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Some new results concerning apomixis, sexuality
and polymorphism in Potentilla.

By A. and G. MUNTZING.

Institute of Genetics, University of Lund, Sweden.

I. Introduction.

Thirteen years ago the occurrence of pseudogamy in different bio-
types of Potentilla Tabernaemontani, collina and argentea was demon-
strated (MUNTZING 1928). In the same paper the basic chromosome
number of the genus was reported to be seven, and it was also found
that P. argentea L. included biotypes with different chromosome num-
bers. In a second paper (MUNTZING 1931) some further cytological
results were reported, comprising the somatic chromosome numbers of
19 biotypes and meiotic observations in diploid and hexaploid argentea
and in duodecaploid Tabernaemontani. The somatic chromosome
numbers were found to range from 14 to 84, all being multiples of
seven. Not only P. argentea but also all the other species studied
(T'abernaemontani, Crantzii and collina) were found to include bio-
types with different chromosome multiples.

After this second paper the Potentilla work was interrupted for
some years, but the material was preserved. In 1937 the junior author
took up the Potentilla work again, and during the following years new
results were obtained which justify a brief report. In the first place
this report will deal with the discovery of sexual and partially sexual
strains in P. argentea and Tabernaemontani and with true hybrids
raised from crosses with these strains. Further the morphological and
cylological polymorphism within P. argentea L. has been subject to a
special study. For this work a number of new strains were raised
from seed samples collected by ourselves or by other persons. For
this valuable cooperation we wish to express our sincere gratitude to
Prof. O. ROSENBERG, Dr. H. WESTBERG, Messrs. B. HyLmMO, S. KILAN-
DER, T. NYHOLM, G. OSTERGREN and T. HAKANSSON.

17 Botaniska Notiser 1941.



238 A. AND G. MUNTZING

II. The Scandinavian forms of Potentilla argentea L.

1. The material. In the paper of 1931 (MUNTZING 1931) P. argentea
L. was reported to comprise biotypes with 2n=14, 42 and 56. Of the
two Scandinavian biotypes studied at that time one was diploid, the
other one hexaploid. Both were from Skane, Sweden (Dalby and
Lomma respectively). Since it seemed desirable to determine, whether
the Swedish argentea-types were generally diploid or hexaploid, and if
they also included biotypes with other multiples of seven, a number
of new strains were raised. The seeds had in most cases been collected
from single individuals growing in the field. In this way the number
of Scandinavian argentea-strains was increased from 2 to 53. Two of
these strains are from Norway, all the others from Sweden. The 53
strains were collected at 37 quite separate localities. Thus, in some
cases progenies were raised from more than one plant at the same
locality. Twentytwo of the 53 strains were transplanted to the field
last summer and have not yet flowered, but the other 31 strains were
raised earlier, have flowered and have been subject to close inspection.

2. Constancy and polymorphism. Chromosome numbers. Though the
number of individuals in each progeny was in most cases limited to
about 16 or 20, the complete uniformity in each plot has been very
striking. Among all these plants not a single true aberrant has been
observed. One single progeny comprised a mixture of two different
morphological types. However, the plants belonging to the first type
were all found to be diploid, those belonging to the second type were all
hexaploid. Thus, in this case the seed collector had evidently happened
to mix seeds from two different mother individuals. In two of the
strains (»A—A» and »A-—B») the number of individuals observed was
as high as about 100, but even in these cases complete constancy was
met with.

The constancy within each progeny was found to be accompanied
by quite clearcut and often very striking differences between progenies
from different localities. The 31 argentea-strains which have flowered
and, thus, have been fully observed, are all different from each other.
These differences do not only concern all kinds of morphological details
but also physiological characters such as rust resistance, degree of
perennial duration, earliness etc.

As expected the progenies studied were found to be characterized
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by different chromosome numbers. Thirtysix progenies were diploid
(2n=14), eleven were hexaploid (2n=42), three were tetraploid
(2n = 28), one progeny comprised a mixture of diploid and hexaploid
plants and one single progeny was found to be pentaploid (2n=35).

The pentaploid biotype, collected at the west coast of the province
of Skane (Fortuna) is especially interesting. In the first place it
represents a new chromosome number within P. argentea L., and se-
condly it combines complete constancy (20 individuals so far observed)
with an odd multiple of seven. Thus, since meiosis in this biotype
must be irregular (cf. below) the constancy can only be explained by
the assumption of a completely apomictic seed formation. By experi-
mental work apomixis has already been demonstrated for 6 other
argentea-biotypes, including the two Swedish strains A—A (diploid)
and A—B (hexaploid) (MUNTZING 1928, 1931). Under such circum-
stances it is practically certain that the complete uniformity of all the
other Scandinavian argentea-biotypes is also due to apomixis.

The finding of a few tetraploid argentea-biotypes is also quite
interesting and fills the previous gap between the chromosome numbers
14 and 42. The tetraploid strains were all raised from seed samples
collected at three different localities in the vicinity of Ronneby in the
province of Blekinge (South Sweden). These tetraploids have not yet
flowered and it has not yet been possible to decide, whether the strains
represent the same or different biotypes. At any rate, however,
judging from the vegetative characters, they are certainly nembers of
P. argentea 1..

3. Distribution areas. In comparison with the diploids and hexa-
ploids the tetraploid biotypes must have a rather limited or localized
distribution, which has to be further studied. Comparing the diploid
and hexaploid argentea-types, it seems rather clear that the diploids
have a more northern distribution area than the hexaploids. The
distribution areas are overlopping, however, and at five different
localities in South Sweden (Dalby and Bickaskog, Skane; Ronneby,
Blekinge; Kristineberg, Bohuslin and Vickleby. Oland) they were found
to grow either quite mixed or in more or less close proximity. In the
surroundings of Ronneby P. argentea L. is evidently represented not
only by tetraploid biotypes but also by diploids and hexaploids.

In order to state our present knowledge about the geographical
distribution of the argentea-biotypes with controlled chromosome
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numbers more precisely the following localities may be enumerated
(in approximate order from south to north).

Diploid biotypes. In the province of Skdne: Skanor, Anklam, Sjobo, Sjobo-
Veberod, Veberod, Dalby, Hoor, Axelvold, Bickaskog, Hovs hallar. In Blekinge:
Ronneby, Hirstorp, Fagelmara. At the isle of Oland: Vickleby. In Smadland: Kal-
mar, Vistervik. In Halland: Laxvik, Haverdal, Asa, Tjoloholm, Gottskir. At the
isle of Gotland: Sundre. In Bohuslin: Stenungsund, Kristineberg. 1In Vistergot-
land: Trollhiittan. In Sédermanland: Stockholm. In Jéamtland: Froson. In Anger-
manland: Offer. In Norway: Ringebu (Opland), Hjelle i Breitstad s, Nordtrondelag.

Hexaploid biotypes. In Skdne: Dalby, Lomma, Kivlinge, Ronneberga backar,
Bickaskog. In Blekinge: Ronneby. At the isle of Oland: Vickleby. At the isle of
Gotland: Visby. In Bohusldn: Kristineberg.

Tetraploid and pentaploid biotypes. As already mentioned tetraploid
argentea was obtained from Ronneby (Blekinge) and pentaploid argentea from
Fortuna (Skane).

From the lists given above it is evident that the most northern
hexaploids so far established were collected at Gotland and at Kristine-
berg (Bohuslin). Diploid argentea-biotypes were observed at seven
more northern localities, including Offer’ (Angermanland) and Hjelle
(Nordtrondelag, Norway).

Other evidence that the hexaploids have a more southern distri-
bution is represented by the fact that two biotypes collected at Harz-
gebirge and Miincheberg in Germany were both found to be hexaploid
and of the same general appearance as the Swedish hexaploids.

4. Morphology. The morphological comparison between argentea-
biotypes with different chromosome numbers was much stimulated
by a paper by MARKLUND (1933). This author finds that the Finnish
representatives of the collective species P. argentea could easily be
divided into two rather well differentiated groups P. argentea sensu
strictu and P. impolita WAHLENB. From herbarium studies MARKLUND
also concludes that most other biotypes of the collective species in
question can be referred to either one or the other of these two cate-
gories. MARKLUND also states, however, that in south Europe there
are certainly also other species belonging to the P. argentea-group. He
also considers it possible that a more close study of the argentea-types
growing in north and middle Europe may lead to the establishment
of some other species-units besides impolita and argentea sensu strictu.
From the brief descriptions of cytologically controlled argentea-bio-
types by MUNTZING (1928, 1931) MARKLUND concludes that P. impolita
is probably hexaploid, P. argentea (s. str.) diploid. Finally, MARKLUND
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points out that P. impolita has a more southern distribution than P.
argentea (s. str.). — To avoid misunderstandings it may be convenient
in the following to denote the whole collective species as P. argentea L.
and the two species units described by MARKLUND as P. impolita
WAHLENB. and P. argentea, MARKL.

Since about 50 different progenies of P. argentea 1.. with a known
origin have been observed in our cultures and have been cytologically
examined, we have had a very good opportunity to test, whether our
hexaploid strains fit the diagnoses given by MARKLUND for P. impolita
WAHLENB. and P. argentea MARKL.

In the summer of 1940 we had 22 different biotypes of P. argentea
L. in culture in the same field and under quite comparable conditions.
Sixteen of these were diploid, one pentaploid and five hexaploid (cf.
Figs. 1—8).
with a morphological key based on MARKLUND's diagnoses.

These biotypes, which were all different, were examined
The follow-

ing characters were examined in each biotype.

Character nr.

P. impolita W AHLENB.

P. argentea MARKL.

1 Shoots high and coarse. Shoots low and weak.

2. Shoots erect. Shoots procumbent.

3. Leaves more or less densely Leaves smooth or with sparse
hairy on the upper side. hairiness.

4. Leaflets close to each other with Leaflets more separate with
broad base (Figs. 9—15). narrow base (Figs. 16—20).

5. 4—5 leaf dents at the longest Rarely more than 3 leaf dents.
leaflet of the rosette leaves.

6. Leaf dents, acute, squarrose. Leaf dents obtuse.

Ths Stipules on the middle shoot- Stipules undivided or with one
leaves often bilobate. lobe.

8. The flower stalks start at acute The flower stalks have a more
angles. lateral direction.

9. Flower stalks long. Ilower stalks short.

10. Bracts not much developed. Bracts more developed.

11: Sepals rather hairy. Sepals less hairy.

12 Flower buds with short outer Buds with rather long outer
sepals. sepals.

13. Sepals acute. Sepals rather obtuse.

14. Flowers large, petals broad Flowers smaller, petals narrow
(Fig. 22). (Fig.- 22).

15. Flowers bright yellow, anthers IFlowers, »nthers and gynoecium
and gynoecium dark yellow. pale yellow

16. Anthers large and thick, styles Anthers small, styles thin.
thick.

17. Late flowering. Early flowering.
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FFigs. 1-—8. Field plants of Potentilla argentea L. with different chromosome numbers.

— Figs. 1—3, diploid biotypes (2n = 14) from Kalmar (Smaéaland), Veberod (Skéne)

and Hjellum (Norway). Fig. 4 the pentaploid biotype from Fortuna (Skéane). Figs.

5—7, hexaploid biotypes (2n = 42) from Lomma (Skane), Dalby (Skane) and Miin-

cheberg, Mark (Germany). Fig. 8, the octoploid type (2n = 56) obtained from the

Botanical garden of Iasi. This vigorous type has just started to flower and will later
on reach much greater dimensions. — The length of the measure is 50 cm.
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Figs. 9—21. Basal leaves of different biotypes of Potentilla argentea L. — Fig. 9,

the octoploid biotype from the Botan. Garden of lasi. Figs. 10—14, five hexaploid

biotypes (from Dalby, Kiivlinge, Harz, Miincheberg and Lomma respectively). Fig. 15,

the pentaploid biotype from Fortuna. Figs. 16—20, five diploid, apomictic bio-

types (from Frosoén, Hjelle, Dalby, Kalmar and Asa respectively). Fig. 21, a leaf
from the diploid, sexual strain A—G. — X 0,55.
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I'ig. 22. I'lowers of different biotypes of Potentilla argentes L. a, octoploid (2n — 56);
b and ¢, hexaploid (2n — 42); d, pentaploid (2n — 35); e and f, diploid
(2n = 14). — X 1,0.

For each biotype studied the occurrence of impolita-characters

was noted with -+ signs, the occurence of argentea MARKL.-characters

with — signs. If the character observed was neither typically impolita
nor argentea MARKL. it was noted as 0. The sum of the 4+, — and 0

signs may evidently be regarded as a rather good measure of the
similarity to impolita or argentea MARKL. According to the key a com-
plete and ideal impolita should have the value + 17, an ideal argentea
MARKL. the value — 17.

However, after the observations had been carried through it was
found, that none of the 22 biotypes tested had reached any of these
extreme values. Nevertheless, there was a quite clear division into
two groups. One group consisted of the five hexaploid and the single
pentaploid biotype, the other group comprised the 16 diploid biotypes.
In the former group the five hexaploids had the morphological values

+ 13, + 13, + 12, + 9 and + 7 (M = -+ 10,8), the corresponding value

of the single pentaploid biotype being -+ 8. Among the diploids the

morphological values ranged from 5 to — 12 with an average of
8:2.

The above analysis evidently represents a clear verification, firstly
of MARKLUND's establishment of two distinct species units within the
collective species P. argentea 1.., viz. his P. impolita WAHLENB. and
argentea MARKL. Secondly, his supposition that P. impolita is generally
hexaploid and P. argentea MARKL. diploid has also turned out to be
correct. However, the finding of a pentaploid biotype (Fig. 4) with
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just as good impolita-characters as some hexaploid biotypes shows
that P. impolita is not quite homogenous with respect to the chromo-
some number.

During the morphological study of the 22 biotypes it was found that some
characters had a much higher diagnostic value than others. This was tested
arithmetically in the following way. With respect to character number one the five
hexaploid strains had given + signs in two cases and a 0 in the other three. Thus,
the average will be + 2:5 — + 0,40. If all 5 biotypes had given + signs, the average

value would have been + 1,00. In the same way there were nine — and seven 0
among the diploids, the average value thus being — 9 :16 — — 0,56. If all 16 bio-
types had given — signs, the average would have been — 1,00. Thus, in extreme

cases, if the character in question has a very good diagnostic significance, the
difference between impolita- and argentea-values may reach a maximum of -+ 2,00.
If the characlers are less good, the difference will be smaller, and if the characters
are quite useless, the differences will be about = 0 or have negative values. With
respect to the 17 characters tested the following result was obtained:

Character nr.: 1 2 3 4 ) 6 7 8

Hexaploids: + 040 + 040 + 1,00 + 0,40 -+ 1,00 -+ 1,00 —0,20 -+ 0,80
Diploids: — 0,56 —063 —1,00 —081 —094 —1,00 —0,81 + 0,00
Difference: $=00967 =108 =200 =121 4 1% --200 0,61 - -+0,80
Characternr.: 9 10 11 12 13 14 15 16 17

Hexaploids: -+ 1,00 + 0,60 + 1,00 + 0,20 + 0,80 £0,00 + 1,00 + 0,80 -+ 0,60
Diploids: — 0,62 + 025 +094 + 0,56 + 0,19 -—0,94 —0,88 — 1,00 — 0,94

Difference: + 1,62 + 0,35 + 0,06 —0,36 + 0,61 + 0,94 + 1,88 + 1,80 -+ 1,54

Judging from the above figures characters nr. 3 and 6. i. e. the hairiness of
the leaves and the shape of the leaf-dents, have an excellent diagnostic value (cf.
IFigs. 9—20). Characters nr. 5, 15 and 16 (number of leaf dents, flower colour and
size of the anthers and styles) are also quite valuable. Of the remaining 12 characters
studied 9 are more or less useful, the values of the differences ranging from
+ 1,62 to + 0,61. Three characters, however, nrs. 10, 11 and 12, were found to
be quite or almost quite useless, the differences in these cases having the values
+ 0,35, + 0,06 and — 0.36 respectively.

5. Duration of life. Rust resistance. In addition to the diagnostic
characters discussed above it may be mentioned that some other typical
differences between the diploid and polyploid groups were observed
in our cultures. In the first place it should be mentioned that there
is a very marked average difference between the duration of life of
the diploid and polyploid types. The hexaploid (as well as the penta-
ploid) P. impolita-types are all strictly perennial, whereas the diploid
P. argentea MARKL. is scarcely more than biennial. If seeds of bio-
types belonging to the latter species group are germinated in the spring,



246 A. AND G. MUNTZING

and the young plants are transplanted to the field in the summer of
the same year, they will survive the following winter very well. Next
summer they will reach full development and flower abundantly.
(They also flower to some extent in the first summer.) After this
summer they generally survive the next winter rather poorly or die
completely in contrast to the hexaploids, which retain their full vigour
during several years. Though there is a quite typical average diffe-
rence between the two groups impolita and argentea as regards dura-
tion of life, it should be noted that minor but quite clearcut biotype
differences were observed within the diploid group. Some biotypes
were found to be more perennial than others. Among the hexaploids
no such differences have been found, all the types being strictly peren-
nial. Also the single pentaploid biotype behaved in the same way.

It might be suspected that the different degrees of perennial life
duration are due to differences in cold resistance. This is not the
case, however, firstly because the diploids show a perfect winter
hardiness during their first winter, secondly because they were found
to have a more northern distribution than the hexaploid impolita-
types. Thus, there is a true difference in periodicity between the two
groups which is quite independent of the winter hardiness as such.

Another observation may be mentioned which also demonstrates
a difference between impolita and argentea MARKL. In the spring and
summer of 1940 our Potentilla cultures were severely attacked by rust.
This attack, however, affected the diploid biotypes much more than
the hexaploids (and the pentaploid). The latter suffered very little,
indeed, in contrast to several diploid argentea-types growing close by.
Among the diploids there were also clear differences in rust suscepti-
bility. Some biotypes were quite severely attacked, others much less.
There was no correlation between degree of rust susceptibility and lack
of winter hardiness during the second winter after germination. Some
diploid biotypes which had been severely attacked by rust in the
preceding summer survived the winter rather well and vice versa. Thus,
neither differences in winter hardiness, nor in rust susceptibility in-
fluence the duration of life. The periodicity is controlled by other
genetic factors.

6. Seed and pollen size The hexaploid impolita-biotypes were found
to have larger seeds and pollen grains than the biotypes of diploid
argentea MARKL. This difference, which is probably correlated with the
quantitative difference in chromosome number, seems to be quite typical.
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Seed size was measured in samples from 19 diploid, 3 tetraploid and 9 hexa-
ploid biotypes. The 19 diploids belonged to P. argentea MARKL., the hexaploids to
P. impolita. The morphology of the tetraploids has not yet been studied, the
measurements being undertaken at the original seed samples obtained. Irom each
biotype 50 seeds were measured. The 19 average values thus obtained in the di-
ploids were found to range from 18 to 23 units with an average value of 20,45. In
the 9 hexaploids the average values ranged from 23 to 26, the mean value of this
series being 24,61. Since the two series are almost quite separated from each
other, statistical treatment of the difference is superfluous. The significance of
the difference is further demonstrated by the fact that the seeds of the tetraploid
biotypes were found to be intermediate in size, the total average of the tetraploids
being 23,83.

Quite similar results were obtained with respect to pollen size. Data are
available for pollen samples of 4 diploid argentea MARKL.-biotypes and 4 impolita-
biotypes. In each sample 50 pollen grains were measured. In the four diploid
biotypes the average diameter was found to be 8,26, 8,30, 8,30 and 8,56 respectively.
In the four hexaploids the corresponding values were 9,40, 9,40, 9,40 and 9,70
respectively.

Adding the values for all the diploid and hexaploid pollen samples the fol-
lowing two series were obtained:

Pollen diameter

7 8 9= 10 11 - units = n Mtm
Diploid biotypes ... v i 4 128 62 6 200 8,35+ 0,04
Hexaplold 3. iosiiini o oas 1 4 77 105 3 200 9,48 £ 0,05

The difference between the average values 1,13 * 0,06 is evidently significant
(D/m = 18,8).

Thus, it is rather probable that pollen size in P. impolita is
generally larger than in P. argentea MARKL. This difference, though
rather slight, may be of importance for herbarium studies. In doubtful
cases this character may help to decide to which species unit a certain
specimen should be referred. — If ripe seeds are available it is quite
easy to tell, whether the plant is diploid or hexaploid. Predictions
of this kind could be made for about 20 seed samples and were after-
wards found to be correct almost without exception. In a few cases
it could not be decided, whether the seed sample was diploid or hexa-
ploid, and in these cases it was later found that the samples had been
tetraploid. In one case the seed measurements gave a bimodal curve,
and later it was found that the seed sample had given a mixture of
diploid and hexaploid plants.

7. Pollen fertility. Pollen fertility was examined in 17 diploid, 5
hexaploid and 1 pentaploid biotype. The percentage of good pollen
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was determined in a total of 116 plants. In one of the diploid biotypes
only one plant was examined, in the pentaploid 10 plants and in all
the other biotypes 5 plants per biotype.

A clear difference between the average pollen fertility of the diploid
and polyploid biotypes was revealed by these studies. Among the di-
ploids 77 of the 81 plants examined had between 90 and 100 per cent
good pollen, only 4 plants having slightly lower percentage values.
Among the hexaploids, on the contrary, only 2 of the 25 plants examined
had 90—100 per cent good pollen, the corresponding values of the
other plants ranging from 30 to 90. In the first group the percentage
of plants with at least 90 per cent good pollen will be 95,124, In
the second group the corresponding value will be 8,054 per cent.
The difference 95,1 — 8,0 =87,1£5.,9 is evidently significant.

As might be expected the pentaploid biotype had rather bad
pollen, the percentage of good pollen in the 10 plants examined ranging
from 40 to 70 with an average value of 51 per cent. — The counts in
all the biotypes may be summarized in the following way:

Per cent good pollen
30—40—50—60—70—80—90—100 n M

Hexaploid plants (from 5 biotypes) 1083510 -4 -9 50 8-2D 25 63,00
Pentaploid plants (from 1 biotype) 8 10 48,0
Diploid plants (from 17 biotypes) el e 81 944

Besides the clear difference between diploids and hexaploids the
above values also demonstrate that plants belonging to the pentaploid
biotype are less fertile than most hexaploid plants.

8. Meiosis in the pentaploid biotype. In a previous paper (MUNTZING
1931) meiosis in the p. m. c. of one diploid and one hexaploid argentea-
biotype was described. The meiotic divisions were found to be quite
regular in the diploid. In the hexaploid there were minor irregularities,
including the occasional occurence of multivalents, composed of 3—6
chromosomes. This indicated a certain degree of autopolyploidy.

These previous observations on meiosis in the P. argentea-group
may now be supplemented with some data from the single pentapioid
biotype (from Fortuna, Skane). The flower buds were partly fixed
in chrome-acetic-formalin, partly in Carnoy. The latter fixative gave
the best result. The slides were stained with gentian violet,

At first metaphase most of the chromosomes are present as bi-
valents, these bivalents generally being surrounded by a variable
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number of univalents. A more detailed study also revealed the oc-
currence of trivalents. In a few cases quadrivalents could also be
distinguished with more or less certainty.

The number of univalents outside the I-—M groups (observed in side view) was
observed in two slides with the following result:

Number of univalents.

0 1 2 3 4 5 6 7 n M
Slide nr. 1: 1 2 10 12 11 8 4 2 50 3,60
el D8 2 7 11 13 4 1 38 4,34

Total: 1 2 12 19 22 21 8 3 88 3,92

Thus, the number was found to vary from 0 to 7 with an average of about
4 univalents. The actual number may be somewhat higher owing to the difficulty
of distinguishing all univalents in some cells. Nevertheless it may be concluded
that the average number of univalents is lower than 7.

The complete I-——M configurations could be distinguished with some difficulty
in 18 cells (14 polar views + 4 side views). These cells represented 11 different con-
figurations, which occurred in the following frequency:

Configuration nr. Frequency Configuration nr. Frequency
1: 13u-+ 91 1 7: 3m +— 11u—+ 41 2

2: Mn—+Tn 1 8: 11y =+ 3m —+ 9+ 4 1

3: 1 -+ 120+ 81 1 9: 151+ 51 2

4: 1 -+ 131 -+ 6y 1 10: 2mr + 131+ 31 2

5: 2m -+ 12 -+ 51 5 11: v 4+ 13u+ 51 1

6: 3ur -+ 10 + 61 1

According to these data one or a few trivalents were present in most
cells, the most typical configuration probably being 2,,+12,-+5,. In
thirteen of the cells studied the number of bivalents -+ trivalents was
not higher than 14 (counting the occasional quadrivalents as two bi-
valents). In five cells, however, (configurations 9—11) the sum was
as high as 15. At least some of these latter cells were clear enough
to be quite convincing.

The most plausible explanation of the observed mode of pairing
is that the pentaploid biotype in question contains several more or less
homologous genomes. Four of these genomes generally pair as bi-
ralents or form an occasional quadrivalent. The fifth genome may
in rare cases occur as 7 univalents, but more frequently some of these
chromosomes form trivalents with homologues in the other genomes.
The occasional occurrence of 15 bivalents + trivalents may be due to
intragenomatic pairing.

These pairing conditions in the pentaploid are illustrated by Figs.
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23—27. InFigs.23—25 thereare threecellsin polar view showing the prob-
able configurations 1;y+1y+113+6;, 25 +124+5; and 1w+ 135+ 5.
The quadrivalent in Fig. 23 is situated at 5 o’clock. The quadri-
valent in Fig. 25 may possibly be two independent bivalents but more
probably it is a zig-zag chain of four chromosomes. Two complete
I—M groups in side view are shown in Figs. 26—27, the configura-
tions probably being 3+ 11;+4; and 2+ 13,1+ 3; respectively.
The trivalents in Figs. 23—27 are either V-shaped chains (the most
frequent type), straight chains or ring-and-rod-trivalents (as in Fig. 27).

At first anaphase lagging and dividing univalents were frequently
seen, though several univalents also may pass to the poles without
division. An anaphase with division of 5 univalents is represented in
Fig. 29. Figs. 28 shows an early first anaphase with undivided uni-
valents between the anaphase-groups. The distribution in this case
is 15—5—15. In another cell at exactly the same stage the distribution
was 14—6—15. These cells clearly verify that the somatic chromo-
some number of the biotype in question is really 35.1

The number of chromosomes in the second metaphase plates was
counted with the following result:

Numiber ‘of ‘chromosomes i .:.iais oo o 1421 5e16 7017l 8 519 202 M
» pvplatessans e ot B 50 6:= 19 1A T e 1002 - 570-217:0

Since much chromosome elimination occurred at the first division, resulting
in a rather high frequency of micronuclei at interphase, the average number of
chromosomes at II-—M should, from that reason, be much lower than half the
somatic number. However, as regards the chromosome number in II-—M-plates,
the elimination at the first division is partly compensated for by the frequent divi-
sion of univalents at first anaphase. Thus, in spite of the elimination the average
number of chromosomes in the II-—M plates was found to be as high as 17,0.
At second anaphase, however, there was much chromosome lagging, and therefore
the total meiotic result will be gametes which, on an average, have less than half
the somatic number. — These conditions are briefly illustrated by Figs. 30—31.
In Fig. 30 both II-——M plates are possible to count, one having 18 chromosomes, the
other one 19. Since the somatic number is 35, this means that 2 univalents have
divided at I-—A, the halfs being included in the interphase nuclei. Some of the
chromosomes in the plates are, indeed, rather small and probably represent the split
univalents. — Fig. 31, finally, shows an ordinary cell at 1I--M with 16 chromo-
somes in the visible plate and 3 chromosomes outside the plates, which have been
eliminated at the first division.

L It seems superfluous in the present paper to represent any somatic plates.
Quite clear plates with short chromosomes were obtained in Potentilla by treatment
of the seedlings with low temperature before fixation in diluted chrome-acetic-
formalin. (12 hours at * 0—+ 2° C.).
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Figs. 23—31. Meiosis in the p. m. c. of pentaploid P. argentea. — Figs. 23—25,

I—M, polar view. Fig. 23, probably 11v + 1mx + 1151 + 61; Fig. 24, 211 + 1211 + 55;
Fig. 25, probably 11y + 1311 + 51. Figs. 26—27, I—M, side view (separately drawn).
Fig. 26, 311 + 11 + 41, Fig. 27, 2mp + 1311 + 31 Fig. 28, [—A, polar view (sepa-
rately drawn), distribution 15—5—15. Fig. 29, I—A, division of 5 univalents.
Fig. 30, II—M, distribution 18—19 (2 univalents have divided at I—A). Fig. 31,

II—M, 3 eliminated chromosomes, 16 chromosomes in the visible plate. — > 4250.



262 A. AND: G. MUNTZING

III. Some foreign, deviating argentea-types.

In addition to the Scandinavian members of the argentea-group
and the hexaploid biotypes from Germany our cultures include some
deviating and rather interesting types from other sources.

1. The octoploid biotype A-E. The first of these devialing lypes
to be mentioned is an octoploid biotype (»A—FE») obtained from the
Botan. Garden of Iasi (middle Europe). This biotype is evidently
apomictic just as all other argentea-types hitherto described. The
original seed sample gave a quite uniform progeny. One of these
plants gave a second progeny (after open pollination), consisting of
36 plants, which was also absolutely uniform. Further, the A—F bio-
type has given maternal offspring in crosses with two different biotypes
of P. collina (MUNTZING 1928, Tab. 5). (Unfortunately there is a
misprint in this table. The crosses »A—C X C—A4» and »A—C X C—C»
[near the bottom of the table] are in reality A—F X C—A and
A—E X C—C)

As already mentioned by MUNTZING 1931, the octoploid A—F is
very vigorous (cf. Fig. 8). This vigour is correlated with a pronounced

lateness, the commencement of the flowering being much later than
in all the other diploid, pentaploid and hexaploid nembers of the argen-
tea-group. A—I is strictly perennial and in morphological respects
a super-impolita type. The morphological value (cf. p. 244) was found
to be +14. The leaves are rather hairy on the upper surface and with
deeply incised narrow and acute leaf dents (I'ig. 9). The flowers are
rather large (Fig. 22a).

2. The partially sexual strain A-C. a. Morphology, con-
stancy and fertility. In previous publications the argentea-
type A—C, obtained from the Botan. Garden of Basel, Switzerland,
was reported to be diploid (2n=14) and at least partially apomictic
(MUNTZING 1928). There remained some doubt, however, whether it
was slrictly truebreeding (MUNTZING 1931, p. 169). Recent results
demonstrate, indeed, that this strain is partially sexual.

From two typical A—C plants (4—1 and 4—2) progenies were
raised after open pollination. In the first progeny (from 4—1), consist-
ing of 70 individuals, there were two clearly deviating plants and one
plant which only sligthly differed from typical A—C. Typical A—C
(Fig. 32) is characterized by extremely hairy leaves which are greyish
or whitish green even on the upper surface (Fig. 34, upper row to the
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Fig. 32—33. Plants of the partially sexual argentea-strain A—C (2n — 14). Fig. 32,

34 !

a typical plant, IYig. 33 an aberrant, vigorous plant. Fig. 34, leaves of different

{—C plants. Upper row to the left, typical A-—C; upper row in the middle, a

slightly deviating A-—C type, representing a new, almost constant line, the other

five leaves demonstrate the intensive variation in a segregating progeny of an A—C
aberrant (such as the plant in Fig. 33).

left). The flowers are very large and pale yellow. The plants are
strictly perennial. — The three aberrant plants were all found to be
diploid like typical A—C. Two of them were very vigourous and gave
every impression of being spontaneous hybrids with diploid Scandi-
navian argentea MARKL. (cf. Fig. 33). Such biotypes had been growing
18 Botaniska Notiser 1941.
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near the mother plant. The third aberrant only differed from the
type by a more yellowish green leaf colour and some minor vegetative
differences. This plant, like typical A—C had quite good fertility in
contrast to the two supposed F;-hybrids, which had only 20 and 30
per cent good pollen respectively. All three deviating plants, how-
ever, produced much seed, and progenies could be raised. The slightly
aberrant and fertile plant gave a progeny of 20 plants after open polli-
nation. This progeny was almost quite constant and identical with the
mother but on an average clearly different from a strictly comparable
progeny of typical A—C. Thus a new, slightly different A—C type had
arisen (IYig. 34, upper row in the middle), probably by an occasional
genetic recombination within the A—C-type and not by outcrossing.

The progenies of the other two aberrants, the supposed F;-hybrids,
behaved in a completely different way. They were characterized by
a very intensive segregation (cf. Fig. 34), indicating that the mother
plants had been purely sexual. A total of 211 plants were studied, 70
obtained after isolation and 141 after open pollination. The progenies
of both mother plants behaved in just the same way. Instead of giving
long descriptions of the multitude of various forms in this material,
it may suffice to state that the plants gave the impression of re-
presenting a typical species cross segregation. The variation in mor-
phological details was enormous, and as regards vigour there were all
transitions between quite abnormal types with poor vigour to extremely
well developed plants. Many plants had died at an early stage. Only
one of the segregation products was similar enough to the original
mother type to be classified as typical A—C.

The variation in pollen fertility in the A
the following result.

C strains was studied with

Per cent good pollen
Family nr.  20—30—40—50—60—70—80—90—100 n M

149 10514 15 943
150 1 1 1311 14 90,7
151 1 — 2 — 1 — — 2 6216157
153 T=2101 14 921
154 S Il a3 b 3 Y 38 57,6

Families nr 151 and 154 (raised after isolation) belong to the
segregating material just described. Though highly variable, pollen
fertility is better than in the mother plants, the average values being
57,6 and 61,7. As already mentioned the corresponding mother plants
had 30 and 20 per cent good pollen respectively.
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Family 153 represents the new A—C type derived from the slightly
aberrant mother plant. Pollen fertility in this family is evidently just
as good as in typical A—C, the average value being as high as 92,1
per cent. This value may be compared with the first two average
values of the table, 94,3 and 90,7 which represent two different
progenies of typical A—C plants studied in 1940. Family 149 belongs
to the offspring of the plant 4—1 mentioned above (p. 252). Family
150 represents the offspring after open pollination of plant 4—2. Also
in this progeny there was no absolute constancy. one individual being
clearly aberrant (Fig. 33) and of the same type as the probable F,-hy-
brids discussed above. Again this aberrant was found to be less fertile
than typical A—C-plants (fig. 32), the percentage of good pollen being
as low as 60 per cent.

Definite proof of the partial sexuality of the A—C strain was
obtained by a number of crosses between A—C as the mother parent
and a number of morphologically quite different. diploid Scandinavian
types of P. argentea MARKL. This material has not vet flowered, but
it is already certain that many true hybrids have been produced in
addition to the purely maternal plants.

b. Cytological results. In the families 151 and 154,
progenies after isolation of the two clearly aberrant A—C-plants, root
tips were fixed of 4 and 5 plants respectively. The plants fixed were
taken completely at random. Of the four plants in family 151, three
were found to be diploid (2n=14) and one friploid (2n=21). Of the
five plants in the other family four were diploid and one triploid.
Thus, there is reason to believe that about 20 per cent of the plants in
the segregating families were triploid instead of having the normal
diploid number. Such triploids must have arisen by fertilization of
unreduced ovules.

It was not possible with certainty to distinguish other triploids
in the field by morphological inspection or by pollen examination.
The two controlled triploids had 30 and 40 per cent good pollen resp.,
but some diploids were even less pollen fertile, the percentage of good
pollen in the 7 diploids cytologically examined ranging from 20 to 90.
The degree of seed setting seems to be a more valuable indication of the
chromosome number, the triploid plants having a much less good seed
production in the isolation bags than the plants found to be diploid.

Meiosis in the p. m. c¢. was studied in the triploids and was found
to be quite similar in the two triploid individuals. For comparison
meiosis was also observed in diploid A—C. In the diploid meiosis was
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Fig. 35—36. Meiosis in diploid A—C (2n = 14). — Fig. 35, I—M (separately drawn),
711; Fig. 36, II—M, distribution 7—7. — Figs. 37—42. \’Ioi()sis in triploid A—C

(2n = 21). — Figs. 37—38, I—M, polar view; Fig. 37, 4111 + 311 + 31; Fig. 38, 3111 +
411 + 41; Fig. 39, I—M, side view (separately drawn), 6111 + 111 + 11; Figs. 40—42,
II—M; Fig. 40, distribution 10—11; Fig. 41, distribution 10—12 (one univalent has
divided at I—A); Iig. 42, distribution 10—10, one chromosome eliminated.

X 4250.

perfectly regular. This is evident from Figs. 35—36. Fig. 35 represent
a I—M group in side view, 7 bivalents being formed. Fig. 36 is a
regular second metaphase with 7 chromosomes in each group. — The
triploid plants were characterized by a rather high frequency of tri-
valents at first metaphase. This is evident from Figs. 37—39. Figs.
37—38 show two I-—M groups in polar view with the configurations
4y 4 3y 3 and 3y + 4y 1+ 4y respectively, and in Fig. 39 there is a
side view with 6;;+ 15+ 1. Most of the trivalents are V-shaped
chains.

Since the number of univalents at I-—M is inversely proportional
to the number of trivalents, the frequency of univalents was counted
in 80 cells with the following result:

Number-ofunivalents « . r ol oo ool 0 1 o3 - a9 n M
» e | ST el o S e e e i e 21 - 28.--21-. &5 4 1 80 1,33

The average number is 1,33, which would correspond to a trivalent
frequency of 5,67. Due to the possibility of overlooking some uni-
valents the average frequency of univalents may in reality be slightly
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higher, and, hence, the frequency of trivalents sligtly lower. At any
rate, however, trivalents are quite frequent and more frequent than
in the pentaploid argentea-biotype discussed above.

The presence of univalents at [-—M causes some lagging, division
and elimination of chromosomes. This is demonstrated by Figs. 41—
42, showing cells at second metaphase. In Fig. 41 the two plates
contain 10 and 12 chromosomes. One univalent has evidently divided
at I-—A, the halfs of the univalent being included in the daughter
nuclei. In Fig. 42 the chromosome distribution is 10—10, one chro-
mosome being eliminated. Fig. 40, finally, shows the most regular
distribution, 10—11. The number of chromosomes was counted in
37 II-—M plates. It was found to range from 8 to 13 with an average
of 10,41. Due to lagging and elimination at second anaphase the average
chromosome number of the gametes will be somewhat lower than 10.41.

3. A sexual argentea-strain. a. Diploid plants. In 1937 a
new seed generalion was raised from a number of P. argentea-bio-
types in our cultures. The progenies were raised from single openpolli-
nated mother plants. Due to the apomictic seed formation most of
these argentea-progenies were quite uniform as expected. Two pro-
genies, however, behaved differently. One of them was an A—C-
family. As was reported in detail in the preceding paragraph this
family comprised a few clear aberrants but was otherwise quite or
almost quite constant.

Another family, denoted by A—G. differed still more strikingly
from all the other Potentillu-progenies cultivated at that time. It was
highly variable, and of the 16 plants in the progeny not two were
alike. Thus, this material evidently represented a sexual argentea-
strain.  This was verified by raising a second generation and by
successful crosses with other biotypes of P. argentea and opaca.

The origin of this sexual P. argentea-strain is somewhat obscure. In 1925 a
great number of seed samples of P. argentea were obtained from various botanical
gardens. One sample, nr. 192539, was from the botanical garden of Edinburgh
and gave rise to a family of 16 plants, which were apparently uniform. A cyto-
logical examination showed that this biotype was diploid, having 2n — 14 (MUNT-
ZING 1931). In 1928 a second generation of this type was raised. This family, nr.
1928101, consisted of 10 plants, which according to the notes were typical. Seeds
were gathered after open pollination from one plant of family 1928—101, and in
1932 this seed sample gave rise to family nr. 1932—9. This family was raised just
in order to preserve the biotype in question which, like most other diploid argentea-
types, was not strictly perennial. Therefore, family nr. 1932—9 was not especially
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observed. In 1935 only one plant of 1932—9 was still alive, and this plant (1932—
9-—1) did not seem to be a quite typical A—G plant. However, in order to save
the diploid A-—G-line, if possible, seeds were collected from this plant after open
pollination and were germinated in 1937. These seeds gave the extremely variable
and evidently purely sexual progeny just described.

From the above account it is clear that the sexual strain now
available is not identical with the original, uniform A—G-type. Several
considerations have led us to the conviction that the sexual material
is the result of a spontaneous cross belween the original A—G-line
and the partially sexual argentea-strain A—C. This explanation is
supported by the following facts.

Firstly, the sexual strain was found to be diploid like the original A—G and
as A—C. In morphological respects the sexual strain resembles A—C by its vigour,
by a rather marked hairiness (also on the upper surface of the leaves), rather
broad leaflets (cf. Figs. 21 and 34), and by the relatively large flowers. Further,

the sexual strain is strictly perennial in contrast to the original A—G.

C strain in contrast to all
other diploid argentea-types in our cultures, which seldom live more than two years.

This is to a still higher degree typical of the A

Thus, it is highly probable that the single surviving and morphologically deviating
plant in the family 1932-—9 was an I%;-hybrid between the original and typical
A—G and the A—C-strain growing close by. This implies that the original A—G-type
was, to some extent, capable of sexual reproduction. Then, after hybridiza-
tion with A—C, which is now known to have a rather strong sexual tendency, an
Fi-hybrid was produced, in which the genetical system bringing about apomictic
seed formation completely collapsed, the result being a highly variable progeny.

According to the above argumentation this progeny represents an Fs-genera-
tion of the cross A—G X A—C. This is still further supported by the results of
pollen examination. In the segregating sexual material all plants were partially
pollen sterile, the percentage of good pollen ranging from 10 to 80. In this con-
nection it should be remembered that the spontaneous Fi-hybrids between A—C
and argentea MARKL. were found to be rather pollen sterile, the percentage of good
pollen in the three plants so far studied amounting to 20, 30 and 60 per cent
respectively. In the progeny of these hybrids there was a marked variation and
an average increase in pollen fertility (cf. p. 254).

Details about pollen fertility in the sexual A-—G X A—C-material
are given in Table 1. According to this table the average pollen
fertility of 10 diploid plants in the first segregating generation (»9—1»)
was 57,0. The families 158—163 were raised from five of these diploid
plants. On an average pollen fertility is evidently considerably higher
in this second generation than in the preceding generation. It should
be observed that the pollen counts of both generations were undertaken
simultaneously. This increase in pollen fertility is accompanied by an
obvious decrease in the morphological variation. Some of the families
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Table 1. Pollen fertility in a sexual strain of P. argentea.

| I‘I)Ol'll(?n |
Sie dor ce > ‘ y |
nlull;l]()lcr Per cent good pollen n| M| iy
| mother
10 10--20- 30 40 50 60 70 80 90 100 ‘ | plant
156 2 2 1 85,0 j 1—10
157 i2 6 d 6 b 2 2 38 | 25,0 »
158 1 =7 1 3 | 81,7 | 40
159 | 1 1 2 = 1 5 | 63,0 1 »
160 1 — — — 1 i 2 51 77,04 60
161 1 R e | 2 5| 69,0 10
162 3 e 5| 8L01 9
163 ‘ 1558 5:1°85,0 ?
9—1 (diploids) 1o o en s e 10 57,0 =
» (pentaploid) 1 1 5,0 -

in the second generation are rather uniform others are still segregating.
This is obviously the same picture as is obtained in F; of a species
cross between two relatively closely related species. It will be very
interesting to test if, and to which extent, the morphological and
genetical stabilization will be accompanied by a return to apomictic
seed formation.

b. A pentaploid hybrid and its progeny. Among
the 16 plants, constituting the segregating progeny of the presumed
hybrid between A—G and A—C, 15 individuals were found to be di-
ploid, but in addition to these there was also a pentaploid plant, having
2n =35. Morphologically it did not differ conspicuously from the
highly variable diploid sister plants, but it was found to be more sterile
than the other plants in the progeny. The percentage of good pollen
was something between 0 and 10, and in the isolation bags the seed
setting was very poor. However, a fairly large number of seeds was
obtained from the openpollinated flowers.

A total of 44 daughter plants were raised from this pentaploid.
Two of these came from seeds of isolated flowers, the other 42 were
obtained after open pollination. The progeny showed a very strong
segregation, probably all the plants being different from each other
(ef. Fig. 43). The chromosome numbers of all the plants were deter-
mined and found to vary in the following way.

Chromosome
number: 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49
Frequency: g g b PloddE b cli=e T2 =] S i aiias SR on 1
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Ilig. 43. Leaves of 7 sister plants in the progeny of a sexual pentaploid
argentea-plant.

The two plants obtained after isolation had 2n =32 and 38 re-
spectively.

The strong variation in chromosome number confirms the conclu-
sion to be drawn already from the segregation, viz. that the mother
plant must have been purely sexual. In the same progeny the varia-
tion in pollen fertility was studied. The result is given in Table 1.
Family 156 represents the two plants obtained after isolation, family
157 the plants from open pollination. The percentage of good polien
is evidently significantly lower than in the comparable diploid malerial
(Families 158-—163). Seed production in the progeny in question was
also more or less poor, the most sterile plant being the one with 2n = 49.
Even this plant, however, produced some seeds in openpollinated
flowers.

Attempts were made to find a correlation between the different
chromosome numbers and different degrees of vigour and fertility. No
such correlation could be traced, however.

To explain the occurrence of the exceptional pentaploid individual
in the otherwise diploid progeny it is necessary to assume that an
exceptional unreduced ovule in the mother was fertilized by pollen
from a hexaploid argentea-biotype. 1t should be remembered that the
mother plant (1932—9—1, cf. p. 258) was openpollinated, and there-
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fore it could easily become pollinated with the polien of surrounding
hexaploid biotypes. As regards the production of unreduced ovules
other, and more direct evidence has been obtained as to the occurrence
of such gametes in the sexual diploid argentea-strain. Thus, in a cross
between this strain and another diploid argentea-type the chromosome
numbers of 9 F;-plants were determined. One of these was a triploid,
all the others being diploid. Triploid individuals, arisen from the
occasional functioning of unreduced ovules in the sexual strain, were
also observed in the cross sexual argentea X P. opaca (cf. below).

Finally, it should be mentioned that in crosses with hexaploid
argentea (= impolita) and with hexaploid Tabernaemontani the diploid
sexual argentea did not give any true hybrids with 2n=28 but only a
few diploid plants (2n=14). These individuals are yet to young to
decide, whether they are purely maternal or not, but it seems probable,
indeed, that they are maternal diploids, and in such a case it is evident
that the otherwise sexual strain has also a low proportion of unreduced
embryosacs, capable of embryo formation without previous fertilization
of the egg cell.

IV. Hybrids between P. argentea and opaca.

1. Experimental resulls. In our cultures we have two strains of
Potentilla opaca (from Bjerred and Bickaskog, Skane). Both strains,
which seem to differ from each other in some morphological details,
were found to be diploid (2n=14). The same chromosome number
has previously been reported for opaca by TISCHLER (1929), who also
found a tetraploid race. It has not yet been possible to decide whether
our opaca-strains are sexual or apomictic. The latter alternative seems
most plausible since in progenies after open pollination (74 plants of
the Bickaskog strain. 6 plants of the Bjerred strain) no morphological
variation could be detected. When pollinated with argentea-pollen,
however, opaca does not give any seeds. In 1938 plants of P. opaca
were pollinated with pollen from the sexual diploid argentea-strain.
The result was quite negative. This is not due to the relatively bad
pollen of the sexual argentea-plants since exactly the same result was
obtained in 1940, using 3 ordinary diploid and 2 hexaploid argentea-
biotypes as male parents. A total of 73 opaca-flowers were pollinated
in these crosses, but the result was completely negative. Thus, judging
from these results, P. opaca seems to be quite incompatible with P.
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argentea. This is not the case, however. When the sexual, diploid
argentea-strain was used as female parent, the cross with opaca suc-
ceeded without the slightest difficulty.

Three different argentea-plants were used for the crosses and,
hence, three different groups of F,-plants were obtained, consisting
of 122, 39 and 18 plants respectively. This material was partly planted
in Svaldf, partly in Lund. The Lund material, which so far has been
best observed, consists of 80 plants obtained from the argentea-plant
9—1—B as female parent and 18 plants obtained from the argentea-
plant 9—1-—2. With the exception of one single, apparently maternal
plant both categories only comprised true F;-hybrids, but in respect
of vigour and general appearance the two groups of F,-plants are
strikingly different. The hybrids from 9—1—B are very vigorous
and well developed in contrast to the hybrids from 9—1-—2 which are
very poorly developed and scarcely viable. The original number of
18 plants in this group has now, after the winter of 1940—41, been
reduced to 10. In the other, large group of F;-plants all individuals
survived the winter very well. To a certain extent this strong difference
in viability between the two categories of F;-hybrids is parallelled by a
difference in average viability between the non-hybrid offspring of the
two argentea-plants. The progeny of 9—1—B (after selfing and open
pollination) is, no doubt, on an average more vigorous than the progeny
of 9—1—2. This difference, however, is quite slight in comparison
with the difference between the two groups of species hybrids.

As both the parent strains used for the crosses had 2n=14 it
was considered superfluous to control the somatic chromosome num-
bers of the F,-plants. This was a mistake, however, as meiotic studies
revealed the occurrence of a low proportion of triploid I,-plants in
addition to the diploid ones. These triploids are characterized by a
very pronounced sterility and are more similar to P. argentea than the
diploid F,-hybrids. The triploids certainly result from the union of
unreduced argentea-gametes with reduced opaca-gametes.

During the meiotic studies two such plants were found. A third
plants is certainly also triploid, having a similar morphology and
complete pollen sterility just as the controlled triploids. Thus, the
minimum frequency of triploid F,-plants in this material is about 4
per cent. The actual percentage may be slightly higher. Two other
F,-plants are suspected of being triploid on account of a pronounced
sterility and certain morphological argentea-features.

The appearance of the argentea X opaca-hybrids and their parents
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is shown by Figs. 44—56. The mode
of growth is very different in the pa-
rent species. P. opaca flowers very
arly and at this stage it forms a small
pillow (under field conditions), co-
vered with flowers. After the flower-
ing the flower stalks with the seeds
bend downwards, and in the centre of
the plant an erect cluster of rather
large leaves is developed. The plant
in IYig. 44 has just finished flowering
and the central leaf cluster is not yet
very well developed.

The other parent species, P. ar-
gentea, flowers very much later, the
chances of natural hybridization be-
tween the two species for that reason
being very small. The argentea-plants
used for the cross were rather erect
and high (cf. Fig. 46). No rosette-
leaves of the opaca-type are developed
after the flowering.

The F,-hybrids (Iig. 45) are in-
termediate in earliness and in general
morphology. Already at the period
of flowering there is a big bunch of
leaves at the centre of the plant, sur-
rounded by a quite closed, prostrate and
rather broad and beautiful circle of
flowers. Most I';-plants are quite vigo-
rous and flower abundantly. The flo-
wers were found to be larger in the
I',-plants than in both parent species
(Fig. 47)." The following average flo-
wer diameters were observed: 10,11 %
0,19 mm (the sexual argentea-strain);

! The opaca-flower reproduced in Fig.
47 was one of the last flowers left on the
plant and is therefore somewhat smaller than
quite typical opaca-flowers.

IFigs. 44—47. The hybrid P. argenteaX
opaca and its parents. Field plants of
P. opaca (Fig. 44), a typical I*;-hybrid
(Fig. 45) and P. argentea (A—G) (Fig.
46). Fig. 47, flowers of opaca (to the
left), argentea (to the right) and an
IFi-hybrid (in the middle).
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56

54

Figs. 48—56. Basal leaves of P. opaca (Fig. 48), P. argentea (Fig. 50) and of seven
different IF';-hybrids. Figs. 49, 51, 52 and 53, ordinary diploid Fi-hybrids. Fig. 54 and
probably also Fig. 55, triploid Fi-hybrids with two argentea- and one opaca-genome.

Fig. 56, a plant belonging to a hybrid family with very poor vigour. — X 0,55.

11,831£0,37 mm (P. opaca) and 16,00+ 0,15 mm (the F,-hybrids). The
last value is based on measurements in 78 F,-plants derived from the
argentea-plant 9—1-—B. In the weak I,-plants derived from the argen-
tea-plant 9—1-—2 the flowers were smaller. Only 6 of these IY;-plants
flowered and gave an average flower diameter of 12,00 mm.

Leaf shape in the parents and F, is shown by Figs. 48-—56. The
leaves from the four diploid F;-plants (Figs. 49—53) are intermediate
between the parents but clearly different inter se and were chosen to
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demonstrate the genotypical variation among the diploid F,-plants.
This variation, which is also evident in several other respects, is
certainly in the first place due to the heterozygosity of the argentea-
55 show leaves from one controlled and one

parent. — Figs. 54
probable triploid F,-plant. The leaf shape in Fig. 54 conforms to the
fact that the plant contains two argentea- and one opaca-genome. The
triploids were also more similar to the argentea-parent than the diploid
F,-plants by their erect mode of growth and by the absence of a central
bunch of leaves.

The number of leaflets is different in P. argentea and opaca and
was found to be intermediate in F,. In argentea the number of leaflets
of the basal leaves is invariably 5, this number being observed with-
out exception in 47 plants of the sexual argentea-strain. In P. opaca
the number of leaflets is always greater than five. In 14 opaca-
plants available, when the counts were made, the number of leaflets
ranged from 7 to 9 with an average of 7.71. In the F,-hybrids 80 out
of 87 plants observed had 7 leaflets, 6 plants had 6 and 1 plant had 5,
the average number being 6,91. The vigorous and weak F;-families
were not different in this respect.

As may be expected from species hybrids the F,-plants were
highly sterile with bad pollen and poor seed setting. The P. opaca-
plants studied have quite good pollen, the average percentage of good
pollen in 15 plants examined being 94,6. As pointed out above, the
sexual argentea-strain available was characterized by a relatively poor
but variable pollen fertility. The argentea-plants used for the crosses
had about 40 per cent good pollen, the corresponding value of their
offspring, afler isolation or open pollination, being about 70 per cent
(cf. Table 1). In the F,-plants the percentage of good pollen ranged
from 0 to 60 with an average of 29,4 per cent.

Seed setting was also poor, but most of the plants were not
completely sterile, a low proportion of good seeds being obtained after
isolation as well as open pollination. The triploids are evidently still
more sterile than the other F,-hybrids, but from one triploid plant a
few seeds were also obtained.

2. Meiotic observations. Since the P. argentea X opaca hybrids were
highly sterile, they might be expected to have a rather irregular meiosis.
Much to our surprise, however, meiosis in the I;-plants was found to
be almost completely regular. The only difference that could be observed
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was a slightly higher frequency of univalents in the hybrid than in
the parents. The following frequencies were obtained:

Number of univalents

at first metaphase Number Per cent of cells

0 1 2 3 4 of cells with univalents
P.argenteq; slide nr:-1 ... o 107 107 0,0
RIS R T 108 108 0.0
POpUca v cssissinns s s eens 99 101 2,0
Byoplantonre dacsis i saas sy, 86 — 30 2 118 27l
» » bt e S e X nr«— -3 114 2,7
» » el e R e 63 - 11 — 2 76 17,1

The argentea-plant studied was the mother plant of the largest
F,-family. The three F,-plants examined, belonged to this family and
were all diploid. Evidently, different IF;-plants or possibly different
flowers or anthers may show rather different degrees of non-conjunc-
tion. The frequency of univalents in a slide from plant nr. 1 is
27,1141, the corresponding value of plant nr. 2 being as low as
2,7+ 1,5. The difference is 24,4 +44 and D/m=5,5. In spite of this
variation among the hybrids it is rather obvious that, on an average,
chromosome pairing is less good in the F,-hybrids than in the parent
species.

Some drawings from the meiotic divisions in this material are
represented in Iigs. 57—68. The perfectly regular first metaphase
and anaphase in the parent species is evident from Figs. 57—59. In
the F,-hybrids the typical I-—M groups (Figs. 60 and 62) consist of
7 bivalents of quite the same appearance as in the parents. FIig. 61
shows a metaphase with 6 bivalents and 2 univalents. At first anaphase
the chromosome distribution is generally 7—7 (Fig. 63) but sometimes
6—2—6 (Fig. 64) or 6—8 (Fig. 65). The regular second division is
shown by Figs. 66—67. Fig. 68, finally, shows a second metaphase
in a triploid F,-plant. The two plates contain 11 chromosomes each.
One univalent has evidently divided at I-—A, the halves of the uni-
valent being included in the interphase nuclei.

V. A non-segregating hybrid between two biotypes
of P. Taberne@montani.

Our Potentilla cultures also include two biotypes of P. T'abernae-
montani, »T—A» and »T—B>». the former being hexaploid (2n=42),
the latter duodecaploid (2n =84) (MUNTZING 1928, 1931). Both types
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ket =7 ]
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Figs. 57—68. Meiosis in P. argentea X opaca and its parents. — I'ig. 57, I-—M in
P. argentea (A—G), 711 (separately drawn). Fig. 58, I-—M in P. opaca, 711 (separately
drawn). Fig. 59, P. opaca, regular I-—A, distribution 7—7. Iigs. 60—68, meiosis
in P. argentea X opaca, Fi. TFig. 60, M (separately drawn), 711; Fig. 61, I-—M
(separately drawn), 611 + 21; Fig. 62, I—M, polar view, 711; Fig. 63, 1—A, distribu-
tion 7—7; Fig. 64, I—A, distribution, 6—2—6; Fig. 65, A, distribution 6—8; Fig. 66,
II-—M, distribution 7—7; Fig. 67, II-—A, 7 chromosomes in all four groups; Fig. 68
II-—M in a triploid F;-plant, distribution 11—11 (one univalent has divided at I—A).
— Figs. 69—70, meiosis in the T'abernaemontani-hybrid T—B X T—A, Fy (2n = 63).
— Fig. 69, I—M, polar view, probably 311 + 2511 + 41; Fig. 70, I—M, side view,
6 univalents scattered around the plate; Fig. 71, I-—A, division of 7 univalents. —
X 4250.
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have been quite uniform, a total of more than 50 plants of each bio-
type being raised after isolation or open pollination. This complete
constancy suggests apomictic seed formation. As for the T—A-strain
this was verified by the exclusive production of maternal plants in
crosses with T—B, with the hexaploid argentea-biolype A—B and
with two hexaploid biotypes of P. collina (C—A and C—C) (MUNTZING
1928, Tab. 4 and more recent results). A total of 29 such maternal
T—A plants have been observed. In crosses with T—B as the mother
seeds were obtained in several hybrid combinations (MUNTZING 1928,
Tab. 4), but most of these seeds did not germinate. However, the
cross T—B X Cr—B (a biotype of P. Crantzii) gave one maternal plant
and one plant which, at an early stage was supposed to be deviating.
Unfortunately this plant died before its true nature could be revealed.
Finally, 6 plants were obtained from the cross 7—B X T—A, three of
these being purely maternal, the other three apparantly being inter-
mediate. A cytological examination showed, indeed, that the latter
three plants were true hybrids, having 2n = £ 63. Thus, the T—B bio-
type, in spite of its constancy, turned out to be partially sexual.

The T—B-line is a typical gigas-type in comparison with T—A, all
parts of the plant being larger. As is evident from Fig. 72, showing
leaves and flowers, the I;-plants are clearly intermediate. The average
flower diameter was found to be 21,4 mm. in 7—B, 16,6 mm. in T—A
and 19,2 mm. in the hybrids. — Seed production in the F;-plants was
rather good, and progenies from all three hybrids were raised after
isolation as well as open pollination. A total of 73 F,-plants were
obtained. These plants are in all morphological respects identical with
the IF;-plants and do not show any segregation at all. On the contrary,
these progenies from the 7—B X T—A hybrids are just as uniform
as the parent biotypes and other apomictic clones. As might be ex-
pected the morphological constancy is due to a constant chromosome
number. Root tips were examined in all the 73 F,-plants, and without
exception the plants were found to have 2n = * 63. Thus, though the
mother plants had arisen in a sexual way they were not themselves
capable of sexual reproduction, all their progeny being the result of
apomictic seed formation. In other words, the cross between the
duodecaploid and hexaploid biotype has resulted in the sudden crea-
tion of a new constant biotype with a new multiple of the basic chro-
mosome number of the genus.

This biotype gives every impression of being equally viable and
capable of survival under natural competition as the parent biotypes.
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Fig. 72. Leaves and flowers of two P. T'abernaemontani biotypes and their Fi-hybrid.
To the left, the biotype 7'—A (2n — 42); to the right, the biotype 7—B (2n — 84)
in the middle, the constant hybrid (2n — 63).

In spite of its odd chromosome number it was found to have just as
good or even better pollen fertility than the parents. In 10 plants of
T—A the percentage of good pollen ranged from 20 to 50, the average
value being 34,0. In the other parent, T—B, the average value of 5
plants examined was 59,0. In the new biotype with 2n =63 pollen
samples from 72 plants were examined, the percentage of good pollen
ranging from 40 to 90 with an average of 68.6.

This good pollen fertility is interesting, considering the odd chro-
mosome number of this biotype, which must induce meiotic irregulari-
ties. Such irregularities were, indeed, observed. In Fig. 70 there is
a first metaphase with six univalents scattered around the plate, and
in Fig. 71 seven univalents divide at first anaphase. In the cell shown
by Fig. 69, an attempt was made to analyse a [-—M group in polar
view. The probable configuration was found to be 3, + 25, +4,. Of
the trivalents one is of the ring-and-rod type, one is V-shaped and the
third one a straight chain. Judging from this cell, most chromosomes

19 Botaniska Notiser 1941.
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form bivalents, the 7 chromosomes in the odd genome partly appearing
as univalents, partly forming trivalents with homologues in other
genomes. The number of univalents outside the [-—M groups was
counted in 14 cells and found to vary from 0 to 8 with an average of 3,9.

The observation of this irregular meiosis definitely demonstrates
that the constancy in morphology and chromosome number of this
hybrid is due to apomixis.

VI. Discussion.

In 1928 pseudogamy was demonstrated for a number of biotypes
of P. argentea, collina, Tabernaemontani and Crantzii (MUNTZING 1928).
Seven years later the occurence of pseudogamy in Potentilla was
verified by SHIMOTOMAI (1935) and POPOFF (1935). SHIMOTOMAI
made 11 cross combinations with 8 different species as female parents.
In every cross the result was a purely maternal offspring, not a single
hybrid being obtained among the 867 plants studied. POPOFF made
200 species cross combinations, which resulted in 21 progenies. Eighteen
of these progenies, including four crosses with P. argentea as the
female parent, were purely maternal. As SHIMOTOMAI and POPOFF
also made control castrations the maternal offspring must be the result
of pseudogamy.

In PorOFF’s malerial the occurrence of pseudogamy was further
verified by the observation that a certain plant with 2n=63 gave a
uniform progeny, having the same chromosome number as the mother
plant. The systematical position of this plant was somewhat uncertain,
but it probably belonged to P. argyrophylla (cf. POPOFF 1935, GENT-
SCHEFF 1937).

In POPOFF’s experiments, however, 3 of the 21 cross combina-
tions performed resulted in true hybrids. These hybrids were obtained
with P. geioides, rupestris and visianii as the female parents, these
species consequently being sexual. A true species hybrid in Potentilla
(P. chinensis X nipponica) had also been produced by ARAKI (1932)
and another case, P. nepalensis X splendens, was studied by GENT-
SCHEFF 1937. GENTSCHEFF also mentions that true hybrids were
obtained from the cross combinations P. argyrophylla (2n=56) X P.
argyrophylla (2n = 63) and from P. norvegica X argyrophylia.

Thus, though apomictic seed formation seems to be quite pre-
dominating in the genus, a few species have also been found to be
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sexual, and in one case the same species included one sexual and one
apomictic type. According to GENTSCHEFF (1937) P. argyrophylla,
2n = 56, is sexual in contrast to another biotype within the same species
having 2n = 63.

The main result of the present investigation is the demonstration
that apomixis in P. argentea and Tabernaemontani is not absolute, a
few strains showing different degrees of partial sexuality. This pheno-
menon has not previously been observed with certainty in Potentilla,
the occurrence of sexuality being ascribed to entire species or biotypes.

The diploid argentea-strain A—C, obtained from Switzerland, was
observed to give maternal offspring in crosses with one hexaploid
Tabernaemontani- and two hexaploid collina-biotypes (MUNTZING
1928, Tab. 5). However, expecially on account of a slight morpholo-
gical variation, this strain had long been suspected of being partially
sexual (c. MUNTZING 1931, p. 169). The observation of a few clearly
aberrant individuals in progenies after open pollination verified this
view. The degree of sexuality in this strain will be more exactly
studied in new progenies obtained after crosses with diploid Scandina-
vian argentea-types. These plants have not flowered yet, but already
now it is clear that a rather high proportion of them represent true
hybrids. Thus, the A—C-strain seems to hybridize rather easily with
other argentea-biotypes, having the same chromosome number. On
the contrary. in crosses with other species, having a different chromo-
some number, the result is only maternal offspring. These conditions
are rather similar to the results obtained by LIDFORSS (1905, 1907,
1912) in Rubus. In this genus complete pseudogamy does not seem to
occur, and the proportion of true hybrids formed is higher, if the
species crossed are relatively closely related.

Also in another respect there is similarity between the Rubus
C and other diploid
argentea-types. This is the fact that in both cases the hybrids obtained

hybrids and the spontaneous hybrids belween A

are sexual and give a very marked segregation, producing numerous
new types. In the A—C-case this is remarkable, since the aberrants in
question must be the result of crosses between a partially apomictic
strain as female parent and completely apomictic male parents. Under
such circumstances the hybrids might be expected to be more apomictic
than the mother strain. Since, on the contrary, they were evidently
typically sexual this probably implies that apomixis also in this genus
is brought about by special genetic systems, involving multiple factors.
By hybridization this delicately balanced genetic system will be dis-
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turbed, and the result is sexual reproduction. Such is the situation
in the genus Poa, in which a multifactorial basis of apomixis was
suggested for P. alpina and P. pratensis (MUNTZING 1940, AKERBERG
1941). This suggestion is mainly based on the fact that all kinds of
genetic alterations, including hybridization and quantitative changes
in the chromosome number upset the apomictic propagation more or
less completely, the result being sexuality.

In Potentilla the A—C-strain is not the only example of partial
sexuality. Another diploid argentea-strain was found to be almost
completely sexual. All evidence available indicates that this strain was
obtained from spontaneous hybridization between the biotype A—G
and the A—C-strain. Though in the main constant and probably
apomictic, the original A—G-line must have been sexual to some extent.
This sexuality resulted in a hybrid with A—C, and this hybrid, just
as the spontaneous hybrids with A—C as female parent, must have
been quite sexual. At any rate, the offspring in the following genera-
tions showed a very pronounced segregation. The sexual plants of the

F,-generation were utilized for various crosses and true hybrids were
produced in the species cross argentea X opaca. In this species cross,
which succeeded quite easily, both parents had the same chromosome
number (2n=14). On the contary, when pollinated with pollen of
hexaploid argentea- and Tabernaemontani-biotypes the otherwise quite
sexual argentea-strain did not give any true hybrids but only maternal
offspring. Thus, just as in A—C, the result of a cross is not only
dependent on the degree of sexuality of the mother type but also on
the chromosome number and genetic constitution of the male parent.

The rule that true hybrids in Potentilla are sexual is not applicable
to the hybrids between the Tabernaemontani-biotypes T—B (2n = 84)
and T—A (2n =42). The hybrids, having 2n = 63, gave a completely
uniform progeny, being in all respects just as constant as the parental
biotypes. It may be imagined that the lack of sexuality in this F,-hy-
brid is due in the first place to a very strong apomictic tendency, in
both the parents and, further to the fact that the parents must be
genotypically rather closely related. 7—B and T—A belong to the
same species, and the main differences between them are certainly
caused by the quantitative difference in chromosome number. 7T—A
has been found to be completely apomictic, judging from constancy
as well as purely maternal offspring in four different cross combina-
tions, and similar though less comprehensive evidence is available for
T—B. However, as this biotype is also capable of forming reduced
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and functional ovules, it must be considered to be partially sexual,
though the degree of sexuality is probably very low.

The genotypical difference between T—A and T—B is certainly
much smaller than the difference between A—C and the diploid Scandi-
navian argentea-types. It was emphasized that the spontaneous F,-
hybrids between these two categories were partially sterile and gave
a segregation in next generation of just the same intensity as in a
typical species cross. Also in several morphological respects the A—C-
strain differs conspicuously from the other members of the collective
species P. argentea 1.. This marked genotypical difference makes it
easier to understand, why the F,-hybrids are sexual. When two
different systems causing apomictic or partially apomictic seed forma-
tion are confronted in an F,-hybrid they cannot cooperate successfully,
the balance is disturbed, and sexuality is the result.

Even these hybrids, however, reveal a certain apomictic tendency
by the functioning of unreduced ovules. Thus, not only diploid but
also triploid individuals were observed in the offspring of the A—C-
aberrants. Functional unreduced ovules are also formed by the sexual
argentea-strain derived from the biotype A—G. This was evident by
the formation of a low proportion of triploid instead of diploid argen-
tea X opaca hybrids and by the formation of a spontaneous penta-
ploid hybrid between the diploid sexual strain and hexaploid argentea.
It should also be mentioned that in an otherwise quite constant and
apomictic clone of P. collina (C—A) a morphologically somewhat
deviating individual was observed last summer. Though it has not
vet been possible to determine the exact chromosome number of this
plant, it is certain that the number is increased, the plant probably
being triploid. In such a case this aberrant must have arisen by the
exceptional fertilization of an unreduced ovule. At any rate, such
processes do occur in Potentilla just as in Poa. In the latter genus
the occasional fertilization of unreduced embryosacs, which otherwise
develop apomictically is rather frequent (cf. AKERBERG, 1939, 1941
and MUNTZING 1940). A still higher frequency of fertilization of
aposporous embryo-sacs was observed by Noack (1939) in Hypericum
perforatum. In this tetraploid and pseudogamous species not less than
28 per cent of the embryos obtained after self-pollination were found
to be hexaploid, resulting from fertilization of aposporous eggcells.
NoAck also made the important discovery that pseudogamy in Hyperi-
cum perforatum is combined with fertilization of the central nucleus.
One year later GENTSCHEFF and GUSTAFSSON (1940) demonstrated the
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occurrence of the same mechanism in some of our Potentilla-biotypes
(the pentaploid collina-biotypes C—B and C—G and the hexaploid
argentea-biotype A—H). These results emphasize the necessity of
further embryological investigations in our Potentilla-material.

As pointed out above (p. 238) the apomictic constancy in the
material of Scandinavian P. argentea is combined with a very marked
polymorphism, which is also characteristic of the other Potentilla
species in our cultures and probably of the apomictic Potentilla
species in general. The present observations of partial sexuality in
certain types of argentea, Tabernaemontani and collina have a bearing
on this polymorphism. We have seen that occasional hybrids bet-
ween different types within the same collective species may entirely
loose their apomictic mode of propagation and produce swarms of
new biotypes which may become stabilized in later generations. It
may also happen that the occasional hybridization of two closely
related biotypes gives rise to a single new type, the hybrid being quite
apomictic. Finally, self-fertilization within a partially sexual strain
(such as A—C) or within an otherwise quite apomictic biotype (such
as C—A) will also lead to new genetical types.

It is true that in spite of their marked polymorphism no trace
of sexuality has so far been observed among the Scandinavian argentea-
biotypes. This does not favour the idea of occasional sexuality as the
cause of polymorphism in this group and rather indicates that muta-
tions are responsible for the observed diversity. It is possible, how-
ever, that occasional sexuality may occur also in the Scandinavian
argentea-groups just as in the Swedish Tabernaemontani- and collina-
biotypes (T—B and C—A), which were previously considered to be
completely apomictic.

SHIMOTOMAI (1930 b) and PoroFr (1939) emphasize the importance
of species hybridization for the origin of polyploidy in Potentilla. We
have no reason to deny the correctness of this opinion but, on the
other hand, the importance of quantitative autopolyploid changes
should not be overlooked. It is now known, for instance, that unre-
duced ovules may sometimes be fertilized and give rise to triploid
offspring. Autopolyploidy is further indicated by the frequent occur-
rence of intraspecific chromosome races in Potentilla. Such races have
been observed by us in P. argentea, collina, Tabernaemontani and
Crantzii, and POPOFF (1939) states that of 13 Potentilla species closely
studied not less than 11 contain biotypes with different chromosome
multiples. In spite of these results POPOFF is uncertain about the réle
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of autopolyploidy in the genus, evidently on account of the absence
of multivalents at meiosis. It is now known, however, that absence
of multivalents at meiosis is no reliable criterion of allopolyploidy (cf.
MUNTZING and PRAKKEN 1940) and especially in types with high chro-
mosome numbers there may be much more homology between the
genomes than is indicated by the formation of multivalents. Potentilla
seems to behave in much the same way as e. g Chrysanthemum,
Papaver and Phleum, multivalents being rare in the types with even
chromosome multiples, but occurring in types with odd multiples such
as our pentaploid P. argentea. — These problems may be considered
in more detail when a larger amount of data on meiosis in Potentilla
have been gathered.

Finally, a few words may be said about the chromosomal varia-
tion and the systematical units in the collective species P. argentea 1..
In addition to the chromosome numbers 14, 42 and 56 previously
described (MUNTZING 1928, 1931) new biotypes with 2n =28 and
2n = 35 have been found. The chromosome number 42 has also been
reported by SHiMOTOMAI (1930 a and b) and POPOFF (1935, 1939).
So far the biotypes with 28 and 35 chromosomes are only known from
one locality each, and the geographical distribution of the octoploid
biotype (obtained from the botanical garden of Iasi) is quite unknown.
More information, however, is available for the argentea-types with
2n =14 and 42. The diploid argentea-types fall into two categories,
one represented by the partially sexual A—C-strain obtained from the
Botanical garden of Basel, the other category by the diploid, strictly
apomictic biotypes, having a large distribution area in Scandinavia.
As pointed out above the A—C-strain differs from the other group by
a number of morphological characters and is markedly perennial in
contrast to the Scandinavian diploids, which seldom live more than 2
or 3 years. As moreover, the hybrids between A—C and Scandinavian
diploids are partially sterile and give a very strong I',-segregation, the
A
diploid Scandinavian argentea-types.

C-strain may be considered to be specifically different from the

The hexaploid representatives of the collective species P. argentea
evidently have a more southern distribution than the diploid Scandina-
vian argentea-types. 'The hexaploids also grow in middle Europe. The
diploid and hexaploid argentea-types in Scandinavia differ from each
other in a number of morphological characters and were distinguished
by MARKLUND (1933) as two different species (argentea in the strict
sense and impolita WAHLENB.). These two agamospecies within the
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collective species P. argentea 1.. seem to represent a new verification of
the rule discussed by MUNTZING (1936) that different races or closely
related species with different chromosome numbers always have
different distribution areas or are ecologically different in other respects.
Besides by their different geographical distribution P. impolita and
argentea MARKL. differ from each other by their periodicity, the di-
ploid species being more short-lived and having a more rapid develop-
ment each year than the hexaploid species. The octoploid argentea-
type is still slower than the hexaploids. These facts are interesting
in relation to the previous observation that perennial species in a
number of other genera have a higher average chromosorne number
than their diploid relatives (MUNTZING 1936).

P. impolita and argentea MARKL. were also found to differ in pollen
fertility, the hexaploid species on an average being much less fertile
than the diploid. Whether this difference is due to meiotic irre-
gularities in the hexaploids or possibly to premeiotic somatic distur-
bances is not known with certainty but may perhaps be elucidated by
further work with this interesting genus.

VII. Summary.

1) Chromosome counts were undertaken in 53 strains of P. argentea L. from
37 different localities in Sweden and Norway. 37 of these strains were diploid
(2n = 14), 12 hexaploid (2n = 42), 3 tetraploid (2n = 28) and 1 pentaploid (2n = 35).

2) All strains so far observed were completely uniform but always differed
from each other in various morphological and physiological respects. The con-
stancy is due to apomixis.

3) A morphological analysis demonstrated that the diploids correspond to
P. argentea MARKL. and the hexaploids to P. impolita WAHLENB. The diploids have
a more northern distribution area than the hexaploids. The two groups also differ
in periodicity, rust resistance, seed and pollen size and in average pollen fertility.

4) Meiosis in the pentaploid argentea-biotype was studied. At first metaphase
the most typical configuration was found to be 2p1 + 1211 + 51.

5) Some foreign, devialing argentea-types are discussed. The first type is an
octoploid apomictic biotype, characterized by great vigour, lateness and strictly
perennial duration of life. The second type, A—C, is a diploid and partially sexual
strain.  Hybrids between A-—C and other diploid argentea-types are partially sterile
and give in Fo a typical species cross segregation. Thus, A—C and the Scandinavian
diploids must be regarded to be specifically different. Some Fa-plants were triploid
and showed a high frequency of trivalents at meiosis.

6) An almost completely sexual strain of diploid argentea was obtained,
probably as the result of a spontaneous cross between the argentea-biotype A-—G
and the partially sexual strain A—C. This new sexual strain could be utilized for
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the production of various hybrids. One pentaploid hybrid was purely sexual and
gave a highly variable progeny. In the crosses with the sexual strain as female
parent unreduced ovules were sometimes fertilized. When pollinated with hexa-
ploid argentea and Tabernaemontani the otherwise sexual strain gave only maternal
offspring. This and other similar evidence indicates that the result of a cross in
our Potentilla-material is not only determined by the degree of sexuality of the
mother strain but also by the chromosome number and the genetical constitution
of the male parent.

7) Hybrids between P. argentea and opaca are described. Most hybrids were
diploid, have an almost quite regular meiosis but poor fertility. Some of the
I'i-hybrids were triploid, having two argentea-genomes and one opaca-genome. Most
hybrids were very vigorous. but a certain argentea-plant, though itself normally
developed, gave hybrids with a very poor vigour.

8) A few true hybrids between the Tabernaemontani-biotypes T—B (2n — 84)
and 7—A (2n — 42) were obtained. The hybrids (2n — 63) gave only apomictic
progeny, and, thus, the cross resulted in the sudden creation of a new constant
biotype with a new multiple of the basic chromosome number of the genus.

9) The genotypical basis of apomixis and the causes of polymorphism in
Potentilla are discussed.
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Sagina caespitosa (J. Vahl) Lge funnen
i Lule Lappmark.

Jimte en sammanstédllning av artens skandinaviska fyndorter.

Av J. A. NANNFELDT.

Sommaren 1936 vistades jag med understod av ett Vetenskaps-
akademiens Krok-stipendium en lingre tid i Lule Lappmark och fore-
tog hirunder en exkursion fran Kvikkjokk genom Tarradalen till
Virihaur, varvid jag dven besokte Unna Tuke (=Unna Toki=Lill-
Tokin), vilket berg sasom originalfyndorten {or Arenaria humifusa Wg
just hade fatt stor aktualitet genom NORDHAGENs arbete (1935) Over
sagda art. Satillvida blev mig denna exkursion en besvikelse, som jag
trots atskilliga timmars genomsokande av det ganska lilla fjillet ej
kunde aterfinna vare sig denna art eller A. ciliata L. ¥*norvegica (Gunn.)
Fr.' Mitt besok pa Unna Tuke blev dock ej alldeles resultatlst, da jag
lyckades berika fjillets redan tidigare vil kiinda flora genom fyndet
av en annan sillsynt caryophyllacé, namligen Sagina caespitosa (J.
Vahl) Lge. Denna forekom sparsamt pa uppfrysningsmark pa bergets
svagt undulerade plata. Vixiplatsen var for arten ovanligt torr, och
exemplaren voro till f6ljd diarav sma och forkrympta, men i 6vrigt
fullt typiska.

Denna séllsynta bicentriska fjillvixt, vars totalutbredning hin-
for den till det »vastarktiska» elementet i var flora, var tidigare i Sverige
kiind endast fran Torne Lappmark, dir den dock antriffats pa talrika
lokaler. I Nordnorge var den kind endast fran Troms fylke, tills
NORDHAGEN 1933 upptiickte den pa Tausafjell i Nordland. Efter detta
sista fynd var det diarfor ingalunda ovintat, att dess svenska sydgrians
skulle forskjutas till Lule Lappmark.

Foranledd av mitt Lule Lappmarks fynd har jag gjort en sam-
manstillning av artens skandinaviska utbredning. Genom tillmotes-

! Sistlidna sommar var lyckan fil. lic. NIiLs DAHLBECK gunstigare, i det denne
da aterfann A. humifusa vid Unna Tuke (se DAHLBECK 1940).
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gaende fran resp. museer har jag beretts tillfille granska materialet i
foljande samlingar: Botaniska tridgarden, Goteborg (i fyndortsforteck-
ningen forkortat till G), Botaniska museet, Lund (L), Riksmuseums
Botaniska Avdelning, Stockholm (S), Botaniska museet, Uppsala (U),
Bergens museum (B) och Tromse museum (7Ts), varjamte konservator
J. Lip vilvilligt sint mig en lista pa de skandinaviska exemplaren i
Oslo Botaniska Museum (O) och fil. kand. G. SANDBERG, Uppsala,
latit mig taga del av materialet i sitt herbarium. Forfattaren STEN
SELANDER har vilvilligt limnat mig en del upplysningar om sina fynd
av arten. Enligt meddelande fran kustos emer. dr. H. LINDBERG, Ilel-
singfors, har den icke antriffats inom Finlands grinser. Till alla dem,
som pa ena eller andra siittet varit mig behjilpliga vid utarbetandet
av denna uppsats, uttalar jag mitt varmaste tack.

Nedanstiende fyndortsforteckning ér grundad pa det salunda sam-
manbragta materialet och pa nfigra trovirdiga litteraturuppgifter:

Norge.

Hedmark. Foldal h:d: Fundberget, nira toppen, 12. VII. 1889, A.
BLyTT (O). — Langhe, 13. VII. 1889, A. BLyTT (O).

Opland. L om h:d: Gjuvflyane nira Gjuvvatnet, 3. VIII. 1914, O. DAHL

(O); pa platin vid Gjuvvashytten, 3. VIIL. 1914, H. JOHNSEN (B!). — Eilevs-
tjern (ovanfér Smadalsseter), 1932, R. NORDHAGEN (in litt.); 11. VIIL. 1934,
J. A. NANNFELDT (U!). — Smiédalen, niira Smorliseter, VIII. 1884, J. THOMLE
(O). — Viaga h:d: Gronhe (pa grinsen till Lom), 23. VIL. 1935, KAREN &
G. HYGeEN (0). — Lesje h:d: under Kvitingshe, 19. VII. 1893, O. DAHL
(O). — Under Hyrjonkampen (pa sydsidan av Lesjeskogsvatnet), 25. VII.
1893, O. DanL (O). — Grihe (nira Hikenstadseter, pa grinsen till Viga och

Dovre), 21. VII. 1893, O. DAHL (O).

Ser-Trendelag. O pdal h:d: »Dovre», 1828, W. Boeck (O) m. fl. data
och samlare. — Knutshe, 17. VIII. 1865, A. FarLck (L!); 1881, 1882, VIII.
1887; 10. VIII. 1888, 17. VII. 1889, 20. VIIIL. 1893, A. BLyrT (O) m. fl. data
och samlare; 1500 m 6. h., 14. VIII. 1890, C. STORMER (O); S. Knutshe, syd-
viistsluttningen, ¢. 1500 m 6. h., 23. VIL. 1934, J. A. NANNFELDT (U!); Mel-
lersta Knutshe, VII. 1883, VIIL. 1894, O. W. RepeLius (G!, S!); 31. VIL?,
C. BaENITZ (Herb. Eur. n. 6441, L!); vid Sprenbekken, 27. VIIL. 1928,
J. HoLmMBOE & J. Lip (O); N. Knutshe, VII. 1896, G. HJs. BROBERG (G!);
sydostsluttningen, niira toppen, ¢. 1650 m o. h., 4. VIIL. 1934, J. A. NANNFELDT
(U!). — Kaldvellfjellet, Kvernbekkho, nordsluttningen, 1400—1450 m 6. h.,
2. VIII. 1934, J. A. NANNFELDT (B!, O!, S!, U!). — Finnshe, toppen, 1854,
C. & R. HArT™MAN (U!); hogsta toppen, 12. VIII. 1865, S. BERGGREN (L!, S!).
— Nystuhe, 2. VIIL. 1866, C. ELGENSTIERNA (G!); VIIL. 1905, GULDBERG (O).
— Armotsho (vid Goveliseter), 7. VII. 1914, HaxNA REsSvVOLL-HOLMSEN (O).
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Nordland. Saltdal h:d: Tausafjell (i Junkerdalen vid Skaiti), 6. VIIIL.
1933, R. NORDHAGEN (B!, O, U!, jfr NORDHAGEN 1935 p. 55).

Troms. Bardu h:d: Rubben, 27. VII. 1891, B. StroMm (O, Ts!). —
@verbygd hd: Nausti (vid Dividalen), reg. alp. pa flytjordsvalken. 11.
VIII. 1914, TH. C. E. FriEs (0.). — Nordreisa h:d: Javreoiavve, 26. VIIL
1905, S. SELANDER (S!).1

Sverige.
Lule Lappmark. Jokkmokk smn: Unna Tuke (= Unna Toki = Lill-
Tokin), 29. VII. 1936, J. A. NANNFELDT (S!, U!).

Torne Lappmark. Jukkasjirvi s Tjalmetjakko, nordsluttningen,
H. SmitH (1924 p. 449 s. n. S. nivalis); mot Kamajaure, 18. VII. 1920,

H. SmitH (U!). — Patsovare, hijdplatan, ej sillsynt, 900 m 6. h., 15. VIIIL.
1908, T. LAGERBERG (1909 p. (20) s. n. S. nivalis). — Abiskojaure, sydindan,

pa den 6ppna sandstranden, i spridda individ tillsammans med S. intermedia,
16. VIII. 1908, T. LAGERBERG (L. c. p. (21)). — Tsasinnjaskatjakko, »ej sill-
synt>, E. STERNER (1916 p. 94 s. n. S. nivalis); TH. C. E. FrRIES (1919 p. 28);
VIII. 1916, G. ERDTMAN (S!). — Nuolja (=Njulja=»Nuljalaki»), 1880, K. P.
HAGERSTROM (U!) m. fl. data och samlare; vinderoderad flytjord, c. 1000 m
6. h., 13. VIIIL. 1916, G. SAMUELSSON (U!); vistsidan, 14. VII. 1914, THE SVED-
BERG (U!); viistsidan, snolega, ¢. 900 m 6. h., 17. VII. 1938, T. LAGERBERG
(1940 p. 143, fig. 129); ostsidan, hogt uppe pa flytjord, 18. VII. 1906, M. So~-
DEN (S!); néra toppen, VIII. 1933, G. SANDBERG(!); »de hogre delarna ej sill-
synt (iven pa sjilva toppen)», TH. C. E. FriEs (1919 p. 28); ovan Nuolja-
tunneln, c¢. 700 m 6. h., G. SAMUELSSON (FRIES 1. c¢.); materialvigen mellan
Abisko och Bjorkliden, 12. VIII. 1936, R. SANTESSON (S!). — Pallemtjakko,
24. VII. 1919, TH. C. E. Fries (S!, U!); ovanfor téltligret, pa vinderoderad,
tjilskjutande mark, 12. VIIL. 1933, G. SANDBERG (!). — Nissontjakko, H. SMITH
(1924 p. 449) m. fl. samlare; ¢. 1100 m 6. h., 18. VIII. 1924, C. G. ALm (U!);
nordostsidan, ¢. 1300 m 6. h., 30. VII. 1927, H SmitH (G!); mot Tjuonavagge
(=»Lapporten»), ¢. 1100 m 6. h., 30. VII. 1920, C. G. ALm (L!, S!); Ostra
asen, ¢. 1400 m 6. h., 14. VIIL. 1936, R. SANTESSON (S!); vid Lapporten,
11. VIII. 1920, G. BJORKMAN (U!); Tjuonavagge, H. SmiTH (. c.); Nisson-
reppe, flytjord, c¢. 1600 m 6. h., 13. VIII. 1935, A. NYGREN (U!). — Nisson-
reppejokk, grusstrand, c. 800 m 6. h., 5. VIII. 1925, G. SAMUELSSON (S!). —
Tjuonatjakko, snolige, ¢. 1000 m 6. h., 6. VIII. 1916, G. SAMUELSSON (L!, S!};
ostsidan, 25. VII. 1920, H. SmitH (U!); at Lapporten, 4. VIII. 1920, G. BJORK-
MAN (U!). — Vaimadive, sydsidan, 8. VIII. 1917, E. AspLunDp (S!, Ul). —
Vuoskovaara, 28. VIII. 1919, TH. C. E. Fries (U!). — Suoradive, c. 1215 m
0. h., 9. VII. 1905, S. SELANDER (S!); pa en plata mot Tjuonatjakko, pa plat-
ser, diir stora snomassor legat under vintern, sparsam, c¢. 1100 m 6. h., 5. VIL
1906, S. SELANDER (S!). — Kuobletjaikko, H. SmitH (1. ¢.). — Kuolkotjakko,

1 Detta synes vara enda fyndet av denna art fran Skandinaviens botaniskt
sett kanske rikaste berg. Den saknas ocksd i MEJLAND's nyligen utkomna flora-
lista (1939) hérifran.
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H. SmitH (1. c.); 24. VII. 1920, H. SmiTH (G!, L!, S!, U!). Pesisvare (=Laire-
aive), nordostsidan, c. 1050 m 6. h., 11. VIL. 1926, H. Smita (U!). — Tuopter-
tjakko (=Stuor Altas). oversta ryggen. Dryas-hed, ¢. 1100 m 6. h., 16. VII.
1934, A. NYGREN (U!); inre delen av dalen at sydvist, 16. VII. 1934, G. SAND-
BERG (!): utloparen at vister, 16. VII. 1934, G. SANDBERG(!). — Ripainen
(=»Ripanes»), 15. VII. 1852, R. F. FRISTEDT & FR. BJORNSTROM (L!, S!, U!)
m. fl. data och samlare: »pa slittmarker nedanfor Ripanes», 17. VII. 1852,
R. F. FrRisTEDT & FR. BJORNSTROM (G!, L!, U!). — Karesuando s:n:
Moskana, sydostra delen, c¢. 1100 m 6. h., 26. VII. 1933, H. SmiTtH (S!, U!).
— Peltsa, sédra toppen mot norra foten, c. 1300 m 6. h., 24. VIL. 1933,
H. Smita (U!): nordsidan mot Nirijaure, 14. VIII. 1934, R. NORDHAGEN (B!,
U!: jfr NORDHAGEN 1939 p. 698).

Vidstaende karta visar, att utbredningstypen ar ovanligt vackert
bicentrisk, och talar i ovrigt for sig sjalv. Papekas ma blott, att arten
uppenbarligen har en starkt kontinental dragning i jamforelse med
flertalet andra bicentriska arter. Forklaringen hartill torde snarare
ligga i ekologiska én i invandringshistoriska forhallanden. En diskus-
sion héarav nyttar emellertid foga, salinge artens ekologi ej ar biittre
kind an for narvarande ar fallet.

Uppsala Botaniska Museum den 10. april 1941.
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Den skandinaviska utbredningen

Sagine caespitosa (J.ven)Lge.
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Summary.

Sagina caespitosa (J. Vahl) Lge found in Lule Lappmark.
With a list of its Scandinavian localities.

The author found in 1936 this rare »West-Arctic» species on Mt. Unna Tuke,
as new to the Swedish province of Lule Lappmark. Because of this find the
author has compiled the above list of its Scandinavian localities and mapped them
(fig. 1). The distribution is very distinctly bicentric. It is noteworthy that the
species has a strong preference for the easternmost parts of the area occupied by
most other bicentric species. Probably, the reasons are rather ecological than
migratory.
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Uber die Sexualitit einiger Hydnaceen.

Von NILS FRIES.

Die einzigen Angaben, die iiber die Sexualititsverhéltnisse bei
Hydnaceen vorliegen, bestehen soweit ich finden konnte aus BROWNs
(1935) Beobachtungen iiber Homothallie und Heterothallie bei Odontia.
Hier werden von BROWN 2 Arten als heterothallisch bezeichnet ohne
nihere Angabe tiber die Art der Heterothallie (Bipolaritit oder Tetra-
polaritit), wihrend nicht weniger als 6 Arten den bei Hymenomyceten
im allgemeinen seltneren homothallischen Typ vertreten.

Da ich wihrend der letzten Jahre Anlass hatte, eine Reihe Ver-
treter der — sehr heterogenen — Familie Hydnaceae reinzuziichten,
versuchte ich wo es moglich war auch die Sexualitiit bei den fraglichen
Arten zu analysieren. In der vorliegenden Arbeit werden die Ergeb-
nisse der Sexualititsanalysen von sechs Arten veroffentlicht, nimlich
Hydnum auriscalpium, H. coralloides, H. corrugatum, H. strigosum,
Irpex pendulus und Radulum Radula (=R. orbiculare), ferner eine
Reihe Beobachtungen tiber Sporenkeimung, Fruchtkorperbildung, Aus-
sehen des Myzels in Kultur usw.

Wie bei den Hymenomyceten gewohnlich der Fall ist, sind die auf
Holz wachsenden Arlen bedeutend leichter in Kultur zu bringen als die
reinen Bodenpilze. Alle die ebenerwiihnten, hier zur Behandlung ste-
henden Arten kommen in der Natur auf Holz von toten oder lebenden
Baumen vor, und zwar ausser Hydnum auriscalpium, das auf im Boden
verborgenen Kiefernzapfen wiichst, und simtliche Arten konnen leicht
in Reinkultur gebracht werden mit Sporen als Ausgangsmaterial. Da-
gegen waren alle Versuche fruchtlos, Sporenkeimung bei humusbewoh-
nenden Hydnaceen zu erreichen, wie Hydnum repandum, H. imbri-
catum, H. cyathiforme und H. violascens.

Falls nicht anders angegeben, fand die Ziichtung auf Malzagar
statt, welcher 1,5 %0 Agar-Agar und 2,5 %o Malzextrakt enthielt. Die
Methodik, die bei den Sexualititsanalysen angewandt wurde, stimmt
vollig mit der bei derartigen Untersuchungen gebriuchlichen iiberein.

20 Botaniska Notiser 1941,
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Hydnum auriscalpium L. ex Fr.

L 2o b e g s 100 Die Sporenkeimung

bei Hydnum auriscal-
1| — — — 4 + + + — - ;

pium wurde zum er-
EEGe e e e e e e stenmal bereits 1859
= el G me e von HOFFMANN Dbe-
kb schrieben und abge-
B e e e e .

bildet. Ich habe nur
6| + + + — — — - die Richtigkeit seiner
3 S Faes e e Beobachtungen be-

kréiftigen konnen, so-
9 e e e e S T e : =

wohl beziiglich der
3 e Anschwellung, die die
P s SEe s e Sporen bei der Kei-

mung erfahren, als
e s e ey 0 ihrer Neigung, eine

Keimhyphe von jedem
IFig. 1. Schema iiber das Ergebnis von Kreuzungen Schmalende auszu-
P r1Q 1 V")l.l y '.. 1' k) b4
L\.\lschenI 10 L}nsporm} ze l'tll von Hy.dnum aurle‘(l schicken. Mitunter
pium. + bezeichnet das Vorhandensein, — das Feh-

schwillt die Spore zu
einer kleinen Blase
an, von der mehrere

len von Schnallen.

Hyphen auswachsen konnen. Die Keimung tritt im allgemeinen erst
nach 3 bis 4 Tagen ein, schwankt jedoch stark fiir verschiedene Spo-
ren, so dass gewisse Keimungen erst nach mehreren Wochen eintreten.
Dic Geschwindigkeit, mit der die einzelnen Einspormyzelien auswachsen,
schwankt gleichfalls in hohem Grad von Fall zu Fall. Noch nach
einer viermonatigen Verwahrung in Dunkelheit und bei 425" ist die
Keimfihigkeit nicht nennenswert herabgesetzt, nach einem Jahr ist sie
jedoch vollstindig verloren gegangen.

Der erste Versuch, die Sexualitiit bei Hydnum auriscalpium zu
analysieren, wurde im Herbst 1936 durchgefiihrt. Hierbei wurde Spo-
renmaterial von einem Fruchtkorper (Nr. I) verwandt, der im »Stadt-
wald» stidlich von Uppsala am 18 Okt. gefunden wurde. 10 Einspor-
myzelien wurden isoliert und dann paarweise in allen erdenklichen
Kombinationen zusammengefiihrt. Nach ein paar Wochen begann ich
die Kombinationskulturen zu untersuchen. Von der im allgemeinen
deutlich sichtbaren Grenzlinie zwischen den beiden Myzelien in jeder
Kombinationskultur wurden Probestiicke genommen, die hinsichtlich
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des Vorkommens von
Schnallen untersucht
wurden. Trotz des
eingehendsten  Stu-
diums war ich nicht
in der Lage, auch
nur in einem einzi-
gen IFall Schnallen
nachzuweisen.

Dass Hydnum au-
riscalpium ein im Di-
ploidstadium schnal-
lentragender Pilz ist,
davon hatte ich mich

schon frither durch
die Ulltel‘suchung Fig. 2. In Kulturréhrchen gebildete Iruchtkorperan-
einer . Gewebekolbur lagen von Hydnum auriscalpium. Die Kulturen sind
aus einem Frucht-

korper tiberzeugt.

ungefihr drei Monate alt.

Es bestand indessen die Moglichkeit, dass hier haploide Fruchtkorper in
der Natur auftraten und dass ich gerade auf einen solchen als Quelle
meines Sporenmaterials und damit meiner Einspormyzelien geraten
war. Ich stellte Gewebekulturen aus weiteren 5 Fruchtkoérpern her,
die am gleichen Standort wie der obenerwiihnte eingesammelt wurden,
und nahm auch Sporen von zwei von ihnen (Nr. IT und III). Simtliche
Gewebekulturen waren reich schnallentragend. Aus der Sporensaat
von Fruchtkorper II wurden 5 Einspormyzelien isoliert, mit denen neue
Kombinationen hergestellt wurden. Auch diesmal waren keine Schnal-
len anzutreffen.

Bei diesem letzteren Versuch wurde auch die Dichtsaatkultur unter-
sucht, die auf einer der Malzagarplatten entstanden war, welche bei
der Isolierung der Einspormyzelien gegossen worden waren. Es zeigte
sich tberraschend genug, dass Schnallen hier zahlreich vorkamen.

Blieb die Kopulation in Kulturréhrchen aus oder war die Bildung
von schnallentragenden Hyphen dort unmoglich?  Der folgende Ver-
such zeigte, dass auch derartige Erklirungen der durchweg negativen
Ergebnisse ausgeschlossen waren. Zwei Einspormyzelien von Frucht-
korper I, zwei von Fruchtkorper II und zwei von Fruchtkorper 11T wur-
den paarweise auf tibliche Weise in Rohrchen in allen denkbaren Kom-
binationen zusammengebracht. In allen 12 Kombinationen zwischen
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Myzel von verschiedenen Fruchtkoérpern konnte das reichliche Vorkom-
men von Schnallen festgestellt werden. Dies zeigte, dass bei Hydnum
auriscalpium wie bei allen bisher untersuchten heterothallischen Hy-
menomyceten interfertile »geographische Rassen» auftreten. Das Prob-
lem beziiglich der Natur der Heterothallie bei diesem Pilz blieb indes-
sen bis auf weiteres ungelost.

Erst im Herbst 1939 wurde die Frage von neuem aufgegriffen.
Von einem Fruchtkorper (Nr. IV) vom gleichen Standort wie die oben
besprochenen liessen sich Sporen erhalten, die das Ausgangsmaterial
fiir die Reinziichtung von Einspormyzel bildeten. Bei der Isolierung
wurde teils Kartoffel-Dextrose-Agar verwandt (nach ZELLER, SCHMITZ
und DUGGAR 1919), teils Malzagar. Es wurden 54 Einspormyzelien
isoliert, davon 33 (Nr. 1—33) von dem ersteren und 21 (Nr. 34—54)
von dem letzteren Substrat. Bei der danach durchgefiihrten Sexuali-
tatsanalyse wurden in einer Reihe Kombinationen Schnallen gefunden,
und es erwies sich, dass die Einspormyzelien sich nach einem tetra-
polaren Schema gruppierten. Die 18 untersuchten Myzelien verteilten
sich auf folgende Weise:

fa,by: 1, 8, 17; 34, 37, 38.
llazl)z: 4679 121541
][;111)2: 2; 35, 36, 43.

12sby: 42.

Bei dieser grossen Sexualititsanalyse wurden nicht alle moglichen
Kombinationen durchgefiihrt. Ein Jahr spiter wurde indessen eine
neue Untersuchung der gleichen Art angestellt. Der hierbei verwandte
Fruchtkorper (Nr. V) war auf derselben Stelle wie die frither benutzten
geholt worden. Es wurden 10 Einspormyzelien isoliert, simtlich von
Malzagar. Der Kombinationsversuch hatte auch diesmal ein tetrapola-
res Schema (Fig. 1) als Ergebnis.

Wihrend dieser letzteren gegliickten Versuche traten keine Um-
stinde auf, die eine Erklirung fir den negativen Ausfall der ersten
Versuche, die Sexualitit bei Hydnum auriscalpium zu analysieren, zu
geben vermochten. Man kann natiirlich die Ursache in einem ungliick-
lichen Zufall bei der Auswahl der Einspormyzelien fiir die Kombina-
tionen suchen, wodurch zufilligerweise nur Myzel der einen und selben
Haplontengruppe oder zweier miteinander nicht kopulierender Haplon-
tengruppen ausgewiihlt wurde. Die Wahrscheinlichkeit hierfiir ist je-
doch begreiflicherweise sehr gering.

Es ist moglich, dass hier ein Parallelfall zu dem vorliegt, den VAN-
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DENDRIES (1933) bei seiner Untersuchung der Sexualitit von Trametes
suaveolens fand. Fruchtkorper Nr. I von Hydnum (lurisc.ulpimn wire
in diesem Fall »latent» tetrapolar, was indessen nicht durch eine spii-
tere Untersuchung gezeigt werden kann, da der Fruchtkdrper bei
diesem Pilz viel ephemirer als der bei Trametes suaveolens und das
rein vegetative Bodenmyzel praktisch genommen unerreichbar ist.

Schliesslich liesse sich denken, dass eine Allele des einen der Fak-
toren, die die Tetrapolaritiit bedingen, an einen Letalfaktor, einen stark
wachstumshemmenden Faktor o. dgl. gekoppelt ist, wodurch also nur
Vertreter fiir zwei Haplontengruppen bei den Isolierungen zu erhalten
wiren. Da indessen diese beiden Gruppen notwendigerweise intersteril
sind, geben alle Kombinationen zwischen den erhaltenen Einspor-
myzelien negatives Resultat. Dass in der Natur Fille vorkommen, wo
beinahe alle der von einem tetrapolaren Fruchtkorper isolierbaren Ein-
spormyzelien zwei intersterilen Haplontengruppen angehoren, wurde
vom Verfasser frither erwiesen (FRIES 1940: Cyathus striatus Nr. 1X).

Beziiglich des Aussehens des Myzels in Reinkultur sei zunichst
erwithnt, dass irgendwelche makroskopisch sichtbare Verschiedenheit
zwischen haploiden und diploiden Myzelien nicht beobachtet werden
konnte. Die individuellen Variationen sind jedoch ziemlich gross hin-
sichtlich Farbe, Wachstumsweise und Zuwachsgeschwindigkeit. Die
Myzelien sind im allgemeinen hellgrau oder graubraun mit keinen oder
schwach entwickelten Lufthyphen. Sie entwickeln sich am kréaf-
tigsten an und unmittelbar unter der Substratoberfliche. Oft kommen
dunklere braune Flecken an ilteren Myzelpartien vor. Die wachsende
Kante ist bald scharf markiert, bald diffus. Das Myzel ist sehr dicht
zusammengewoben und kann oft nur unter Schwierigkeit mit der Impf-
nadel forciert werden. Drinnen im Substrat wachsen die Hyphen diin-
ner, dringen jedoch in den Kulturrohrchen bis 1 em tief im Agar hinab.
Das Myzel wiichst ziemlich langsam, im Durchschnitt ungefiihr '/, em
in der Woche.

Nach mehrwochentlichem Wachstum in den Kulturréhrchen be-
ginnen sowohl Haploid- als Diploidmyzel Fruchtkorperanlagen auszu-
bilden. Diese haben in den meisten Fillen die Form von kleinen grau-
braunen Knopfchen, die einzeln oder in Gruppen vereinigt meist bei
oder auf dem Impfstiick selbst liegen, d. h. dem éltesten Teil des Myzels.
In gewissen Fillen geht die Entwicklung weiter, und es bilden sich
dunkelbraune und sammethaarige Auswiichse von hornformiger Ge-
stalt, die dem Aussehen nach oft vollstindig mit den Fruchtkorper-
anlagen in der Natur tibereinstimmen. In den Kulturrohrchen gelangt
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diese Entwicklung jedoch niemals soweit, dass Hiite ausgebildet wer-
den, sondern die erwihnten Auswiichse gehen statt dessen gewdohnlich
dazu iiber, sich mehr oder weniger reich zu verzweigen, so dass in einer
Reihe von Fillen schliesslich korallartige Bildungen entstehen (Fig. 2).
Als Beispiel sei genannt, dass von 54 am 7. XI. 1939 isolierten Einspor-
myzelien am 26. 1. 1940, d. h. nach 80 Tagen, simtliche Fruchtkorper-
anlagen gebildet hatten, und diese waren von der folgenden Art: in 37
Fillen Knopfchenbildungen, in 8 Fillen unverzweigte und in 9 Iillen
korallartig verzweigte Auswiichse.

Diese Neigung bei den Rohrchenkulturen zur Bildung von IFrucht-
korperanlagen veranlasste mich zur Anordnung eines besonderen Ver-
suches zwecks Hervorrufung normaler Fruchtkorperbildung von ha-
ploiden oder diploiden Myzelien in Reinkultur. Von den verschiede-
nen probierten Versuchsanordnungen erwies sich die folgende als
beste.

In jeden einer Anzahl 300-cem Erlenmeyer-Kolben aus Jenaer Glas
wurden 3 oder 4 Kiefernzapfen und 10 cem Malzagar hineingebracht.
Die Kiefernzapfen waren auf Nadelwaldboden ausserhalb Uppsalas ein-
gesammelt worden. Nach der Autoklavierung der Kolben wurde aus-
serdem jedem 20 ccm sleriles dest. Wasser zugesetzt. Die Impfung
mit Hydnum auriscalpium geschah von Réhrchenkulturen, und die
Impfstiicke wurden auf einem der Zapfen nahe der Oberfliche der
Fliissigkeit placiert. Beim Versuch wurden sowohl haploide als di-
ploide Myzelien verwandt. Die Kulturen wurden teils in Dunkelheit
bei einer Temperatur von 25", teils in einem Gewichshaus mit Tages-
licht und einer Temperatur von ca. +18 aufgestellt.

Fruchtkorperanlagen von gewohnlichem Typ bildeten sich in meh-
reren Idllen bereits innerhalb eines Monats. Nur in einem einzigen
Kolben von den 16 des Versuches entwickelte sich ein IFruchtkorper
von voll normalem Aussehen. Dieser im Gewichshaus aufgestellte
Kolben war mit dem Einspormyzel I:1 geimpft, und der gebildete
Fruchtkorper war also haploid.

Es schien so, als sei die Ursache, dass die im allgemeinen reich
entwickelten Fruchtkorperanlagen mit der erwithnten Ausnahme nicht
normale hymeniumtragende Hiite bildeten, in der allzu hohen Luft-
feuchtigkeit bei den Kulturen zu suchen. Es diirfte auf keine grosse-
ren Schwierigkeiten stossen, den Versuch so anzuordnen, dass die
Fruchtkérperanlagen sich durchweg weiter zu Fruchtkorpern von nor-
malem Aussehen entwickeln. Die fiir einen Hymenomyceten unge-
wohnliche Neigung zur Bildung von Fruchtkorpern in Kultur, welche
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Hydnum auriscalpium auszeichnet, macht diesen Pilz zu einem an-
wendbaren Objekt fiir genetische Untersuchungen.

Hydnum coralloides Scop. ex Fr.

Am 27. IX. 1936 sammelte ich einige schone Fruchtkoérper von
Hydnum coralloides auf einem toten Espenstamm bei Lurbo im Kirch-
spiel Bondkyrka der Provinz Uppland. Sporen fanden sich in grosser
Zahl und zeigten nach der Uberfithrung auf Malzagar eine hochpro-
zentige Keimung nach 2 bis 3 Tagen. Die Sporen wurden dann in
Dunkelheit bei einer Temperatur von +3 oder +25° verwahrt, und
die angestellten Proben wiesen, dass die Keimfihigkeit noch nach 6
Monaten nicht nennenswert herabgesetzt war. Nach einer einjihrigen
Verwahrung bei 25" war sie indessen vollkommen verloren gegangen.

Es wurden 18 Einspormyzelien isoliert und fiir die Sexualititsana-
lyse kombiniert. Wie aus Fig. 3 hervorgeht, wurde ein deutliches tetra-
polares Schema erhalten. Die 18 Einspormyzelien verteilen sich ziem-
lich gleichmissig auf die vier Haplontengruppen:

b L5146 16
oDoi 10,78, 15, -18.
g, bt 50 101 18 17
agby: 7, 12, 14.

Im néchsten Jahr, am 22. VIII. 1937, fand ich Fruchtkorper von
Hydnum coralloides an einem andern Standort, niamlich auf einem um-
gestiirzten, sehr miichtigen und stark verfaulten Espenstamm im Ur-
wald Fiby im Kirchspiel Vinge und Lédby, Uppland. Dieser Fundort
liegt 16 km von dem ersten entfernt.

Aus Sporen des neuen Fruchtkérpers wurden 4 Einspormyzelien
isoliert. Diese wurden mit den Testmyzelien Nr. 1, 2, 5 und 7 des im
Jahre zuvor gefundenen Fruchtkorpers zusammengefithrt. In simt-
lichen 16 Fillen fand Kopulation statt. Hier liegen also zwei verschie-
dene »geographische Rassen» vor.

Die Haploid- und Diploidmyzelien sehen fiir das blosse Auge voll-
kommen gleich aus, wenn sie auf Malzagar wachsen. Das Luftmyzel
ist weiss und bildet einen hochstens millimeterdicken Rasen, dessen
Dichte etwas schwankt, weshalb er mitunter ein »flockiges» Aussehen
erhilt. Im dlteren Stadium nimmt er einen mehr graubraunen Farb-
ton an. Das Substratmyzel dringt ungefihr '/, em unter die Oberfliche
hinab. Bei allen Kulturen firbt der Pilz allmiihlich den Malzagar



292 NILS FRIES

285 Ah 67 b 8D g dunkler, so dass er
schliesslich eine scho-
- - 5. = ne Bernsteinfarbe er-
e e e e e hiilt.
e e s i e e Die Diploidmyzelien
: . besitzen eine ausge-
e = = e e prigte Tendenz, auch
il s — in Rohrchenkulturen
8 e e . FE ek Fruchtkorper zu bil-
- den. Diese konnen von
e e = e s e so gut wie normalem
T—r e Aussehen sein, sind

jedoch meistens un-
regelmiissiger gebaut
als- in der - Natur.

1| - - - — — — + — — + Dass Hydnum coral-
o : + loides leicht in Kultur
Fruchtkorper  bildet,
= : wurde frither von
b e s S ot e o Brooks (1913) beo-
bachtet, der Dichtsaat-

~1

Fig. 3. Hydnum coralloides. Ergebnis der Kreuzungen kulturen auf Eschen-

zwischen 8 Einspormyzelien in allen Kombinationen holz ziichtete und so-

und zwischen "i,m' ’1‘0.s|myziclicn (Nr. 1, 5, 2 und 7) und wohl normale als ab-

weiteren 10 Einspormyzelien.

: norm gebaute Frucht-

korper erhielt. In eini-

gen Fillen habe ich auch in Kulturen von Haploidmyzel Ansitze zur

Bildung von Fruchtkérpern beobachtet, die in diesen Fillen jedoch

keine normale Entwicklung erfuhren. Is ist indessen wahrscheinlich,

dass man bei geeigneter Kulturtechnik normale haploide Fruchtkorper
auch von Hydnum coralloides erhalten kann.

Hydnum corrugatum Fr.

Das Untersuchungsmaterial von Hydnum corrugatum bestand aus
zwei Fruchtkorpern, von denen der eine (Nr. I) am 25. VIL. 1937 von
einem Birkenstumpf bei Lurbo im Ksp. Bondkyrka, Uppland, aufge-
lesen wurde und der andre (Nr. II) 3 Tage spiiter von einem toten
Espenstamm nur ein paar hundert Meter von dem ersten Standort ent-
fernt. Ausserdem wurden Keimungsversuche mit Sporen von einigen
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sen sind die Keimungs-  Fig. 4. Hydnum corrugatum. Ergebnis der Kreuzungen
prozente gewdohnlich zwischen 6 Einspormyzelien in allen Kombinationen
sehp lliedl‘ig. Diear und zwischen d.rei Teshnyz.elien (Nr. .?, 6 und 7) und
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sten  Sporen keimen
bereits nach ein paar
Tagen, und dann finden neue Keimungen nach und nach wihrend
mehrerer Wochen statt. Noch nach einer sechsmonatigen Verwahrung
in Dunkelheit bei 43" in Exsikkator scheint die Keimfihigkeit unver-
mindert zu sein.
Die Untersuchung der Sexualitit, die mit Einspormyzel von
Fruchtkorper I begonnen wurde, musste leider abgebrochen werden,
bevor ein Kombinationsschema von gewilinschtem Umfang hergestellt
werden konnte. Die ausgefiihrten und untersuchten Kombinationen
diirften indessen einen ausreichend klaren Beleg fiir die tetrapolare
Natur des Pilzes liefern (Fig. 4). Die Einspormyzelien verteilen sich
in folgender Weise auf die vier Haplontengruppen:
{aby: 3,4, 5, 8, 10,12, 19,
llaghgz 11, 14, 18.

[ a;b,: 6, 13, 16.

1212])1: 7,920

Durch die Kombination von Myzel verschiedener Fruchtkorper
konnte auch hier das Vorkommen von »geographischen Rassen» nach-
gewiesen werden.
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Fig. 5. Hydnum corrugatum. Eine Kombinationskultur von zwei nicht mit-
einander kopulierenden Einspormyzelien, die ein Alter von einem Monat (links)

bzw. zwei Monaten (rechts) aufweist.

Haploide und diploide Myzelien von Hydnum corrugatum weichen
dem Aussehen nach stark voneinander ab. Die Haploidmyzelien wach-
sen sehr langsam mit einer regelmissigen Kante und bilden einen dich-
ten Hyphenrasen auf der Substratoberfliche. Die Lufthyphen bilden .
ein kaum mehr als 1 mm hohes, schneeweisses Luftmyzel, und die
Substrathyphen dringen bis 1 em in den Agar hinab. Die diploiden
Myzelien bekommen immer einen sehr unregelmissigen Randkreis und
kennzeichnen sich vor allem durch die zahlreichen, unregelmissig ver-
streuten I‘ruchtkorperanlagen. Diese bedecken oft den grosseren Teil
der Myzeloberfliche in der Form von unregelméssigen Knopfchen oder
+ korallartig verzweigten Auswiichsen von weisser oder hellbrauner
Farbe. In den Kulturréhrchen konnen diese Fruchtkorperanlagen oft
den grosseren Teil des Luftraumes unmittelbar oberhalb der Agar-
schrigfliiche ausfiillen und sich mitunter zu kleinen, aber normal ge-
bauten Fruchtkorpern entwickeln.

Auf Grund dieses charakteristischen Habitus des Diploidmyzels
kann man in der Regel ohne Schwierigkeit in den Kombinationskultu-
ren direkt makroskopisch entscheiden, in welchen Féllen Kopulation
stattfand. Insbesondre auf Kulturen in Petrischalen kann man der
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IFig. 6. Hydnum corrugatum. Eine Kombinationskultur von zwei miteinander

kopulierenden Einspormyzelien, die ein Alter von einem Monat (links) bzw. zwei
Monaten (rechts) aufweist.

Diploidisierung von zwei miteinander kopulierenden Myzelien recht
schon folgen (Fig. 5 und 6). Wenn die beiden Myzelien zusammen-
treffen, bildet sich zunichst ein kraftiger Rasen von dicht zusammen-
gewobenen Hyphen, auf dem bald knépfchenférmige Fruchtkorper-
anlagen auftreten. Darauf zeigen sich derartige Fruchtkorperanlagen

in immer laingerem Abstand von der Grenzzone, bis schliesslich — auf
alle Fille nach einigen Wochen — beide Einspormyzelien diploidi-

siert sind. Irgendwelche genaueren Bestimmungen der Schnelligkeit
des Diploidisierungsprozesses wurden nicht angestellt, indessen geht im
Hinblick auf das sehr langsame Wachstum des Myzels die Diploidi-
sierung offenbar ziemlich rasch vor sich.

Hydnum strigosum Sw. ex Fr.

Von diesem seltenen Stachelpilz sammelte ich am 11. X. 1936
frische Iruchtkorper in einem hohlen Kirschbaum bei Linnés Ham-
marby im Ksp. Danmark, Uppland. Die Sporen keimten erst nach
einigen Tagen, und am 23. X. 1936 konnten eine Anzahl Einspormyze-
lien isoliert werden.
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Fig. 7. Hydnum strigosum. Ergebnis der Kreuzungen zwischen 6 Einspormyzelien
in allen Kombinationen und zwischen vier Testmyzelien (Nr. 4, 3, 5 und 6) und
weiteren 9 Einspormyzelien.

Die Sexualititsanalyse von 15 Einspormyzelien zeigte, dass Hyd-
num strigosum in Ubereinstimmung mit den iibrigen drei Hydnum-
Arten tetrapolar ist (Fig. 7). Die Einspormyzelien sind nicht gleich-
formig tiber die vier Haplontengruppen verteilt, sondern es scheint, als
ob die zwei Gruppen mit dem Faktor a, zu schwach vertreten seien,
was indessen auf einer Zufélligkeit beruhen kann:

fab. 124 8 10, T4 15
[ La,b,:

> w

Fhols s 18 Tt 5 8
12

f-a;b,:
Laih,:

(%3]

Eine habituelle Verschiedenheit zwischen Haploid- und Diploid-
myzel wurde nicht beobachtet. Die Myzelien hatten eine graubriun-
liche Farbe, wuchsen ziemlich dicht und bildeten nur in unbedeuten-
dem Masse Lufthyphen. Ein Ansatz zur Fruchtkorperbildung fand
sich nicht.

Irpex pendulus (A. et S.) Fr.

Fruchtkorper dieses ziemlich seltenen Pilzes habe ich nur an einem
Standort eingesammelt, nimlich am 6. X. 1940 auf eciner blossliegen-
den dicken Kiefernwurzel, die an einem Fluss-Steilhang bei Kvarnbo
im Ksp. Bondkyrka, Uppland, wuchs. Von einem der diinnen, leicht
trocknenden Fruchtkorper erhielt ich zahlreiche Sporen. Diese keim-
ten auf Malzagar bereits nach 24 Stunden, und Einspormyzelien konn-
ten ohne Schwierigkeit isoliert werden. Die schnell wachsenden Ein-
spormyzelien sind immer ohne Schnallen und bilden allmihlich sehr
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I'ig. 8. [Irpex pendulus. Ergebnis von Kreu-
zungen zwischen 8 Einspormyzelien.

verlieren ungewdohnlich schnell
ihre urspriingliche Vitalitit, und wartet man mit der Umimpfung einer
Kultur mehr als 1-—1 !/, Monat, pflegt das Tochtermyzel deutliche Spu-
ren von Selbstvergiftung aufzuweisen: der Zuwachs hort auf, bevor die
ganze Agaroberfliche tiberwachsen ist, das Luftmyzel bleibt klein und
das Substrat wird gewohnlich stark dunkelbraun oder beinahe schwarz.
Wie aus dem folgenden hervorgeht, ist der Pilz heterothallisch.
Das Diploidmyzel ist habituell dem eben beschriebenen Haploidmyzel
ziemlich gleich, doch wachsen die Hyphen dichter und feinwolliger,
und das diploide Myzel erhilt dadurch auch eine weissere FFarbe.
Zum Unterschied von den Einspormyzelien sind die Gewebe- und
Dichtsaatmyzelien reich schnallentragend. Eine Sexualitiitsanalyse
von 8 Einspormyzelien in simtlichen Kombinationen (Fig. 8) zeigte,
dass auch dieser Pilz tetrapolar ist.
’[a]l)]: 1. =3:29;
\ a,b,: 6, 11.
l fa;b,: 2.
|

a,bii 4, b

Wenn die »positiven» Kombinationskulturen sich in einem gewis-
sen Stadium befinden, kann man sie ziemlich leicht rein makrosko-
pisch von den »negativen» unterscheiden. In den ersteren bildet sich
namlich auf der Grenzlinie zwischen den beiden Myzelien ein Band von
dichterem und weisserem Diploidmyzel, und in den letzteren kann
mitunter eine schwache Aversionszone auftreten. Gewohnlich wach-
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sen jedoch die Myzelien bis zum Zusammentreffen, ohne dass eine be-
sonders markierte Grenzzone vorkommt.

Eine Andeutung zur Bildung von Fruchtkorpern wurde in der Kul-
tur nicht beobachtet.

Radulum Radula (Fr.) Nannf. (=Radulum orbiculare Grev. ex Fr.).

Von Radulum Radula wurden zwei verschiedene Isolierungen her-
gestellt, die erste von einem Fruchtkorper (Nr. 1), der am 6. X. 1940
von einem toten Birkenstamm bei Lurbo im Ksp. Bondkyrka, Upp-
land, geholt wurde, und die zweite von einem Fruchtkorper (Nr. II),
der am 28. XII. 1940 von einem toten Birkenzweig im Wald nordlich
der Stadt Uddevalla, Provinz Bohuslin, abgenommen wurde. Die
frischen Fruchtkorper lieferten eine grosse Menge Sporen, die auf Malz-
agar sehr schnell keimten, die meisten bereits innerhalb von 24 Stun-
den. Bei der Aufbewahrung in Dunkelheit behalten die Sporen lange
ihre Keimfihigkeit. Zum mindesten ein Teil der Sporen ist noch nach
8 Monaten voll keimfihig.

Ein Kombinationsversuch mit 10 Haploidmyzelien vom ersten
Fruchtkorper zeigte, dass Radulum Radula zum Unterschied von den
andern an dieser Stelle untersuchten Hydnaceen bipolar ist (Fig. 9):

{alz 1.9, 5868 10
a3 a7 e

Die vier Myzelien I : 1, 2, 3, 4 liessen sich simtlich mit vier auf’s
Geratewohl ausgewihlten Einspormyzelien von Fruchtkorper IT kopu-
lieren, welches bedeutet, dass die beiden Fruchtkorper verschiedene
»geographische Rassen» vertreten.

Die Untersuchung der Kombinationskulturen ist sehr leicht, da
Schnallen — sobald sie vorkommen — immer in grosser Zahl aufltre-
ten. Die Haploid- und Diploidmyzelien unterscheiden sich {ibrigens
unter dem Mikroskop voneinander durch einen etwas verschiedenen
Habitus, der doch schwer zu charakterisieren ist. Die Hyphen der
Einspormyzelien sind niemals so dick wie die der Diploidmyzelien, und
bei den letzteren sind die Zellen oft unregelmissiger und gleichsam an-
geschwollen. Die schon von BREFELD (1889) beobachteten perlband-
artigen Auswiichse von den Hyphen kommen sowohl bei Haploid- als
Diploidmyzel vor, im letzteren Fall oft in direkter Konnektion mit einer
Schnalle.

In Bezug auf den makroskopischen Habitus des Myzels stimmt
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Die  Diploidmyze-

lien sind makroskopisch vollkommen den Haploidmyzelien gleich,
zeichnen sich indessen durch eine etwas grossere Wachstumsge-
schwindigkeit aus. Um einen ziffernmiissigen Ausdruck fiir diese
Verschiedenheit zu gewinnen, wurde die Wachstumsgeschwindig-
keit von 12 frischisolierten Einspormyzelien von Fruchtkoérper 1
gemessen, ferner bei 12 von Fruchtkorper II sowie 12 Diploidmyzelien,
die durch Kombination von Einspormyzel der Fruchtkérper I und II
erhalten wurden. Bei der Ziichtung auf gewohnlichem Malzagar wur-
den folgende Durchschnittswerte des tiglichen Wachstums in Milli-
metern erhalten: (I:) 1,7310,09, (II:) 1,53+0,09 und (IXII:) 2,32%
0,06. Auf Malzgelatine (12 %o Gelatine und 2,5 %o Malzextrakt enthal-
tend) wuchsen die Myzelien etwas langsamer: (I:) 1,521+0,10, (il:)
1,47 20,07 und (IXII) 2,24 1£0,11. Aus den Ziffern ergibt sich, dass
die diploiden Myzelien auf den zwei probierten Substraten mit unge-
fihr 40 bezw. 50 %o grosserer Geschwindigkeit wachsen als die ha-
ploiden.

Zusammenfassung.

1. Hydnum auriscalpium, H. coralloides, H. corrugatum, H. strigosum und
Irpex pendulus besitzen tetrapolare und Radulum Radula (= R. orbiculare) bipolare
Geschlechtsverteilung. Bei H. auriscalpium fielen die ersten Sexualititsanalysen
vollig negativ aus, und die moglichen Ursachen dieses Verhaltens werden diskutiert.
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2. »Geographische Rassen: konnten nachgewiesen werden bei Hydnum auri-
scalpium, H. coralloides, H. corrugatum und Radulum Radula.

3. Diploide Myzelien von Hydnum coralloides und H. corrugatum sowie
haploide Myzelien von H. auriscalpium und H. coralloides bilden Fruchtkérper in
Reinkultur aus.

4. Bei Hydnum corrugatum unterscheiden sich die Diploidmyzelien von den
Haploidmyzelien durch stirkere Tendenz zur Fruchtkorperbildung, bei Radulum Ra-
dula durch ihre grossere Wachslumsgeschwindigkeit.

5. Das Aussehen der geziichteten Hydnaceen in Reinkultur wird beschrieben.

Institut fir physiologische Botanik an der Universitit Uppsala,
im Juni 1941.
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Vixtgeografiska bidrag. 6. Angermanland.

Av ERIK ALMQUIST.

Ehuru viil Angermanland 1dngt ifrdn dr »en vit flick pa Sveriges
botaniska karta» — sasom DAHLBECK (i Bygd och Natur 1939) med
hinsyn till bristen pa en modern floristisk sammanfattning kallade
det —, kan uttrycket i fraga alltjamt tillimpas pa vissa delar av land-
skapet, fran vilka nira nog inga botaniska uppgifter foreligga.

Ornskoldsviks skirgard dr, om Ulvoarna franses, ett sadant om-
rade. Knappast ens i H. SKOTTEs uppgifter (HAGLUND 1923), de rik-
haltigaste bland dem som hittills berort Ornskoldsvikstrakten, finner
man nagot frin havsbandet. I besittning av en del redan ganska gamla
anteckningar dérifran, vill jag hirmed meddela ett utdrag ur dessa
tillika med ett komplement, som assistenten TH. ARWIDSSON haft den
stora dlskvirdheten stélla till mitt forfogande.

Det var i augusti 1922, som tillfille bjods mig att under en veckas
vistelse pa Notbolandet utanfér Ornskoldsvik fiven besoka nagra fisk-
ligen pa nirliggande 6ar (Malmon, Grisslan, Trysunda) och samtidigt
ett par obebodda oar (Raskidrson och Skrubban). Forutom smérre
strovtag omkring Notbolandet gjordes ocksa en exkursion pa halvon
Skaglandet sydligast i Grundsunda s:n. De flesta utflykterna missgyn-
nades av mindre gott vider, och den begrinsade tid, som under dessa
stod till buds, gjorde ocksa det botaniska utbytet f6r mitt vidkommande
riitt ofullstindigt.

ARWIDSSON Overfor samma skirgard tillsammans med dr G. HAs-
SELBERG 1 juli 1931. Utom nyssnimnda oar besokte de idven ElO,
Vagod och nagra nirliggande skiar. Tack vare detta virdefulla tillskott
torde nedanstaende sammanstillning nagorlunda fullstindigt aterge,
vad som kan vara av intresse inom det besokta omradet.

Ifragavarande kuststriacka gor i huvudsak ett botaniskt kargt in-
tryck. Innanfor strandklippor, grus- eller klapperfilt (delvis av impo-
nerande utstrickning!) moter i regel den triviala barrskogen med
inspriangda myrar (iven pa darna), medan ings- och lundvegetation ar

21 Botaniska Notiser 1941.
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mycket sparsam. Forstnimnda standorter sakna ingalunda intresse,
men mera fordrande arter dro visentligen inskrinkta till klyftor och
skrevor, en och annan bickdild eller bergrot. Hoégre brantberg —
for att tala med GRAPENGIESSER (1934) — finnas icke forrin lingre in.
Den floristiskt intressantaste 6n dr antagligen Skrubban, eljest bekant
for sitt »fagelberg» och partiellt fridlyst for fagellivets skull. Denna 6
vore troligen viird en mera ingaende undersokning éin som under vara
flyktiga besok hanns med.

[ artlistan medtagas dven en del vanligare vixter, da lokaluppgif-
terna dels kunna erbjuda kartlaggningsmaterial, dels vittna om even-
tuell franvaro pa o6arna. Ett urval blir ju nagot subjektivt, och det
kunde mdjligen ha varit av intresse att meddela lokaler dven for vissa
andra (t. ex. Arctostaphylos, Cornus, Fragaria, Myrica, Scutellaria,
Selaginella, Tussilago, Valeriana), som forekomma m. el. m. allmiint
i hela omradet. — Nagra sannolika defekter i floran papekas i slutet.

Forteckningen kompletteras med nagra anteckningar av mig fran
ett besok i staden och efterféljande godstagsfird Ornskoldsvik—Sol-
lefted (1922) samt med sporadiska iakttagelser under Sollefted-besok
och genomresor olika ar.

For ytterligare en del spridda bidrag har jag att tacka professor
E. B. ALmQuisT (Aqt), lektor O. B. SANTESSON (Sant.) och docent
G. DEGELIUS (Deg.)!; den sistndmndes uppgifter dro fran 1930, de 6vriga
aldre. — Helt fa uppgifter forskriva sig fran inlandet ovan stambanan
och endast ett par fran den visterbottniska linsdelen (Norrfors stn).

Icke signerade fynd dro mina egna, for tydlighetens skull ut-
mirkta med ! i vissa fall, dd uppgifter av ARWIDSSON (Arw.) anforas
fran samma socken. Med * markeras uppgifter, som foreligga bade i
mina och hans anteckningar.

Lokaler i Ornskoldsvikstrakten (utom Mo s:n) sta i forekommande
fall forst; dvriga foregas av ett tankstreck. — For de forstnimnda be-
tecknas socknarna sia: A.=Arnis; G.=Grundsunda; N.=Niitra; Sj.=
Sjialevad. Ett par lokalbeteckningar (i Sj.) ma forklaras: Guldvik=
Guldvikfjirdens nordinda; Vikbotten=Vagefjirdens inre inda; Vige
tjarn avser den lilla sjon dérintill (huruvida detta i mina anteckningar
forekommande namn var gingse i orten, minns jag nu icke).

Beliiggexemplar av en del arter finnas i Riksmuseet. Ior ett par

! Denne har sjilv i lichenologiskt sammanhang publicerat en del fanerogam-
fynd, bl. a. fran Gillstaberget i Vibyggera. Se: G. DEGELIUS, Zur Flechtenflora von
Angermanland. Ark. f. bot. 24 A: 3 (1931), sid. 10 (etc.).
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av mina fynd, som redan publicerats, foljer hir nirmare lokalpreci-
sering; i ovrigt har jag sokt utgallra i litteraturen forefintliga lokal-
uppgifter.

Nomenklaturen fo6ljer for kéarlkryptogamer HOLMBERGs flora,
eljest LINDMANs (2:a uppl.).

Achillea ptarmica. — Liangs jarnv. vid Uvsjon, Anundsjo stn, Mellansel etc.

Actaea spicata. N. Skrubban (klyfta vid Misberget).

Agropyron caninum. N. Skrubban rikl.; A. Malmoklubb; G. Skagen.

Agrostis clavata.  Ornskoldsviks bangird (rud.), om hirstammande frin na-
gon naturlig forekomst i grannskapet eller ditford med jiarnvigen, ir
svart att siga.

Alchemilla glomerulans. Ornskoldsvik (park).

A. micans. N. Trysunda; Sj. Vageinget.

A. Murbeckiana. Ornskoldsvik (park): A. Notbolandet, Raskiirson; N. Try-

sunda. — Solleftea allm. kring staden; Langsele stn.

A. subcrenata. A. Raskirson.

A. subglobosa. — Solleftea: Djupons lastageplats.

A. Wichurae. — Solleftea fl. vid staden; Lingsele stn.

Alisma plantago-aquatica. — Resele: Selsjon; Skorped: Stugusjon.

Alnus glutinosa. N. Skrubban (enst. i kirr); Sj. Guldvik (skogsbryn vid
havet).

Anemone hepatica. N. Skrubbans nordsida (fa ex., Arw.). [A. enl. uppg.
vid Notbholandet o. Alne sigverk.] — Trehorningsjé: Herrbergsliden vid

Onskasjon (Sant.).

Apera spica venti. Ornskoldsviks hamn (rud.).

Arabis petraea. 1 havsbandet allm. inom det besokta omradet i N., Sj. och A.
atm. upp till Hornskaten och Malmoklubb; ej sedd av mig i G. (men enl.
GRAPENGIESSER 1937 dven funnen dir).

A. suecica. N. N:a Ulvon vid Sorbyn (Deg.).

Aracium paludosum. Sj. nira Guldvik och Norrvage; A. Notbolandet.

Arenaria serpyllifolia. — Solleftea: Djupokajen (1922).
Arrhenatherum elatius. — Gudmundra: Stromnis pa banvall (1936).
[Artemisia absinthium. A. Notbolandet odlad jimte Levisticum.]
Asperugo procumbens. — Solleftea pristgard (1922).

Asplenium septentrionale. N. Skrubban® (spars.), Trysunda (2 lok., Arw.).
— Vibyggera: Fiberget (Deg.).

A. trichomanes. N. N:a Ulvén (Deg.), Skrubban fL* Trysunda fL* (i
mingd).

Atriplex patulum. Ornskéldsvik vid Framnis.

Bidens tripartitus. Ornskoldsvik vid Framniis (SAMUELSSON 1937), rikl. 1922,
dven i »dike vid hamnen».

Botrychium boreale. Sj. EIl6 (c. 15 ex. i Antennaria-matta, G. Hasselberg
enl. Arw.), Vago (1 ex., Arw.).

B. lunaria. N. Skrubban®, Trysunda!

B. multifidum. A. Néotbolandet, Skommarhamn (klippspr.), Malmoén; G.
Mattjil (stranding), Tennviken — oOverallt i enstaka ex.
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Bromus arvensis. — Harnosand vid elverket (1922); Graninge stn (enst. 1922).

B. secalinus. Ornskoldsviks hamn (rud.). — Torsiker: Aspby (aker, 1936) ;
Solleftea: Hagesta (veteaker, 1922).

Calamagrostis arundinacea. N. Trysunda (vid foten av Bockviksberget): A.
Raskirson (Arw.).

C. epigejos. N. Skrubban (i myr): Sj. Norrvage, Vageinget: A. Notholandet.
— Mo: Mo, Sodera, Gottne etc.; Bjorna: Leding (Sant.).

C. lapponica. A. Notbolandet. — Anundsjo o. Mo fl. utmed jirnv.: Ramsele
allm. (Aqt).

Calla palustris. G. Jordavan pa Skaglandet. — Mo: Osteralnd.

Callitriche autumnalis. G. Tennviken (i havet).

Campanula rapunculoides. [A. Hornon, odlad.] — Torsaker: Hjirtnas (aker,

1931): Solleftea: Djupovigen (i tappa, steril, 1931).

Carex capillaris. N. Trysunda pa Kapellsberget (Arw.).

C. chordorrhiza. Sj. Vagé (Arw.). Pa fastlandet forbisedd?

C. diandra. Sj. Vage tjarn.

C. digitata. N. Skrubban®, Trysunda®; Sj. Guldvik etc.!, Vago (Arw.); A.
Skommarhamn!, Raskirson (Arw.).

C. elongata. Sj. Vago (vastsidan, Arw.).

C. flava. N. Skrubban: Sj. Vageianget: A. Hornskaten.

C. flavaXOederi. A. Hornskaten. [C. Oederi vanlig i trakten.]

C. glareosa. N. Skrubban (Arw.), Trysunda!: Sj. Klosan, Vagoé holme, Norr-
klubben (Arw.): G. Mattjil, Skagen fl.

C. Halleri. — Ramsele »i kdrr» (Aqt).

C. livida. Sj. Skommarhamnstrakten fl.; G. Skeppsmaln.

C. loliacea. A. Notbolandet. — Bjorna stn (Deg.): Trehorningsjo norr om stn
samt Hemliden (Deg.).

C. norvegica. Sj. Vikbotten, Vageinget; G. Mattjil, Skeppsmaln.

C. pallescens. Havsbandet t. allm. — Bjorna: Leding (Sant.).

C. pilulifera. Sj. Guldvik fl.; A. Skommarhamn.

C. tenella. Sj. Guldvik (vid skogsbick)!, Vago (vastsidan, Arw.). — Trehor-

ningsjo norr om stn (Deg.).

Chaenorrhinum minus. — Helgum stn 1931; Sollefted stn (SAMUELSSON 1927)
1931, 1936.

Cicuta virosa. A. Notbolandet (backmynning): Sj. Sjilevadsfjirden.

Circaea alpina. A. Notbolandet (backdal).

Convallaria majalis. N. Skrubban f1.*; Sj. ElIl6 (rikl., Arw.). [Enl uppgift:
A. L. Buréholmen: G. Killingsniis. |

Corallorrhiza trifida. N. Ulvohamn (Deg.): Sj. Klosan o. Vago (Arw.). —
Vibyggera: Faberget (Deg.).

Cystopteris fragilis. N. Skrubban®, Trysunda®; Sj. Ell6, Grisslaon (Arw.);
A. Raskiarson, Malmoklubb.

[Daphne mezereum. A. Hornon, odlad.]

Deschampsia bottnica. Sj. Vageanget!, Vagoé holme (Arw.): A. Skommar-
hamn!, Raskirson®, Malmon!; G. Mattjal, Tennviken.

Dianthus deltoides. Sj. Norrvage; A. Hornon.

Draba nemorosa. N. Trysunda fisklige (Arw.); Sj. Grisslaon (Arw.).
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Dryopteris filix mas. N. Skrubban® (rikl); Sj. EI6 (Arw.): 4. Raskirson
(Arw.), Malmoklubb (enst.)!

D. spinulosa. Sj. Vagednget; A. Notbolandet. [D. austriaca allm.]

Elatine hydropiper och E. triandra. Sj. Sjialevadsfjirden vid Hampnis.

Elymus arenarius. — Banvallen mell. Adalsliden o. Akvisslan fl., riitt rika
bestand (Deg.).

Epilobium collinum. N. Trysunda (Arw.): G. Stubbsand, Skagen — allt pa
strandklippor.

E. montanum. N. Skrubban!, Trysunda®; A. Notbolandet. — Skorped stn;

Anundsjo: Sorbole.

Equisetum pratense. Sj. Vageinget etc.; A. Notbolandet, Raskirson (riklL).
— Inat landet vil snarast allm. i dlvdalarna.

E. variegatum. Sj. Guldvik (bédckstr.), Vageinget: A. Notbolandet: G. Skagen
vid Guldbredviken (allt pa havsstr.).

Erysimum hieraciifolium. Ornskoldsviks hamn (1931 Arw.). — Resele: Méng-
manan vid dlven (vintern 1924). — Sannolikt denna art pa banvall vid
Stromnis (1936).

Eupteris aquilina. Sj. nira Guldvik.

Festuca duriuscula. — Langsele stn (1922), jirnviigslinjen Langsele—Osteras
fl. (1931): pa besadda slanter.
F. pratensis. — Utom stiderna noterad vid Forse bruk (1922) och nagra

jvstationer: Langsele, Selsjon, Skorped, Mellansel (allt 1922), Trehor-
ningsjo (1931).

Filago montana. — Solleftea: Djupokajen (1922).

Galeopsis tetrahit. — Selsjon stn (rud., 1922).

Galium aparine. Ornskoldsviks bangard (enst.).

G. mollugo. Sj. Sjilevad stn. — Gudmundra och Ytter-Liannis fl. (1931).

x. trifidum. G. Jordavan pa Skaglandet.

G. triflorum. N. Trysunda (vid Kapellsberget® o. Bockviksberget!): A. Ra-
skiirson (Arw.).

s. verum. G. Skeppsmalns fisklige. — Langsele giard (néra stationen): Sol-
leftea vid jvstationen; Resele: Hamptjirnsbicken (banvall).

Gentiana nivalis. — Graninge: Ledinge vid jamtlandsvigen (1870, Aqt).

Glaux maritima. Sj. Vagéo holme (Arw.); G. Mattjil, Tennviken.

Glechoma hederacea. G. Skeppsmalns fisklige. Solleftea vid kyrkan.

Glyceria maxima. Sj. Hampnis vid Sjilevadsfjiarden (spars.).

Goodyera repens. N. Skrubban, Trysunda; Sj. nira Guldvik.

Hierochloé odorata. — Resele: Selsjon (Sant.).

Hippuris vulgaris. Sj. Vage tjarn!, Vago (Arw.): G. Jordavan pa Skaglandet.

Honckenya peploides. Sj. Guldvik!, Klésan, Vago holme (Arw.): A. Horn-
skaten! (spars.), Raskirson® (ymmn.); G. Stubbsand (spars.).

Isoétes echinosporum. G. Langsjon pa Skaglandet.

Juncus balticus. N. Skrubban fl.!, Trysunda (Arw.); Sj. Ello, Klosan, Vago
holme, Norrklubben (Arw.); A. Skommarhamn!, Raskirson®; G. Mattjil,
Skagen.

J. compressus. A. Malmoklubb; G. Skeppsmaln (bada st. pa strandklippor).

J. Gerardi. N. Trysunda (Arw.); G. Mattjial (ingsbildande).

Knautia arvensis. — Langs jarnv. i Helgum (Gransjo), Ed (fl.) o. Mo (Sédera).

fon)
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Lamium album. — Héarnosand vid elverket (spars. 1922).
L. amplexicaule. N. Trysunda. — Solleftea prastgard: Aspea stn.
L. intermedium. N. Trysunda. — Priastmon (1931).

L. purpureum. Samma stillen som L. amplex., o. eljest fl. (allm.?).

Lapsana communis. Solleftea vid Djupoviigen (1922).

Lathyrus maritimus. N. Ulvohamn (Deg.): Sj. Guldvik!, Klosan o. Vago
holme (Arw.); A. Raskirson® (rikl.).

L. palustris. G. Mattjil (stranding).

L. pratensis. N. Trysunda (Kapellsberget)®. — Aspea stn (kulturspridd).

Ledum palustre. Sj. Guldviksmossen o. berget ovan Vageinget. — Tasjo:
Bosundet (Sant.).

Lemna trisulca. Sj. Vikbotten (méangdvis).

Lepidium densiflorum. — Norrfors stn (enst. 1931).

Lilium bulbiferum. — Sabra: Gryttjom forv. pa banvall (blom. 1936).
Limosella aquatica. A. Malmon (havsstr.): Sj. Hampniis vid Sjilevadsfjirden.
Linaria vulgaris. Sj. Vageanget (spars.), Sjilevad stn. — Solleftea vid kyr-

kan o. Djupokajen: Helgum stn: Moilven (banvall soderut); Trehorning-
sjo stn, etc.

Listera cordata. N. Trysunda; Sj. Vago (Arw.).

L. ovata. — Ramsele pa en nipa (1895 Aqt).

Luzula sudetica. Sj. Vageiinget; A. Notbolandet (soderut).

Lycopodium inundatum. G. Skeppsmaln (6versilade klippor, spars.).

Lythrum salicaria. Sj. EI6. (Arw.); A. Malmoklubb: G. Skagen fl. — allt pa
strandklippor.

Malaxis paludosa. N. Skrubban; A. Notholandet mot Vageinget — bada lok.
pa oversilade klipphéllar(!); pa Skrubban éven i liten myr.

Matricaria inodora »ssp. maritima». N. Skrubban (Masberget).

M. suaveolens. N. Trysunda®; A. Noétbolandet (spars.), Hornon; G. Tenn-
viken, Skeppsmaln. — F. 6. vid alla jvstationer Ornskoldsvik—Solleftea

(ej Aspea?) 1922, d:o Hirnosand—Solleftea 1931, etc.

Moehringia trinervia. N. Trysunda®; Sj. Klosan (pa strandgrus, Arw.); A.
Skommarhamn!, Raskirson (Arw.).

Montia lamprosperma. N. Trysunda (Arw.): Sj. Guldvik!, Vikbotten!, Vage-
anget!, Grisslan!, Vago o. Norrklubben (Arw.), Hampnis vid Sjilevads-
fjarden!; A. Notbolandet fl.!, Skommarhamn!, Malmon®; G. Mattjil, Tenn-
viken, Skeppsmaln.

Myriophyllum alterniflorum. — Forse i Faxilven.

M. spicatum. A. Notbolandet (havet): G. Langsjon pa Skaglandet.

Orchis maculatus. N. Skrubban (Arw.): Sj. Vageinget (soderut)!. Klosan
(Arw.); A. Hornskaten: G. Skagen vid Guldbredviken.

Paris quadrifolia. N. Skrubban®, Trysunda!; Sj. Vikbotten!, Vigeinget!,
ENo, Klosan, Vago (Arw.); A. Notbolandet!, Raskiarson®.

Pastinaca sativa. Ornskoldsviks bangird (ett par ex.).

Peucedanum palustre. N. Skrubban (rikl.): G. Mattjil, Skagen fl.

Plantago lanceolata. — Mellansel stn (griasplan, 1922).

P. maritima. Sj. Vagoé holme (Arw.): G. Skagens svdostra sida.

Platanthera bifolia. N. Skrubban® (mjolonhed etc.): Sj. Ell6 (fl. i klipp-
skrevor) o. Klosan (krakris-ljunghed, Arw.).
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Poa alpina. — Solleftea: Djupokajen (1931).

P. compressa. A. Notbolandet (villatomt). — Modélven [nuv. Moliden] stn
— i bada fallen enstaka ex. (1922).

P. palusiris. Ornskoldsviks bangird (rud.).

P. remota. Sj. Norrvage vid Vikbotten (biackdild). — Ramsele fl. (Aqt).

Polygonatum officinale. N. Skrubban fL*, Trysunda® (bada bergen). Sj.
Ell6 (Arw.): A. Raskidrson (Arw.). — Den for Skrubban uppgivna P. mul-
tiflorum (KrROK 1889) sag ingen av oss.

Potamogeton alpinus. G. Langsjon pa Skaglandet.

P. filiformis. Sj. Vago holme (Arw.): A. Raskirson (Arw.), Malmon®: G.
Mattjil, Tennviken.

P. pectinatus. Sj. Vikbotten: 4. Notbolandet!, Malmon (Arw.): G. Tennviken.

P. vaginatus. N. Trysunda fiskhamn: 4. Notbolandet.

Potentilla norvegica. Ornskoldsviks bangard; N. N:a Ulvon vid Nordbyn
(Deg.); A. Notholandet: G. Skeppsmaln. — Moliden stn; Adalsliden: Niis-
aker (Deg.): Fjallsjo: Backe (Deg.); Skog: Herrskog (Deg.).

Puccinellia distans. Ornskoldsviks hamn. — Hirndsands hamn (1922); Sol-
leftea: Djupokajen (1931).

P. retroflexa. N. Skrubban!, Trysunda®; Sj. Klosan, Grisslan, Vagé holme,
Norrklubben (Arw.); A. Rodflasorna (Arw.), Raskirson!, Malmoklubb!;
G. Mattjal — allt pa strandklippor.

Pyrola media. N. Trysunda (Kapellsberget); A. Notbolandet (soderut).

Ranunculus Baudotii ssp. marinus. N. Trysunda: G. Tennviken.

R. lapponicus. — Trehorningsjo norr om stn, rikl. (Deg.).
R. peltatus. G. Langsjons avlopp. — Skorped: Stugusjon, Holmsjon.

R. reptans. N. Trysunda (kirrgrop); G. Langsjon pa Skaglandet.

R. sceleratus. G. Mattjal (enst. pa havsstranden).

Raphanus raphanistrum. — Ramvik o. Skadom 1931; Solleftea pristgard
1922; Uvsjon 1922; Anundsjo stn 1922, Mellansel stn 1915.

Rhamnus frangula. N. Skrubban (i klyftor).

Rhinanthus major. — Skorped: Linnas (1922).

Rhynchospora alba. G. Skagen fl. i hallkar o. smamyrar.

Ribes alpinum. N. Skrubban® (rikl. i klyftorna).

R. Schlechtendalii. N. Skrubban (klyfta vid Masberget).

Rosa cinnamomea. [A. Raskiirson enl. uppg.] — Hamre vid Faxilven.
R. virens. N. Skrubban (ett par lok.).
Rumex aquaticus. — Langsele vid stationen och Orbick.

R. crispus. N. Skrubban (Masbergets klippor o. klyftor).

Sagina nodosa. N. Trysunda®: Sj. Guldvik (sandfalt)!, Vago holme (Arw.);
A. Malmon: G. Tennviken, Skagen.

Sagittaria natans. Sj. Sjalevadsfjarden (ymn.).

Salix livida. — Skadom: Lokom stn.
Sambucus racemosa. — Ed: Osteras vid jiarnv. (1922).
Satureja acinos. — Norrfors stn, grismatta (1931 Deg.).

Saxifraga groenlandica. N. Skrubbans nordsida (i 2:ne skrevor, Arw.), Try-
sunda (Kapellsbergets nordv. brant®). Uppgiften fran Skrubban hos
GRAPENGIESSER (1934, sid. 328) ar alltsa icke min.

Scheuchzeria palustris. Sj. Vage tjarn.
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Scirpus acicularis. A. Notbolandet (havet), Malmon (d:o); Sj. Sjilevadsfjar-
den: G. Langsjon pa Skaglandet.

Sc. mamillatus. N. Skrubban; G. Skagen (bada st. i hillkar).

Sc. pauciflorus. Sj. Vageianget: A. Skommarhamn; G. Mattjal (allt pa havsstr.),
Tennviken (fukt. stig), Langsjon.

Sc. Tabernaemontani. Sj. Vikbotten i Vagefjirden.

Sedum telephium. N. Skrubban fL*, Trysunda®; Sj. Ell6 o. Norrklubben
(Arw.), Grisslan!;: 4. Skommarhamn!, Raskiarson (Arw.), Malmoklubb!;

G. Skagen fl. — S. acre pa bl. a. samma lokaler (ej Ell6?, Raskirson?).
Senecio silvaticus. N. Skrubban fl. (men fatalig). Svensk nordgrins?
S. viscosus. — Langsele bangard (enst. 1922).

Silene maritima. Sj. Vago holme (Arw.); A. Raskiarson (Arw.).

S. noctiflora. — Solleftea prastgard (talr. i tippa 1916; tillf.?).

S. rupestris. — Bjorna: Innerlidberget o. Vibyggera: Fiberget (Deg.).

Sisymbrium altissimum. Ornskoldsviks bangiard (nagra ex.).

S. orientale. Ornskoéldsviks bangard (nagra ex.).

S. sophia. 1 alla stider — f. 6. vid jvstationer: Mellansel 1922, Vija hpl. 1931.

Sonchus arvensis. Sj. Vikbottens strand — sannolikt f. maritimus, som upp-
givits fr. grannskapet (HAGLUND 1923).

Sparganium affine. N. Skrubban!, Trysunda (Arw.); A. Malmoklubb; G
Skeppsmaln (allt i hillkar).

S. Friesii. G. Langsjon pa Skaglandet (ej nadd, men tycktes siker).

S. hyperboreum. N. Trysunda; Sj. Vage tjirn; A. Skommarhamn: G. Skepps-
maln. — S. minimum sags ej!

Spergularia rubra. N. Skrubban (Masbergets klippor, fullt naturlig standort!),
Trysunda; Sj. Grisslan®; 4. Malmon; G. Stubbsand (strandklippa), Tenn-
viken, Skeppsmaln. — Karakteristisk for fiskligena.

Stellaria longifolia. N. Trysunda (Kapellsberget)®; A. Notbolandet fl.

S. nemorum. Sj. Norrvige vid Vikbotten; A. Notbolandet (bickdilder).

Struthiopteris filicastrum. Sj. Norrvage vid Vikbotten, Visterhus.

Subularia aquatica. Sj. Sjilevadsfjirden; G. Langsjon pa Skaglandet.

Symphytum officinale. — Héarnoésand vid elverket (jordhog, 1922).

T'anacetum vulgare. A. Notbolandet vid en gard (spars.).

T'hlaspi alpestre. A. Degerson (»Dekarson») dven i naturlig dngsmark (Arw.).
— Locke by vid och néra landsv. (Deg.); Gryttjom o. Ramvik pa ban-
slanter (rikl., 1936).

Thymus serpyllum. N. Trysunda®; Sj. Guldviksfjirden (allm.)!, Ello, Klésan,
Vago (Arw.), Grisslan!; A. Hornskaten!, Raskirson®, Malmon!; G. Stubb-
sand, Tennviken.

T'illaea aquatica. Sj. Hampnis vid Sjilevadsfjiarden.

T'rifolium spadiceum. — Bjorna stn (Deg.).

Turritis glabra. — Frano (gardstomt vid banan, 1936).

Urtica urens. N. Trysunda®. — Sollefted pristgard.

Utricularia intermedia. Sj. Vageanget; G. Skeppsmaln.

U. minor och U. vulgaris. G. Jordavan pa Skaglandet.

Viburnum opulus N. Skrubban (klyfta pa vistsidan).

Vicia sepium. N. Trysunda (Kapellsberget).

V. villosa. — Sollefted: Hagesta (veteaker, rikl. 1922).
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Viola Riviniana. N. Skrubban®, Trysunda!; A. Nétbolandet, Raskirson; G.
Tennviken.

V. tricolor. Sj. Vago (Arw.); A. Raskédrson (Arw.), Hornon!

Viscaria alpina. N. Skrubban® (allm.), Trysunda®; Sj. Ello, Vago (Arw.);
A. Skommarhamn—Hornskaten fl.; Raskirson®, Malmoklubb; G. Stubb-
sand, Skagen (allm.).

Woodsia ilvensis. N. Skrubban® o. Trysunda® (rikl.); Sj. Ell6, Klésan, Vago,
Vigé holme (Arw.), Grisslan®; A. Malmoklubb (spars.)!, Raskirson
(Arw.).

Zannichellia palustris. Sj. Vageinget; A. Skommarhamn, Malmoén; G. Mattjil,
Tennviken, Skeppsmaln (rikl.). P& sistnimnda plats dven var. pedi-
cellata (i fiskhamnen).

Anm. Kulturmark, sparsamt férekommande och efter hoskorden utan
intresse, berordes foga i havsbandet. I mina anteckningar dirifran saknas
ocksa en lang rad kulturspridda arter (t. ex. Carduus, Dactylis, Heracleum,
Sinapis). Men aven i fraga om traktens inhemska flora blev det manga va-
kanser (t. ex. Ajuga, Alopecurus aequalis, Calamagrostis lanceolata, Carex gra-
cilis, leporina, panicea, vesicaria, Pimpinella, Pinguicula, Scrophularia, Ty-
phoides, Viola epipsila). Kanske foreligger i vissa fall nagon kustskygghet.

Bland arter, som ej sigos pa éarna, ma dven — utover vad som framgar av
artlistan — nidmnas Carex aquatilis, Equisetum palustre, Lycopodium cla-
vatum.

Ovan ha citerats: GRAPENGIESSER (Sv. Bot. Tidskr. 1934 o. 1937),
HAGLUND (Bot. Not. 1923), Krok, Hartmans flora 12:e uppl. (1889),
SAMUELSSON (Sv. Bot. Tidskr. 1927 o. 1937).

Eskilstuna i februari 1941.
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On Formative Effects of Carbohydrates
on Root Growth.

By HANS BURSTROM.

Introduction.

Methods of growing isolated roots on synthetic media have opened
up a new field for studies on the metabolism of roots under strictly
controlled conditions. In several works of this kind attention has also
been paid to the carbohydrate requirement (MALYSHEV 1932, BONNER
& AppIcOTT 1937, ROBBINS & SCHMIDT 1938, WHITE 1940 a, b). In
general, it has been stated that sucrose or glucose at concentrations of
1—2 % are convenient sources af carbon for the roots, and that other
sugars or related compounds are inferior in this respect. The growth
is then measured relative to the increase in length or weight of the
roots. Little interest has been paid, however, to the quantitative in-
fluence of the sugars on the root development and to the formative
effect of the carbohydrates on the root growth.

Research on phytohormones has given evidence that cell division
and cell elongation are distinctly separable phases of growth. Further,
it has been shown that the roots are heterotrophous with respect to
thiamin and nicotinic acid, the first of which, according to AppIcoTT
(1939), specifically promotes cell division. On the other hand, they
seem to be autotrophous in respect to hormones of the auxin group
(SEGELITZ 1938, VAN OVERBEEK 1939), and external supply of these
hormones is, anyhow, not necessary for infinite growth in vitro. No-
thing is known, however, of the influence of carbohydrates on the rates
of cell division and cell elongation. We must assume that they are
indispensable to all phases of both energy and building metabolism,
although the quantitative requirements of division and elongation might
be so different that an excess or a deficiency of carbohydrates results in
distinet — cytological or histological — changes within the roots. This
assumption has also been verified by the following results.
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The anatomical investigation has been carried out on the epider-
mis of wheat roots, grown isolated on nutrient solutions to which
glucose was added. The dimensions of mature epidermis cells were
determined through direct measuring under the microscope. From
these values and the dimensions of the roots the number of epidermis
cells in longitudinal and tangential direction was calculated. The rate
of cell elongation could be computed from the cell number, and dimen-
sions in the meristem and zone of elongation.

SINNOTT & BLrocH (1939 a, b) have made interesting observations
concerning the development of the root hairs of different grass species.
The validity of their results for wheat roots has been established, and
the arrangement and dimensions of root hair cells and root hair-free
celis have proved to be a useful indicator for the mode of differentia-
tion of the epidermis at different supply of carbohydrates.

Methods and Material.

Culture methods. Isolated roots of »Diamant» spring wheat
were grown on solutions containing mineral salts, glucose, thiamine
and in some cases yeast extract of the commercial product Cenovis.
The duration of experiment was limited to 10—15 days, and for so
short a time additions of growth hormones are not necessary for maxi-
mum growth rate. The standard mineral solution used had the fol-
lowing composition: KNO,; 0.2 mmols, KH,PO, 0.3, Ca(NO,), 0.4,
CaSOy 0.1, MgSO, 0.2 mmols per liter, and Fe-citrate or sulfate 1 mg,
MnSO, 1, CuSO,, ZnSO,, KJ, H;BO, and Am-molybdate each 0.02 mg
per liter. All the chemicals were Merck or Kahlbaum »zur Analyse».
A »low nitrate» solution was obtained by substituting Ca(NO,), with
CaSO,, by which the nitrate concentration was reduced from 1 to 0.2
mmols per liter. Glucose was added in varying amounts from /44
to '/, mol per liter. The experiments were performed at 20° C in
100 ml Erlenmeyer flasks with 20 ml solution, each inoculated with
four 6—8 mm long root tips from seedlings germinated under sterile
conditions in Petri dishes. Each experiment was repeated in at least
five duplicates; the figures given in the Tables for fresh or dry
weights refer to 20 roots. — Exceptions from this plan of experiment
are especially noted in the Tables. — The solutions were autoclaved
20 min. at 110° C.

The roots made very good and uniform growth in these solutions.
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Under optimal conditions the main tips grew at a constant rate of 5
to 6 mm per day, after four to five days there appeared regularly
extremely narrow lateral branches, the growth of which did not by far
reach the figures for the main tips. The standard deviation of the
increase in root length amounted to =15 to 20 %o, i. e. the mean error
for 20 roots to approximately 4 .

The measuring of cell dimensions. By means of
direct microscopical investigation the length and breadth of the epider-
mis cells of the roots were determined. For this purpose the roots
were fixed in Navashin’s fluid, after one day rinsed with water and
treated for 15 min. with 3 % NaClO. The measurings were per-
formed with an ocular micrometer at 250 times enlargement.

On an extensive material which will not be reported in detail, the
individual variations in cell size within roots and between roots were
determined. The following method of measuring proved satisfactory
for the obtaining of reliable values of the cell dimensions. On each
root determinations were made at 5 to 7 points at about 10 mm distan-
ces. At each point 20 cells were measured. This was repeated on 10
roots of each treatment and the average calculated from the 1000 to
1400 determinations. The length of the cells usually averaged 150 to
200 y, the mean errors were approximately constant, amounting to
1==15 %0 i e t2—3 t. A difference in cell length of 5—10 y. should
accordingly be statistically significant. As will be shown later, the
length of the cells is far from constant but highly dependent upon
nutritional and other environmental conditions; average values were
thus obtained ranging from a minimum of 85 to a maximum of 350 ..
Differences of this magnitude were thus determined with a very high
degree of significance. The mean errors, which were always computed
are only given as examples in the first Tables below. The breadth
of the cells, on the contrary, was rather constant 15—17 p. Significant
differences were never found and the values have not been reported in
the Tables.

The determination of the rate of cell- division.
For computing the number of cells within one longitudinal cell row the
following quantities must be determined:

total root length (1), length of meristem (I ), average length of
mature cells (C) and average length of meristem cells (C, ).

All values given in microns, the number of cells along the root
axis (n;) will become:
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eI | I
C Cin
The value of Cm was constant irrespective of the treatment of the
roolts, the cells were calculated to have an average length of 13 .
In this formula no allowance is made for the decreasing cell length

n=

within the zone of elongation. This is very short, only amounting to
1020 cells, and the error caused by omitting it is negligible. Only in
some cases of very poor growth was a graphical correction made. The
length of the meristem (zone of division) must be taken into considera-
tion, since it varies considerably.

The increase in cell number is computed as the difference between
n; and the cell-number of the inoculum. If the directly determined
corresponding quantities in the last case are denoted ni, 1" and C’ the
number of cells along the root axis formed during the time of experi-
ment (Nj) was calculated according to the formula:

l; —1 EE e e R (1)
N — ni—mn l: Lf, 10 beSsengs & 77,7“]7_\'_ m m
- ¢ S
C’ for roots grown on filtering paper averaged 300 . Only in cases
of very rapid growth could (1) be substituted with the more simple

formula:

=1 (2)
Nl :7[7'(‘ = L]
in most cases, the accurate formula (1) was used.
The thickness of the root was measured at regular intervals and

from the diameter (d ) the number of longitudinal cell rows (N,) was

computed:
T di= . ‘
Ni= 15" where 15 denotes the average cell breadth in microns

(cf. above).

The value of N, is not constant within one root but increases or
decreases from the base to the root tip depending upon the rate of
cell division in tangential direction. The computation of an average
ralue for each treatment is thus necessary to obtain a value of the
rate of total cell divisions per day (R;):

NN, (3)
-
t denotes the time of experiment in days.

It must be remarked that this formula only shows the number of

cells formed from the growing point per unit time and that no atten-

R(l =
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tion is paid to the number of dividing dermatogen cells. R, is thus
no value of the rate of mitoses within one dividing cell.

The dimorphism of the epidermis cells. When
determining the cell lengths due attention was paid to the dimorphism
of the cells, already studied by SINNOTT & BLOCH (1939 a, b). In some
cases cells with and without root hairs were treated separately; also
the percentage of root hair cells were determined and the position of
the root hair cells in relation to those free of root hair. In some
selected cases also the inseration of the root hairs was studied. These
investigations were, of course, carried out on smaller material than
normally, usually on about 200 cells of each experiment.

In the tables the following indications have been used:

» +cells» for cells with root hairs, and

» —cells» for cells without root hairs, and accordingly C+ and CG—
for the lengths of each kind of cells.

In comparison with the observations on isolated roots some deter-
minations were also made of the epidermis structure of roots of intact
plants grown under artificial conditions. Three examples are given.

I. 3-week-old intact plants grown on complete nutrient solutions
of pH 6; artificial light 22000 Lux.
Cell lengths: C+ 126X3 p
C— 1714 p,
Difference 45%5

Quotient 1.36

G
II. Roots of 3 day old seedlings germinated on filtering paper.
Cell lengths: C+ 243%8
C— 326t14 ¢

Difference 83.L171 »
Cie
Q o 1.34

It must be noted that in spite of the very large difference in absolute

.

cell lengths in the two cases the quotient (f ~ is approximately con-
stant. This fact will be further exemplified and discussed below.
III1. Intact plants one week old grown on distilled water. — In

this series also the relative number of + and — cells was determined
in addition to their arrangement.
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49 % +cells length 202 y
51 %0 —cells length 264 .

Q ;1: 1.30.

The arrangement of + and —cells may be illustrated by the num-
ber of —cells between consecutive +cells:

number of — cells 0/y cases
0 17
1 66
2 12
3 5

The 17 0 cases with no —cells consisted of 5 %0 cases in which
3 +cells followed on each other, in the Table reported as 10 % »0»
cases, and 7 %o cases with 2 +cells together. More than 3 cells of the
same kind were not observed together. This means that with slight
irregularities epidermis consists of longitudinal rows of alternating -+
and —cells, in full accordance with the observations, made by SINNOTT
& BrocH (1939) on Phleum and Poa.

The formation of root hairs. The cell dimorphism
is apparent already from the start of the elongation process. Iig. 1
exemplifies the cell lengths of one cell row from the meristem to the
mature stage. From the start of the elongation the cells are grouped
in pairs, one cell being smaller and less vacuolized than the other. Yet
the difference in size is very slight until the formation of root hairs
sets in. This happens when the cells have reached about half the final
length and proceeds as follows (cfr. Fig. 2). Initially the nuclei of all
cells are placed in the middle of the cells. In the small cells richer in
plasm, root hairs are initiated as curvatures of the wall immediately
distally of the nuclei. The cell as a whole continues to elongate but
during the first formation of the hair the distal halt of the cell does
not elongate at all. Only when the proximal part has doubled its
length is the elongation of the distal part set going, and from that point
the whole cell grows uniformly. Thus the root hair becomes inserated
for a distance of about one third of the cell length from the distal end.
When it has reached a length of 40—50 u the nucleus wanders into
it and places itself near the apex. — Another example is given in
Table 1.

It is important to note that the proximal half of the +cell elon-
gates as much as the corresponding part of the —cell, in which the
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CELE
LENGTH
200— e
100 —=
MERISTEM }(—————— ZONE OF ELONGATION H MATURE CELLS
Fig. 1. The cell dimorphism during the elongation. — Each point represents one
cell from the meristem to the mature stage. — Average curve heavily drawn.

nucleus is always placed in the middle of the cell. This is also illustra-
ted by Fig. 3, which shows the final cell dimensions, positions of root
hairs and nuclei in one experiment with two glucose and two nitrate
levels combined.

From the given data it is evident that the point of inseration of
the root hair on the mature cell is independent of the final length of

both root hair and cell, and the quotient g—; thus obtains its constant
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IFig. 2. Three phases in the development of a root hair. A: Initiation of the root

hair distally of the nucleus. B: Nucleus passing into the root hair, proximal part

of the cell growing rapidly, distal not so. C: All parts of the cell elongating uni-
formly, nucleus placed near the apex of the root hair.

Table 1. The different growth of distal and proximal half of the root hair cells.

} Length p of | Increase in length p of

dDhase P o 3 = | = e

Phase of development ‘ distal proximal distal | proximal
| part part part | part
| A. First sigiis ‘of 1Toot hairs i c.i. 58 1 74 ! 6 54
B. Nucleus wandering into the hair | 64 128 .; ‘.)‘.
PO Metdreteells h 0 91 184 - o

value of 1.3

1.4. The reduced length of the +cells cannot be ex-
plained simply by a consumption of material in the root hair forma-
tion. It mainly depends upon the fact that the elongation of the distal
half of the cell is retarded during the initiation of the root hair. This
mode of uneven cell elongation does not necessarily involve some kind
of gliding growth during the development of the epidermis.

22 Botaniska Notiser 1941,
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Fig. 3. The dimensions of mature cells with and without root hairs. — Cfr. the

positions of the nuclei in the — cells and the attachment of the root hairs. In the
+ cells the nuclei are placed near the apex of the root hairs. — Four treatments:
nitrate /5000 and */1000 mol combined with glucose '/200 and /20 mol.

SINNOTT & BLocH (1939 a) have shown that the dimorphism is in-
duced in the last division of the meristem cells, the apical daughier
cell being smaller than the basal one, and is later increased during
the elongation. Our observations verify their results; for Triticum,
however, the dimorphism is chiefly due to the unequal elongation.

The determination of the rate of cell elonga-
tion. The final length of the mature cells does not illustrate the rate
of cell elongation. This can be calculated, however, from the number
of cells forming the zone of elongation (n,), C, N, and t.

The zone of elongation is very sharply set off from the mature
cells but passes slowly into the meristem. n, was thus determined

€
graphically. On 5 roots ten cell rows were chosen and the lengths
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of the cells were measured individually from the meristem to the
mature part. The average of the series was taken and plotted graphi-
cally as is exemplified in Fig. 1. ne is then easily calculated from the
curve. In the average curve two and two adjacent cells have been
joined together in order to eliminate the dimorphism, which is apparent
already from the start of the cell elongation.

Assuming that cell division and elongation are proceeding conti-
ne 24t
=
During this time each cell increases in length from 13 to C y, and
hence the rate of elongation in microns per hour (R,)
is found:

nually the time of cell elongation in hours (t,) will become: t,=

(C —13) Ny (4)
Re=————.
ne24 t

As is apparent from Figures 1 and 2 R, is not constant during
the elongation process. The elongation starts slowly and the rate in-
creases until, in the last phase, it reaches an almost constant value. The
found value of R, thus denotes the average rate which is always less
than the maximum rate which is kept during the second half of the
elongation process when the root hair development has started (cf.
above).

Temperature and root growth. The effect of tem-
perature on root growth has been studied in order to find out, whether
isolated and intact roots react equally to some environmental factor,
or if the separation of the roots from the aerial parts markedly affects
the growth process of the roots. — Two examples are given.

I.  Intact plants in darkness. Complete nutrient solution with
glucose '/;, mol. Duration of experiment 6 days. 3 parallel cultures
each with 4 plants (=36 roots). The results are reported in Table 2.

Irrespective as to whether the root growth is measured as an in-
crease in length or weight the optimum is found at rather high tem-

Table 2. Roots of intact plants at different temperatures. 6 days in darkness.

e Temperature °C.
Growth

\ v2 g o e 83
1 \
| Increase in [ ‘

lengthr M= e s g o) 23.1 937 32:3 1.0
| freshweight mg 81 L1120 121 140 —1.9
el length Gt o 207 215 121 113 X
L Gellonumber Ni=- o0 {ieh 88 173 257 X
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perature, 26° C or slightly higher; 33” on the contrary is definitely
lethal. WHITE reports that wheat (1932) and tomato roots (1937) have
a growth optimum approaching 30° C, whereas GALLIGAR (1938) found
such a high optimum only for cotton and much lower values for e. g.
pea and sunflower.

The increase in length is due partly to an increase in cell number
and partly to a change in the cell lengths. The latter decreases with
increasing temperature, and at 26° it only amounts to about one half
of the length at 7°. Thus the increase in root length solely depends
upon the increasing rate of cell division, which rises rapidly with in-
creasing temperature and is approximately linear between 15° and
26° C. The same inverse relation between elongation and division
appears also with isolated roots.

II. Tsolated roots at varied temperature. Glucose */,, mol. Dura-
tion 14 days. — Table 3.

Table 3. Isolated roots at different temperatures. Glucose 1/20-mol. 14 days.

Growth

| 1 Temperature °C.

R e S e )

|
i

1 25 30
\ ‘ ‘ | ;
Increase in ‘ ‘ \ ‘
lengthomm-ciine oy P R G B R TR S B e T
freshweight mg & 63 150 \=:193 229 233
[z Cell:length- Gl i .| 208 177 {157 147 147
| Cell-number:-NI i coviiietiimis, 152 312 | 413 513 | 321

The maximum root length is found about 25°, and 30" is supra-
optimal. The fresh weight optimum lies somewhat higher, a fact
which will be considered later.

The increase in cell number in linear from 8° to 25°. If the curve
is computed as a straight line according to the least square method,
we obtain an increase in cell number with 21.1+£0.2 cells for 1° in-
crease in temperature; the small mean error demonstrates the good
agreement with the straight line. This fact which appeared in all tem-
perature series is worth noting since it forms a probable rare exception
from the usual type of biological temperature effects. The optimum
is sharply marked, and at supraoptimal temperature the cellnumber
in a longitudinal direction decreases rapidly.

That the root length-temperature curve has a usual rounded-off
optimum depends upon the interaction of the straight N,-curve with the
decreasing values of C as was also the case with the intact roots.
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Summarily the growth behaviour is very much the same for intact
and isolated roots with respect to the temperature effects. — These
experiments also illustrate the independence of the rate of cell division
and the final cell length.

The glucose optimum for root growth.

The rate of intake of glucose by wheat roots is approximately
proportional to the glucose concentration of the nutrient solution. This
is shown by Table 4. The absorption in percent of the amount supplied
is not exactly constant, but decreases slightly with increasing con-
centration. The glucose absorption proceeds further very slowly, thus
the optimum must be sought at comparatively high concentrations,
about 1/,, mol.

Table 4. The absorption of glucose by intact plants. 4 parallels with each
3 plants in 50 cc solution. Time of experiment 6 days.

| Glucose in the solution mol 1300 1 1100 1730 110
abSorbed-mgc= ool 15.5 31.6 102.4 283.2
» U g s e | 12609 | 8.8 | 8.6 7.9

In the first place, this is true for the increase in fresh or dry
weights of the roots; for the logitudinal growth another picture is
found. Several series of experiments were performed to investigate
this problem, all agreeing perfectly. Two only will be given in detail,
one with high nitrate (Table 5) one with low nitrate concentration
(Table 6). As shown already in the temperature series the growth
determined as an increase in length of the root is of little interest, it
must be interpreted in terms of cell numbers and dimensions.

Table 5. Isolated roots at different glucose concentrations. 9 days.

Glucose mol.
Growth

11000 1300 1100 130 Yo |
Increase in |
lengthomm T s i s 13.4 | 235 = 10.8 56.0 52.6
freshweight mg ............... 42 e R 202 231
| Cell length C | 152 42 | 22943 | 248+ 3
| Cell numbers N 162 oot eDast o ole
i e e 82 79 \ 77 89 ; 94
| Time of elongaition hours ...... 18 13 [ 6 10 11
| Rate of
cell divisiom ... 1290 1420 | 2060 2200 2300
elongation ju h 3.8 | 8.8 | 22.8 22,1 21.4




322 HANS BURSTROM

Table 6. Isolated roots at different glucose concentrations. Low nitrate. 9 days.

[ Glucose mol.

Growth e = = ==
Yoo | 1/300 \ Ywo | 130 1/10
‘ i
Increase in } \ } E
lenothmm- e o000 33.8 43.1 439 |- gdd |
fresh weight mg ............... 41 65 106 156 140 |
Cell length C p .....ocoovieeee.. | 143 42| 15341 | 18342 | 213 42 | 23042 |
Cell -numbers Ny =i 116 200 {215 (=198 |- 167
Nt s 84 80 ‘ 80 ‘ 95 {107
| Rate of cell division...............| 1080 | 1780 | 1910 | 2060 1980

Concerning the cell lengths the results are very simple, the
length of the mature cells steadily increases with
increasing glucose concentration. A further analysis
of the mode of cell elongation shows, however, that this effect is of
a complex nature (Table 5). From the lowest glucose concentration
up to /15, mol the rate of cell elongation increases very rapidly and
in spite of the simultaneously decreasing time of elongation this results
in an increasing length of the mature cells. At glucose !/, mol
however, the rate of elongation has reached its appa-
rent upper limit and the increasing cell length at still higher
concentrations is due to an extended time of elongation.

Also with regard to the rate of cell division different conditions
prevail above and below '/;,, mol glucose. Up to this approxi-
mate limit the rate of cell division increases, espe-
cially in logitudinal direction. The divisions tangentially decrease in
number, however, the roots thus becoming more slender at '/,,, mol
than at lower concentrations. At further increasing concentration
another change in the structure of the roots sets in. The total number
of divisions is certainly approximately constant, but the rate of divi-
sion longitudinally decreases and it increases tangentially correspon-
dingly. Morphologically this means that the roots continually increase
their diameter, which is particularly evident from the values of the
section areas of the roots at different points in Table 7. This experi-
ment was selected because it shows an extreme case of »swelling» of
the roots at high glucose concentration, usually the increase in dia-
meter was less prominent, but still obvious, as in Table 6.

The most interesting fact is that this apparent »swelling» of the
roots takes place without any significant change in the total number of
cell divisions in the meristem. That is to say that a certain num-
ber of divisions in the dermatogen change from a
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Table 7. Isolated roots at two different glucose levels. 7 days.

Glucose mol.
Growth : s

\
1 1300 150
l i
Increase in length mm ......... [-23.0 21.8
Cell lengths p C 200
G 141
| Q= 1.42
! Ol tcells: Gt riveiiieas : 49
Cell numbers N1 .. 135
Nt - | 115
Rate of cell division | 2230
Section area of the root mm?
at-the'apex . o tiloass 0.107 0.264
i middle 0.132 0.215 |
| base 0.150 0.150

transversal to a longitudinal plane of division un-
der the influence of abundant supply of glucose.
A computation of the approximate rate of this reversal of the mode of
division might be worked out as follows for !/;, mol glucose from
Table 5. The initial root tips numbered 87 longitudinal cell rows,
during the experiment this number increased to 101. On each initial
cell row there thus comes 0.16 longitudinal divisions against 214 trans-
versal; a reversal of only 0.7 °/,, of the divisions is thus sufficient to
produce this most apparent morphological change of the root.

It is evident that glucose affects the root growth in two different
ways.

The first way, which we may call the primary effect, manifests
itself if the glucose concentration increases from zero to about '/, ,, mol.
Without any addition of carbohydrates there are no signs of growth at
all, that is to say, no divisions occur in the meristem and no elonga-
tion of already present meristematic cells. The primary effect thus
might be identified with the »nutritive» effect, the glucose promotes
growth acting as a source of carbon in synthetic processes and energy
metabolism. The two fundamental phases of growth, rate of division
and rate of elongation, both reach their maximum values already at
the comparatively low concentration '/;,, mol glucose. Only up to
this concentration — under the given conditions — does the carbo-
hydrate supply limit all phases of growth.

The secondary effect, on the contrary, does not change either the
rate of division or elongation but involves (1) an extension of the time
of elongation, which also might be expressed as a delayed passing of
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the cells into the mature state, 2) disturbances in the planes of cell
division, and (3) a more extensive formation of root hairs, as will be
shown below.

It is not certain, however, that these three manifestations of high
glucose supply are causally related to each other, and above all they
must not necessarily depend upon the increasing utilization of glucose
wilthin the roots. It must be borne in mind that glucose !/;, mol has
an osmotic value of approximately 2.2 atm., and osmotic forces might
be involved in the effect of high sugar concentrations on the root
growth.

This question could apparently be easily settled by comparing
glucose '/;, mol with some isosmotic solution which does not act as
a source of carbon, or some solution of this kind cormbined with a
lower glucose concentration, i. e. some non-assimilable sugar -+ glucose.
There is, however, no carbohydrate except glucose and maltose with-
out injurious effects on the roots at high concentrations. The be-
haviour of the roots in maltose solutions was therefore studied in
comparision with isosmotic glucose solutions.

The influence of maltose on the root growth.

RoBBINS & ScHMIDT (1938) have made a careful comparision of
the value of different sugars as sources of carbon for tomnato roots, and
also noted the morphological appearance of the roots.

They have observed, that the presence of toxic contaminations
is an important factor in root growth on sugars of different origin.
This fact, especially with regard to the difference between glucose and
sucrose, is considered controversial by WHITE (1940 ai, b), and has
not yet been settled. Concerning maltose, ROBBINS & ScHMIDT tested
samples of different purity, some being superior to sucrose for tomato
roots, other more impure very inferior or not permittimg any growth
at all. Nevertheless, they were able to state that »in each instance
where growth occurred in the maltose solutions the roots had the same
general appearance, irrespective of the sample of maltose used» and
»that the type of growth in the maltose cultures was different from
that in either the dextrose or sucrose solutions. The 'branches were
long, slender, and very white.»

MALYSHEV (1932) states that for different roots the maltose was
inferior to other sugars tested, he found the series: sucrose>glucose>
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fructose>maltose. SCHNEIDER (1938) has obtained about the same
result.

In our experiments the wheat roots made very good growth in
maltose cultures. The preparation was Merck No 937871. It gave a
slight yellow colour in water solution and was decolourized with car-
bon in 1-mol siolution.

Table 8. Comparison of glucose and maltose. 5 days.

| Glucose mol. ‘ Maltose mol. l

| Growth = e e

‘, L/a00 199 1/200 199
Increase:in length mm i i ooe b 18:5-1 30.0 15.0 ‘ 26.9 |
Cellslengtha G o s o | 131 | 298 104 |~199
Section area of the root at the apex mm?| 0.091 | 0.204 | 0.102 | 0.108
Cellnumbers:Nit o 8 i [ 144 118 | 142 155 ’

! N T8 90 82 80 ’
Rate of celldivisionsRn i oy 2240 2120 | 2330 2480

In the exjperiment reported in Table 8 glucose and maltose were
compared in isosmotic solutions. With maltose the roots had the cha-
racteristic slemder form noticed by ROBBINS & ScHMIDT and also by
WHITE (1940 1b). This is clearly visible from the figures in the Table.
On the whole maltose of any concentration seems to have about the
same effect om the roots as a much lower concentration of glucose,
with the excepition, that maltose only promotes cell elongation and does
not cause swellling of the roots. A cell length of 200 y. in glucose cul-
tures was alw:ays accompanied by signs of swelling, but not so with
maltose (Table 8). — In Table 9 low concentrations of the two sugars
have been compared, the effect of maltose '/;,, is almost identical with
that of glucose: !/,,, mol.

Table 9. Comparison of glucose and maltose at low concentrations. 13 days.

‘ | Glucose mol.

| Maltose mol.
Growth =

1300 | 1/50 Ml,lm

_! Increase in
| lenpth-mol .o mnvs s 40.2 51.5 39.7
‘ freshweight mg 95 187 100

Ojoecellsina et i = 50 59 41
‘ Cell length p (T - 124 185 139 i
‘ C— 164 241 179 ‘
5 =B e e ‘ 1.32 1.30 1.29

CGellnumber N1z o i [==279 {247 244 |
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It must therefore be concluded that the swelling of the
roots in solutions of high glucose concentrations
isnotconnected with the osmotic properties of the
solutions.

The change in diameter of the roots.

The swelling of the roots does not proceed for more than five to
ten days after the transfer of the roots to the test solutions. After that
approximate time the roots continue to grow with — as far as could
be observed — constant diameter. The same is true also of the re-
ducing of the diameter which takes place in solutions of very low
glucose content. Thus it seems as if the roots morphologically »adapted»
themselves to different nutritional conditions.

WHITE (1936) has also observed the same or a similar phenome-
non. He states that the roots always gradually obtain the same thick-
ness irrespective of the initial diameter of the inoculum.

The reversal of the planes of cell division without changing the rate
of divisions, which is shown to be involved in this adaption, can be
followed more in detail by studying the structure of the epidermis,
especially the formation of root hairs.

In general, roots receiving glucose abundantly are characterized by
richly developed root hairs. Not only are these longer in high glucose
concentrations, up to 2 mm against some tenths of millimeters in
dilute solutions, but sometimes they also increase in number. This is
especially the case during the adaption period. It is clear that this
must necessarily be connected with disturbances in the normal ar-
rangement of + and -—cells. Thus the structure of the epidermis
during the first ten days in high glucose concentrations shows certain
irregularities, two of which are of special interest.

(1) In instances when the swelling — or adaption to high glucose
concentrations — proceeds rapidly, as is exemplified in Tab. 7, a com-
plete irregular arrangement of + and —cells might result. Neverthe-
less, the number of + cells may amount to the normal value of 50 %o
and the quotient é: to 1.3 to 1.4. One experiment of this type has
been treated statistically; the computation has been carried out as in
expt. III, p. 315 but for both types of cells and the figures have been
added together.
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number of cells of one

kind betveen two of Y% cases
the opposite kind glucose 1/200 20 mol
0 20 49
1 68 26
2 7 11
3 3 8
4 1 3
5 - 1 2
6 — 1

At low glucose we find the normal alternating arrangement of + and
—cells with only unimportant exceptions, but at /,, mol it approaches
a distribution at random of the two cell types. Such a highly irregular
arrangement, of course, represents an extreme case, but it verifies the
conclusion that the effect of abundant glucose supply
mainly involves disturbances in the planes of cell
division.

(2) In other cases, the percentage of - cells raised above 50, up to
90. Nevertheless, epidermis might consist of rows of alternating large
and small cells, most of which had root hairs. One example is given
in Table 10. The relation between the lengths of the two size classes
of cells was 1.3, which corresponds exactly to the normal difference
between -+ and —cells, but also 38 %0 — in this case — of the large
type had formed root hairs.

Table 10. Glucose !20-mol. Cell lengths and number of root hair cells.

Kind of cells " Cell length p ‘ Number 90
Apical cells of each pair C—= it ‘ 253 50
|
T LT e s e ‘ 343 38
AL N g e 398 12

During the adaption to high glucose concentration the roots
usually showed a behaviour between those described under (1) and (2)
above. That is to say, they showed both deviations from the normal
arrangement of large and small cells an d an increased number of root
hairs. It then became almost impossible to treat the material statis-
tically, but the analysis of the two extreme cases gives a clear idea of
the formative changes involved in the »adaption» to high glucose
supply.

With regard to the normally strictly regular arrangement of the
cells Triticum corresponds to the Poa type of SINNOTT & BLocH (1939 a),
but the difference in cell size equals that of Chloris, with a weaker
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apical tendency. Under the influence of high glucose supply, however,
it rather resembles Sporobolus, with an irregular formation of root
hairs. It thus seems as if the polarity was not causally related to the
root hair formation, they are only parallel to each other, and there is
only a gradual difference in potency of root hair formation of the two
kinds of cells.

Discussion.

The most striking result of the investigation is the constancy of
the rate of cell multiplication within the dermatogen. That the cell
number reaches a maximum value at a much lower glucose supply
than the cell elongation need not, however, give rise to speculations as
to the demand of carbohydrates or energy of the two processes. It
only shows that higher amounts of carbohydrates can not be utilized
in the cell divisions.

This may be due to some other factor — hormonal or nutritional —
which limits the rate of division, or that the mitotical activity for
purely mechanical reasons cannot be accelerated limitlessly. For the
second possibility obviously shows that the only hormone known to
promote divisions specifically — thiamine — was abundantly present,
and that the amounts of nutrient available did not by far limit the
growth as a whole — that is to say the formation of new cell material.
It is also interesting to compare the studies of HOUGHTALING (1940)
on the stem development of three pure lines of Lycopersicum and their
hybrids. He concludes »that cell number may be genetically con-
trolled, without any influence upon cell size.» That this could be
demonstrated apparently without any precautions being taken, in order
to keep the nutritional conditions constant, indicates that the rate of

cell multiplication is rather independent of external conditions. — Only
by drastic operative encroachments did Havis (1940) succeed in re-
ducing the rate of cell division of Brassica hypocotyls. — On the other

hand SiNNOTT (1939 a) reports that fruits may obtain a constant
volume, with cell number and dimensions varying inversely, and that
»large cells indicate either fewer divisions, more expansion, or both»
(1939 b).

The rate of multiplication is further independent of the plane of
cell divisions. This is true not only under the influence of high glu-
cose supply, but also at supraoptimal temperature. In Table 3 was
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shown that the root length and cell number longitudinally reach a
maximum at 257, but that the root weight did not decrease at a still
higher temperature. This is partly due to a more abundant initiation
of lateral branches, and partly to increased root width. As is evident
from Table 11. however, the total cell number is constant; the reduced
number longitudinally is compensated by an increase tangentially.

Table 11. Reversal of the plane of cell division at supra optimal temperature.

{  Temperature °C

Growth e
| 25 30
| |
: \
Cell-numbers Ny il { 513 ‘ 321
Nf= e 9l 81
| Rate of cell division ...... 1870 | 1860

Why an abundance of glucose changes the polarity within the
dermatogen cannot be decided at present. However, it is relevant to
mention some results of DIEHL & al. (1939). By different applications
of heteroauxin to Helianthus hypocotyls the growth in length and
width could be varied inversely, at constant volume of the organ. Yet
it is possible that the similarity is only superficial. In our case we
have not studied the cortex and stelar elements and do not know if
they behave similarly to epidermis. It is not even necessary to assume
a direct action of the glucose concentration on the epidermis itself in
this respect. It is possible that cortex only reacts directly to the in-
fluence of high glucose supply with increased growth radially, and that
the change of the plane of divisions in the epidermis is only a passive
adjustement to the increasing width of the cell mantle. In roots, on
the other hand, where divisions occur only sparsely in the mature
epidermis, the dividing meristem cells ought to be rather equal, espe-
cially as in Triticum epidermis and cortex differentiate from common
periblem-dermatogen initials (HAYWARD 1938).

In any case, the change in shape of the roots must be of a certain
physiological importance. The ultimate cause of the disturbances cer-
tainly is the increased glucose concentration of the cells, and it can be
assumed that the glucose absorption is a function of the root area, but
the consumption a function of the root volume or increase in volume.
Thus a thick root must get some power to keep the internal concentra-
tion low. The swelling of the roots therefore seems to involve a regula-
tion of the internal glucose concentration.

A comparison might also be made with the conditions of the shoot
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apex, where according to SCHUEPP (1914), the rate of cell division is
the same in outer and inner cell layers, though in the tunica all divi-
sions are anticlinal and in the corpus are laid in all planes. It ought
to be worth studying, if in this case also the carbohydrate supply in-
fluences the directions of the divisions, and thus the formation of leaf
primordia.

The second phase of growth is the cell elongation. According
to current opinion the hormones of the auxin group play the same
role in shoot and root, with the only exception that in the root they
are normally present in supraoptimal quantities (cfr. HEYN 1940).
Thus we cannot expect that the hormone supply should limit the cell
elongation, if only carbohydrates for synthetical purpose are available
in moderate quantities. Above !/, mol glucose the rate of elongation
is also constant, but the time of elongation increases with further in-
creased glucose supply. As will be shown below this undoubtedly
depends upon the osmotic condititions of the cells. It is generally
assumed that the turgor pressure is the driving force of the elongation;
following that the plasticity or elasticity of the cell walls has been
regulated by the hormones. But for how long a cell is able to elongate
or what sets a limit to the elongation has usually not been considered.
The osmotic conditions are instructive in the present case.

Table 12. Osmotic properties of epidermis cells immediately after finished
elongation.

i Glucose 1/200 mol ‘, Glucose 1/20

Osmotic quantities frosm e ‘ ‘ = ; s
normally plasmolyzed ‘ normally  plasmolyzed

i \

|
Volume p3.102............. .| a8 | oag 1 1225 768 |
| Elastic extension ¢, 36 | 0 i 35 0 |
| Osmotic value mol glucose ... 0.19 } 0.33 [ 0.25 0.40 1
| Turgor pressure mol glucose 0.18 | 0 0.20 0 |

Table 12 shows some measurings of the osmotic properties of epi-
dermis cells from solutions of /,,, and '/,, mol glucose. Parts of the
mature epidermis, immediately behind the zone of elongation, were
carefully cut out from most of the underlying cortes to allow the cells
to contract freely, and plasmolyzed in glucose solutions. The »normal>»
values of the Table indicate the properties of the cells in contact with
their respective culture solutions, viz. glucose /,,, and '/,, mol. The
difference in size of cells from high and low glucose corresponds to
values reported earlier, a noticeable fact is, however, that the turgor
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pressure is equal in both cases. The cells from high glucose contain
3.7 limes the amount of osmotically acting substances as those from
low glucose. This whole amount is, indeed, not present from the start
of the elongation, but the difference in osmotic value is apparent
already here. Exact osmotic values could not be obtained on the not
vacuolized meristem cells, but the plasm showed early contraction at
0.35 and 1.0 mol glucose respectively in the two cases. The rest of
the osmotic substances must migrate into, or be formed in the cells
during the course of elongation. When this has finished all the cells
show a turgor pressure of about 0.2 mol. It is not mere chance that
the same value was obtained in both cases; other experiments gave the
same result independent of cell size and external glucose concentration.
The same was also found with roots from intact seedlings germinated
on filtering paper. In one case the »normal» cell length amounted to
289 ., the length of the cells in water to 284 y and thus the cells in
moist air were saturated. The osmotic value and turgor corresponded
to 0.19 mol glucose, and the elastic extension also under normal
conditions — to 36 %. The remarkable size of the cells no doubt de-
pends upon the ample supply of carbohydrate from the grain. Though
the nutrients migrate into the roots in another way as in experiments
with high glucose added, the result becomes the same: increased elon-
gation of the cells and, nevertheless, a final turgor pressure of about
0.2 mol.

It has been emphasized earlier that the difference in cell size between
high and low glucose roots only depends upon the time of elongation.
The rate is probably determined by hormonal influence, or rate of
water intake, or both, but the time of elongation directly
depends upon the amount of osmotic substances
present in the cell If this is increased the elongation
will go on until the same final state has been
reached, and only a difference in cell size will re-
sult Itis also significant that the expansion of the time of elonga-
tion only begins when glucose is added in concentrations which may
be of osmotic importance.

The osmotic value of the cells from !/,, mol glucose exceeds that
of /450 mol with an amount approximately equalling the difference
in external concentration. Since it must be assumed that the increase
in osmotic value depends upon the accumulation in the vacuole of
glucose not consumed in the metabolism, this seems to accumulate at
approximately diffusion equilibrium with the external solution.
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However, the increased growth at high glucose not only involves
an osmotic uptake of water, but also a production of cell material cor-
responding to the increase in volume. This is obvious from the rela-
tion between fresh and dry weight of the roots. In one typical case
the percentage of dry matter of roots from glucose /54, and '/,, mol
amounted to 8.5 and 11.3 respectively. From the last value must be
drawn a weigt corresponding to the amount of accumulated and not
assimilated glucose, which from Table 12 can be estimated to 1.8 %;
the rest will become 9.5 %0. Further, it must be remarked that more
lateral branches are initiated at high glucose with meristems rich in
plasm. In any case, the percentage of dry weight is not appreciably
lower at high than at low glucose. — Another important fact in this
connection is that the elastic extensibility is exactly the same for epi-
dermis cells from moist air, '/, and !/,, mol glucose. At a turgor
pressure of 0.2 mol the cells expand 35—36 %o in length. This indi-
cates that the structure of the cell wall is the same, in spite of the three-
fold elongation at high glucose supply. Of course, this is possible
only if sufficient nutrients are available for the building up of new
plasm and wall material. Otherwise, the roots will probably behave
as under the influence of high concentrations of the slowly utilized
maltose: rapid elongation but insufficient assimilation of carbohydrate
will make the roots extremely slender. — For the growth of coleoptiles
the interaction of hormones and carbohydrates has been illustrated by
SCHNEIDER (1938). — The rate of assimilation of the different sugars
will be considered in another paper.

It has been shown that during the formation of root hairs, the
apical end of the cell does not elongate for a short interval, whereas
the growth of the basal part proceeds. In terms of the current theory,
this must depend upon temporarily lower plasticity of the apical end
of the wall, since the turgor pressure must act uniformely towards both
ends of the cell. It is an open question if this mode of differential
growth involves some kind of gliding growth, or if the cells are in a
fixed position to each other. SinNvoTT & BrocuH (1939 b) who have
thoroughly studied the same problem, deny any kind of gliding growth.
But then it follows that a local change in plasticity of the wall in one
cell must cause a corresponding local change of the neighbour wall, or
there must arise rather heavy tensions between the cells. This seems
to offer an interesting problem as to the interaction of cells in growth.
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Summary.

The  cell division and cell elongation in epidermis of isolated wheat roots,
grown on solutions of different glucose concentration, have been studied.

Epidermis consists of alternating cells without root hairs and shorter cells
with hairs, the relation between the length of the two types being constant 1.3—1.4,
independent of their absolute length. The root hair is inserted at a distance of one
third of the cell length from the apex. This depends upon the fact that, at the
initiation of the hair, the elongation of the apical part of the cell is retarded; this
is also the main cause of the difference in length of cells with and without root
hairs.

Cell division and elongation are highly independent of each other, the former
being more constant than the latter. The final length of mature cells varied between
85 and 350 w (average values under different treatments).

With increasing temperature the rate of division increase linearly to 25° C
and then remains constant, the elongation decreases from + 7° to 30°.

Without addition of glucose neither division nor elongation occur.

If glucose is added in increasing amounts up to '/100 mol/liter the rate of both
cell division and elongation increases. This might be the nutritive effect of the
sugar.

At additions above */i0 up to '/50 mol the cell number remains constant but
the roots increase in width, while a number of divisions of the dermatogen are laid
longitudinally instead of transversally. Thus the rate of division is independent
of the direction of the plane of division. This effect is not connected with osmotic
actions of the solutions, but depends upon the abundance of glucose itself. The
same phenomenon will appear at temperatures above 25° C.

In the same concentrations of glucose the formation of root hairs is pro-
moted; such are formed also from cells initially not determined as root hair cells.

By additions from /100 to /10 mol glucose also the rate of elongation remains
constant, but the time of elongation is extended, thus the final length of the cells
will steadily increase with increasing glucose supply. The increase in time of
elongation is connected with the amount of osmotic substances available in the
cells, and the mature cells obtain a constant turgor pressure corresponding to
about 0.2 mol glucose (~ 4.2 at.), irrespective of final cell size and external glucose
concentration. Nor do these influence the elasticity of the cell wall. The cells of

intact roots grown in moist air behave similarly.
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Smirre uppsatser och meddelanden.

Laviloran pa toppen av Romeleklint (Skane).

Sommaren 1939 vistades jag en tid i Skane for lichenologiska studier.
Speciellt fignades dérvid uppmiirksamhet at de gamla slottsparkernas ganska
rika och intressanta lavflora. Jag onskade emellertid ocksa fa tillfille att
bl. a. studera lavfloran pa nagot av de ganska fataliga nakna klippartierna i inre
delen av sodra Skane for jimforelse med liknande lokaler a andra hall
Romeleklint i Godelov socken blev den plats, jag kom att utvilja. Mitt besok
dir kom till staind den 7 juli och skedde i sillskap med med. kand. GUSTAF
HAGLUND och fil. mag. OVE ALMBORN.

Romeleklint utgér med sina 175 m 6. h. ett av de hogsta partierna a
Romeleasen. Den ér liksom storre delen av dsen ifraga tickt av 1osa jordlager
och skogklidd, dock med undantag av den bl. a. till ytvidden obetydliga topp-
platan. Den senare, som blev foremal for undersokning, dr nimligen skoglos,
och naket berg gar dir stillvis i dagen. De nakna klipporna iro timligen
Iiga men delvis branta samt sammanlagt av ritt obetydligt omfang. Till
storsta delen dro de mer eller mindre solexponerade, stiillvis dock beskuggade
av den omedelbart nedanfér vidtagande odlade granskogen. Denna senare
hindrar en starkare vindexponering. Med hénsyn till lutningsférhallandena
forekomma klippytor av alla slag: horisontalytor, vertikalytor, dverlutor osv.
(6verlutorna dock foga betvdande). Sipperytor spela stillvis en viss roll.
‘agelpaverkan dr obetydlig eller ingen, kulturpaverkan storre genom nérvaron
av ett utsiktstorn. Berggrunden bestar till storsta delen av gronstenar, dels
en dldre amfibolit, dels yngre giangar av hyperitdiabas  (se nirmare HJELM-
QVvIsTs diss.-avh. 1934 p. 23, fig. 4).

Under uppehdllet hiir, som varade ett par timmar, blev denna lilla plata
foremal for en noggrann inventering med hiinsyn till forekommande lavarter.
Som jag tidigare flera ganger framhallit iro dylika undersokningar av smirre
omraden av stort virde ur viixtgeografisk synpunkt, dirigenom att de sam-
lade — limna en langt tillforlitligare bild (iven med hinsyn till negativa
drag) av de olika arternas utbredning éin den som dstadkommes genom mer
tillfilligt gjorda insamlingar. De kunna ocksa tjina ett annat indamal, niim-
ligen att vara utgingspunkter for studier over lavvegetationens och lavflorans
lokala forindringar under arens lopp med hinsyn till 6kad eller minskad
kulturpaverkan osv.

59 olika arter konstaterades pa den nimnda lokalen, vilket ér ritt mycket
pa en sa liten yta, dven om det ej tal jimforelse med vad liknande lokaler
t. ex. i Bohuslin kunna erbjuda. Den uppgjorda artlistan ser i sin helhet ut
pa foljande sitt (nomenklaturen i huvudsak i enlighet med: Forteckning over
Skandinaviens viixter, utg. av Lunds Bot. For., 4. Lavar, 1936):
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Porina chlorotica, Crocynia neglecta, Diploschistes scruposus, Peltigera
canina, P. polydactyla, P. rufescens, Lecidea furvella, L. fuscoatra, L. intu-
mescens (pa Lecanora rupicola), L. lapicida, L. orosthea, L. scabra, L. sorediza,
L. sulphurea, L. tenebrosa, L. uliginosa (s. str.), Rhizocarpon badioatrum, Rh.
distinctum, Rh. geographicum, Rh. lecanorinum, Rh. obscuratum, Cladonia
coccifera, Cl. fimbriata (v. minor), Cl. Florkeana (v. intermedia), Cl. ochro-
chlora, Cl. pyxidata (v. chlorophaea), Cl. rangiformis, Cl. scabriuscula, Cl.
squamosa, Umbilicaria deusta, U. polyphylla, U. pustulata, Acarospora fuscata
(aven f. Steinii, det. MAGNUSSON), Pertusaria leucosora, Lecanora atra, L. badia,
L. (Asp.) caesiocinerea NYL., L. (Asp.) cinerea, L. intricata (rikligast var v.
soralifera), L. (Plac.) macrocyclos, L. (Plac.) muralis, L. polytropa, L. rupi-
cola, L. (Asp.) simoénsis (blott v. isidiata, det. MAGNUSSON), L. subcarnea,
Candelariella coralliza, C. vitellina, Parmelia conspersa, P. furfuracea, P. isidio-
tyla, P. physodes, P. pulla, P. saxatilis, P. sulcata, Caloplaca ferruginea (v.
festiva, syn. C. festiva), Buellia punctiformis, Physcia caesia, Ph. teretiuscula,
Ph. Wainioi.

Av nimnda arter voro foljande rikliga: Lecidea furvella, L. fuscoatra
(vilken upptriidde i flera former, dven med mycket ljus bal), Rhizocarpon
lecanorinum, Umbilicaria pustulata, Acarospora fuscata, Lecanora caesio-
cinerea, L. intricata v. soralifera, L. rupicola, L. macrocyclos, Candelariella
coralliza, Parmelia pulla, P. saxatilis. Sarskilt sparsamma voro: Diploschistes
scruposus (ett enda men stort ex.), Peltigera rufescens, Lecidea sulphurea,
Parmelia furfuracea (ett enda mycket ungt ex.), P. physodes, Caloplaca ferru-
ginea v. festiva, Physcia caesia, Ph. Wainioi. Lecanora muralis, Candelariella
vitellina och Parmelia sulcata voro betydligt sparsammare én resp. Lecan.
macrocyclos, Cand. coralliza och Parm. saxatilis. Samtliga Cladonia-arter
voro mer eller mindre sparsamma, och ingen av dem sags med apothecier.
Bland bladlavarna antecknades blott Parmelia conspersa, P. pulla och P. saxra-
tilis med apothecier.

Lavfloran kan siigas vara ganska éverensstimmande med den pa liknande
lokaler annorstides innanfor kusten i sodra Sverige. Viixtgeografiskt sett ir
ingen av de ingdende arterna mer anmirkningsvird. Dock ér den oOver-
viagande nordliga Rhizocarpon badioatrum ritt sillsynt i sydligaste delen av
vart land. Vidare bor observeras den rikliga féorekomsten av Lecanora intri-
cata v. soralifera, forovrigt ganska sillsynt, samt upptridandet av Lecanora
simoénsis v. isidiata, om vilken sistniimnda man ej vet si mycket betriffande
utbredningen utover att den ir timligen vanlig i Bohuslin. Ett intressant,
lokalens natur belysande negativt drag ar saknaden av Lecidea deustata; for
denna arts upptridande éar platsen ej tillrickligt vindexponerad.

Distinkta lavsamhillen med en eller niagra fa dominerande arter tiic-
kande storre sammanhingande ytor voro knappast utbildade. En del av de
ovan namnda rikligt forekommande arterna (t. ex. Umbilicaria pustulata och
Lecanora caesiocinerea) kunde dock stillvis sammansluta sig till samhéllen
av mindre omfang. I allminhet var vegetationen sammansatt av ett flertal
olika arter med mer eller mindre likartad tickningsgrad.

Uppsala, Vixtbiologiska Institutionen, i maj 1941.
GUNNAR DEGELIUS.
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Atrichum angustatum (Brid.) Br. & Sch. (Catharinaea
angustata Brid.) i Skane.

Vid revision av en samling mossor tagna av f. d. l:e provinsiallikare
G. A. SJODAHL, Stockholm, faste jag mig sirskilt vid ett exemplar av ovan-
stiende art. Exemplaret, korrekt namngivet av insamlaren, hade av S.
d. 9 Juli 1940 insamlats pa en sandig stenmur alldeles intill ett kafé belaget
i nirheten av den berémda fyndorten for oceaniska viixter Klova Hallar i
Sonnarslovs s:n av Skane. Exemplaret saknade frukt men hade vil utveck-
lade hanblommor (anteridier just mogna men ej oppnade). De flesta hade
nog gatt forbi den foga uppseendevickande mossan. vilken i samlingarna sa
gott som uteslutande ar representerad av fruktexemplar.

Forst 1892 upptiacktes Atrichum angustatum i Sverige. ARNELL samlade
den da vid Rorvik pa Orust i Bohuslin (2-blommor). Samma ar tog A.
den i Ljungarum s:n i Smaland. Da His. MOLLER 1919 behandlade sliktet
kande han utom dessa lokaler endast en andra lokal for Smaland, Madesjo
s:n, dir den 1912 samlats av S. MEDELIUS. C. JENSENs nya flora kan hirtill
ligga endast en lokal: Jimshog s:n i Blekinge (MEDELIUS). Vid efterforsk-
ning i Riksmuseets samlingar fann jag emellertid tvenne skanska exemplar
av arten, bigge tagna av den outtrittlige och skicklige J. PERSSON. Exem-
plaren, biagge i frukt, voro fran Broby s:n, Nobbelof a igenviixt aker '%/11 1920
och Glimakra s:n, nira Brotakulla vid vigen till Dalshult /10 1920. Fru
E. NynoLMm vid museet i Lund har haft vinligheten meddela mig att déar
dessutom forvaras ett tredje skanskt exemplar taget av J. PERSSON nimligen
fran Emitslov s:n, Vastraby d. /11 1920 (a etiketten star Broby s:n men enligt
fru N. ligger lokalen i grannsocknen Emitslov).

Atrichum angustatum foreligger alltsd fran ej mindre an 4 skanska
lokaler. Aven om denna art siikerligen hor till de mera silllsynta ir den sanno-
likt atskilligt forbisedd. Till skillnad fran den allminna, med paroik blom-
stallning utrustade A. undulatum (Hedw.) PB. ir den dioik. Med stor sanno-
likhet kan man darfor rikna med att den relativt sillan sitter frukt. Utan
sadan blir den utan tvekan mycket litt forbisedd.

Atrichum angustatum ar overallt i Europa sillsynt. Den gar ej alls sa
langt mot N som A. undulatum. Varken fran Finland eller Norge kinner
man densamma. I Danmark finnes den sillsynt hir och dir. I Osteuropa
saknas den Over stora omraden. I det mediterrana omradet synes den vara
en sillsynthet. Mest samlad ir den dels i Storbritannien, dels i de ligre
delarna av Mellaneuropas bergskedjor samt i Pyrenéerna. Utom Europa ir
den kind fran Kaukasus, Azorerna, Japan och Nordamerika. Den torde
limpligen bora uppfattas som ett suboceaniskt element, en uppfattning, som
jag ej sett framford forut. Att den i Nordamerika ej upptrider a Stilla Havs-
kusten talar ej mot detta antagande, i sjilva verket dela en stor del av de
oceaniska mosselementen i Europa i Nordamerika upp sig pa Atlant- och
Stilla Havskusten, ett forhallande av stort intresse. Arten, som har en vid
utbredning pa Atlantkusten och langt in i landet, ar f. 6. i Nordamerika betyd-
ligt vanligare dn i Europa. Dylika omkastningar ifraga om frekvensen, i ena
eller andra riktningen, #iro, da det giller dessa bada kontinenter, ej sillsynta.

Vad vaxtplatsen angar sa viljer A. angustatum liknande lokaler som
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A. undulatum. Pafallande synes dock vara att den foredrager torrare och
mera sandiga lokaler. Aven detta talar ej mot uppfattningen av densamma
sasom varande i viss min oceanisk.  Man forestiller sig vill giirna att de
oceaniska elementen skulle foredraga skuggiga och fuktiga lokaler. 1 sjilva
verket uppvisa de, vad mossorna betriiffar, en stor variabilitet visavi viixt-
platsen. Alla O6vergangar finnas mellan helt eller sa gott som helt i vatten
nedsiinkta arter sisom Fontinalis squamosa Hedw. och xerofilt betonade arter
sasom Pterogonium gracile (Hedw.) Br. eur., vilken senare helst upptrider
pa sydviinda, solexponerade klippor.
HERMAN PERSSON.
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NORDHAGEN, RoLr: Norsk Flora, med kort omtale av innforte treslag,
pryd- og nytteplanter. Tekstbind. Pris 22 kr. — H. AscHEHOUG og Co. Oslo.
1940.

Varje ny flora over Skandinaviens vixter bor hilsas med den stirsta
tillfredsstillelse. Sia mycket nytt har framkommit under senare ar, och si
mycket har viar kunskap om de olika arternas utbredning okats, att de i litie-
raturen spridda uppgifterna snart bli odverskadliga. Den sista norska floran:
BryrT-DAnLs »Haandbog i Norges Flora» utkom ar 1906.

Utbredningsuppgifterna i NORDHAGENs flora hade nog kunnat goras litet
mera litthanterliga. Om man inte éir hemvan i den norska geografien, ir det
ej sa litt att fa en klar bild av utbredningen.

Som forf. i sitt foretal framhaller, dr floran i forsta hand avsedd som ett
hjilpmedel for lirare och studerande vid liroverken. Ior att gora arbetet
nyttigt iven for forstmién och dem, som éro sysselsatta med lantbruk, har ett
stort antal gagn- och prydnadsvixter medtagits liksom #ven ogris och
adventiver.

Mest frapperande, dtminstone for en svensk, dr, att forf. tagit upp eller
i manga fall nyskapat norska namn, vilka foredragits framfor de latinska i
familje- och sliktnycklar. I texten iro dessutom de norska namnen tryckta
med fet stil, medan de latinska satts inom parentes och med mindre stil.
Detta har motiverats med att »navnforvirringens tid er over oss». Enligt
rec:s mening ir detta dock en onodig kapitulation infor det fran vissa hall
framkomna, hiftiga kravet pa inhemska namn pa alla hogre vixter. De
inhemska namnen siigas vara sa mycket littare att lira sig i skolan. Men inte
ar det mycket vunnet, om man i stillet for det distinkta och internationella
Veronica chamaedrys skall anviinda »Tveskjegg-veronika» eller for Senecio
integrifolius » Finnmarks-svineblom». For den, som ér aldrig sa litet skolad
i botanik, siiga de latinska namnen betydligt mera om den inbordes samhorig-
heten mellan arterna éin aldrig sa villlyckade namn pa modernt sprak.

Manga intressanta uppgifter, i synnerhet betriffande pollinations- och
spridningsbiologi, limnas under de olika arterna, likasa om deras anvindning
inom medicinen. For kritiska eller vixtgeografiskt viktiga arter idro ofta
uppgifter om kromosomtalen medtagna.

Den nya norska floran éir tryckt i litet format, ungefir som KROK och
ALMQUISTs svenska flora. Genom de langa beskrivningarna och de talrika
uppgifterna har sidoantalet stigit till 766. Boken har tryckts pa ett mycket
tjockt papper och med mycket smala innermarginaler, varigenom den tyvirr
har blivit en smula ohanterlig. Detta ir dock smasaker. Det ir ett verkligt
kraftprov att i dessa bekymmersamma tider kunna astadkomma ett sadant
arbete.
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Ett supplementband med illustrationer utlovas komma inom de nir-
maste aren.
H. WEIMARCK.

MEVIUS, WALTER: Miehes Taschenbuch der Botanik. Erster Teil. Mor-
phologie, Anatomie, Fortpflanzung, Entwicklungsgeschichte, Physiologie. 11.
verbesserte Aufl. Pris RM. 5,85 — 25 9/p rabatt. 207 sid. — GEORG THIEME,,
Verlag. Leipzig. 1940.

Boken ér synnerligen koncentrerat skriven. I vissa fall gar den ned till
rena schemat. Den ér, enligt vad forf. framhéller i foretalet, avsedd som en
stomme, vilken kan vidare utbyggas genom forelisningar och kurser. Den
studerande kan hir direkt i boken infora kompletteringar, ty texten ir tryckt
i smal spalt, limnande en mycket bred marginal med plats for anteckningar.
Genom de talrika illustrationerna, till storsta delen originalritningar, har en
viss njutbarhet trots den knappa texten kunnat vinnas.

H. WEIMARCK.

HARTMANN, MAX, Geschlecht und Geschlechtsbestimmung in Tier- und
Pflanzenreich. 110 sidor, 62 bilder. — Sammlung Goschen nr. 1127, Berlin
1939.

Konets och konsbestimningens mysterium, detta problem, som har be-
roring med niistan alla omriden av det minskliga och biologiska livet, hor
till de foreteelser, som naturvetarna ha sysselsatt sig med sedan vetenskapens
borjan. — Mysteriet dr dnnu inte helt 16st, men sedan befruktningens meka-
nism blev klarlagd pa 1870-talet och den cytogenetiska konsbestimningen
uppticktes i borjan av detta sekel, har naturvetenskapen gjort minga stora
framsteg pa detta viktiga omrade.

Alla biologer kinna nu till den cytogenetiska konsbestamningen, kons-
kromosomer och genetisk heterogameti. Men endast fi torde kinna nagot
ingfende till de senare Arens undersokningar over konsbestimningens fysio-
logi hos ligre viixter och djur, eller de minga teorier och hypoteser, som olika
forskare ha framstillt for att forsoka forklara de nya mysterier, som ha dykt
upp, nir de gamla fitt sin lésning. Och minst kiinda dro de sista fem drens
eleganta resultat av forsok med konshormoner och de vida synfilt dessa
forsok ha oppnat {or den experimentella biologien.

Allt detta far sin forklaring i professor HARTMANNs lilla bok, som ger en
klar oversikt over de aktuella undersokningarna pa konsbestimningens om-
riide. MAX HARTHANN ir ett av de stora namnen pa detta studiefilt, kind
bland annat for klarliggandet av protisternas konsbestimning samt for sin
teori om konsbestimningen i dess helhet. Naturligtvis dominerar denna om-
diskuterade teori hans framstillning, dock utan att helt skymma bort de
andra uppfattningarna pa omradet.

I denna bok far lisaren forst en kort oversikt over konsbestimningens
grunder men sjunker sedan direkt ner i konsbestimningens halvlosta gita
hos de ligre varelserna. Man fér lisa hur utvecklingen gar frin isogameter
over fysiologisk anisogami till morfologisk anisogami och oogami. En ling
tid haller forfattaren lisaren hinford 6ver denna utveckling inom ett och
samma slikte, gronalgen Chlamydomonas, visar honom den relativa sexuali-
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tetens gata, dir samma individ kan fungera som hanlig varelse gentemot en
och honlig gentemot en annan grupp av individer. MoEwus's i Heidelberg
undersokningar av karotinoidernas inverkan pa gameterna hos Chlamydo-
monas far sin genetisk-fysiologiska sammanfattning och forklaring. Hos
Chlamydomonas eugametos f. simplex har MOEWUS funnil tva slags mycket
niira besliktade karotinoida konsimnen, som finns hos bada konen, men i
olika proportioner. Dessa dmnen iro Cis-crocetinmethylester (V) och Trans-
crocetinmethylester (Ko). IHos de honliga (=) individen finns konsimnena
i forhallandet 3 V : 1 Ko, hos de hanliga (—) 1 V:3 Ko, och for att grupp-
bildning och kopulation skall kunna fga rum., maste dessa dmnen finnas i
dessa bestimda proportioner. Utan kiinnedomen om dessa iimnen, som forst
blevo analyserade aret 1938, samt om en del andra liknande dmnen, som
senare ha upptickts, fanns ingen forklaring pa vissa konsproblem hos alger
och protister. HARTMANN har i ett senare arbete foreslagit namnet gamoner
for dessa dmnen.

Lingre fram i boken ger forfattaren en kort oversikt over de klassiska
undersokningarna pa konsbestimningens omrade: CORRENS Bryonia-forsok,
BRIGDES Drosophila-forsok och GoLpscHMIDTs Lymantric-undersokningar.
Och kommer direkt fran dem in pa de mycket omdiskuterade teorierna om
den fenotypiska konsbestimningen, som de allra nyaste undersokningarna
halla pa att skira ner till ett minimum och fora in under den genotypiska.

Koénshormonernas utvecklingshistoriska verkan pa de sekundira — och
till och med priméira — konskaraktirerna hos de hogre och ligre djuren har

de sista aren med god framgang studerats av den landsflyktiga ryskan VERA
DANTCHAKOFF, som arbetar i Paris. Hennes oerhort intressanta forsok med
Kkonsforindring hos djur av olika slag fignar ITARTMANN en kort dversikt i sitt
nist sista kapitel, en oversikt som de flesta biologer utan tvivel ha bade
intresse och nytta av att lisa.

Harryanys lilla bok dr som sagt en god oversikt over de viktiga under-
sokningar vetenskapsminnen nu gora i sina laboratorier for att klarligga
Kkonsbestimningens mekanism tillfullo.  Den dr mangformig och klar, men
naturligtvis inte oklanderlig pa alla omraden. det kan en sa liten bok om eft
sa omfattande amne knappast vara. Men framstillningen éir sa littfattlig pa
de flesta omradena, att jamvil den inte initierade har full nytta av att studera
denna billiga, vil illustrerade lirobok. Den ir utan tvivel den bista och mest
moderna av sitt slag.

ASKELL LOVE.
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Upprop.

Undertecknade éro sysselsatta med att gora en oOversikt éver kromosomtalen
hos skandinaviska viixter. IFor att listan skall kunna bli sa fullstindig som mojligt,
vore det av storsta intresse, om de forskare i de fyra skandinaviska linderna, som
gjort kromosomtalsbestimningar pa inhemskt material, snarast ville meddela oss
dels nya, ej forut publicerade tal, dels hinvisningar till av dem tidigare publicerade

tal, for att sikra deras medtagande i tabellen.
ASKELL och Doris LOve (Fil. Kandd.)

Genetiska Institutionen
Lund (Sverige).

Undertecknad dr sysselsatt med att utarbeta en karta 6ver utbredningen av
Blechnum Spicant i Skane. D& det #ar av vikt, att kartan blir si fullstaindig som
maojligt, vore jag tacksam for meddelanden om fynd av arten. Noggranna uppgifter
om lokalens lige och beskaffenhet &dro onskvirda. De bora vara undertecknad

tillhanda senast den 15 november.
H. WEIMARCK

Botaniska Museet
Lund.

BOTANISKA SEKTIONEN 1 Uppsala utbjuder till den hogstbjudande foljande
arbeten:

Acta Horti Bergiani, komplett i originalband:

Botaniska Notiser, absolut komplett, bundet exemplar (de tva sista ar-

gangarna i hiften);

Hegi: lustrierte Flora von Mitteleuropa, 1. uppl, i originalband;

Linné: Species plantarum, 1. uppl., 1753, vackert exemplar i skinnband.

Intresserade torde fore den 1 okiober 1941 hénvinda sig till Botaniska Sek-
tionens sekreterare, adr. Botaniska Institutionen, Uppsala.



