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CYTO-GENETIC STUDIES ON THE POMOIDEAE

I. CHROMOSOME 'NUMBER OF THE CULTIVATED
VARIETIES OF APPLES, EUROPEAN PEARS, AND
JAPANESE PEARS CULTIVATED IN JAPAN

Erjf FUKUSHIMA

INTRODUCTION

. Rybin (1926, 1927} had discovered, for the first time, the fact
that two kinds of apple varieties, diploid, and triploid, were under
cultivation in Russia, and thus had aroused a general interest
towards the cytological investigation on the Pomoideae. His works
had, no doubt, been undertaken to solve a problem of poliination,
which was, and is now also, of much practical importance in fruit
culture, especiall'y to make clear the origin of inter-varietal dif-
ferences on the pollen-producing ability. And soon, existence of
the similar two kinds of European pears, Pyrus communis L., was
made known by Kobel (1927). In 1930, Darlington and Moffett
studied on the meiotic chromosomes of apples, and offered the
following interesting hypothesis of the origin of the Pomoideae, on
the basis of so-called *secondary association of chromosomes”
and on the multivalent chromosome formation occurred in ‘the
meiotic metaphase the dlpIOJC] apple is no more of the primary
genome constitution, and is probably a secondary polyploid species
_established through the secondary balance of chromosomes. Fur-
ther, they insisted that the basic chromosome number 17, not only
of apples or pears, but of all the species belonging to the sub-
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family Pomoideae, is not a primary basic number, ana it should
be rather considercd as a secondary basic one. And thus a new
development has been brought about on the cyto-genetic researches
of the Pomoideae,

The hypothesiz of “ secondary assoctation of chromosomes”
was, in turn, applied extensively by Darlirgton and his collcagucs
with a number of plant species to make clear the remote origin
of those species, which can notr be disclosed by the data of actual
chromosome pairing, and a fair number of papers of similar nature
have been published since (C{. Darlington, 1937). In this con-
nexion, the works carried out on apples by Darlingten and Moffett
would be duely noticed as what provided a quite new general
problem to cyto-genetics. The hypothesis of * secondary chromo-
some association,” which presumes “ secondary chromosome
balance,” however, seems to be mnot yet fully, appreciated in
general.  There are not a few authors who doubt and stand
against the hypothesis. And even though this cytological hypo-
thesis could not be accepted as the working one, it is duely con-
sidered that the diploid species of Fomwoidene may be something
of the polyploid kind, according to the results of investigations
carried out along the other ways of approach, such as the genetic
analyses of heritable characters, the studies on the sterility and
on the incompatibility phenomenon, and etc. _

Surveys on the chromosome number of apples and of European
pears have aiready been worked out to a certain extent. Accord-
ing to Heilborn (1935), theve are 148 diploid varieties (4n=234) and
33 triploid ones {2n=051) in apples. With European pears, there
are many reports, covering Gl diploid and 17 triploid varieties.
Embryological studies were also carried out with some varieties,
including some intensive ones with triploid apples (Cf. Elssman
and v. Veh, 1932; Howlett, 1932 ; Steinegger, 1932 ; and v. Veh,
1933). _ '

The author has engaged, since 1933, on the investigations on
the chromosomes of apples, European pears, and Japanese pears
(including a few Korean and Chinese varieties). In 1934, the
author discovered two tetraploid varicties of Japanese pears, which
1s the only case of tetraploid forms hitherto reported on the culti-
vated ones in the moideae (Ito and Fukushima, 1934). Some
preliminary reports of the chromosome constitution of the apples
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and pears cultivated in Japan were already made (lio and Fuku
shima, 1934, 1037, 1938; and Fukushima, 1937 Adati (1933.
1935), in Japan, also carried out investigations of chromosomes
with a number of Pyrus forms, including the Japanese, European
pear varieties and a few oriental wild forms.

- MATERIAL AND METHOD

Apple materials were obtained from the experiment orchards
of the former Central Experimeni Station of Choésen, Suigen,
Korea, and of the University Favm. Fukuoka. FEuropean pear
varietics were examined also on the trees cultivated in those
orchards above stated, in addition to several varieties grown in
the orchard of Prefectural Agricultural Experiment Station of
Okayama. Materials of all the Japanese pears and of the hybrid
seedlings raised between the Japanese and European pears were
collected from the orchard of the University Farm. Names of all
the varieties studied are listed in the following tables.

Flower buds were fixed doubly using Carnoy's and Flemming's
weak fluids. Sections were cut by the ordinary paraffin method,
and stained with Heidenhain's iron-alum haematoxyiin.

Number of chromosomes was detcrmined exclusively on the
pollen mother-cells in meiotic metaphase.

(OBSERVATIONS

Chromosome Numbers of Apples

Surveys on the chromosome number of apple varieties have
been carried out rather extensively it Europe and in US.A.
Works of Crane and Lawrence (1930), Darlington -and Moffett
(1930), Heilborn (1928, 1630, 1935), Kobel (1926, 1927, 1931),
Miedzyrzeclkd (1933), Moffett (1931, Natividade (1932}, Nebel (1929a,
b, ¢, 1930), Roscoe (1933), Rybin (1926, 1927), and Shoemaker
{1926) arc mentioned. As stated above, there are two different
kinds of varieties, diploid and triploid. Heilborn (1935) presented
in his paper a list of ‘varieties”. compiled from the data hitherto

1} This list, Table 1 in Heilborn (1935), does not contain the Portuguese vari&ties
reported by Natividade (1932).



obtained, including 148 diploid varieties along with 33 triploid
onest),

Apple varieties now cultivated in Japan consist mainly of the
strains introduced some eighty years ago, at the beginning of the
Meiji era, from Europe and US.A., and of a few minor ones
selected out of them. The author succeeded until now in deter-
mining the chomosome number with 34 varieties listed in the
Table 1. , _

" Table 1 shows that the nature of those 20 varieties out of 34
listed was determined by the author for the first time. There
could not be found any one tetraploid variety in apples. Nebel
(1929a, b, 1930} reported a form, “Kola”, 20=68+, which was
derived from a cross between an American crabapple, “Elik
River”, and “Ch_arIa-mowsky 7 and therefore it can not be well
accepted as a true tetraploid variety under practical {fruit culture.

Table. 1. Apple varicties, of which chromosome constitulion has been
determined by the author,

Variety v Other authorshb

T

Diploid \;ariety, In=34

1. Akin

2.  Beni-iwai

3. Bemni-kokki

4, Beni-sakigaké (Red Astrachan} Nebel

5. Beni-shibori (Fameuse) Nebel

6. Cooper’s Early

7. Dai-kokké (Giant Geneton) )

R Delicious Nebel, Roscoe
9. Early Red Bird . Roscoe

10, Esopus Spitzenberg Kohel

11.  Ezogoremo (Roxbury Russef)
12. Golden Delicious

13. Golden Russet Roscoe

14. Hakuryi (White Winter Pearmain)

15. Hatsu-hinedé (Winesap) Nebet

16. Henry Clay

17. Hé-dran (Yellow Bellﬂower)' Nebel, Rybin
8. Indo .

19. fweai (American Summer Pearmain)

20, Ki-sakigakt (Yellow Transparent) . Nebel

1) With 13 out of these 33 triploid varieties, chromosome count is not quite
exact, but the estimation of its nature is considered to be highly probable.



21. Aogyoku (Jonathan) Nebel, Roscoe
22, Kokké (Ralls)

23. Lady’s Apple

24, Mizuo (Jersey Sweet)

25, Ryigyokyr (Smith Cider)

26. Stark ) )

27. Sztz'gygku {Newtown Pippin)

28. Tama-aravé (Grimes Golden) Nebel, Roscoe
29. White Pippin

30. Yamato-nishiki (Ben Davis) Nebel

31. York Imperial Nebel

Triploid variety, 2n=51

32. Paragon 7
33. Sckiryi (Baldwin) Darlington & Moffett, Nebel, Kobel
34. Stayman Winesapt

Japanese name of variety is written in italic type.

The variety followed by the names of other authors shows that the chrorno
some number was also determined by those authors.

c. Shoemaker (1926) also treatkd this variety as the one which may be of
triploid in nature.

e

Chromosome Numbers of European Pears

As the chromosome surveys in European pears, Pyrus com-
munis L., works of Florin (1927), Kobel (1926,-1927, 1931), Nativi-
dade (1932), Nebel (1930), Miedzyrzecki (1933), and Moffett {1934a,
b) may be mentioned. Moifett (1934b} presented a list compiied
from his own data, together with those of other workers, covering,
in total, 41 diploid and 12 triploid varieties, 3 of which were
somewhat uncertain. In addition to those varieties listed above,
Nebel (1930) has reported 8 diploid, Florin (1927) 1 triploid, and
Natividade (1932) 12 diploid and 3 triploid varieties, and thus the
diploid varieties are amounting to 61 and triploid to 16 in total.
As in apples there is not any one tetraplozd variety. Cultlvatlon
of European pears in Japan started also by the early introduction
of the strains from Europe and U.S.A., along with apple strains
mentioned above. In Japan, there had been carried out only
Adati’s (1935) investigation upon four varieties.

The author determined the chromosome number with all the
varieties listed in the following Table 2, which includes 40 diploid
and 5 triploid ones, amounting 45 in total.



Chromosome Numbers of Japanese Pears

Preliminary reports of the chromosome surveys on the Japan
ese pears were made by the author in 1934, Japanese pears
belong to Pyrus serofina Rehder, which is indigenous to Japan
proper, the Central and South China regions, composing one of
the large groups of the oriental pears. The author’s survey cover-
ed mostly those pears of Japanese origin, including several so-
called Kerean pears, which are considered to be of similer origin,
and two varieties of North China pear. Pyrus wussuriensis Maxim."”

Table 2. Furopean pears, of which chromosome constitution has beew
Cdelermined by the author.

Variety (ther authors #

Diploid variety, 2n=34
1. Alexandrine Douillard
Aspasie Aucourt

oo

3. Bartlett Kobel, Moffett, Adati
4. Bergamotte Espéran :

5. Beurré Clairgeau Moffett

6. Beurré d'Anjou Nebel

7. Beurré d'Avril

8. Beurré Dubuisson

9. Bewrré Hardy Kobel, Mofiett

10. Beurré Sterckmans )
11. Buffum
12. Charles Ernest Miedzyrzecki
13. Citron des Carmes '

14, Clapp; Favorite Miedzyrzecks

15. Conference Moffett

16. Dr. Jules Guyot Moffett, Miedzyrzecki
17. Doyenné d'Alencon

18. Dovenné du Comice Kobel, Moffett

19. Doyenné d’Angouléme
20, Easter Beurré

21. Flemish Beauty Nebel
22. Fondante d’Automme
23. Fondante Thirriot Kobel

1) According to Kikuchi (1944), pears indigenous to North China region comprise
of two distinctive subgroups of Pyrus wussuricnsis Maxim., i.e., var. cultae Kikuchi and
var. singnsis Kikuchi. Two North China varieties treated in this paper belong to
the latter form. Socalled Chinese pears are considered to have been mostly com-
posed of the two major forms, P. serofina Rehd. and P. usswuriensis Maxim,



24. Glou Morceau (from Suigen) Kobel, Moffett
25. Idaho ) '

26. [Hlinois Lincoln

27. La France Adati, Natividade
28 Lawrence ’

29, Le Lectier Natividade

30. Lincalu ‘

31. Marguerite Marillat Moffett

32, Michaelmas Nelis

33. Oriental

34. Passe Crassane Moftett, Miedzyrzecki
35. Sheldon

36. Souvenir du Congrés

37. Suzette de Babay

38. Triomphe de Vienne Miedzvrzecki
39. White Doyenné
40. Winter Nelis Nebel

Triploid variety, 2n—=51

41. Glou Morceau {tfrom Qkayama)b

42. Pitmaston Duchess Moffell
43, Pound '

44. Spina di Carpi

45. Triomphe de Jodoigne Natividade

a. See note in Table 1.
b. This variety is doubtful, may be 4 misinterpreted * Triomphe de
Jodoigne.”

On the previous paper, the author reported 55 diploid varieties, 2
tetraploids (2n=68), and no triploid at all, and further, from his
results of studies on 24 F, seedlings between P. communis and
P. serotina, he made clear the fact that cach F, seedling has, with-
out exception, 34 chromosomes in diploid state. Also Adati (1935)
carried out chromosome survey with 28 varieties as mentioned
below. Varieties treated by the author until now arve presented
in the following Table 3, covering 61 varieties in total.

Table 3 shows that 41 out of 61 varieties were newly deter-
mined by the authoi. Diploid and tetraploid varicties are dis-
tinguished among Japanese pears, no triploid one being met with.

Crosses between P communis and P. serotina succeed rather
easily, producing F, viable seedlings. Actually, there are several
cultivated forms which are duely accepted to have been establish-



ed through such a process.” The author examined 24 such seedl-
ings, including 15 different cross-combinations, raised for the breed-
ing materials at his laboratory, disclosing that all the F, seedlings
were diploid in chromosome constitution. Table 4 shows the
reults of such studies,

Table 3. Japanese pears, of which chromosome ra:-ist:'tu:io%z_ has been
determined by the uuthor.

Variety a Other author b

Diploid variety, 2n=_ .

A. Japanese races

1. Abumi

Asahi
Atago
Azuma-nishiki
Banvroku
Doitsu Adati
Fiji '
Gion )
Gyokusui Adati
10. Hakala-ao ' Adati
11. Hakuteiryi '
12. Hatsushimo
13. Hinemarn
14. Imamura-aki Adati
15. Imamura-nalsy
16. [shii-wasé

bo

e R

17. Ichihara-wasé Adati
1B, Kikusui ) Adati
19. Kinchaku

20. Kéno-watashi Adati
21. Koz Adati

22. Kubo-nashi
23. Kuniftomi
24, Kyokuryi
25. Maisushima

26. Meigetsu Adati
27. Niitaka

28.  Nijisseiki Adati
29. Ohiromaru Adati

1) “Kieffer”, “Le Conte”, and etc.,, are well considered to have originated
through such hybridizations, so they are mentioned as Fuwrasian varieties by some
workers.




42,

43,

44,
45,
46.
47.
48,
49,
50.

51.
52,
53.

Qku-sankichi Adati
Qkwan

Rokugatsu

Sagami

Setryii

Seirydt (of Kikuchi)

Segawa

S’ekai_—ichi‘ Adati
Sekiryi ) Adati
Shihyakumé

Shikishima Adati
Shingetsi

Shintyi Adati
Tathakuy Adati
Taihei _ Adati
Tamagawa

Tenyi

Tosa-uishikic ' Adati
Tydzytird Adati
Wase-aka Adati
Wase-tydzyird

Yakumo

Yawata-nishiki

Yenoshima

B. Korean races

54,
55. Seidéro
56. Shinmuri
57. Tyon-sari

Kankori

C. Chinese pears (P. wssuriensis Maxim.)

58. Ya Li Adati
59. Tsu Li

Tetraploid variety, 2n =68
60. Shin-tydzviri

61.

Tosa-nishiki

a. and L. See notes in Table 1.
i

The author observed two different strains, dipleid and tetraploid, under this
varietal name. Relationship between these two strains has not yef been

made clear.
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Table 4.

List of F\ hybrid seedlings between Eurvopean and

Jfapancse  pear vm"r'c’ft'es, af H)hi{.‘fll chromosome
constitution has been determined by the anthor.

Ngt);liift.m Parental combination « 2n
1. 17-2 (C) Louise Bonne de Jersey x ES) Sekiryii (34) 34
2. 33-1 (8) Sekiryi (34) . ~ {C) Brown Beurre 34
3. 57-3 (C) fmile d'Heyst x (S Sekiryd (34) 34
4. 75-1 (C) Roosevelt v (8) o 34
5. 753 (O ., < S 34
6. 123 C) Duchesse d'Angouléme (34)  x (S) Oku-sankichi (341 34
7. 136-1 (C) Emile d'Heyst S 34
8. 156-1 {C) Souvenir de Zules Quandon ¥ (S) 34
9. 1562 (C) < @, 34
10. 156-3 (C) x (S} " 34
11. 156-4 (C) 3 03) 34
12, 171 (C) La France {34 <~ {8 o 34
13.178-3 (C) " ' x {8) . 34
14, 236-1 (C) Brown Beurré < (S x\a'ijis.sl"e[ki {da) 34
15. 192 (€) White Doyenné (34) o US) Sekirvii {34) 34
16, 217-1 (8) Tydzyiré 341 ’ x (C) Duchesse d'Angouléme (34} '34
17. 217-4 (S) " x (Cj " 34
18. 238-2 (S5) Nijisseiki '34) » (C) Brown Beurré 34
19. 235 1S1 = (G . | 34
20. 266-1 (O I_A(;uis;e Bonne de Jersey # o (S) Nijisseiki (34) 34
21, 279-1 (S) Nijisseiki :34) % (C) Emile d’Heyst 34
22, 279-2 (S ., x {Ci . 34

‘23. 285 (S: 3 (C) Andre Desportes 34
24. 468-1 Not identified l 34
a. Parental variety followed by (34) shows that its somatic number of chromo-

somes was determined by the author, and thus the chromesome constitu-
tioin of those varieties not followed by this notation was not vet deter-

mined.

regpectively

C) and (3) are the abbreviations of P. comsnunis and P. serofina
gt
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REMARKS

A polyploid series of diploid (2n=34). triploid (2n=>51), and
tetraploid (2n=68) was clearly demonstrated throughout the
cultivated varieties of apples, European pears and Japanese pears.
And the fact that those polyploid forms are of autopolyploid in
nature was also made known by the author, but the results of
his observations was not treated in this report. According to the
surveys hitherto worked out on the apple varieties, 34 (16.99)
out of 201 determined were autotriploid,” and the rest 169 diploid
(See Appendix I). With the European pears, 90 varieties out of
111 were diploid and the rest 21 (18.994) autotriploid (See Ap-
pendix II). And both of the apple and pear species did not con-
tain any one autotetraploid variety, while of 67 Japanese pear
varicties and 2 North China ones examined there appeared 2
autotetraploid ones, and all the rest were exclusively diploid.
Thus there could not be noticed any one autotriploid variety
in Japanese pears (See Appendix_HI); Such rather marveilous
circumstances may have probably been derived from the fact
that the mode of evolution of Japanese pears was somewhat dif-
ferent from that of the European pears or of apples. For instance,
it may be considered that the breeding processes through the
sexual reproduction did not play an important réle in the estab-
lishment of Japanese pears. But this perhaps may not be the
true situation. For the production of triploid seedlings, the diploid
gametcs must be formed by any means, so the occurrence of such
abnormal gametes may be considered to have been much more
[requent in Malus communis or in Pyrus communis than in P.
serotina. It is supposed that there might be some adverse condi-
tions which prevented the varicetal differentiation in Japanese pears
through the triploid individuals occurred by the above process or
by spme other ways. In my laboratory, a large number of F,
‘scedlings, which have been raised through the crosses between
tetraploid and diploid pears, have already been under cultivation,
so that the investigations with these individuals will suffice to
solve the questions presented above. Since the crosses between
apples and European or Japanese pears always resulted in failure,
not obtaining any one F, seedling, we .can not make clear the
genomic interrelationship between Malus and Pyrus. But the
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crozses between two pcar species are more or less successful, and
the author himself also succeeded in cbtaining a fair number of
such hybrid seed‘lings.' From the studies on the meiotic behaviours
of chromosomes of the hybrid individuals the author made known
that these {wo genomes concerned are guite similar in‘ homology,
not showing any great differences on their differentiation.” There-
fore the two species, P. communis and P. serotina, are duely con-
sidered to belong to the same form.

‘Wild ancestral forms of the cultivated species and several wild
species of Malus and Pyrus, which are supposed to have partici-
pated in the formation of the Cultwattd forms, are Lxcluswely
diploid in chromosome constitution, not including any one poly-
ploid form.

Actual mechanisms which produced autopolyploidy in the
cultivated apples and pears have not yet been clearly demonstrat-
ed. The author, however, oncc tried to apply a high temperature
on the flower-buds of some Japanese pear varieties, during a cer-
tain period of meiosis, and succeeded in obtaining diploid or tetra-
ploid pollen-grains togéther with the normal haploid ones? Spon-
taneous occurrence of such polyploid gametes through a similar
process may not be unprobable even under the natural conditions.
According to Nebel (1636), however, even one trinloid pear variety
newly raised has not yet been reported, during rccent about sixty
years, from the breeding stations of all over the world, and he
himself also could not find out any one triploid seedling out of
ca. 5,000 seedlings raised by the crosses among diploid varieties
at Geneva Station. And thus Nebel insisted that the possibility
of obtaining triploid individuals among the offsprings of the diploid
varieties may be very little if any.

With both the applu« and Eu10pean pears, it is well known
that the matiags such as triploid = triploid, or triploid x diploid
and its reciprocal, are more or less successful, resulting in some
F; seedlings. Because of thc chromosome unbalance, almost all
the scedlings thus produced show very weak growth, not coming

1} The results of the author’s investigations will be published in a following
paper of this series in near future.

2) With those flowers the author carried out, further, the self-pollination,
and the cross-matings with other pollens from various sources, and the seedlings
thus raised are now under cultivation. ’
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up to the fruitful trees, and therefore the utilization of such
aneupioid seedlings for the breeding purposes i1s considered to be
of little promise (Ct. Nebel, 1933, 1956). The author carried out,
since 1933, crosses between tetraploid and diploid Japanese pears,

* succeeding rather easily in raising a number of F, seedlings, of
which chromosome constitution may be triploid or its close ap-
proximate. From these scedlings, the production of triploid varie-
“ties with practical uscfulness seems quite probable to the author.”
Heilborn {1435) reporied that many triploid apples have a high
keeping quality than the diploid ones, and as accepted somewhat
generally, he aftributed this rvelation to the more or less slow
metabolic or other physiologic activities of the individual cell com-
posing the autopolyploid organisms. Some other workers stated
also that the above features of the individual cell may have no
less significant bearings on the various olher characteristics of
practical value, such as carly or late maturing of the woody tissues,
relating to the hardiness of the varicty, contents of vitamin C or
othetr cssential matcrials in fruits, poHination or fruit-setting pro- _
cedures, and etc. But the exact status is not vet taken as what
fully elucidated. If we can succeed in obtaining artificially a large
number of polyploid strains, especially those of tetraploid apples
or pears, then we can develop a quite new  progr ess on the pra-
ctical breedmg of the Lomoideae upon the utilization of polyplmdy

The author wishes to acknowledg( his obhgatlom to Prof. H.
Ito for his suggestions and advices, and to Mr. T. Hosomi, who
has done a part Of_ the routine work.

SUMMARY

Chromosome cousututions were determined, at meiosis of the
polien mother-cells, on a large member of the varieties in Pomoideae
cultivated in Japan as follows; 34 varieties of apples (Malus com-
musis L.), 45 of European pears (Pyrus commuenis L.), 59 of Japan-
ese pears, including 4 Korean pears (P. sevofina Rehd.), and 2 of

1} the aﬁthor has under cultivation a [arge number of such hybrid individuals
together with a number of tetraploid F, seedlings raised between two tetrap]md
varieties.
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North China pears (P. ussuriensis Maxim.). Three apples and 5
European pears were triploid (Zn=51), and 2 Japanese pears were
tetraploid (2n=68). And all the other varieties examined were
exclusively diploid (2n=34). The author, further, examined 24
hybrid F, seedlings obtained from 15 different cross-combinations
between Huropsan and Japancse pears, and made clear that all
these seedlings had exclusively 34 chromosomes in diploid state.

" A few considerations were made on the origin of non-occur-
rence of tripleid varieties in Japanesc pears, and on the mechanisms
relating to the formation of polyploid varieties in general. And
further, from various important characters duely ascribed in the
polyploidy itself, a promising development on the practical breeding
of the Pomoideas was suggested by the artificial raising of poly-
ploid individuals. '

In the appending three lists the varieties, chromosome con-
stitutions of which have hithérto been delermined are presented.

Horticulturar Laboratory, Kyushn University
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APPENDIX

Chromosome Constitutions of the Cultivated Pomoideac.

4. Japanese names of variety are presented in italic types.
b. Wames of authors are indicated in the abhreviated characters as follows:; A,
Adati; Cé&1, Crane and Lawrence; D& M, Darlington and Maffett ; F. Fukushima ;
H, Heilborn ; K., Kobel; M, Moffett; Mi, Miedzyrzecki; N, Nebel; Na, Natividade;

R, Rybin; and Ro, Roscoe.

APPLES
Variety « Authority b Variety 'Authority
DIPLOID VARIETY, 2n=34
Aderslebener Calville N Calville Lesans N, Mi
Akert H Calville rouge Mi
Akin F Candille Sinap R
Alexander H Carlisle Pippin C&L
Allington Pippin C&L, D&M Cellini ‘ H K
American Summer Pearmain (fwai) F Charlamovsky (Duchéss ot '
Annie Elizabeth C&L Oldenburg) 5 N, Re
Antonovka R Cooper’s Early F
Antonovka-Kamenitchka R Cox’s Orange Pippin C&LD&M,
Apfel aus Lunow N. . K
Aport ) R Cox's Pomona D&M H
Astrachan, Big Transparent H Danziger Kantapfei K
Astrachan, Red (Bewi-sakignke N, F Dash-Alma R
Astrachan, White KR Deacen Jones Ro
Babushkino R Delicious F,N,Ro
Barlovskoje R Dijir Hadzhi R
Baumanns Reinette M, K Dolgo N
Beauty of Bath C&L, D&M Duchess Favourite D&M
Belle Fille M Early Red Bird F,Ro
Belleflower, Yellow (Hooran) ~ R, N,F [iarly Victoria C&E, D&M
SElléﬂpwer % Kitaika (Mitshurin} R Kden N
Belle Joséphine Mi Eneroth’s Klaripple H
Belyi Naliv R Fsopus Spitzenberg KF
- Ben Davis ( Yamato-nishiki, N, F Fameuse (Beni-sibori} N,F
Beni-iwai i Fenouillet jaune Mi
Beni-kokkd F ~ Fenvuillet rouge Mi
Berner Resenapfel K Géante des Expositions Mi
Blanche d'[ispagne (Kalmar-glasapple; Mi Geheimerat Dr. Oldenburg ‘N
Bohmer (Der} _ N Gelber Richard N,H
Bo'mwinka-BorQl.vilsl'(y Mi General von Hammerstein N
Calville blanc Wi _Giant Genetan (Dai-kokkd) F
Calville du Roi R Golden Reinette of Kursk R
Calville Grand Duke of Baden N Golden Russet F, Ro



Goldparmaene
Grenadier

Grimes Golden {Tama-araré)

Gragylling
Gule-Penbe
Halland’s Brunnsipple
Hampus

Henry Clay

Inda

Irish Peach

Jersey Sweet (Mizuo)
Jonathan (Kégyoku)
Kasseler Reinette _
Kavlas )
Kentish Codlin
Keswick Codlin
Lady's Apple

Lane’s Prince Albert

Lord Derby
Lord Grosvenor
Macoun
Maglemer
Mank's Codln
Mann
Margaretadpple, red
Mcintosh
Medina
Melba
Melon
Milton
Minister von Hammerstein
Muskata-Reinette
Newfane .
Newton Wonder
Newtown Pippin (Swuigyoku)
Northern Spy ]
Oland’s Kungsipple
Ontario-Reinette
Opalescent
Oranie
Qslins
Patte &’'Oie
Pearmain d’Adam
Pfirsichroter Sommerapfel
P.J. Bergius
Ralls (Kokkéd)

- Rambour de Himbsel

Vi
C&L
N, Ro, F

by ML

C&LD&M

I
N,Ro,F
e
H.
C&L,
C&L D&M

F
N,C&L,
D&M
C&L

R.

N

H
C&L,N

‘ZZE%U

3
TR ZRZZT

L

C&LD&EM

H
K, N
Ro
H
C&L
Mi
Mi
K
H

F
Mi

Rambour of Tsarkoie Selo
Red Spy

‘Reine des Reinettes

Reinette de Champagne
Reinette d'Oberdieck
Reinette d’Orléans
Reinette pain de Sucre
Reinette romge d'Hiver
Reinette trés tardive
Reinette Zuccamaglio

‘Rev. W. Wilks

Rival

Rolfe '('Macomber}
Rome

Rdsenhéiger
Rosmarin blanc
Roter Jungfernapfel
Roter Stettiner

‘Roxhury Russet. { Ezogoroma)

Sary-Sinap
Sary-tursh-Alma
Sdvstaholm

Signe Tillisch

Skvoznoy Naliv

Smith Cider (Rydgyoku)
Sommergewiirzapfel
Sommerrambour )
Statblithender Taffetapfel
Stiringe

Stark

Stenkvrka

Suislepper

Sutton

Svanetorp _

Tchernoguz
Tchulanovka

Titovka

Transparente blanche
Transparente de Cron et
Twenty Ounce ’
Vaughan Seedless
Vitgylling

Wagner

Wealthy

Weidner's Goldreineite
Wellington

White Pippin

White Winter Pearmain ( Hakuryi)

mwmzmmzwmwmnzzmnwummwzwnmzw:ngga
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Winesap (Hofsu-hinodé:
Winter Banana
Winter (Golden Pearmain
Winter Gray Reinette
Winter Majetin

Walf River

Arkansas
Baldwin (Sekizyih
Blenheim Orange

Rohnapfel*
Bramiey's Seedling
Canadian Reinette
Crimson Bramlev
Damason-Reinette®
Fallawater

Fall Pippin
Frosaker

Genet Moyle

Giravensteiner, and its mutations

Harbert’'s Reinette®
Holland Pippin
Hurlbut*
Husmaoadersiapple®

Alexandrine Donillard
André Desportes
Aspasie Aucourl
Baronne de Melle
Belle des Abrés
Hergamotte Espéran
Beurré Bosc

Beurre Clairgeau
Beurré d’Anjou
Beurré d’Avril
Beurrée de Mortillet

N F

Ro
R
R

C&L

Ro

TRIPLOID VARIETY,

N ¥
D&M NKF
C&EL. D&M,

KN
K &
C&L D&M
R
D&M
K
Ro
N
H
C&L

Worcester Pearmain
Yellow Newtown

Yellow Transparent (Ki-sakigaké

York Imperial
Zelenka Crimean

2n=5]

Jaques Lebel
Menznauver Jigerapfel*
Nonpareil

110 Nomblott {Margille ?i
Paragon ]

Reinette grise de Vitry
Reseda-Reineite*
Rhode Istand Greening
Ribston Pippon
) Rossvik*

Roter Eiserapfel®
3choner von Boskoop
Stafner Rosenapfel®
Stark

Stayman Winesap
Tompkin's King
Warner's King®
‘Washington
‘Wir_ltgr-Zitronenapfei*

FuropPEAN PEARS

DIPLOID VARIETY,

F
K
F

2n==34 _

Beurré de Naghin
Beurré Dubuisson
Beurré Dumont
Beurré Fougeray
Beurré Giffard
Beurré Hardy
Beurré Six
Beurré Sterckmans
Beurré Superfin
Bon Chrétien d'ltiver
Charles Ernest

+ Chromoscme constitution is not quite certain.

C&L D&M
N
N.F
Ro, I
R

C&L. N, H, K
H
K
N, K

mERZa@R

Mi
Mi
Mi, M
K,M,F

M
Mi
M, F



Charles Marchal
Chalk

Clapp’s Favourite
Comtesse de Pars
Conference

Dr. Jules Guyot
TDoyenné d'Alengon
Doyenné du Comice
Duchesse d'Angoulénie
Durondeau

Faster Beurré
Fertility

Flemish Beauty
 Fondante Thirriot
Frithe von Trévoux
Garise_l Bergamot
Gayuga

Glou Morceau
Gorham

Herzogin Elsa
Himmelfahrtshirne
Iduho

Illineis Lincoln
Kieffer

La France
Lawrence
Lebrunn’s Butterbirne

Alexander Lucas
Barikerbirne
Bewrre d'Amanlis
Beurré Diel
Catillac

TRIPLOID VARIETY,

st}
M
F
My, F
M
M. F
Mi, M,
lT
K, M, T
F
M

Florin
K
M, K
Mi, M, K
M

Conseiller 3 lu Cour (I{ofratsb{rne_] M, K

" Doyenné Bussoch
Leitao
Pitmaston Duchess

M
Na
M, F

Le Conte ' A
Le Lectier ) M.¥
Lincoln ¥
Louise Bonne de Jersev K
Marguerite Marillat M, E
Marie Louise A
Marques Loreiro Ma
Michaelmas Nclis G
Napoleon _ M
Neue Paiteau K
Olivier de Serrcs Mi.'
Orange Bergamot M
Oriental F
Passe Crassane Mi, M, F
Rei _ Na
St. Luke M
Seckel N
Sheldon F
Souvenir du Congreés M F
Suzette de Babay B
Triomphe de Vienne Mi, F
Tyson ) N
Van Mons ) Na
White Doyenne ] F
William's Bon Chrélien (\Bartlett).K,M.I
_ AF
Winter Nelis N, P

2n=051
Pound F
Rateau Gris ) Mi
Sete Colovelos o Na
Schweizer Wasserbirpe® K
Spina di Carpi F
Theilersbirne” ' K
Triomphe de Jodoigne Na, I
Uvedale's 5t. Germain M

Viear of Winkfield (Pastorenbirne) Na, K

4 Chromosome constitution in not quite certain.
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DIPLOID VARIETY, 2n-=-34

Shin- Tydzyivi
To a-nishiki

{A) Japanese races Sagami
Abumi F Seiryt
Amanokawa A Seiryi {of Kikuchi)
Akappo ' A Segawa
Asahi F Sekai-ichi
Atago F Sekiryit
Azuma-nishili F Shihyakumé
Banroku F Shikishima
Deitsu AF Shingetsu
Fuji F Shintyu
Gion F Tathaku
Gyokusui AF Taiher
Hakata-ao AF Tamagawa
Hakuteiryd ¥ Tenyit
Hatsushimo F Tosa-nishiki
Hinomory F Tydzytiré
Imamura-aki AF Uebana
Imamura-natse F [Vasé«r}ka _
Ishii-wasé F Wasé- Tybzytird
fchikz_zm-wasé AF Yakumo
Kikusui A F Yatiyo
Kintyaku ¥ Yawata-nishiki
Ké-no-watashr AF Yenoshima
Kobzd AF
Kubo-nashi AF (B) Korean races
Kuritoms o Kankori
Kyokiryi F Seidéro
Matsushima F Shinmuri
Meigetsn AT Tyon-sari
Niitaka r _
Nijisseiki ALK (C) North China pears
Ohiromaru’ AF (P. ussuriensis Maxim.)
Oku-sankich AF Tsu Li
OHewran F Yah [.i
Rokugatsu F

TETRAPLOID VARIETY, 2n--68

F

F .

o

AF
AF
AF

AF
AF
AF

AF
AF

2

F
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