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Triploids and Tetraploids of Sugi (Cryvtomeria
japonica D. DON) selected in the
‘ Forest Nursery ’

By Shigeru Cuisa

 With one plate, three tables and two text-figures

Introduction

Since the discovery of the colchicine methods inducing the doubling of chromo-
somes in plants, many artificial tetraploids have been made in the forest trees.
However natural polyploids are very rare in the conifers. -

The polyploids recognized in the same genera that have been hitherto reported
in the conifers are Pseudolarix (Sax and Sax 1933), Juniperus (Ssx and Sax
1933, Jexsex and Lrvax 1941) and Sequoia (HmAmsm and Naxamura 1943), and
those recognizéd in the same species are triploid produced in hybrids between
Larix decidua x L. occidentalis (SyracH and WestErGAArD 1938) and tetraploid
in twin seedlings of Abies firma (Kavezawa 1949). '

In the summer of 1950 the writer and Zixxar, I. discovered teiraploids of
Cryptomeria japonica (2, 3-year-old seedlings) in the nurseries (Zixyar and Cursa
1951). In the same year the writer selected 18 tetraploids in the germination
beds. The result was reported recently (Curea 1951). In this case some indi-
viduals were assumed to be triploids, and after the investigation they have been
decided as triploids. This paper presents the results of comparative observations
of diploids, triploids and tetraploids.

The writer wishes to express his appreciation to Dr. Masataka Omnyasa,
Chief of Silviculture Divison, and to Mr. Mitsuo Iwarkawa, Chief of Laboratory
of Forest Breeding of Government Forest Experiment Station, under whose
directions this study was made, for helpful advice; to -Mr. Ryookichi Toba and
Dr. Kazuo It for their kind help in preparing this paper; to Mr. K6z Sinirukawa
for the photographic work.

Thanks are due to Mr. Gord Oxazima, Chief of Reforestaion Section of Tokyo
Regional Forestry Office, and others who helped in gathering materials.

Materials and Methods

The selection of polyploids was carried out in the summer of 1950 to the
spring of 1951 at Kinuta Nursery of the Tokyo Regional Office at Seijo in Tokyo,
Japan. The area of germination beds used for selection were 250 sq. m.
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Seedlings, the needles of which were thick, tended to be twisted and showed
gigantic form have been picked up, -and the stomata of the needles were observed
under the microscope., The chromocome number were determined from mitotic
metaphase in the section of root t1ps which were fixed with the modification of
Nawashin's solution, inbeded in paraffin, sectioned at 10 to 12 p and stained
with Newton’s gentian-violet-iodine. Drawings have been prepared by use of a
Zeiss microscope equipped with a. 90x oil immersion objective, N. A. 1.25, K.
15x and K. 20x ocullars. The stomata preparations were made by stripping
off the epidermal tissue and stained in phloroglucine, conc. hydrochloric acid,
drawings have been made by use of Abbé camera lucida and a level drawing
board. The length of guard cell of the stomata was measured and the number-
of stomata per sq. 0.1 mm was counted.

In compariosn with the characters of polyploid and diploid, 18 tetraploids, 3
triploids and 18 diploids were used.

Results

1. Occurrence of polyploui in the germination bed
Th1rty nine seedlings which were assumed to be polyploid were selected. In
these seedlings 18 tetraploxds triploids and 2 d1p101ds were found by chromo-
some observatlonS\and 10 were assumed to be tetraplmds and 6 to be diploids by’
the stomatal appearances. The occurrence of polyp101ds in the germination beds
were exceedingly low (ca. 0.0005%). They appeared not in grdup,but solitarily.
2. Comparison in tetraploid, triploid and diploid seedlings ’
(1) Chromosome number The chromosome number of Cryptomerza
japonica were reported as follows: n=9~10 (Lowsox 1904), n=12 (Sard 1930,
Darx 1932), n=11 (Masumoro 1933, Sax and Sax 1933).
By the wrjter’s observations on the mitotic metaphases in section of root tips
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Fig. 1. Somatic metaphase plate of Cryptomeria japornica.
A) tetraploid 2n=44 - B) triploid 2n=33 C) diploid 2n=22 x-ca. 1500
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they were counted 2n=22 in ordinary seedlings (diploid), and 2n=44 in tetraploid,
and some individuals among’ gigantic form 2n=33; they are probably tetraploid
and triploid. Metapﬁaseé plates are shown in  Fig. 1. ]

(2) Morphological appearance  Tetraploids showed gigantic form, the
needles of them increased in both thickness and width, tended to be twisted
and the stomata band.showed the same irregular arrangement as the tetraploids
induced by colchicine treatment. The triploids had shown somewhat gigantic
form in several months after germination but this character gradually disappeared
in a year, The needles of them were a little thicker than those of diploids.
The appearances of tetraploids were easily distinguished from diploids, but
triploids not easily (Plate. I, A, B, C).

(3) Cell size a) Stomata. In measuring the length of guard-cell, 200
cells from each of the seedlings of 18 tetraploids, 3 triploids, and 18 diploids
were used. The results obtained are given in Table 1. In the case of tetfaploid
and diploid, the fréquencies of average length of 18 seedlings and that of two
seedlings showing Min. and Max. values are given in the table. The tetraploids
showed on an average the largest values and triploids medium values. The ratio
of the length of guard cell were about 130 : 118 : 100 in the tetraploids, triploids
and diploids. Stomata are shown in Fig. 2. y

100M ,
A ) B - c
Fig. 2. Stomata from needles of Cryptomeria ja_ﬁonica.
A) tetraploid B) triploid ‘C) diploid

On the counting the number of stomata of eaéh seedling 100 unit areas
were used; one unit=sq. 0.1 mm. The results obtained are given in Table 2.
The ratio of the number of stomata were about 50 :75:100 in tetraploids,
triploids and diploids.



Table 1 Frequencles of the length of guard cell in tetraplond triploid

and diploid seedlings of Cryptomeria Japomca.

. Length of guard cell (u) (frequencies in percentages) : . }
Number of individuals [ N' Mizxm 'Ratio
26|28|30]32 34 36| 38 |40 | 42 |44 6 4.8’50‘52 54{56 58|6o|62 :

Tetraploid (Average in 18 plants) 0.5 3.3 7.815.922.918.714.9 8.2 5.1] 1.9 1.0 0.4 | 100 47.37;&0;3{' 134.6
No. 11 (Min. in 18 plants) |l 3.0/ 7.5(13.5[27.526.0[12.5| 6.5 4.o| ! | 100, 45.02+0.25| 127.9
No. 17 (Max. in 18 plants) ' 0.5/ 1.0] 4.511.021.522.516.014.5 5.5 3.5 100 50.25+0.25 142.8

Triploid  (Average in 3 plants) 2.2 9.621.5/25.2/25.311.7| 4.1) 0.2] 0.2~ ‘ 100, 42.314:0.29 120.2
No. 1 ' 2.01o.5|20.027.525.o:10.o s,;_o } \ 100 42.36+0.20 120.3
‘No. 2 0.5 8.5{18.020.530.0!15.0 6.5 0.5/ 0.5 - } | 100 42.95+0.22 122.0
No. 3 ’ 4. 0'10 026. .5|27.521.010.0] 1.0 | 100 41.71,4,;0.19’ 118.5

Diploid  (Average in 18 plants) 0.2 1.710.215.0018.9;23. 0|18 7} 9.6/ 1.9 0.6 0.2 | 100 35.20:t0,17\ 100.0
“No. 17  (Min. in 18 plants) 1.510.528.0.25.0(18.0,12. o1 4.0/ 1.0 : | 1oo‘L 32.0940.25 91.2
No. 8 (Max. in 18 plants) i 4.0014. o|24 0‘27 5[20 5 8.0/ 1.5 0.5 | 10-0‘3 37.58:&:0.20: 106.8

a) - Used standard error. 200 cells were measured in every individuals.

(Note) The values of each 18 tetraploids and diploids in Table 1—3 were reported at the 59th Annual meeting of the Forestry
Society of Japan (May, 1951).
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Table 2

Number of individuals

Tetraploid (Average in 18 plants)

No. 14

No. 4

Triploid (Average in 3 planté)

No. 1
No. 2
No. 3
Diploid
No. 2
No. 7

(Min. in 18 plants) 1

Frequencies of the number of stomata ber sq. 0.1 mm in tetraploid, triploid

and diploid seedlings of Cryptomeria japonica.

Number

(Max. in 18 plants)

(Min. in 18 plants)

(Max. in 18 pants)

(Average in 18 plants) |
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of stomata per sq. 0.1 mm. (frequencies in percentages)

2.0

13'| 14 '1516 ( 17 ] 18 | 197| 20

100
100
1001
100
100
100
100
100

100
100 |

7.084:0.14
6.37+0.13
7.84+0.19
10.87-0.18
11.184-0.20
10.454:0.16
10.984:0.17
14.0640.18
12.6140.22

15.1840.15

100 nui;s (10 sq. mm) were counted in every individuals.
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b) Cell size at metaphases In comparing the size of cells at metaphases,
15 cells on the sections of 100~200 & from the root tip of each seedling were
measured, and the results obtained are given in Table 3. Both length (L) and
width (W) of the tetraploids and triploids were larger than those of diploids.
The ratio of the value of LxW were about 193 :149 : 100 in the tetraploids,
triploids and diploids.

Table 3 Cell size at metaphases of root tips in tetraploid,
triploid and diploid seedlings of Cryplomeria japonica.

Number of individuals L?:gat“}f ?{) V%gﬁgs(gf,) LxW | Ratio
R N ) — .
Tetraploid (Average in 18 plants) 27.35 16.34 419.59 192.5

No. 3  (Min. in 18 plants) 25.85 15.58 368.36 | 169.0
No. 14 (Max. in 18 plants) 31.90 18.52 599.57 275.0
Triploid (Average in 3 plants) 22.12 14.67 323.34 148.3
No. 1 22.18 15.03 . 333.25 154.2
No. 2 ‘ 22.55 14.12 318.13 145.9
No. 3 21.63 14.85 318,63 146.1
Diploid (Average in 18 plants) 18.35 12.57 218.01 100.0
No. 10 (Min. in 18 plants) 15.95 11.43 190.58  87.4
No. 5 (Max. in 18 plants) 21.45 12.57 256.12 117.5

15 cells at metaphases were measured in every individuals.

- Discussion and Conclusion

Morpho‘logical appearances of tetraploids occurred in nature were the same
as those induced by colchicine treatment. The tendency of the needles to be
twisted and the irregular arrangement of stomata band will disappear in several
years as in the case of colchicine treatment (Zmwyar and Crpa 1951). The
seedlings of triploid showed gigantic form at the early stage as tetra{ploids but
became gradualy normal in a year.

Cell size (stomata and at metapases of root tip) became larger by the recult
of the doubling of chromosome number. On the polyploids of poplar, BERGSTROEM
(1940) and Jomxson (1940) reported that the stomata length of polyploids was
.greater than that of diploids, but the opposite was true of diploids and tetraploids,
and they concluded that the stomata length was not always proportional to the
chromsome number. In this study, as shown in Table 1, Max. value in triploids
did not over the Min. value of tetraploids and the same results were shown
between diploids and triploids. However, the means of them approached each
other and it was impossible to distinguish triploid from others by the stomata.
In addition, the forest trees show large individual variation (Jouxszon 1940) and
anticipated that the size of cell will vary with the change of appearance
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according to the acclimation as years go by (Kaxuzawa 1940), moreover, especially
treated by colchicine, it is confined partially the doubling of chromosome
number (Sarina, Brackesnee and Avery 1940, Kanezawa 1942). In these reasons
it can not be decided only by the stomata whether the tree is totally tetraploid,
triploid or not. However each materials used in this experiment were seedlings
of the same condition, it is clear that the size of stomata is important index
to the pré]iminary selection of polyploids, but not their absolute index.

Origin of polyploidy reported here is unknown. Irregularities in nuclear and
cell division can be induced by many different agencies. Abnormal division may
be occurred by temperature changes, regeneration of tissue, diseases, insects,
osmotic changes, mechanical injuries, and species hybridization etc. in natural
conditions. Having only one species in the genera Cryplomeria, species hybridi-
zation cannot be occurred, and these polyploids seem to be autopolyploid. Of
the external factors, temperature is expected to be most effective in nature.

From the observations in many metaphases in these polyploidy seedlings
chimeras were not found, so the doubling of chromosome number seems to be
occurred in zygote after fertilization or at the early stage of embryo development
by some stimulation. Gametes, which gave somatic numbers of chromosome
formed by non-reduction, may unite and produce polyploidy zygotes. In this
case triploid might be produced by such gametes, however the probability of
occurrence of the tetraploidy is little. Triploid might be produced by hybridi-
zation between diploid and tetraploid Cryptomeria trees.

The silvicultural or physiological characteristics of polyploids are not yet

known and they will be discussed in furthe paper.

In the selection of polyploids in the nurseries we must care about following
facts: almost all of the polyploids were picked up and thrown away by nursery
men at the weeding, thinning and transplanting by their unfamiliar appearances,
and then the negative selection of the polyploid were carried out artificially.
This report is an example of selection of the polyploids in the nursery. Many
polyploids which have been selected in the nurseries from different localities

and origins may contribute, with induced polyploids, to the breeding of Sugi.

Summary

In the summer of 1950 to the spring of 1951 the writer carried out the
selection and gained polyploid seedlings of Cryptomeria japonica in the germination
beds of the forest nursery. In these selected seedlings, 18 seedlings were
tetraploids (2n=44) and 3 were triploids (2n=233).

In the preliminary selection seedlings of gigantic form were picked up and
the stomata size and the numbers per unit area were observed, and then
chromosome number were determined by the mitotic metaphases of root tips.

In comparison with the tetraploids, triploids and diploids the following
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characteristics are noted. (1) The tetraploids showed the gigantic form,
triploids did not show gigantic form but had a little thicker needles than those
of diploids. (2) In the length of guard cell, the tetraploids were about 30
percent larger than diploids, the triploids were medium. As for the number of
stomata per unit area, the tetraploids were about 50 percent smaller than diploids,
and triploids were medium. The length and width of the cells at metapases of
root tips increased by the doubling of chromosome number. ‘

Though the origin of polyploid is unknown, tetraploid seems to be doubled
at the early stage of zygote after fertilization or embryo development. Triploid
may be probably produced by the fertilization of an unreduced 2nd gamete or by
the hybridization of diploid and tetraploid trees of Cryptomeria japonica. These
polyploids seem to be autopolyploid, for the genus Cryplomeria contains only
one species. ' ‘

Lasorarory or Forest Breeping,
GoveERNMENT Forpest ExrerienT StATiON,

MEecuro, Toxyo, Japax.
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Polyploid seedlings of Cryptomeria japonica selected in the nursery.

A) tatraploid 2n==44
B) triploid 2n=33
C) diploid 2n=22 (ordinary plants)
Note: 1-year-old seedlings, in the same scale (ca. 1/3). In the plate, the hight
of triploid is lower than others, for the apical bud was injured by

insects.



