.

The attempt to count a chimera heart leaf in thlo djfferent

gror^,th stages met with limited success. The excjsed típ was very smal1

and difficult to handle and the remaining heart ieaf that was sampled

after a four day interval had in most instances very few ceils in

divisjon. However, data was obtajned on four heart ieaves and is

presented in Table VIII.

TABLE VIII

CHROMOSOME NUMBER OF A CHIMERA HEART LEAF AT TUIO STAGES OF GROWTH

Heart Leaf

L I

l st sample (a) Se 0) i8(l8)

(b) 36(6) r air g j

2nd sample (a) 36(8) 1B(21 )

/r \(b) 36(8) 1B(i7)

(a)

ioj

(a)

(b)

36(2) 18(23)

36(7) iB(18)

36þi 1BQ)

(a) 36 (o) 18(25)

(b) 36(B) rB(te)

("i ¡e (a) 1B(21)

(b) 36(B) r8(17)

36 (r o) 1 8(1 5)

36(7) 1B(1e)

36(10) 18(15)

36(7) 18(18)



The data is certainly Ìnconclusjve due to the smail sample size

but it shor¡rs that in these four chimera Ieaves there is no wide differ-

ence in chromosome number between the two time intervals. If this ís

true it would be log'ical to assume that the ¡'chromosome balance" of the

leaf was similar to the chromosome balance oi ttlu prímordia and thus

the leaf gave a true jndication of the¡rchromosome balancerrof the

corÞus.



GENERAL DISCUSSION

The probab'i 1 ity of obtaining a desirabie hybrid increases with

the number of hybríd combinations made. Thus to obtain the best possÍb1e

triploid hybrid sugar beet variety the combjning ability of as many 4N

lines as time and resources allow should be evaiuated"

The most promìsing 4N inbred 1ínes would be selected for general

comb'ining abÍ1ity by top crosses to a common d.iploid male sterile

va¡iety of broad genetic base (assuming that the diploid should be used

as the maternal parent). Then to identify the best sÍng1e, three-way

or double cross combinations varjous methods of determiníng spec'ific

combi ni ng abÍ f i ty woul d be empl oyed "

The method of tetrapioid induction as described couid aid in the

early production and evaluation of large numbers of 4N ínbred 1ines.

Sufficíent seed for the evaluation of the yield potential of a variety

can be obtaíned from 15 plants gro\^Jn under ManÌtoba conditions. Assuming

a 20 percent conversíon one could easí1y obtain adequate 4N Co piants,

via cytoiogy of the 12th and floral heart leaf of't00 colchicíne treated

2N seeds, to supply a suffjcieht pol1en mass for the production of 3N

seed from 15 male sterile diploids (tester stock). Thus one could

produce and evaluate a 4t'¡ inbred '|ine (wíth the aid of induction) in

one year with a minimum of time and expense.

Selection of 4ru plants via pollen diameter, although it is a

usable criterion, has the obvious disadvantage that 2N plants may not

be detected soon enough to prevent interpollination and thus contamination
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of 4N plants. Aiso pollen djameter would be unusable as a direct

selectjon criterion for 4N male sterì1e plants which couid possibly be

used to advantage as the female in the production of 3N sugar beet

hybri ds .

The occurrence of mult'ivalent associations (Plate V. Figure l!,

16, 19) ín the autotetraploìd (ll) with the resultant sterilíty and

aneupioidy could adversely effect the feasabjlity of the proposed method

of evaluation of 4trt inbred 1ines. The evaluation of yield potentiai

may have to wait for the meiotic stab'iltzation of later generations (23)"



SUMMARY AND CONCLUSIONS

Colchicine had a variable effect on the type of chimera and

chromosome number produced ín different plants.

The chloroplast counts per two guard ce1ls ín conjunctíon with

cytology of pol1en mother celis (fable III, IV, V) indÍcates that

periclinal chimeras are often present which invalidates the use of

chloroplast counts as a selection criteria for 4N ínfiorescences.

Data from chímeral heart leaves (Fíg. 19, 20) indicate the

presence of sectorial and more commonly míxopioíd chimeras ín the corpus"

The comparíson of chromosome counts from tv'ro samples of these chÍmeral

heart leaves indícate that there was adequate samplíng to determine the

true rrchromosome balancerr of these heart leaves" Also the 1ímited data

obtained from chromosome counts of chimeral heart leaves at two tíme

íntervais (fanle VI) indícate that therrchromosome balancertof the heart

leaves ís indicatíve of therrchromosome balancerrof the corpus for the

late growth stages - (12th2 13thr 19th, and 20th heart ieaves).

It was observed that the 2N inítía1s ín the corpus usually

divided at a faster rate than the 4tt initÍals but the opposite was also

occasionally true (Fig. 7r 8r 9 and Table II)" However, in many

instances the chimeral condítion was maíntaíned at the time the fioral

heart leaf was sampied (fa¡le III, TV, V) but the majority of the

ínflorescences produced were entíreiy 2N wíth a few 4N and very few

chimeral ínflorescences, Heart leaves of entírely 2N or 4N always

produced 2N and 4ru inflorescences respectívely"

Thus to select for plants wíth totally 4N ínflorescences oniy

plants with greater than 75 percent 4N should be índuced to bolt. 0n1y
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those plants whose floral apices are 100 percent 4N should be retajned

to produce i nfl orescences.

The di ameter of pol 1 en grai n r^ras f ound to be an adequate

selection criterÍon to determine the ploidy of the inflorescence.

The root t'ips of the plants were very seldom converted to a higher

plo'idy and gave no jndication of the type of inflorescence produced.
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APPENDTX

Anaiysis of Variance for Stomata Chloroplasts
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