Acta Horti Botanici Universitatis
Latviensis XI/XIIL
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The Significance of Hydrogen-Ion Concentration on Germination
of Spores and Development of some Mosses

By Arv. Apinis

The maximum and the minimum of a factor are not
absolute but rather relative and in the same way the optimum
is dependent on the constellation of other factors. Thus
Lundegéard (1924) has found that the optimum of the
assimilation of CO, by the leaves of the potato-plant in
dull light is at the temperature of 10°C. This optimum, however,
is relative, as in full daylight the same leaves assimilate bestin
the same CO, concentration at the temperature of 20°C. So
then we may say that the optimum of any factor is relative
and dependent on the influence and balance of other factors
in the surroundings. For this reason the optimum of the
respective factor is to be established only if the other conditions
remain constant. .

The great variety of the properties of some species which
appear in the form of the organism, but often enough only
in the physiological properties of same, makes it
often difficult to make clear the best conditions of development
of the organism. Thus Turesson (1927) found a difference
in the osmotic values of differgnt races of the same species.

Also the relations in the surroundings may be more or
less specifically different for the stages of development of a
- plant. Growing Trape seedlings in solutions with differrent
pH (pH 3.5—8.3) it was established in repeated tests that
fruits germinate quickest in alkaline solutions (pH 7.9—S8. 3),
less quickly in acid (pH 4.2—5 . 2) and meost slowly in neutral
and moderately acid solutions (pH 5.2—7.8).

After remaining two weeks in strongly alkaline solution
where the seedlings were most quickly germinating from the
very start, the seedlings died. The same occurred with those
which germimated in strongly acid solutions. Those germi-
nating in moderately acid and neutral solutions later developed
best. The same is recorded of fruits which were kept in cul-
tures with the same pH at a lower temperature for a conside-
rable time but afterwards transferred to higher temperature for
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Length of Trapa seedlings in the following developmental stages.
3 ke . After two weeks . . . . .— 4th March 1938.
— — — — After two weeks and 5 days — 9th March 1938,

After two weeks and 13 days — 18th March 1938.

germination. For this reason it can be said that for the first
stage of development the alkaline solution is most favourable,
but later while the seedlings differentiate the functions of
them cannot adapt themselves to those solutions and the
young plant dies. Of course, if the seedling is then trans-
planted to a neutral solution or given the possibility to regulate
the alkalinity of the solution, its development is not hindered.
I believe that this example will illuminate also the part of
different developmental stages in the optimum. Proving the
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peculiarities of the different developmental stages, the example.
quoted shows that as to the cH factor there are two optima
of germination, but later, in the growth, there is only one opti-
mum. These facts are observed also in the case of the germi-
nation of the spores.

Webb (1921) found two maxima for the germination
of spores of several fungi (Aspergillus niger, Botrytis cinerea,
Fusarium). Also Hopkins (1922) established in the growth
of Gibberella 2 maxima and the minimum of pH 5.5—6.0.
Berg (1929) in germinating pollens, found even 3 maxima.
It can be concluded from these facts that the optimum of
germination of spores is by no means monolythlc but is
vsually divided in two or three parts. This critical or minimal
point, observable in the optimum of germination and growth,
which exists for different species at a different pH, but
often at about pH 5. 0, has in the conception of the American
scientist Robbins (1928) met with a well reasoned expla-
nation. He explains this minimum in the optimum by the de-
pendence of the state of the protoplasma on the pH
of the solution, provided the constituents of the protoplasma,
the so-called ampholites in the cell, behave like the protein-
hydrosoles in the electric field. Therefore Robbins and
other authors suppose that these minima in the optimum of
the germination and growth of plants are to be identified with
the isoelectric state of the ampholites of the protoplasma
(L. P, E):

The researches of Loeb (1922) also give evidence that
many properties of proteins like gelatine in the isoelectric
state, as conductance, viscosity, osmotic pressure, etc. are most
minute, while some other properties, as e. g. coagulation by
high temperature, are greatest. The protoplasma in the living
cell behaves likewise, as obwious from special researches in
this direction by several scientists.

Among the green plants, mosses are known to have
a specific pH amplitude on natural substrata. Wide observa-
tion of materials and literature have allowed of the definition
of the absolute and optimal limits of growth conditions for the
c¢H factor in the substrata (Apinis and Lacis 1936) of
each species. According to the respective pH amplitudes the
species of mosses are divided into 13 groups and these in their
turn into 3 classes:

A. Mosses of acid substrata.

B. Mosses of moderately acid and weakly alkaline
; substrata.

C. Mosses of alkaline and neutral substrata.

l*
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As to mosses, being a large plant group, a powerful mode
of distribution by one-cell spores is established. Taking into
consideration the above-mentioned reaction of mosses towards
the substrata in natural conditions it was necessary to
ascertain the dependence of the cH on the germination of -
moss-spores.

This problem has already its own history. Treboux
(1905) growing the protoneme of mosses, observed that
two acid substratum mosses (Sphagnum and Dicranella cervi-
culata) germinated better in an acid culture solution.

Kessler (1914) found that the germination of moss
spores is greatly dependent on the reaction of the solution. It
was possible to state that mosses of limestone substratum
germinate well in alkaline solutions or in water clouded by this
substratum. Spores of mosses growing in bogs and other
acid substrata germinate better in acid synthetic solution or
in extractions of the respective acid substrata. Likewise
mosses of weakly acid and neutral mineral substrata germinate
best in neutral and moderately acid solutions. It must be
stated that at that time the authors mentioned possessed no
precise ¢H indicating methods, for which reason their concep-
tions only approximately correspond to the real facts.

Pringsheim (1921) sees no significance in the reaction
of the solution for the germination of moss-spores and the deve-
lopment of protoneme. He reaffirms this in his work which
appeared in 1935. ;

Ikenberry (1936) in enquiring into the dependence
of germination of moss spores of various substrata on pH of the
solutions, found that usually there is no sufficient connection
with pH values of the substratum. There is, however, a con-
nection between the optimum of germination of spores and
growth of protoneme on one hand and pH of the substratum
in nature on the other hand.

It is apparent from the above that there is a certain
uncertainty about this matter. Therefore continuous observa-
tions of ecologically different species have been arranged in
experiments on germination of spores, development of proto-
meme and moss plants in pure cultures under different cH
conditions.

Materials and Methods

For these experiments Sphagnum plumulosum Ro6ll was
collected by myself in the spring of 1934 at Kemeri with imma-
ture spore capsules. For about a month I grew the



FERL Tows

tufts in the laboratory until the spores in the capsules matured.
These were then stored with the capsules in small test-tubes
with stoppers of cotton. The plant grows in natural conditions
in boggy pine forests and wet leafy woods. Nordhagen
(1928) found the pH wvalues of the substratum 5.2 and 5.3.
Therefore this species is to be counted among the mesoaci-
dophilous mosses.

Matured capsules of Funaria hygrometrica (L.) Sibth,
have been collected in small test-tubes at Kemeri at the edge
of a boggy forest on the site of an old fire on 14th August
1932. Several races of this species are distributed in our
territory on limestone covered with soil, on dolomite, sandstone
(Old Red), old walls, gravel soil, but especially on places where
there have been fires, where they develop very well.
The acidity of the natural substrata varies, between pH 5.3 to
8.3, usually 6.1—8.0 (Apinis and Lacis 1936). This
moss thus belongs to the meioeuryionic plants.

The Polytrichum juniperium Willd. spore material was
collected at Vecaki in a dry pine forest on dune sand substra-
tum on 17th July 1932. The plant usually grows on acid
humous sand substratum in pine forests, on dry turf and other
similar places. The pH interval of substrata in natural con-
ditions has been established for 22 samples, being 4.0—5.9
(Apinis and Lacis 1936). The plant belongs to the
acidophilous mosses.

The indispensable condition of experiments and observa-
tion of spore germination and development is a pure culture.
Therefore the solutions or other synthetic substrata and cul-
ture-dishes were sterilized in autoclaves at 120° C for
half-an-hour. Also the spore material for the respective
series of cultures was obtained aseptically from several
capsules, carefully blended, and then by means of a sterile
platinum needle the spores were introduced into the solutions
(culbures).

The pH series of culture solutions are primary
(m/15 KH,PO,, or 9.078 gr in 1 lit. redistilled water) and
secondary (m/15 Na,HPO,.2H,0 or 11.878 gr in 1 lit.
redistilled water) K-Na phosphates according to Sérensen
(1909). A greater alkalinity or acidity respectively in the
phosphate pH series is obtained in individual cases by n/10
NaOH and n/10 H,PO,. The content of phosphates in all
culture solution series was as follows:
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No. 1 20 cem m/15 Na.HPO, . 2H.0 pH 8.3
No 2194 - & 5 . 0.6 cem m 15 KH.PO, pH 8.0
No. 8190 ;, & = 1.0 = pH 7.9
No. 4 16.0 ,, = - £0 = . pH 7.3
No. 5 140 ,, & e 60 ~ pH 7.2
Np Bt - iy 3 0 = 4 pH 7.0
No. T 80 A 5 129 4 % pH 6.6
: No-18. 60 5 14.0 =, s pH 65
Noi : 940 50 Ik 1802 o pH 6.2
No. 10 20 ,, . - IR 3 pH 5.9
Nea. 11 0215 . "5 . 198 ., e pH 5.8
No. 12 200 - ph 45
No. 13 20 » 0.2 eem n/10 H:PO,
pH 38
No. 14 200 , »  1L0ecemn/10 H:PO,
pH 33
No. 15 200 iz 3 3.0 cem n/10 H,PO,
pH 28

These phosphate solutions were diluted with 9 parts of
redistilled water, i. e. the concentration of salts in the culture
solution was about 0.1%. For the culture solutions glass test-
tubes of 20 mm diam. have been applied, closed by means of
cottonwool and afterwards covered with greaseproof paper to
reduce evaporation of the water. The quantity of liquid in the
tubes 15 cem. pH in solutions was indicated electrometrically
by means of a quinhydrone electrode or in cases of strongly al-
kaline solutions and agars by means of Michaelis (1930)
indicators at beginning and close of every experiment. In all
experiments the vitality of the spores was carefully tested by
means of plasmolysis in KNO, or sugar solutions.

First Experiment

This series of cultures was commenced with the above-
mentioned phosphates, which were diluted in 9 parts of
redistilled water on the 26th August 1934. There were 15 ccm
solution in each test-tube. After placing the spores in them
the tubes were closed by means of cottonwool and covered with
greaseproof paper to reduce water evaporation. The cultures
were placed at a window facing N at the temperature of about
15°C. In this experiment spores of Sphagnum plumulosum Roll,
Funaria hygrometrica (L.) Sibth. and Polytrichum juniperinum
Willd. were used. The results of tests on the 30th March 1935
are arranged in Table 1.
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Sphagnum plumulosum Roll

Culture pH
No. |26 VIIL 34. Tests on 30th March 1935
1 8.3 Spores brown, swollen, do not plas-
molyse pH 8.3
2 8.0 As previous . . pH 8.1
3 7.9 As previous pH 8.0
4 7.3 As previous . . v P T
5 72 About the half of spores swollen plas-
molyse, several spores germinating pH 74
6 7.0 Spores swollen, greenish, about :—%
with 15—80 p long protoneme . .. pHCT2
y | 6.6 At least three-quartes of spores (plas-
molysis) with 15—80 u long protoneme
in the latter little chlorophyll . pH 6.7
8 6.5 Spores little germinating, green and
AWONOD. sl st wids b % ihise pH 6.6
9 6.2 As-in caltore Noo T <. - 5 &+ 7% pH 64
10 5.9 As previous . pH 6.1
11 5.0 All spores swollen, famtly green, half of
spores with 15—80 u long, pale proto-
neme: - . @ o pH 54
12 45 . Spores a little swellen, with hght brown
contents did not germinate . . . pH 6.1
13 3.8 As in 12, spores a little greenish, no
plasmelysis observed . . : pH 43
14 3.3 As. No. 13 i pH 34
15 2.8 As."No. 18 .. 3 pH 3.0
Funaria hygrometrica (L.) Sibth.
Cug::re 26.V¥IIiI. ad. Tests on 30th March 1935
1 8.3 About three-quarters of spores swollen,
green, plasmolyse. One third had a
pale 30—1100 u long protoneme pH 81
2 8.0 As previous . . ! pH 7.8
3 79 One-third to a half of spores had pale
protoneme 30—240 u long pH 8.0
4 7.3 As previous . . . T, . pH 1.b
b T2 As No. 4, 16—240 p long protoneme o pH: T8
6 7.0 As No. 5, pale protoneme of germinating
spores 80—1300 p long . pH 1L
7 6.6 As Wb, B0 pH 6.6
8 6.5 As No. 6. Part (one thlrd) of spores had
light brown contents, others green.
Part of brown spores plasmolyse pH 6.5
9 6.2 Spores as previous. Half of them green
contents. Others brown. Half of spores
had pale protoneme 30—240 u long. pH 6.2
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10 5.9 About three-quarters of spores swollen.
Some had to 80 u long protoneme . pH 5.9
11 5.0 AR previous . ' « & 5 .is 3 pH 5.3
12 45 As previous pH 4.9
13 3.8 Some spores swollen All bad brown
contents. Spores did not germinate . pH 4.0
14 3.3 Spores did not germinate. Contents brown. pH 3.5
15 28 KB DEEVIDNG o e B e et e b SO\
Polytrichum juniperinum Willd.
Culture pH
No. 26, VIIL 84 Tests on 30th March 1935
1 8.3 Spores did not germinate, nor swell,
light contents, did not plasmolyse . . pH 8.0
2 8.0 As previous . . . . . . pH 8.0
3 7.9 A8 pravieuR’ - 055 pH 7.9
4 7.3 As previous . . . pH 7.6
5 72 About three-quarters of spores swollen
(plasmolysis), some light green (plas-
molysis) some light brown (plasmolysis)
some had protoneme of about 80 pn pH 7.3
6 7.0 A  half to three-quarters of spores
swollen, with light contents. A half
plasmolyse, some with short protoneme pH 6.5
7 6.6 About three-quarters to all spore swollen.
A third to a half of them green or
light green. About a twentieth of
them had partly short, more seldom
long protoneme . . . v« pH. 6.6
8 6.5 AR previous . .75 S0 TLR N en pH 6.4
9 6.2 ARCPTEVIONE, ' » s 5o vl witl  pHGS
10 5.9 AR Erevioms s e B g G
11 5.0 As previous, but some spores had a
320 p long protoneme . . pH 5.3
12 45 Three-quarters of spores swollen hght
green. A third to a half quite pale
(plasmolysis) pH 5.0
13 3.8 AS Previous PR RN w0 G e e pH 4.0
14 3.3 As previous . s ¢ = w2, pHASH
No germinating spores A half of spores
15 28 with light contents . ., . . . . . pH 3.0

Sphagnum plumulosum ROl spores germinate in the

solutions of the pH interval 5.0—7.2.

‘Weaker germination

in culture 8 with pH 6.5. Best germination in cultures with
pH 5.0, 6.6, and 7.0. The alkaline solutions pH 7.3—8.3 as
well as the acid cultures with pH 2.8—4.5 are detrimental to
spores in the prolonged time (no plasmolysis).
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To the spores of Funaria hygrometrica (L.) Sibth. acid
solutions with 2.8—3.8 are detrimental, but this is not the case
with the alkaline solutions. The spores of this species germi-
nate at pH 5.0—8.3, but very well at pH 6.0—38.0.

Polytrichum juniperinum Willd. spores do not germinate
at all in solutions of pH 7.5—8.3 and pH 2.8. They germinate
in solutions of pH 3.3—7.2, very well in pH 5.9—6.6.

Second Experiment

Of the above-mentioned series of phosphates diluted in
redistilled water 1:9 a series of 2% agar are prepared. After
sterilization and cooling on sloping agar Sphagnum plumulo-
sum Roll and polylrichum juniperinum Willd. spores were pla-
ced by means of a platinum needle in 2 series of cultures on
the 26th August 1934. The cultures were placed at a window
in the laboratory facing S in usual indoor temperature in
indirect sunshine. The results tested on 1st July 1935 are as
follows.

Table 2
Sphagnum plumulosuin Roll
Culture Tests on 1st July 1935
No.
1 Spores did not germinats . . . L i ¢ S e, s 5. pH T8
2 A DRSO - 8 LTl s e Th s S e e i A RN
3 Asprev-ious...............pl—i?.a
4 As previous . . . . pH 74
5 Spores germinated. Developed a green protoneme « pH T3
6 Spores green, strongly swollen, some had short ger-
minating tubes. Protoneme and some moss plants
up to 1 mm long on thg edge of the agar, attached
to the glass of the tube . . . pH 6.6
7 Spores green, swollen. Some had short protoneme
as in previous culture, some 1 mm long moss plants,
developed at the edge of the agar attached to the
glasy of the tube ., .. . .. pH 6.4
8 On the agar a green protoneme and severa] 1 mm
long moss plants o T e s s g
9 A8 N Ko pH 6.0
10 Green protoneme on the agar well developed Several
plants (green) 1 mm long . . . pH 5.8
11 Green protoneme and several green p]ants, well de-
veloped 2 em long . . . . PH 538
12 Green protoneme, specially well developed green
plants 1—2 em long . . it % s e e PH BT
13 As No. 12. Mosses in compact tuft i . pH 5.6
14 No plants developed. The culture had dried up. . pH 55
15 ANl 58 Previons prihash S tien v sy Peiba e BHL A8
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Polytrichum juniperinum Willd.

C“;I‘:’e Tests on 27th April 1935
1 Spores germinated, developing green protoneme . . pH 7.6
2 AEDPOVIOHE " o 0 e e o h R b T e e
3 As previous . . v i G DR T8
4 Develeped 10 about 2 mm long moss-plants e 1 - 1
5 As previous . . . o RS e s R
6 No mosses developed S e e e e S e TR RS R
7 5 mosses about 1 mm leng . . . . . . . . . pH 6l
8 As previous . . . S e L i DS
9 8 mosses about 5 mm long s b s T deane i ADRR D
10 8 mosses about 100 mm long . . . . . . . . . pH 6.0
11 No .moss developed . . v o w DHGDT
12 About 20 mosses developed 2—5 mm long e e H b
13 About 20 plants developed 3—20 mm long . . . pH 5.3
14 6 plants developed 1—2 mm long . . . . pH 6.1

After 11 months Sphagnum plumulosum RO6ll spores did
not germinate in cultures 1—4 as well as in cultures 14, 15.
Germination of spores was observed in cultures 5—13, but
mosses on agar developed in cultures 8—13. Optimum
development of mosses is observed in cultures 12—13 with pH
5.5—5.7 (the agar was mixed with distilled water into a half
liquid mass where pH was measured by means of quinhydrone
electrodes).

Polytrichum juniperinum W’ﬂﬂd spores germa.na.ted in all
the pH series but mosses did not develop in cultures 1, 2, 3, 6,
11, 15. Development of mosses was observed in cultures 4, 5,
7.8, 9, 10, 11, 12. They developed best in cultures 12 and 13
with pH 5.3 and 5.5.

Third Experiment

The phosphates mentioned on page 6 diluted 1:9 being
taken, 10 cem were poured in each test-tube on 15 gr. washed
sand. After sterilization, Funaria hygrometrica (L.) Sibth.
spores were transferred to 2 series of cultures and Polytrichum
Juniperinum Willd. spores as well, on the 28th August 33.
Testing the cultures after 5 months, it was found that Fu-
narie spores had germinated in all the series at about 50%
(pH in all the series at the end was 5.9—7.5). Polytrichum
spores did not germinate in culture No. 1 with pH 7.5. In
culture No. 2 with pH 7.8 a few spores had germinated. In
the remaining cultures with pH 4.9—7.2 most spores germi-
nated, making up to 150 p long protoneme. The cultures with
sand dried fairly soon, which fact is considered responsible
for the lack of development of mosses.
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Fourth Experiment

In this experiment Funaria hygrometrica (L.) Sibth. and
Polytrichum juniperinum Willd. spores in pure cultures were
grown on agar with a diluted Kn op’s solution and CaCO, or
MgCO, of different guantities not exceeding 5% and in com-
bination of the latter two substances. Also on substrata of
washed sand with similar quamtity of CaCO, and diluted
Knop’s solution. After 10 months these culture series in
glass test tubes were tested. pH in the cultures ranged
between 7.1 and 9.0, tested by means of indicators. Funaria
developed on calcium carbonate -agar substratum with pH
7.2—8.1 well developing 1—2 em long mosses.

A similar development was achieved on agar with a
minute quantity of MgCO, (pH 8.5), but with a greater quan-
tity of MgCO, Funaria did not develop moss, but only proto-
neme. Polytrichum spores germinated and even developed
1—2 cm long moss-plants on agar and different substrata with
less CaCO, and pH 6.4—7.2 to the close. Development of
protoneme was observed on agar containing less MgCO, (pH
about 8.8), but on agar containing more MgCO, spores did not
germinate. Funaria spores on sand and CaCO, or MgCO,
containing substrata (pH 7.1—9.0) developed only protoneme.
Yet Polytrichum protoneme were observed on agar with lesser
quantity of CaCO, and MgCO, (pH 7.4—8.5). On substrata
containing more carbonate (especially MgCO.) the latter
species did not develop protoneme.

Discussion

The sensitivity of Sphagnum species towards lime was
already known. Paul (1908) found that the calcium-
ion is not detrimental to Sphagna but it is so with calcium
carbonate or bicarbonate solutions. Mevius (1921/24) and
Olsen (1923) could give evidence by experiments that
Sphagna cannot stand lime substrata because of the sensiti-
veness of these plants towards OH-ions., As proved by pre-
vious experiments Sphagnum plumulosum Roll spores are also
sensitive towards alkaline media. However, development of
protoneme is detected also on neutral substrata, but a good
tuft of moss of this species develops on substrata with pH
5.56—5.7, which fact corresponds with observations in natural
conditions.

Funaria hygrometrica (L.) Sibth. usually grows on lime
substrata (subealeiphilous), in pH interval 5.8—8.4, usually
in mnatural conditions pH 6.0—8.0. Ikenberry (1936)
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has detected germination of spores in solutions of pH 5.0—9.0
with an optimum pH about 6.0. In the experiments mentioned,
in solutions and on solid substrata it was found that spores
germinate and form protoneme within pH limits of 4.5—9.0,
but moss development is detected only on neutral and alkaline
substrata pH 7.1—8.8. However, germination of spores may be
achieved (Apinis and Blukis M. S.) in this case even
with pH 3.7, yet a2 further development of moss is not estab-
lished. Pringsheim (1921) found that Leptobryum pyri-
forme (L.) Wils. is indifferent as to spore germination and
protoneme-development to the pH of the solution, but deve-
lopment of the leaf-bearing moss begins in alkaline solution. As
is known, the pH interval of this species in natural conditions
is 5.3—9.0, usually 6.1—7.5 (Apinis and Lacis 1936).
This fact proves that the formation of the moss plant out of
protoneme is considerably influenced by the pH of the solution.
In order that this may occur in experiment it is necessary
that the pH of the solution correspond to the pH interval ob-
served in natural conditions.

Polytrichum juniperinum Willd. grows in natural condi-
tions on acid substrata with pH interval of 4.0—5.9. As
established by Schoenau (1913) and Boas (1914) Poly-
trichum species like Sphagna are sensitive towards alkaline
solutions. Alkaline solutions dye the mosses deep violet.
Tkenberry (1936) has found pH for the germination of
spores of this species 5—6 with the optimum 6.0, although in
natural conditions they are established also on more acid sub-
strata. Ikenberry tries to explain this fact by saying:
”These observations indicate that the various mosses studied are
specific in their reactions towards hydrogen-ion concentration
during the period of germination and early protonemal deve-
lopment, and it seems reasonable to conclude that at least some
mosses may in similar mamner show differential reactions
towards a certain hydrogen-ion concentration in their later
growth.” By the first experiment it was established that
Polytrichum juniperinum Willd. spores can germinate even
at pH 3.3 but on solid substratum (agar with carbonates and
nourishing solutions) also at pH 8.5—8.9, — yet moss plants
develop best on substrata with pH 5.3 and 5.7. A weak de-
velopment of moss plants is established also on neutral and
even weakly alkaline substratum.

As the test-tables and other observations indicate, the
germination optimum is not constant, i. e. in the culture series
with different pH between the various eptima of spore germi-
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nation and protonemal development one, two or even three
optima in development are observable. On these it is intended
to render some indications in one of the further works.

Summary

1) The spores of tested mosses can germinate and develop
protoneme in a far wider interval of pH of the solution than
found in natural conditions of these species.

2) The spores of acidophilous mosses ( Sphagnum and
Polytrichum) germinate and develop protoneme better in acid
than in neutral and alkaline solutions, but Funaria spores (this
being a lime substrata moss) germinate and develop protoneme
best on weakly acid, neutral and alkaline substrata.

3) Spores of Polytrichum can germinate and develop pro-
toneme in alkaline, but Funaria spores also in acid solutions,
i. e. in a pH interval not found in natural conditions.

4) The vitality of acidophilous spores of mosses is pre-
served longer in acid solutions, but Funaria spores are pre-
served longer in neutral and alkaline solutions.

5) On a prolonged culture on agar the protoneme of aci-
dophilous mosses (Sphagnum and Polytrichum) forms moss
plants which develop well only in a narrower pH inferval.
The latter corresponds with the pH of substratum in natural
conditions.

6) Protoneme of Funaria develop leaf-bearing mosses well
on agar with carbonates in neutral and alkaline substrata, i. e.
pH interval similar to the matural conditions.

7) The pH interval or optimum of the germination of
spores and development of protoneme indicates or indicates
only approximately the pH interval of the respective moss in
natural conditions.

8) In the species mentioned it was experimentally found
that the pH interval of the leaf-bearing moss development or its
optimum corresponds to the acidity of the substratum of the
respective mosses in natural conditions.
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Materiali stinu oikologijai Il
Vides pH ietekme siinu sporu digSana un sinaugu attistiba')
Arv. Apinis

Zinams, ka daudzi dzivd organisma stavokli un norises
atkarigi no kada vides faktora koncentracijas vai intensitates.
Pati dziviba eksisté kada faktora iedarbibas divas robeZas,
piem., noteikta temperaturas intervala. 8Sajas robeZas, ko dé-
véjam par 31 faktora minimu un maksimu, atrodas ari
vislabakais organisma stavoklis, resp. td attiecigas dzivibas
norises, ko tad apzimé par optimu. Organisma maksims
un minims vidé nav absoluti, bet relativi, tapat ari optims at-
karigs no citu faktoru konstellacijas. Ta Lundegéard’s
(1924.) atrada kartupelu lapu CO, asimilacijas optimu vaja
gaismd 10°C temperaturia. Tomeér Sis optims ir relativs, jo
pilnd dienas gaisma lapa vislabak asimilé tai pat CO, koncen-
tracija, ja temperatura 20°C. Tapéc var teikt, ka kiada faktora
optims ir relativs un atkarigs no citu vides faktoru ie-
tekmes vai lidzsvara. 81 iemesla dél arl attiecigd faktora vi-
des optims precizi novertéjams eksperimenta tad, ja par€jie
vides apstakli paliek konstanti.

Organismu attistibai vislabako vides apstaklu noskaidro-
S8anu bieZzi dara sareZgitu sugu ipaSibu liela daudzveidi-
b a, kas izpauZas organ. aréja forma, bet biezi ari vienigi fi-
ziologiskas ipaSibas. Ta Turesson’s (1927.) at-
rada vienas sugas dazidam rasém atSkiribu to osmotiskas
ipasibas.

Ari atseviSka auga attistibas stadijam attieci-
bas vidé var but lielaka vai mazaki méra ipatnéji dazadas.
Diedzéjot Trapa auglus vidés ar dazadu cH (pH 3.5—38.3), at-
kartotos meéginajumos pieradijas, ka visatrak augli izdigst
alkaliska vide (pH 7.9—8.3), péc tam drizi skaba vide (pH
4.2—5.2), bet vislenak neutrala un meéreni skaba vidé (pH
5.3—7.8). Péc 2 nedelam stipri alkaliska vide, kur digsti vis-
atrak sakuma izdiga, tie aizgaja boja. Tas pats notika ar stipri
skaba vidé izdiguSiem. Vislénak digusie méreni skiba un neu-
trala vidé attistijas velak vislabak (skat. liknes 2. 1. p.). Ari
zemaka temperatura pH rinda glabati augi péc ilgaka laika
apliecina to pasSu. §i iemesla dé]l var teikt, ka pirmam at-

') Nolasits Latvijas biologijas b-ba 1938. g. 6. maija sede.
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tistibas stadijam vislabaka alkaliska vide, bet vélak, digstam
diferencejoties, ta funkecijas vairs nevar pieméroties Sai videi
un jaunais augs aiziet boja. Protams, ja digstus parnmes neu-
trala vide vai lauj tiem regulét vides alkalinita-
ti, to attistiba netiek traucéta. Domaju, ka Sis piemérs ap-
gaismos ari dezadu attistibas fazZu lomu optima.
Atzimeétais piemérs apliecinadams dazado attistibas fazu ipat-
nibas rada, ka attieciba uz faktoru cH digSanas optimi ir divi,
bet velak digstu augSana optims viens. Tada paradiba nove-
rojama arl vienSinu digliem — sporam.

Webb’s (1921.) dazam séném (‘Aspergillus niger, Botry-
tis cinerea, Fusarium) atrada divus sporu digSsanas maksimus.
Ari Hopkins’s (1922.) Gibberella augS8ana konstatéja 2
maksimus ar minimu pH 5.5—6.0. Berga (1929.), diedzéjot
ziedputekSnus, atrada pat 3 augSanas maksimus. No ta sprie-
Zams, ka sporu 'digianas optims, atkariba no vides c¢H, nav
viengabalains, bet dalits parasti divas vai tris dalas. Sis dig-
Sanas un augs$anas optima movérojamais kritiskais vai minim-
stavoklis, kas atseviskam sugam ir daZada pH, bet bieZi ap
pH 5.0, atradis amerikanu pétnieka Robbins’a (1923.) uz-
tveré ticamu izskaidrojumu. So minimu optima vins izskaidro
ar protoplazmas stavokla atkaribu no vides cH, pienemot, ka
protoplazmas sastavdalas, t. s. amfoliti, Sina izturas lidzigi
proteinu hidrosoliem elektriska laukd. Tapéc Robbins’s un
citi autori doma, ka Sos séklu un sporu digSanas vai auga dalu
augsanas minimus optima var identificét ar protoplazmas am-
folitu izoelektrisko stavokli (I. P. E.).

Loebs’a (1922.) pétijumi ari liecina, ka proteiniem, li-
dzigi Zelatinai, izoelektriska stavokli daudzas ipasibas, ka va-
ditspéja, viskozitate, osmotiskais spiediens u. c., ir vismaza-
kas, kamér daZas citas ipaSibas, ka piem. siltumkoagulacija,
vislielakdas. Ari dziva $Gna protoplazma izturas analogiski, ka
to liecina vairaku zinatnieku specialie pétijumi Sai virziena.

No zalajiem augiem ari siinas pazistamas ar ipatnéju pH
oikologisko amplitudi dabiskos substratos. Plass novérojumu
materials, ka ari dati literatura atlavusi definét ikkatrai su-
gai, to absolutas un optimalas augSsanas apstaklu robezas fak-
toram pH augtenés (Apinis un Lacis 1936.). Péc to
augtenu pH amplitudes siinu sugas iedalitas 13 grupas un tas
savkart 3 klasées:

A. Skabu substratu sinas. :

B. Meéreni skabu neutralu un vaji alkal. augsnu stnas.

C. Alkalisku un neutralu substratu sunas.

Siinam, ka saméra lielai zalo sporaugu grupai, sastopams
spécigs izplatiSanas veids ar vien3tinu sporam. Ievérojot ie-
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prieks$ sacito par slinaugu attiecibam pret substratiem da-
biskos apstaklos, bija nepiecieS8ams parbaudit stinu sporu dig-
Sanas atkaribu no vides cH eksperimentali.

Sim jautajumam ir jau zinama vésture. Ta Trebi
(1905.), audzédams siinu protonemas, ievéro, ka divas skabu
substrabtu stinas (Sphagnum un Dicranella cerviculata) labak
digst skaba vidé kulturas.

Kessler's (1914.) atrod, ka siinu sporu digSana liela
méra atkariga no vides reakcijas. Varéja konstatét, ka kalka
substratu sitinas labi digst alkaliskos &kidumos, vai So sub-
stratu uzdulkojumos. Purvu un citu skabu substratu stnu
sporas labak digst skaba sintetiska vidé vai attiecigos skabu
substratu filtratos. Tapat neutralu un vaji skabu mineral-
substratu siinas — neutrala un meéreni skaba vide.

Japiezimé, ka toreiz min. autoru riciba nebija precizas cH
noteikSanas metodes, kadé] S§is atzipas tuvinati atbilst iste-
nibai.

Pringsheim’s (1921.) vides reakeijai neatrod nozi-
mes siinu speru digsana un protonemas attistiba. To pasu au-
tors apliecina ari 1935. g. iznakusaja darba. .

Ikenberry (1936.), pétijot daZadu augtenu sinu
sporu digSanas atkaribu no vides cH, atrod, ka vispar te ne-
pastav apmierino§a sakariba ar substrata pH vértibam. Sakars
ir gan starp sporu digSanas un protonemas augsanas optimu
un augtenu pH daba.

Sacitais liecina, ka jautajuma pastav zinama n&sk.mdnba
&1 iemesla dél ar 3 oikologiski daZadam sugam tika izdariti
ilgstoSi novérojumi eksperimentos sporu digiana, protonemas
attistiba un sinaugu veidoSana tirkulturm pH rindas.

Materials un technika

Eksperimentiem Sphagnum plumulosum ROl ievacu Ke-
meros 1934. g. pavasari ar negatavam sporu kapselem. Kadu
meénesi sinu veléenu audzéju laboratorija, lidz nogatavojas
sporas kapselés. Tas uzglabatas kopa ar kapseli mazos stobri-
nos ar vates aizbainiem. Augs dabiskos apstaklos aug pur-
vainos prieZu meZos un dumbrajos. Nordhagen's (1928.)
atradis substrata pH 5.2 un 5.3, kadél So sugu var pieskaitit
mesoacidofilam sinam. i

Funoria hygrometrica (L.) Sibth. nogatavojusas kapseles
ievaktas mazos stobrinos Kemeros, purvaina meZa mala, veca
ugunskura vieta 14. VIIIL. 32. &1 suga vairakas rasés izplatita
miisu teritorija uz kalkakmena (plaisas vai nedaudz apbértas
vietas), smilakmena (Old Red), miru gruvesiem, grantainas
zemes, bet seviski labprat attistas vecas ugunskum vietas. Da-
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bisko substratu aciditate svarstas pH 5.3—8.3, parasti 6.1—8.0
(Apinis un Lacis 1936.), tamdé] &1 sina pieskaitama
meioeuryionam.

Polytrichum juniperium Willd. sporu materials ievakts
Vecakos, sausa priezu meZa, uz kapu smilts substrata 17. VIIL.
32. Awugs parasti aug uz skabas humozas smilts substrata
priezu meZos, uz sausas kidras un citas tamlidzigias vietas.
Substrata pH intervals miisu dabiskas augsnés 22 paraugos
atrasts 4.0—5.9 (Apinis un Lacis 1936.). Augs pie-
skaitams acidofilam stnam.

NepiecieS8ams prieksnoteikums eksperimentiem sporu dig-
Sana un attistibas novéroSama ir tirkulturas. Tamdé] kidumi
vai citi sintetiski substrati un kulturu trauki sterilizeti auto-
klava 14 stundu apm. 120°C. Ari sporu materials atseviskam
kulturu serijam iegits aseptiski no vairakam kapselem, ru-
pigi sajaukts un ar sterilu platinas adatu lielaks skaits sporu
ienests kulturas. '

Kulturu pH rindu pamatsastavdala primarais (m/15
KH,PO,, resp. 9.078 g 1 litra redest. idens) un sekundarais
(m/15 Na,HPO, .2H,0, resp. 11.876 g 1 litra redest. tidens).
K-Na fosfati péec Sorensen’a (1909.). Lielaka alkalinitate
vai aciditate fosfatu pH rinda iegita atseviSkos gadijumos ar
n/10 NaOH un n/10 H,PO,. Fosfatu rindas sastavs visas kul-
turu serijas ka 6. 1. p. atziméts. '

Sie fosfati kulturam atSkaiditi ar 9 dalam redestiléta adens,
t. 1. salu koncentracija kulturas bija ap 0,1%. Kulturam lie-
toti 20 mm diam. stikla stobrini, noslégti ar vates korkiem un
nosieti ar pergamenta papiru lai samazinatu udens idzgaro-
Sanu. Skiduma daudzums ik stobrina 15 cem. pH 8kidumos no-
teikts elekirometriski ar hinhidrona elektrodi, vai stipri al-
kaliskos Skidumos un agara ar Michaelis’a (1930.) indi-
katoriem sakuma un eksperimenta beigas. Visos eksperimen-
tos sporu vitalitate parbaudita ar plazmolizi KNO, vai cukura
gkiduma.

I.eksperiments

81 kulturu serija sakta ar augs$a pieminétiem fosfatiem,
kas at8kaiditi 9 dalam redest. idens 26. VIII. 34. Stobrinos
15 cem Skiduma. Péc sporu ievietoSanas virs vates korka,
stobrini nosieti ar pergamenta papiru, lai samazinatu tdens
izgaroSanu. Kulturas novietotas uz N loga, temperatura
12—15°C. Sai eksperimenta lietots Sph. plumulosum Roll,
Funaria hygrometrica (1.) Sibth. un Polytrichum juniperinum
Willd. sporas. Kontrolu rezultati 30. III. 35. sakopoti tabula
n¥: 1 (7. un 8 1..p.);



Sphagnum plumulosum Roll sporas fosfatu Skidumos
digst pH intervala 5.0—7.2. Vajaka sporu digana kultura
nr. 8 ar pH 6.5. Vislabak digst k-ras ar pH 5.0, 6.6 un 7.0.
Alkaliskie Skidumi pH 7.3—=8.3, lidzigi ka skabie ar pH 2.8—
4.5, ilgaka laika sporam kaitigi (plazmolize neiestajas).

Funaria hygrometrica (L.) Sibth. sporam kaitigi skabie
Skidumi ar pH 2.8—3.8, bet ne alkaliskie $kidumi. Sporas sai
sugai digst pH 5.0—8.3, bet vislabak pH 6.0—8.0.

Polytrichum juniperinum Willd. sporas nedigst vidé ar
pH 7.5—8.3 un pH 2.8 kultura. Sporas digst vidé ar pH
3.3—17.2, bet vislabak pH 5.9—6.6.

II. eksperiments

No ieprieks pieminétas (6. 1. p.) fosfatu rindas atSkaidi-
juma ar redest. Gideni 1:9 pagatavots 29 agara serija. Péc
sterilizacijas un atdziSamas uz slipagara ar platinas adatu
ievietobas 2 serijas Sphagnum plumulosum Roll un Polytri-
chum juniperinum Willd. sporas 26. VIII. 34. Kulturas novie-
totas laboratorija uz S loga istabas temperatura netiesa saules
gaisma. Kontroles rezultati 1. VII. 35. sakopot tabula 2
9. un 10. L p.

Péc 11 meénesiem Sphagnum plumulosum R6ll sporas nav
digusas k-ras 1—4, ka arl kulturas 14 un 15. Sporu digSana
noverota kulturas 5—13, bet siinaugi uz agara attistas kultu-
ras 8—13, bet optimala stinaugu attistiba novérojama k-ras
nr. 12 un 13 ar pH (agars sajaukts ar dest. ideni pusSkidra
masa, kur elektrometriski ar hinhydrona elektrodi mérots pH)
5.5 un 5.7.

Polytrichum juniperinum Willd. sporas diguSas visa pH
rinda, bet siinaugi nav attistijusies kulturas nr. 1, 2, 3, 6, 11
un 15. Sidnaugu attistiba novérojama kulturas nr. 4, 5, 7, 8,
9, 10, 11 un 12. Tie vislabak attistijuSies kulturas nr. 12 un
13 ar pH 5.3 un 5.5.

III. eksperiments ;

6. 1. p. piemineta fosfatu rinda tai pat atSkaidijuma 1:9;
ik kultura ar 10-cem. Skiduma aplietas 15 g. izskalotas smiltis.
Péc sterilizacijas 2 kulturu serijas iepotétas Funaria hyro-
metrica (L.) Sibth. un Polytrichum juniperinum Willd. sporas
28. VIII. 33. Kontroléjot kulturas péc 5 ménediem, atrasts, ka
Funaria sporas diguSas visa serija apm. 50% (pH visa rinda
beigas bija 5.9—7.5). Polytrichum sporas nediga kultura nr.
1 ar pH 7.5. Kultura nr. 2 ar pH 7.3 maz sporu digusas.
Citas kulturas ar pH no 4.9—7.2 lielakd dala sporas digusas,

2%
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izveidojot lidz 150 p garu protonemu. Kulturas ar smiltim
diezgan atri iezuva, ar ko var izskaidrot talako attistibas sta-
diju iztruksanu stinaugiem.

IV. eksperiments

Sais eksperimentos Funaria hygrometrieca (L.) Sibth. un
Polytrichum juniperinum Willd. sporas tirkulturas audzétas
uz agara ar atSkaiditu Knopa Skidumu un CaCO, vai MgCO,
dazadam devam lidz 5% un pédéjo divu savienojumu kombina-
cija. Ariizskalotas smiltis substratiem kombinétas ar lidzigam
CaCO, devam un atSkaiditu Knopa skidumu. Péc 10 méne-
Siem §is kulturu serijas stobrinos kontrolétas. pH kulturas
svarstijas 7.1—9.0, kas tika noteikts ar indikatoriem. Funa-
ria uz kalcija karbonata agara substratiem ar pH 7.2—8.1 labi
attista 1—2 em garus siinaugus ar lapam.

Lidziga attistiba uz agara ar mazu MgCO, devu (pH 8.5),
bet lielakdas MgCO, devds uz agara neattistas Funaria sin-
augi, bet gan tikai protonema. Polytrichum sporas digusas un
pat attistijuSsas 1—2 em garus sunaugus uz agara un dazada
mazak CaCO, saturoSa substrata ar pH beigas 6.4—7.2. Proto-
nemas attistiba novérota uz maz MgCO, saturoSa agara
virsmas (pH ap 8.8), bet uz vairak MgCO, saturoSa agara
sporas nedigst. Funaria sporas uz smilts un CaCO, vai
MgCO, saturosa substrata (pH 7.1—9.0) attista tikai prote-
nemu, bet Polytrichum protonema novérota uz agara, kas
mazak satur CaCO, un MgCO, (pH 7.4—8.5). Vairak kar-
bonatus (sevi§ki MgCO,) saturoSos substratos pédéja suga
neattista protonemu.

Diskusija

Sphagnum sugu kalka jatiba jau agrak pazistama.
Paul's (1908.) atrada, ka kalcija ions sfagniem nav kaitigs,
bet gan kaleija karbonats, resp. bikarbonata Skidums. Me-
vius’s (1924.) un Olsen’s (1923.) eksperimentali varéja ap-
liecinat, ka sfagni nepanes kalka substratu So augu jutiguma
dé] pret OH ioniem. Ka iepriekséjos eksperimentos atrasts,
ari Sphagnum plumulosum Roll sporas jutigas pret alkalisku
_ vidi. Protonemas attistiba gan novérojama ari neutrala vide,
bet laba sinaugu veléna Sai sugai attistas uz substrata ar
pH 5.5 un 5.7, kas atbilst novérojumiem dabiskos apstaklos.

Funaria hygrometrica (L.) Sibth. parasti aug uz kalka
substratiem (subkaleifila) pH intervala 5.3—8.4, parasti
6.0—8.0 dabiskos apstdklos. Ikenberry’s (1936.) atradis
sporu digSanu vidé pH 5.0—9.0, ar optimu pH ap 6.0. Pie-
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minétos eksperimentos, Skidumos un uz cieta substrata, at-
rasts, ka sporas digst un izveido protonemu pH robezis no
4.5—9.0, bet stinaugu attistiba novérojama tikai uz neutrala
un alkaliska substrata ar pH 7.1—8.8. Sporu digSanu Sai sugai
(Apinis u. Blukis 1933.) iespéjams panakt vidé pat ar
pH 3.7, bet talaka sinaugu attistiba te nav novérojama.
Pringsheim’s (1921.) atradis, ka Leptobrym pyriforme
(L.) Wills. sporu digSana un protonemas attistiba nav novéro-
jama vides cH ietekme, bet lapotad siinauga attistiba jestajas
alkaliska vidé. Ka zinams, §is sugas pH intervals dabiskos
substratos 5.3—9.0, parasti 6.1—7.5 (Apinis un Lacis
1936.). Tas norada, ka siinaugu izveidoS8anos no protonemas
ievérojami ietekmé vides cH; lai ta iestatos, vidé nepiecieSams
tads pH, kadu novéro siinu dabiskos substratos.

Polytrichum junipernium Willd. dabiskos apstdklos aug
uz skaba substrata pH intervald no 4.0—5.9. Schoenau’s
(1913.) un Boas’s (1914.) atradudi Polytrichum sugam,
lidzigi Sphagnum, jutibu pret alkalisku vidi. Alkaliski Skidumi
iekraso stinaugus tums$i-violétus., ITkenberry’s (1936.) at-
radis Sai sugai sporu digS8anu pH 5—86, ar optimu 6.0, lai gan
dabiskos apstaklos tas parasti atrastas ari uz skabaka sub-
strata. So parddibu Ikenberry’s (1936. p. 277.) mégina
izskaidrot ar citadaku stinaugu izturéSanos pret vides cH véla-
kas attistibas fazes (skat. cit. 12. 1. p.). 1. eksperimenta at-
rasts, ka Polytrichum juniperinum Willd. sporas var digt pat
pH 3.3, bet uz cieta substrata (agrs ar karbonatiem un silu
gkidindjumu) ari pH 85—89, bet sinaugi vislabak
attistas uz substrata ar pH 5.3 un 5.7. Vaja sinaugu
attistiba novérojama ari uz neutrala un pat vaji alkaliska
substrata.

K3a kontrolu tabulas un citi novérojumi liecina, sporu dig-
Sanas optims nav viengabalains, t. i. pH rinda starp atsevi-
Skiem sporu digSsanas un protonemas attistibas optimiem no-
verojams arl viens, divi vai pat tris minimi attistiba. Par
tiem nodomaéts sniegt tuvakus noradijumus kdada no nakoSiem
darbiem. .

Kopsavilkums

1) Pétito siinu sporas var digt un izveidot protonemu
daudz plasaka vides pH intervala, ka attiecigas sugas augiem
atrasts dabiskos substratos.

2) Skaba vidé acidofilo sinu (Sphagnum un Polytrichum)
sporas labak digst un attista protonemu, ka neutrala un alka-
liska vide, bet Funaria, ka kalku substratu sinai, sporas vis-
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labak digst un izveidojas protonema vaji skaba, neutrald un
alkaliska vidé.

3) Polytrichum sporas var digt un attistit protonemu
alkaliska vidé, bet Funaria sporas ari skaba vide, t. i. tada cH,
kada nav dabiskiem substratiem.

4) Sporu vitalitate acidofilo stinu sporam ilgak uzglaba-
jas skaba vidé, bet Funaria sporam ta ilgak uzglabajas neu-
trala un alkaliska vide.

5) Ilgakd kultura uz agara acidofilo (Sphagnum un Po-
lytrichum) protonema rada stnaugus, kas labi izveidojas tikai
Sauraka pH dintervala. Padéjais atbilst siinu substratu pH
dabiskos apstak]os.

6) Funaria protonema labi attista lapotus simaugus uz
agara ar karbonatiem neutrala un alkaliska vide, t. i. lidziga
pH intervald ka dabiskos apstaklos.

7) Sporu digSanas un protonemas attistibas pH intervals
vai optims nenorada, vai tikai tuvinati norada attiecigai sugai
attistibas pH intervalu dabiskos apstaklos.

8) Pieminétam sugam eksperimenta atrastd lapota siin-
auga izveidoSsanas pH intervals vai optims atbilst substratu
aciditatei attiecigo sugu dabiskas augteneés.
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