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ABSTRACT

Chromosome counts were obtained from heart leaves (2nd, Lth,
12th, 13th, 19th and 20th) of colchicine treated sugar beets plants
and correlated with the chromosome counts of pollen mother cells with
a view to establishing a method of selecting only 4N inflorescences.
It was found that counts of the 12th or a subsequent heart leaf in
éonjunction with counts of a floral heart leaf were satisfactory
indicators of the ploidy level of the inflorescence. The number of
chloroplasts per 2 guard cells was not a satisfactory index for
selection of kN inflorescences due to the presence of periclinal
chimeras. Pollen diameter was found to be a workable selection
criterion for the determination of the ploidy Tevel of the inflorescence.

Root tips were relatively Tess affected by colchicine than the
shoot apex and gave no indication as to the type of inflorescence the

plant would produce.
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INTRODUCTION

The yield advantage of triploid sugar beets over diploids (30)
and the possibility of using male sterility to facilitate the producfion
of hybrid triploids has increased the need for the efficient production
of large numbers of tetraploid strains,

Although an effective method for polyploid induction is establish-
ed, controversy exists as to the best means of identifying tetraploid
plants in the Co (treated) generation. Fortunately the type of growth
of the sugar beet lends itself to such an investigation. The leaves
of the shoot apex grow very vigorously and chromosome counts can
easily be obtained on leaves up to 15 mm. in length. Also it is
possible to determine the chromosome number of the Co generation by
investigation of pollen mother cells (PMC'!'s ). Thus one can foliow
the effect of colchicine on the chromosome number of prefloral
growth via cytology of the heart leaves and correlate this with the
chromosome number of the C; generation,

The 'tunica corpus!' concept of apical meristem organization
visualizes the promeristeh to consist of two independent layers (24),
Evidence of periclinal chimeras in dicotyledons supports this hypothesis
(6). The outer tunica consists of two layers which give rise to the
épidermis by anticlinal divisions. The corpus which is enclosed by
the peripheral tunica gives rise to the vascular and ground tissue by
peric]inal and anticlinal divisions. There may be, however, some
modifications of this general scheme as the Tayers of the tunica and

corpus sometimes give rise to tissue other than that designated above (7).




Theoretically colchicine could have a range in effectiveness of
polyploid induction from complete conversion to no effect, However,
even if all of the initials are not converted to the 4N condftion, a
certain percent conversion may result in a 4N inflorescence if the
LN initials in such a chimera give rise to the floral apex.

Since both the heart leaves and the inflorescence are believed
to arise from the corpus, the chromosome "balance! in one should be
correlated with the other. One can assume that the leaves are a
random sample of the shoot apex since the heart leaves arise from the
promeristem in accordance with the phyllotaxis of the shoot (2/5).

The presence of mixoploid or sectorial chimeras could lead to
confusing results as the primordia that initiate the heart leaves
could come from a different area of the corpus than that which initiates
the flowers. Periclinal and mericlinal chimeras could invalidate the
use of chloroplast counts of epidermal guard cells as an indicator of
chromosome number in the germ plasm. A difference in the rate of
division of 2N and kN cells in the corpus initials 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 indication
of the chromosome number of the corpus. Another probable source of
experimental error is from an inadequate sampling of the heart leaves

and inflorescences,




With the above statements in mind a study of the effect of
colchicine on the chromosome number of plant growth was made with the
object of determining selection criteria that would permit accurate
identification of plants in the vegetative state which would produce

only tetraploid seed when induced to flower.,



LITERATURE REVIEW

Several methods, other than the counting of chromosomes, have
been used to predict the ploidy Tevel of sugar beet plants. Due to
the frequent occurrence of chimeras in the Co the selection criteria
that are suitable in later generations may not be useful in the Co (29).

Artschwager (2) used plant morphology in the Co in conjunction (
with other selection criteria to evaluate the efficiency of tetraploid
induction., Savitsky (29), however, found plant morphology alone to be
a poor criterion, Of the plants that appeared to be affected by
colchicine in the seedling stage only 6.4t percent produced 4N
inflorescences.

Stomata size was used by different workers (1, 2, 3) as a
screening devise, but due to the applied nature of their investigations
they did not give experimental evidence to show it was a valid criterion.
Peto and Hill (21) suggested using the area index of the stomata from
comparablé leaves as a selection criterion but gave no data to sub-
stantiate its value. Deneuche (5), Varga (32) and others (10, 26)
indicated that stomatal size is'a/poor selection criterion.

Evidence has been given (4, 9, 20) that the number of chloroplasts
per guard cell is positively correlated with the ploidy level of the
plant. Powers and Dudley (22) suggested this as a method for screening
Co seedlings in order to eliminate undesirable plants. Savitsky (29),
however, found that of 225 Co plants whose inflorescences were shown to
be 2N via pollen diameter, 125 (55.5%) had a larger number of chloroplasts

than is expected in diploids, Similéfi]y of 361 Co plants whose




inflorescences were shown to be 4N via pollen diameter, 86 (23.6%) had
a lower number than is expected in 4N guard cells. Kloen and Spéékman
(17) and Rosen (26) emphasized that there is a variable environmental
effect on the number of chloroplasts per guard cell.

Many workers (1, 2, 11, 12, 27, 31) have indicated that the
increased diameter of 4N pollen grains could be used to select for
inflorescences with diploid gametes but several workers (10, 17, 26, 32)
have found this method unsatisfactory. Kuzdowicz (18) and Walther (33)“
state that the number of pores per po]]eh grain can be used to l
differentiate between haploid and diploid pollen grains., Walther (33)
claims that environment produces a smaller variability in pore number
than it does on pollen diameter. However, Varga (32) found this method
unsatisfactory and Essad and Touvin (10) and Dona'Dalle Rose (8) found
it less satisfactory than chiorop]ast or chromosome counts.

The number of nucleoli in the resting nucleus of epidermal cells
has been used by Reitberger (25) and Graf (1h) to differentiate between
2N, 3N and kN plants. Speckman‘(Bl) found that the time saved in
analysis by this method was not greét enough to compensate for the
extra time it took to make the preparations, Similarily Varga (32),
Essad and Touvin (10) and Dona' Dalle Rose (8) found this me thod
unsatisfactory. \ K

Feltz (11) suggested that higher amounts of abnormal tetrad
formation in LN p1ants could be used as a selection criterion. However,
he stated that the greater amount of non-staining micro pollen g}ains

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




selection criterion,
Kloen and Speckman (16, 17) found that cytological examination

of leaves in the rosette stages was an ineffective method of selecting

for 4N inflorescences in the Co., They then examined the cytology of
heart leaves of the floral apex from plants previously selected for
LN tissue in the prebolting heart leaves and excised the apices that
were not 4N at both sampling times. The progeny (C;) from plants
sampled twice gave 77.3 percent 4N, 20.6 percent 3N and 2.1 percent 2N
whereas with only one prebolting cytological examination they got 52.6
percent 4N, k5.6 percent 3N and 1.8 percent 2N. They used a rapid
counting method in which there is no staining and the material is
observed by aid of phase microscopy. Deneuche (5) using the same
method, compared its accuracy in estimating chromosome number with the
chloroplast number per guard cell. 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 cell,

Hammond (15) selected 4N plants based on cytology of the floral
apex,thét were shown to be highly 4N chimera on the basis of vegetative

SR tissue, and found seed from selected plants to be all LN,




MATERIALS AND METHODS

The material used in this experiment was an open pollinated
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, Arasan, and germinéted. When 10 percent
of the seeds showed protruding root tips the entire sample was placed

in a solution of .3 percent colchicine for 6 hours at room temperature,

. then washed twice in water and planted in the greenhouse.

As the seedlings grew an attempt was made to sample each of the
2nd, hth, 12th, 13th, 19th and 20th heart leaves (Plate I. Fig. 1-6).
However, in the early stages of growth the deliterious effect of
colchicine on plant growth made it impossible to always sample the
exact heart leaf desired. Thus the first two growth stages were in
some instances sampled at the 3rd, and 5th or 6th heart leaf. Since
the prime interest of the experiment was not to determine an effective
method of polyploid induction but rather to determine the nature of
colchicine conversion, seedlings that did not show the morphological
effects of colchicine were not sampled and were discarded.

The heart leaves were excised when they attained a length of
four to six millimeters. Great care was taken in excising the heart
leaves to avoid mechanical damage to the plant apex which would result
in abnormal plant growth and thus would not give a true indication of
the effect of colchicine on normal plants. However, many plants still
had to be discarded because of apical damage.which resulted in plants

with several apices.
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PLATE I - The growth stages from which samples for cytological
analysis were taken,

Fig. 1 - two Teaf stage Fig. 2. - four leaf stage

?ig. 3. - 12th leaf stage Fig. Lk, - 20th leaf stage

?ig. 5. - floral apex leaf stage ?ig. 6. - inflorescence -
stage from which pollen
mother cells were taken.



From each heart leaf collected two random samples were taken
from opposite sides of the leaf. This was facilitated by the fact that
the periphery of the heart leaf was found to be the area of most active
division. Chromosome counts of twenty five cells were made on each
sample to give a total of fifty counts per heart leaf.

The heart leaves were collected directly into cold water and
received a 24 hour pretreatment at 0° - 20C. They were then fixed in
Farmerts solution (3 parts CoHgOH :1 part CH3COOH) for a minimum of two
days. They then received an 8 minute hydrolysis in 1 percent HCL at
60°C. prior to staining in Feulgen. Squash preparations were made
using aceto-carmine as the counter-stain.

On the basis of the cytology of the last heart leaf sampled,
the plants were divided intoc 3 groups: diploids, tetraploids and
chimeras. These plants then received a photo-thermal induction period
of continuous light at 409p, for three months (13). After the induction
period one heart leaf was taken from the floral apex of each plant when
the apex was approximately six inches high. Fifty cells per floral
heart leaf were counted.

Pollen mother cell counts were made on all plants that bolted.
Two random samples were taken from each inflorescence and fixed directly
into Carnoyts solution (6 parts CoHsOH: 3 parts CHCL,: l.part CHBCOOH)°
When a counﬁ was made all five stamens were included in the squash
preparation. Twenty-five counts were made per slide for a total of

fifty counts per inflorescence,
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A sample of pollen from one flower of each plant was collected
into a solution of 1 part 1 percent aceto-carmine and 1 part glycerol
and the diameter of ten viable pollen grains was recorded. The viable
pollen grains were defined as those that stained red whereas the inviable
remained colorless, It was deemed necessary to do this because the high
proportion of aneuplofdy in an autotetraploid results 1in an appreciable
amount of inviable pollen grains, of a smaller diameter (11). 1In
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 ploidy determinations were taken on altl of
the inflorescences (2 via PMC's and 1 via pollen diameter), and five
determinations on ten plants from each of the 4N and chimera group
(2 additional via pollen diameter).

An attempt was also made to count one root tip of each plant
that received the photo-thermal induction period. In addition to this
a separate population 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 described for heart leaves,

The lower epidermis of two lTeaves (3 inches in length) from ten
plants of each of the three groups was stFipped into a 1 peréent
solution of AgCl. The total number of plastids contained in the two
guard cells surrounding each of 10 stoma was recorded. Thus there
were 200 chloroplast counts per group.

In the case of chimeras an attempt was made to sample prebolting
heart Teaves at two stages of growth. This was accomplished by excising
the leaf tip when the leaf was 4t - 6 mm. Tong and then excising the

remainder of the leaf four days later.



RESULTS AND DISCUSSION

Sixty one percent or 305 of the 500 treated seeds germinated;
of these 64t died as seedlings prior to sampling, 118 were discarded
because of apical damage during sampling and 51 were discarded because
they showed no morphological effect of colchicine. Chromosome counts
from heart Teaves of plants that later showed apical damage are
included in some of the data. The remaining 72 plants were given a
photo-~thermal induction treatment after being sampled for cytological
analysis.

In the course of the cytological analysis difficulty was encounter-
ed in obtaining suitable preparations at the early growth stages probably
as a result of the deliterious physiological effect of colchicine on
early plant growth. Consequently only 10 plants were analysed at all
six growth stages; 22 plants at 5 growth stages, nine at four stages
and the remaining 31 plants were examined at three or less stages.

Cytological data for the first three groups is presented in
Figures 7 to 9 respecfively. In Figures 7A, 8A and 9A the average
chromosome number per cell at each stage of analysis is recorded;
firstly for the entire group and secondly for the diploids, tetraploids,
and chimeras in each group as determined by the last heart leaf counted.
In Figures7B, 8B and 9B the same procedure is followed but the data is
plofted 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 12th
heart Teaf the average chromosome number of plants sampled at six stages

is 22.4, 26,6 for plants sampled 5 times and 38.2 for plants sampled four
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times). This is likely due to the fact that the majority of the plants
that were analyzable in the early growth stages were relatively less
affected by colchicine and thus had a lTower chromosome number,

These graphs indicate that the heart leaves have a high average
chromosome number in early growth which decreases rapidly and reaches
a relatively stable level by the time the 12th heart leaf is sampled.
The high chromosome number in the early heart leaves is due to the
occurrence of 8N and 16N cells, The frequency of such cells declines
rapidly and cells greater than AN are seldom observed beyond the Lth
heart leaf. Table 1 gives the eight groups of chromosome numbers
found in the first heart leaves sampled and the number of plants
found in each group, O0f 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 12th leaf stage. This plant
was a 4N - 8N chimera. 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 féspective]y, which presumably have arisen
through successive C - mitoses. Plate III. Figure 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 18, 36 and 9 (Table IV, No. 209)
and later produced a 4N inflorescence. The chromosome number of 9 could
have arisen by somatic reduction but more likely arose by the formation

of a multipolar restitution nucleus (19).



CHROMOSOME NUMBERS FOUND IN EARLIEST HEART LEAF SAMPLED

Chromosome Numbers Found

in First Heart Leaf .

Number of Plants

18
36
36
72
36
1hl
1l
1l

and 18
and 36
and 72 and 18
and 72
and 36 and 72

22




PLATE II - The mitotic metaphases of some heart leaves encountered
in the cytological analysis.

Fig. 10 - chimera of 36 and 72 univalents
Fig. 11 - 135 univalents

Fig. 12 - 72 univalents



PLATE III -

Fig. 13. - The somatic metaphase of cells with 9 chromosomes found
in a chimera teaf of a Co sugar beet.
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The possibility of predicting the ''chromosome balance' at later
stages of plant growth from the Nchromosome balance! of an eériy stage,
makes it of interest to compare the relative frequeﬁcies of 2N and kN
cells at different growth stages;

The data for the 32 plants in Figure 7A and 8A is regrouped
and presented in Table II for three growth stages. The first stage
includes data from all the heart leaves sampled prior to the 12th heart
leaf. Stages two and three haveithe combined data from the 12th and
13th, and 19th and 20th heart leaves, respectively. None of these
plants had a chromosome number grééter than 4N after the Lth heart
Teaf stage, .

Six of the nine plants that were LN in the 3rd growth stage
were completely 4N or greater, and three of them (No. 179, 211 and 184)
were chimeras with some 2N cells, at stage one. At stage two all
except No. 14 and No. 179 were totally 4N and these two were 75 percent
and 95 percent 4N respectively. A1l of these nine plants analyzed.
produced 4N inflorescences (Table III). Six of the 17 plants that
ended up chimeras showed an increase in percent 4N cells from stage
two to stage three and 11 plants showed a decrease, In general, the
percent 4N cells decreased and the percent 2N cells increased from
stage one to stage two,but the opposite also occurred less often. Two
of these plants (No. 4 and 55) produced kN inflorescences (Table III
and IV). A1l six plants whose Tast heart Teaf was 2N showed a decrease
in péréent LN cells with increasing growth stage and all produced 2N

inflorescences. (of plants analyzed).




TABLE II

20

THE FREQUENCY OF 2N, 4N AND GREATER THAN 4N CELLS IN HEART LEAVES AT

THREE GROWTH STAGES

Plant Stage 1 Stage 2 Stage 3

Number Heart Leaf Heart Leaf Heart Leaf

2, 3 and L 12 and 13 19 and 20

% Cells > ON % CeTls 2N | % Cells OGN | % Cells BN | % Cells BN
184 Lo 2 Lo 100 100
13 100 0 0 100 100
14 90 0 10 75 100
3k 20 0 80 100 100
kg 53 0 L7 100 100
110 0 0 100 100 100
179 0 32 68 95 100
211 14 12 7h 100 100
213 16 0 8l 100 100
5 0 2k 76 30 95
55 65 33 2 61 85
6 87 0 13 96 66
L 50 5 Lg 28 53
36 0 0 100 85 Lyly
11 0 26 7h L 32
199 0 Lo 60 23 22
116 6 0 ok 25 22
206 0 Lg 5k 71 20
172 0 0 100 Lg 20
127 0 5 - 95 8 15
65 0 31 69 0 14
25 0 2 98 66 13
20 10 0 90 20 11
28 0 63 37 20 8
3 6 66 28 26 6
113 32 0 68 21 6
16 0 0 100 6 0
175 7 23 70 0 0
26 L 19 37 0 0
178 2 68 30 0 0
22 0 88 12 0 0
159 0 89 11 0 0
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TABLE III

DATA FROM THE ANALYSIS OF THE FLORAL HEART LEAVES, POLLEN MOTHER CELLS,
ROOT TIPS, POLLEN DIAMETER AND CHLOROPLAST NUMBER FROM 3l PLANTS FOUND

TO BE TOTALLY 4N IN THE LAST HEART LEAF COUNTED

Plant |Last Frequencies of LN:2N Cells: Mean Mean Chloro-
Number|Heart | Floral Heart] Pollen | Root Tips] Pollen plast Number
Leaf Leaves Mother Diameter | per 2 _Guard
Number _ Cells inp Cells
7 10 50:0 50:0 0:25 26,6l -
13 20 50:0 50:0 0:25 26.02, -
17 20 50:0 50:0 0:25 25146 -
29 20 50:0 50:0 N.C. 25.67 -
30 20 50:0 50:0 0:25 2l .33 -
31 13 50:0 50:0 0:25 27.00, -
3k 20 50:0 50:0 0:25 27.28 -
Lg 19 50:0 50:0 0:25 27.69 -
149 20 50:0 50:0 0:25 27.36! -
55 20 50:0 5030 0:25 28.98 30.25
59 20 50:0 N.C. 0325 25.50 -
102 20 50:0 50320 N.C. 25.94 29.90
110 20 5030 50:0 N.C. 28. 1k 29.80
179 20 50:0 5050 0:25 26.70 20.30
182 13 50:0 50:0 0:25 26.94 2L 65
184 20 50:0 50:0 0:25 2&.74] 31.10
189 20 50:0 5030 0:25 26.96 -
207 20 5020 5050 0:25 26.23] 19.80
210 20 50:0 5020 0:25 22.84 -
211 20 5050 5020 0:25 27.84! 19.30
,,,,, 212 20 5020 50:0 0:25 27.08! 29.00
21k 16 50:0 50320 0:25 2k .72 -
228 11 50:0 5020 N.C. 27.05 -
237 13 5020 50:0 N.C. 26.146] -
2042 1k 5020 5020 N.C. 26.27! 22,80
108 | 20 10:140 0:50, 0:25 - -
75 20 50:0 —_— 0:25 - -
11 20 50:0 S - -
213 19 5020 I I - -~
255 20 5020, L N.C. - ~
2 20 _ - N.C. - ~
1k 20 3 - N.C. - -
135 16 __3 - N.C. - -
57 20 50:0 > N.C. - -

| hLate bolter

2Mean of 20 stomata 5Mechanical damage
3pid not bolt N.C. - not countable

]Mean of 30 measurements
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DATA FROM THE ANALYSIS OF THE LAST HEART LEAVES, FLORAL HEART LEAVES,

POLLEN MOTHER CELLS, ROOT TIPS, POLLEN DIAMETER AND CHLOROPLAST NUMBER

FROM 2l PLANTS WHOSE LAST HEART LEAF COUNTED WAS A CHIMERA

Plant | Last Frequencies of LN:2N Cells; [Mean Pollen |Mean Chloro-
Number | Heart | Last |Floral |[Pollen |[Root |Diameter plast Number
| Leaf Heart |Heart |Mother |[Tips |in p per 2, Guard
Number| Leaf Leaves |[Cells CeHs2
187 20 L5s5 15050 50:0 0:25 26.58] 17.20
36 20 33:17 [11:39 0:50 | 25:0 20.71, 22.85
L 20 25325 37213 |50:0 0:25 26.681 -
66 20 18:32 [10:Lk0 0:50 0:25 21.08] 23.45
23k 16 1832 |10:Lk0 0:50 0:25 20.98 2k, 00
15 20 17:33 |16:34 0:50 N.C. 20.k0 27.90
216 20 17:33 |11:39 0:50 0225 21.15 15.15
65 20 | 14:36 | 9:41 | 0:50 | 0:25 21.17! 25.80
170 20 9:41 | 8:L2 N.C. }25:0 19.66 24 .60
172 20 9:41 |19:31 | 0:50 | 0:25 20.55! 20,95
199 20 9:41 |10:40 0:50 0:25 20,90! 25.00
20 20 8:l42 | 6:bk | 0:50 | 0:25 21,1451 -
28 20 8:42 | 0:50 0:50 0:25 20,32 -
196 20 8:42 | 5:L5 0:50 0:25|  23.07 -
25 20 7:43 | 6abls  |25:25 | 0:25 20.140] -
206 20 2:48 | 7:h3 0:50 0:25 21.26 -
139 20 | 36:14 |50:0 6| 0:25 - -
11 20 | 27:23 | 7:53 | __ 6| N.C. - -
116 20 | 8:h2 | 6k | __ 6| 0:25 - -
71 20 3614 | . ° - 0:25 - -
239 1| 30:205f 51 - N.C. - -
86 20 | 31:19°| __ 5| - 0:25 - -
11k 20 | 20:303| 5| - 0:25 - -
209 20 [38:5:7%|50:0 |50:0 | 0:25| 26.46 -

1

2Mean of 20 stomata

3Frequency of 8N = LN
Frequency of LN:2N:N

°Did not bolt

6Late bolter
N.C. - not countable

Mean of 30 measurements
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These data indicate a general increase in the number of 2N cells
with increasing growth stage. However, LN cells sometimes increase at
the expense of 2N cells while both 4N and 2N cells increase relative to
cells with chromosome numbers greater than LN,

There were some plants (No. 6, 13, 14, 36, 116, 172, 20, 113, 16)
which have shown all cells in Stage one to be of a higher ploidy than

cells that were subsequently found in 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 cells not previously
encountered to a sectorial chimera in the corpus. The phenomena is more -
adequately explained by assuming that the primordia of the heart leaves
in Stage one were already formed in the embryo at the time of colchicine
treatment and thus received a colchicine treatment totally unrelated to
that of the plant apex.

Thus the leaves of Stage one could have a higher chromosome
number due to increased susceptibility to the colchicine and the effect

of colchicine on the chromosome number of these leaves could be

completely different than that on the corpus which lTater gives rise to

the heart leaves of Stages two and three.

Some of these 32 plants, plus the 9 sampled at four growth stages
and presented in Graph 9, plus additional plants that were analyzed at
less than & growth stages received. the photo-thermal induction treatment.
On the basis of tﬁe last heart leaf sampled 34 plants were classified as

LN, 24 as chimeras 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 cells,
pollen measurements, chloroplast counts (Plate IV. Figure 14) and root
tip analysis, of these plants is presented in Tables 111, IV and V. The
Tast heart leaf analysis for the chimera group is also included.

The floral heart leaves of 30 of the 31 (kN) plants (Table III)
that bolted were completely 4N, Only one plant (Nb. 108) was a chimera
at this stage and it produced a diploid inflorescence. This plant was
eliminated from the 4N group before anthesis, The pollen mother cells,

}ff;f;: of the 2k plants in the LN group that were analyzed, were all LN.

The floral heart leaves of 16 of the 20 chimera plants (Table IV)
that bolted remained chimeras, three were totally 4N (No. 139, 187, 209)
and one was diploid (No. 28). Pollen mother cells of 16 of these plants
were analyzed. One inflorescence was chimeral (No. 25), 12 were completely
diploid and three were tetraploid (No. 187, 4, 209). The 14 plants in the
diploid class remained diploid in the floral heart leaves and PMC's. Only
one of the 72 plants analyzed(Table IV, No. 25) was chimera in the
inflorescence as it had one 2N and one 4N floret. None of the individual

"""" flowers sampled were chimeras as judged by the PMC's,

These data indicate that the floral heart leaf of a plant will
have the same chromosome number as its prebolting heart Teaf. Also if
the floral heart leaf is 2N or 4N then the inflorescence will be 2N or LN

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

inflorescence will lTikely be completely 2N although occasionally it may

be 4N or chimera.,



PLATE IV -

Fig. 1k - The Tower epidermis of a floral heart leaf showing the
guard celis from which chloroplast counts were obtained.
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TABLE V

DATA FROM THE ANALYSIS OF THE FLORAL HEART LEAVES, POLLEN MOTHER CELLS,
ROOT TIPS, POLLEN DIAMETER AND CHLOROPLAST NUMBER FROM 1& PLANTS FOUND

TO BE TOTALLY 2N IN THE LAST HEART LEAF COUNTED

Plant | Last Frequencies of LN:2N Cells: Mean Pollen | Mean Chloroplast
Number | Heart | Floral [Pollen | Root Diameter Number per %
Leaf Heart |[Mother | Tips inp Guard Cells
Number | Leaves [Cells
16 20 0:50 0:50 0:25 21.85 17.80
8 20 0:50 0:50 0:25 20.72 16.05
26 20 0:50 0:50 0:25 21.56 17.90
127 20 0:50 0:50 0:25 20.81 15.50
181 20 0:50 0:50 0:25 20.46 17.05
186 20 0:50 0:50 0:25 20, Lk 17.20
200 20 0:50 0:50 0:25 20.56 16,05
202 20 0:50 0:50 0:25 2045 15,40
20k 20 0:50 0:50 0:25 21,42 -
205 20 0:50 0:50 0:25 21.2k -
. 220 20 0:50 0:50 0:25 20.54 17.95
178 20 0:50 N.C. N.C. 20.16 16.95
96 20 2 - - - -
97 20 2 - 0:25 - -

]Mean of 20 stomata

2pid not bolt
N.C. - not countable
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During the analysis of pollen mother cells the range from complete
bivalent to complete quadrivalent chromosome association was observed.
Generally the LN plants had 2 to It quadrivalents at Metaphase I but
some individual plants had a very high number of multivalent. associations
(Plate V). One such plant (No. 55) was observed to be completely
steri]e»(ho 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 diploid,
chimera and LN groups respectively. It is evident from these analyses
that there is no positive correlation between the effect of colchicine
on the root apex and the floral apex and that the root apex is relatively
less affected by colchicine than the shoot apex.

The root tips of the separate population of 106 seeds were
divided into two groups. Twenty plants whose root tips had protruded
1/4 to 2 inches while they were in the colchicine solution were analyzed
separately from the rest,whose root tips did not emerge until after the
seeds had been removed from the colchicine solution. Of the 20 plants
in the first group, roots of 19 were countable; 16 had all diploid cells
and three were chimeras of 18 and 36. O0f the 86 plants in group 2, the
initial root of 69 were countable, 50 were all 2N, 18 were chimeras of
18 and 36, and 1 was a chimera of 72, 36 and 18. The root tips differed
from the heart leaves mainly in that the heart leaves showed a much higher

chromosome number in the early stages of development.
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PLATE V - Typical meiotic metaphase configurations from Co
sugar beets

Fig. 15 —= 75V and 411 Fig. 16 - 81V ang 21!

Fig. 17 - 9tV Fig. 18 - 911
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The pollen diameter in microns for sugar beets as determined by

several workers is given in Table VI.

TABLE VI

2N and 4N POLLEN DIAMETER MEASURED IN MICRONS

Diameter in p

Reference 2N LN
Feltz (11) 21.87 * 0.065 27.97 £ 0.48
Fransden(12) 21.20 £ 0,09 26.90 + 0.19
Savitsky (27) 187 - 21.8 28,0 - 31.2
Speckmann (31) 20.1 - 22.5 28.0 - 31.2
Author ' 20.90 ¥ .53 26.41 I 1,36

Plants with 2N and 4N inflorescences had a range in pollen diameter
of 19.66 to 23.07w and 22,8 to 28,98y respectively (Table III, IV, V).
There was only one 4N plant (No. 210) whose pollen diameter was smaller
than the largest 2N diameter. This variant may have been due to the
heritability of pollen size or to the presence of a chimeral inflorescence.
Since all previous cytological data (Table III) indicated this plant to be
LN the variant was Tikely due to genetic and/bf environmental factors.
Similarly plants (No. 30, 184, 214 and 196) Qou]d be difficult to classify
on the basis of their pollen diameter., In general, however, pollen
diameter in microns is an adequate selection criteria of the ploidy Tevel
of the inflorescence as one could discard the few plants whose pollen

measurements were intermediate between the two extremes.
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The 11 plants analyzed from the 27 plants that were classified as
having 4N inflorescences on the basis of PMC's had a range of 17.20
(No. 187, Teble IV) to 31.10 (Wo. 184, Table III) chloroplasts per two
guard cells. A range of 15.15 (Wo. 216, Table IV) to 27.90 (No. 15,
Table IV) chloroplasts per two guard cells occurred in the 17 plants
analyzed from the 24 plants classified as 2N on the basis of PMC's,
Table VII gives data obtained by the author and other workers for the

number of chloroplasts per two guard cells,
TABIE VII

AVERAGE CHLOROPLAST NUMBER PER 2 GUARD CELLS IN THE Co AND LATER THAN Co

GENERATION FCR 2N, AN AND CHIMERA (2N AND 4N) HEART LEAVES

Reference Generation Chloroplast number per 2 guard cells

2N LN Chimera
Author Co 16,78 + 0499 25.69 + 4he83 22,69+  3.92
Savitsky (29) Co 12 - 19 2l 20 = 23
Mochizuki (20) Co 14655 + 0487 24.85 + 0026 -

+ 0,16 23,7 + 0.16 -

Dudley (9) Co 13.2

On the basis of this data fouwr plants (No. 179, 207, 211, 252)
would not be put in the AN group. They would have been discarded as
being either chimeras or diploid. Tihis indicates the presence of a
Dwliml, O 2-2ml periclinal chimera. Also from the chimera group there is
one plant (No, 187) which had a 4N inflorescence bub which had either a

oN or chimera stomata classification. Four plents (No. 15, 170, 65, 199)
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which had a 2N inflorescence would have been classified as 4N on the
basis of stomata. These four plants indicate the presence of a hk-2-2
or b-Lt-2 periciinal chimera.

"Thus it is obvious that the mean chloroplast number per two
guard cells is not a good selection criterion for ploidy number of the
inflorescence in the Co generation due to the presence of periclinal
chimeras, In addition the analysis of variance for the three groups
is appended; The error variation is partitioned into between and
within Teaf variation and each group is analyzed separately.

The only significant difference between the leaf variances was
found in the chimera groups where the between leaf variation was shown to
be significantly larger. This difference between leaves is likely due
to mericlinal or mixoploid chimeras in the tunica rather than a
competative ploidy change of the epidermal initials because if 2N and
LN initials are dividing at a different rate one would be expected to
dominate by this late growth stage.

There was significant differences in chloroplast counts between
the plants and Teaves within all three groups. This again emphasizes
the futility of attempting to classify Co plants using the mean chloro-
plast number pér two guard cells as a selection criterion,

The attainment of many chimeral heart leaves with 50 counts
(2 samples of 25) facilitated their analysis to gain more information
about the adequaéy of sampling and the nature of chimera heart leaves.
0f the leaves sampled prior to photo-thermal induction 79 were chimeras

and 19 additional chimera leaves were obtained from floral apices. Two
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cytological samples were taken from each of the 08 leaves and 25
chromosome counts were made in each sample.

Tn Figure 19 the 4N cell frequencies are tabulated. Of the T9
prebolting heart leaves 50 or 63.3 percent had more 2N than LU cells
and 16 of the 19 floral heart leaves were predominately 2N.

Tn Figure 20 the differences in 4N cell frequencies between
samples from the same leaf are depicted for the 79 preboliing and 19
floral heart leaves. As is expected from the distribution in Figure
19 the variation from sample to sample within a leaf 1s small and not
significant as judged by a paired "t" - (t78 = .936, tyg = .31h4).
Similarly if the tobtals for the twé éamples of the pre and post bolting
heart leaves are compared to a common mean they are not significantly

different (Xz(l) = 1.52, Xg(l) = .05). However, if the T9 pre floral

heart leaves were individually compared to a common mean the X2(79\ =

131.06 was significant at the 1 percent level. Also the heterogenelty

2
X (78) of 129.5L is significant at the 1 percent level. When the 2
samples from the 19 floral heart leaves were individually compared to a
common mean the X2(19)= 7.98 was not significant. Similarly the

heterogeneity X< of 7.93 was not significant.

(18)
If, in the case of the T9 prebolting heart leaves, 8 leaves that

had the greatest differences between samples were removed the remaining

2 for heterogeneity, and totals

71 leaf samples had a non-Significant X
in comparison to a common mean. These 8 leaves may differ from the

others in that thelr 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 determine the true chromosome number of

cells in the heart leaf.

Also the non-significance of the heterogeneity

X2 indicates that the chimera heart leaves are essentially the same

and one is not justified in grouping them,

The attempt to count a chimera heart Teaf in two different

growth stages met with limited success. The excised tip was very small

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

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

division,

presented in Table VIII.

TABLE VIII

However, data was obtained on four heart leaves and is

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

Heart Leaf

Z

3

fr

]sf sample

2nd sample

(a) 36(7) 18(18)

(b) 36(6) 18(19)

(a) 36(8) 18(21)

(b) 36(8) 18(17)

(a) 36(2) 18(23)

(b)

(a) 36(7) 18(18)
(b) 36(k) 18(2)

(a) 36(0) 18(25)
(b) 36(8) 18(19)
(a) 36(4) 18(21)
(b) 36(8) 18(17)

36(10) 18(15)
36(7) 18(19)
36(10) 18(15)
36(7) 18(18)
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The data is certainly inconclusive due to the small sample size
but it shows that in these four chimera Teavés there is no wide differ-
ence in chromosome number between the two time intervals. If this is
true it would be logical to éssume that the ''chromosome balance! of the
leaf was similar to the chromosome balance of the primordia and thus

the leaf gave a true indication of the '"chromosome balance' of the

corpus.



GENERAL DISCUSSION

The probability of obtaining a desirable hybrid increases with
the number of hybrid combinations made. Thus to obtain the best possible
triploid hybrid sugar beet variety the combining ability of as many 4N
lines as time and resources allow should be evaluated.

The most promising 4N inbred lines would be selected for general
combining ability by top crosses to a common diploid male sterile
variety of broad genetic base (assuming that the diploid should be used
as the maternal parent). Then to identify the best single, three-way
or double cross combinations various methods of determining specific
combining ability would be employed.

The method of tetraploid induction as described could aid in the
early production and evaluation of large numbers of LN inbred Tines.
Sufficient seed for the evaluation of the yield potential of a variety
can be obtained from 15 plants grown under Manitoba conditions. Assuming
a 20 percent conversion one could easily obtain adequate kN Co plants,
via cytology of the 12th and floral heart leaf of 100 colchicine treated
2N seeds, to supply a sufficient pollen mass for the production of 3N
seed from 15 male sterile diploids (tester stock). Thus one could
produce and evaluate a 4N inbred line (with the aid of induction) in
one year with a minimum of time and expense.

Selection of LN 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. Also pollen diameter would be unusable as a direct
selection criterion for 4N male sterile plants which could possibly be
used to advantage as the female in the production of 3N sugar beet
hybrids.

The occurrence of multivalent associations (Plate V. Figure 15,
16, 19) in the autotetraploid (11) with the resultant steri]%ty and
aneup]bidy could adversely effect the feasability of the proposed method
of evaluation of 4N inbred lines. The evaluation of yield potential

may have to wait for the meiotic stabilization of later generations (23).




SUMMARY AND CONCLUSIONS

Colchicine had a variable effect on the type of chimera and
chromosome number produced in different plants.

The chloroplast counts per two guard cells in conjunction with
cytology of pollen mother cells (Table III, IV, V) indicates that
periclinal chimeras are often present which invalidates the use of
chloroplast counts as a selection criteria for 4N inflorescences.

Data from chimeral heart leaves (Fig. 19, 20) indicate the
presence of sectorial and more commonly mixoploid chimeras in the corpus.
The comparison of chromosome counts from two samples of these chimeral
heart leaves indicate that there was adequate sampling to determine the
true ''chromosome balance!' of these heart lTeaves. Also the limited data
obtained from chromosome counts of chimeral heart leaves at two time
intervals (Table VI) indicate that the !"chromosome balance!' of the heart
lTeaves is indicative of the ''‘chromosome balance' of the corpus for the
late growth stages = (12th, 13th, 19th, and 20th heart leaves).

It was observed that the 2N initials in the corpus usually
divided at a faster rate than the 4N initials but the opposite was also
occasionally true (Fig. 7, 8, 9 and Table II). However, in many
instances the chimeral condition was maintained at the time the floral
heart leaf was sampled (Table III, IV, V) but the majority of the
inflorescences produced were entirely 2N with a few 4N and very few
chimeral inflorescences, Heart lTeaves of entirely 2N or 4N always
produced 2N and 4N inflorescences respectively.

Thus to select for plants with totally LN inflorescences only

plants with greater than 75 percent 4N should be induced to bolt., Only
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those plants whose floral apices are 100 percent 4N should be retained
to produce inflorescences.

The diameter of pollen grain was found to be an adequate
selection criterion to determine the ploidy of the inflorescence.
The root tips of the plants were very seldom converted to a higher

ploidy and gave no indication of the type of inflorescence produced.
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APPENDIX

Analysis of Variance for Stomata Chloroplasts

R 1. DIPLOID GROUP

Sburcé d.f. S.S. M.S.
Plants 9 171.01 19.0
Within Leaves 180 859.90 L.,77
Between Leaves 10 34,85 3.48
Total 199 1065.76 5.35
Plants 19 205.86 10.83
F10,180:: 0.71 (N.S.) F9,]80 = 3.983%
19,1802 227
2. TETRAPLOID GROUP
Source d.f. S.S, M.S.
Plants 9 L192,068 Le5 .57
Within Leaves 180 2548,00 14,15
Between Leaves 10 215,90 21.59
Total 199 6956.78 3L.95
“Plants 19 408,78 232,04
 Flo,180 = 1-52 (N.S.) Fg,10 = 21.57%%
Flg,10° 10, 7l
3. CHIMERA GROUP
Source d.f. s.S. M.S.
Plants 9 2762.706 306.90
Within Leaves 180 1629.60 9.05
Between Leaves 10 375.k0 37.54
Total 199 L762.78 23.95
Plants 19 3138.8 165.20
Flo,180 = Ly , Tl Fg,10 = 8.17%%

F19’10= L Qe



