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THE RELATION OF pH TO PLANT
DISTRIBUTION IN NATURE*

DR. HERMAN KURZ

FLorIDA STATE COLLEGE FOR WOMEN

IxnTRODUCTION

FourteEN years have elapsed since Dr. K. T. Wherry
(1916) first applied the modern method of measuring soil
acidity towards the solution of plant distribution prob-
lems. Since this classical work Wherry and many others
have produced hydrogen-ion papers in almost colossal
proportions. Mevius (1927) writes a comprehensive re-
view of soil reaction as it affects both cultivated and wild
plants and gives 759 titles. Arrhenius (1926) in his re-
view uses 403 titles. The author, however, will use and
cite only such works as seem pertinent for the purpose of
this paper. Although the attack has been concentrated
on the higher plants, the lower, green ones, at least, do
not remain unscathed, so that we have soil acidity studies
from algae to orchids. By virtue of his sustained and
vigorous activity Wherry is still the leading pH investi-
gator among plant ecologists in America. Ironically
enough, if we except his work, soil acidity investigations
though begun in America have attained their fullest ex-
pression in Europe. Some of the KEuropean workers, as
we shall soon see, have been singularly precise in their
determinations and thought provoking in their carefully
prepared presentations.

The once apparently narrow and novel subject of soil
reaction has by this time developed into a very broad
field. Without necessarily ignoring the perfectly patent
influence of soil acidity on plant distribution, most in-
vestigators soon realized that other factors were opera-

1 Paper forming part of the symposium on ‘‘Hydrogen Ion Concentra-
tion’? before the Ecological Society of America, meeting with the American
Association for the Advancement of Science, Des Moines, Towa, December

31, 1929.
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tive. More and more species found outside of their so-
called natural ranges have quite necessarily generated
many points of view regarding the whole subject of soil
acidity. Some still consider pH ¢he factor; others, a fac-
tor; and there are those who consider its influence unim-
portant in their particular studied species. Some con-
sider its influence direct; others, indirect. Some say it
is hydrogen-ion per se. Also, some writers lay much
stress on attending factors. The latter view complicates
the matter uncomfortably, for it forces us to recognize
an abstruse triangular interrelationship among hydro-
gen-ion concentration, plants and attending factors, or
what Clements calls concomitants. In the following
pages we can only suggest the present status of pIl work.
In doing so we might first make a preliminary survey of
the whole plant kingdom by beginning with the higher
plants and ending with the algae.

MemBERS oF Praxt Kinepom INVESTIGATED

Seed plants—Following Coville’s (1913) lead, Wherry
has shown that the ericads are, with few exceptions,
notably acid-loving species. The reader is referred to
his summary of 1920 for his thought and work to that
date. Only a few species are found to reach over into
alkaline soils. Wherry (1920) has also shown a very
restricted range for the orchids, nearly all of them being
confined to decidedly acid habitats. If the reader con-
sults the work of Arrhenius (1920), Olsen (1921), Salis-
bury (1921), Atkins (1922), Chodat (1924), Kelley (1923)
and Christophersen (1925), he will find many other seed
plants with high correlation between pH and distribu-
tion. On the other hand, it must be brought out that
trees, as a group, are notably indifferent. See Kotilainen
(1927), Geisler (1926), Salisbury (1921) and Kurz
(1923). Miss Geisler also points out that a number of
the herbaceous flowering plants of the forests tolerate a
wide range. ~

Ferns.—Wherry (1920), Steagall (1926) and Robinove
and La Rue (1928) have given special consideration to
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the ferns and present their findings in convenient tables.
The results of all three investigators indicate that most
species of ferns for which the data are at all comprehen-
sive tolerate a wide range of acidity. Wherry, however,
assigns optimum reactions to nearly all his species. Most
of Robinove and La Rue’s species show a wide range of
tolerance extending from definitely acid to alkaline
habitats. Only a few, where the number of tests was
limited, proved the exception, as Robinove and La Rue
expected. But the data of Steagall and Wherry extended
even their range considerably: consult Table I, which is
an adaptation from Robinove and La Rue, Wherry and
Steagall.

Table 1
No of pH  Optimum
Species tests range reaction

Robinove and La Rue Cystopteris bulbifera 3 74782
Wherr y ‘ - 30 5585 )0
STeayaI/ . . 72 64080 7.0
Rand LR Aspidium spinulosum 8 48-¢4
w Var intermedium 20 4580
Band LR A 7 g sy 40

: . ris aguilina 16-6.8
w" ere ey 50 45is 55
S. " . 6 5560 5.5
w. (Souhern)Camptosorus rhizophylhs 50 5585 7.0
S. “ " 0 4565 55
W. Asp/en/um lo/at):neuron 50 4585 4.5
S " . " 73 50-65 6.0
g (Nor:bern)PoI/v“Podlurn vulzare §20 j?—f’g g g
2{. (Sout.bun)i:lypfdmm po/y/)t)'dioides éé :%:ZZ% é%’
w llaea atropurpurea 55-85 7.
s - Pur 15 7580 %o

In the second part of the table the writer advisedly
pits a part of Wherry’s data against Steagall’s. As ex-
pected, Wherry’s individuals, because of the greater
number of tests, show in the main wider ranges than
Steagall’s. Both investigators assign an optimum re-
action to their species. In accord with Wherry’s prac-
tice, the reaction most frequently encountered is called
the optimum reaction. The optimum thus roughly con-
forms with the frequency mode of the statisticians.
‘Wherry sees a relationship between ‘‘soil reaction and
geographic range.’”” The writer can do no better than
quote him in part from pages 262-264 (1920):
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It is noteworthy, however, that the peculiar relations found to exist
among rock ferns—the favoring of acid soils by southern species and of
circumneutral soils by northern ones—is likewise well marked in the present
series of plants. As the same sort of relation appears also with other
plants than the ferns, in particular with the native orchids, it is sufficiently
definite to justify inquiry into its probable origin. . . .

The territory left bare by the retreat of the great ice-sheet must at first
have presented an almost unbroken expanse of circummneutral soils, and the
vegetation which first occupied it accordingly comprised only plants which
thrive best in such soils. Although acid soils have developed subsequently
in many places, and permitted invasion by plants adapted to growth under
acid conditions, a considerable number of the original occupants still per-
sist, and are to-day classed as ‘‘morthern’’ species.

In more southern regions, on the other hand, decomposition usually out-
strips disintegration, so that soils containing wundecomposed carbonate
minerals are relatively rare. Except where limestone outcrops or where
leaf mold accumulates, therefore, the dominant soil reactions are inclined
to be acid, and the plants, established there since long before the glacial
period, have become adapted to growth in such soils. The favoring of cir-
cumneutral soils by northern species, and of acid soils by southern ones,
is thus connected with the geological history of the respective regions.

If we refer to the table we will notice that: the optima
of Wherry and Steagall do not always coincide. In mak-
ing a meteorological study of southern Illinois, Miss
Steagall finds that the latter differs very little from
Virginia (southern limit of Wherry’s fern study) except
that the summer temperature in July may average 20°
F. higher than in Virginia. According to Miss Steagall,
this extremely high July temperature, together with the
low rainfall—sometimes less than one half inch in July—
rather than soil reaction, accounts for the distribution
of rock ferns in southern Illinois. Here, too, we shall
rely on quotations from pages 134-135, Miss Steagall
(1926) :

Polypodium polypodioides, a southern fern, in Wherry’s tests run into
maximum specific acidity 300 [pH 4.5]; Polypodium wulgare found its
maximum at 10 [pH 6.0]. In southern Illinois tests P. polypodioides had
its maximum at specific acidity 3 [pH 6.5], although it showed itself
capable of living in higher acidities; P. vulgare had its maximum at 100
[pH 5.0], and did not run lower anywhere. What is the factor that re-
verses these fern habitats between Virginia and southern Illinois? As has
been shown, the striking difference between the Virginia and the southern

Illinois climate is the intense heat of summer. Since P. polypodioides is
better adapted by its structure to endure these conditions, it runs ten to
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fifty feet higher on the sandstone, where there is little soil but its own
frond mold. As a consequence its soil tests run the gamut of acidities
from one [pH 7.0] to 300 [pH 4.5], only with the difference that here its
maximum runs at acidity 3 [pH 6.5]. P. vulgare, on the contrary, less
xerophytic in structure, adheres to the lower rocks where there is more soil,
even when this soil be weathered to acidity 100 [pH 5.0].

Camptosorus rhizophyllus in a cooler climate grows on calecareous rock,
and there finds the right amount of moisture when specific acidity is one,
but in southern Illinois that it may get sufficient moisture it must resort
to sandstone with maximum 30 [pH 5.5].

The distinguishing factor between north and south, as far as the plant
is concerned, is not the presence or absence of caleareous rock, as has been
suggested. These are abundant in both regions. Temperature has changed,
and this factor affects the amount of soil water and the amount of tran-
spiration. This factor then has driven the semi-xerophytic forms from the
dry limestone to a medium where moisture is available,

Even while we hold this judgment in abeyance we can
not keep from seeing that Dr. Wherry has opened up a
highly suggestive train of thought which Miss Steagall
has met in a highly interesting manner.

Mosses and liverworts—The almost universal correla-
tion between Sphagnums and acid substrata is well
known. But Robinove and La Rue (1928), already
quoted, have recently given us some data for thirty-two
species of liverworts and sixty-two of true mosses. Of
the ninety-four species, thirty-eight were tested in less
than five situations each, and only twelve species in ten
or more habitats. They worked in a region having
chiefly sandy soils so that naturally most habitats are of
acid reactions. In such a region one would not expect
many species or individuals in alkaline substrata; yet 34
per cent. show a wide range, twelve of the thirty-two of
the so-called indifferents growing in soils all the way
from definitely acid to those having a pH of 7.0 or more.
The indications are that mosses and liverworts are not
sensitive to reactions; however, they realize that their
data do not warrant any general conclusions concerning
the reaction preference of Bryophytes.

Algae—~—Wehrle (1927) has given us a fascinating ac-
count regarding the reaction and distribution of algae.
His studies comprise many species found in brooks, pools,
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ponds and moors. He classifies his algal habitats into
four categories as to hydrogen-ion concentration, each
type being characterized by its own algal flora. In the
highly acid waters of the moors the reaction is relatively
constant, being regulated by humus acid buffers. In such
waters the species are few but the number of individuals
enormous. Strongly alkaline waters are also few in
species and rich in individuals. The latter waters are
also relatively constant as to reaction because of the
buffer action of the lime content. By far the greatest
number of species were found in weakly acid waters
(pH 5.0-7.0). Most of these species tolerate a wide
range. Some of his alkaline waters are rich in lime and
some almost lime free. Yet 85 per cent. of the species of
the former habitat are also found in the latter. He con-
cludes, therefore, that the pH must be the factor.

If the waters are not strongly buffered he finds pro-
nounced vacillation in pH. Much of the acidity of such
habitats is due to carbon dioxide. In one pool containing
Nitella in the upper strata of water the pH would rise
(acidity increase) as the day progressed. Nitella carry-
ing on photosynthesis consumed the carbon dioxide ac-
cumulated from the respiration of water organisms. In
the lower strata the pH also increases but after noon
decreases again. Presumably the respiration of mud
organisms liberates more carbon dioxide than is con-
sumed in the lower strata where light radiation is weaker,
except at midday (see Fig. 1). If the water was quiet
he found pH 7.9 at the surface where the light was
strongest; about 25 em deeper he obtained pH 6.5, and at
the bottom where the light was weakest, pH 6.0. This
rather nice stratification was often obliterated by con-
vection currents set up by jumping frogs as the investi-
gator approached the pool. We have here a beautiful
example of the nicety of balance in nature.

‘Wehrle gives the ranges for over three hundred spe-
cies. Some species show very restricted and others very
wide ranges, seemingly independent of pH. Interest-
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ingly enough we find all degrees of tolerance in a genus if
only it have a large enough number of species. The
writer has tabulated just enough of his Cosmariums to
show the enormous variation of tolerance among species
of the same genus (refer to Table IT).

Ulehla (1923) illustrates the importance of reactions
on the growth of algae in a neat experiment. It seems
that one of the Oedogoniums (0. psychohormium) has
specialized cells called psychohormia. These cells are
incrusted with calcium salts, usually calecium carbonate.
Ulehla submerged this Oedogonium in water acidulated
with carbonic acid. If subjected to sunlight for thiry
minutes the reactions of the water changed from pH 6.90
to pH 7.05 because the photosynthetic action of the alga
used the carbon dioxide introduced into the water. He
repeated the experiment but placed the culture in dark-
ness for thirty minutes. The reaction again changed
from pH 5.85 to pH 6.18. This time, Ulehla explains,
the calecium carbonate incrustations on the alga neutral-
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ized the reaction of the water to the point most favorable
for the alga. If kept in darkness for a day or two the
alga died, because after all the calcium was exhausted
the reaction of the water became acid by the plant’s lib-
eration of carbon dioxide during its respiration. This
Oedogonium, presumably a calciphyte, dies in acid re-
actions. He often finds this and other calciphytic algae
on shell animals where the buffer reaction of the cal-
careous shells keeps the water locally neutralized.

In nature he finds that species of Cladophora and
Oedogonium are covered with the iron bacteria Sidero-
monas confervarum whose iron and calcium carbonate
incrustations work as a buffer. As carbon dioxide ac-
cumulates in the water by respiration calcium bicarbonate
is formed. This compound liberates hydroxyl-ions which
neutralize the hydrogen-ions. Without the iron bacteria
the Cladophoras and Oedogoniums referred to occur in
alkaline waters attached to limestone and sandstone
which furnish local buffering.

I T
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Lichens.—Triimpener (1926), dealing with species of
tree lichens, finds that most of them are grouped around
certain pH values (see Table ITT). He considers pH an

“Table 3

TableT. ﬁ'equenc\( o Lihens in pH-Tntervals of the Substrabum.
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essential factor in the distribution of lichens. These re-
actions vary for tree species as well as for species of
lichens. But at the same time he points out that the
cause for various affinities between nitrophilous species
and tree species is not the pH of the tree bark, but rather
the various ammonium contents of the differently consti-
tuted humus which the lichens receive or ‘‘cateh.”’

The gist of his work, if the reader interprets him cor-
rectly, is that there are nitrophobous and nitrophilous
tree lichens. The nitrophobes betake themselves to the
top where by necessity they must grow on a more highly
acid substratum. The nitrophiles, on the other hand,
betake themselves to the bases where their nitrogen re-
quirement is present. After the nitrogen requirement is
met the various species group themselves around char-
acteristic pH values.
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Some Sprcian PH CORRELATIONS

pH, leaching and successions—From the foregoing
survey of the plant kingdom and pH it will be seen that
a good inroad has been made into all major divisions.
‘We might now consider in particular a few special cases
of broader pH interrelationships, for example, pH to
plant succession and leaching. Salisbury (1921) has
shown that leaching and removal of carbonates result in
accumulation of humus and proportional increase in
acidity. He gives examples of oak forests invading hill-
tops as humus and acidity develop. Humus favors
moisture conditions of the soil and therefore germination
of forest tree species. In some cases, however, leaching
has resulted in soils so acid that germination and growth
of tree species become impossible. Many of the typical
moors with their heath and Pteris vegetation owe their
initiation to such leaching and concomitant extreme acid-
ity. On the gentle slopes of hills where leaching some-
times lags will be found such herbs as Mercuriales peren-
nis or shrubs like the English vew on alkaline soil. If

Pteris or Heath

o&-.«%%mbom’tes
: QOak Forest Hs3
F'u8. A 0525 % carbonales
Mercuriales PH 7.5-14% carbonales
E*n&'ish Yeu pH 7.5-31.5% carbonates
B
Scrub

ﬂ b-67

PFloor TPIus 10—.11% carbonales
Schemoﬂ;\c Composite after Salishury’aa Yo show relation of
PH to edchmg and succession. i
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the slope is steep enough, leached soils may be removed
and deposited near the bottom as acid talus. In such
cases there will also be an acid vegetation at the base of
the slope, while over the valley floor alkaline shrubs and
grasses usually prevail. In general he sees forests ad-
vancing downward from the higher elevations as a result
of progressive downward leaching. In extreme cases
more acid moors and vegetation in turn chase the once
dominating and acid oaks from the top table lands (see
Fig. 2). Braun-Blanquet and Jenny (1926) have shown
how indifferent associations first inhabit circumneutral
soils; how such an association slowly gives way to a more
acidic one, and how the latter is finally replaced per-
manently by the curvuletum, an acidic climax (see Fig.
3). They have also shown how leaching and accumula-
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Fig 3 from F‘.S.H Dmun-b\mque‘l: Q%S'enmj“lb
L "

tion of humus parallel these sSuccessional states. In
other words, simultaneously with the development of an
acidic climax vegetation there is also a development of
an acidic elimax, humus soil.
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pH and soil profiles—In Fig. 4 Braun-Blanquet and
Jenny present also soil profiles to show four stages of
humus soil development in the Alps. A condensed ex-
planation follows. The pioneer stage consists of only a

Soil  Formalion  and \’ege‘ta‘tion Deve'oFmen‘t on
Limestone m The A\Fs.

Curvuletum

e
g
2 " -
7 5 I v 45
- ~ AL frrrrrrT BT
o lijifjiifeo!
c 5t [o he ¢ e ct %
Limestone ——> Rendzina ——  FPodsol —— Humus Soil
L Fig 4 from Draun-Dlanqueterdemny ‘ab fig 15 < M-

humus layer (the A-horizon) and an unchanged cal-
careous mother rock (the C-horizon). At this stage the
Firmetum (Carex firma-association) takes possession.
This association consists of alkaline or circumneutral re-
action species. As humus accumulates and carbonates
are leached out there results a clay or loam horizon (B)—
a layer rich in minerals derived from the partially de-
pleted A-horizon. Now the Elynetum (HElyna wmyo-
suroides-association), because of its relative indifference
to great pH variability, replaces the Firmetum. Lux-
uriant plant growth increases the humus and acidity of
the A-horizon. As a consequence, leaching increases so
that the latter horizon becomes completely depleted of
its carbonates. Horizon A attains now an acidity of pH
5.0. Next the upper part of the B-horizon becomes
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leached of bases and bleached in color. This pale layer
indicates the beginning of the degeneration of the B-
horizon. There are now four horizons: (1) a relatively
thick and well-leached and acid humus A,-horizon; (2)
a white or gray leached A,-horizon differentiated from
the upper part of the B-horizon; (3) a diminished B-hori-
zon possessing among others iron and aluminum com-
pounds leached from above, and (4) the mother rock C.
Such a soil profile is usually referred to as a ‘“podsol,”’
a term of Russian origin. Ordinarily the podsol is con-
sidered the climax soil, but Braun-Blanquet and Jenny
consider the podsols as transitory in the higher Alps
where they are superseded by the climax humus soils.
These humus climax soils are distinguished by a higher
acidity, a thicker humus A,-horizon and the very dimin-
ished and indiscernible A,- and B-horizons. This humus
climax soil is inhabited permanently by the Curvuletum
(Carex curvula-association), an acid climax vegetation
which has its incipiency during the previous podsol stage
at which time the Elynetum is replaced.

Negatiwe evidence between pH and succession.—Quite
in contrast Miss Geisler (1926), an American worker, saw
no relations between pH and plant successions, but found
on the contrary that her climax habitats in the vicinity
of Cincinnati exhibited a wider range of acidity than the
pioneer calcareous soils. The writer (1923), too, has
reported that the sandy soils of certain beech-maple-
hemlock forests run almost the whole gamut of reactions.
On page 20 we read,

The sandy flood-plain has a very irregular H-ion concentration, varying
from 1 to 300 [pH 7.0-4.5]. Alluvial material washed in from the up-
stream moraine probably is one of the factors operating toward neutrality.

Decaying logs, organic matter, together with a high water table, on the
other hand, increase acidity locally.

These are very patchy, unstable and in a measure excep-
tional conditions. Nevertheless, there it is, the climax
forest with its typical climax forest undergrowth.
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Plants as pH ndicators—HEstablishing the frequency
with which certain species group themselves around
given pH values, Olsen (1921) has been able to predict
the acidity by taking the census of the species in a given
association (consult Table IV). Here we find that the

Table u
Meadow locality N’m trogaards Vtmg,(ﬁrib forest)
. . PH_ classes
SP ecies p"i 5304 lso-sefss-sqbo-s4ls 9 fo-frs 79
festuca  vubra 100
Holeus \analtus 100
Prthoxarthem  odordbuwnl 100
Gewn vivale 100
Platago lancola¥a 100
Rumex acetosa. 60
Galium Palus’ﬁre )
- Poa Pm‘\‘.ensis 20 |
Lathyrus pratensis| 20
Taraxacum sp- 20
1488|542

Determination  of PH by Vegetation

Instance 2 p-¢l Isen a1
gg‘cl\s PHJ)‘.‘S—b‘.‘i ;6.0—6.‘/ ProBdHe calc.:PHé.o
i sample = p 58 M

values pH 5.5-5.9 and pH 6.0-6.4 contain the same num-
ber of species. Olsen therefore predicted the inter-
mediate pH 6.0. The soil really tested pH 5.8 so that he
came remarkably close.

Kotilainen (1927) makes graphs (Figs. 5 and 6) to ex-
press the percentage of times that certain species or as-
sociations participate in given reactions. Observing
then the typical species of the habitat and applying these
graphs he is able to predict reactions. From his graphs
it will be seen that the plant association, because of its
greater restriction to narrower pH limits, is more ac-
curate than a single species. Since pH indicates a set of
conditions he is able to determine the agricultural value
of his moors by the vegetation. For example, Meny-
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anthes trifoliata, Phragmites communis, Cypripedium
calceolus and Juniperus communis indicate good peat for
culture, but Ledum palustre, Calluna vulgaris and Em-
petrum nigrum indicate great acidity and poor peat for
culture.

Frequency curves—Braun-Blanquet and Jenny (1926)
made a frequency study of pH of the Carex curvula-
association and of Carex curvule individually. From
the values they derived two typical bell-shaped curves.
The dispersion is narrower and the mode higher for the

oy

ph’- variation curves of
+he species Carex curvula
(r) and 7he assocraZion

Curyu/ef‘um (E)(for a 100

sndrividuals each)

pd : .
o0 55 50 25 25 42/ Ord/rm.f’e N /-‘reoueno}/
o s Qbscissa - pH

,-:Qure7 From pgurei
Braun-Blanguel and Jenny 26 RS.

association than for the species. These two curves also
demonstrate that the association is more reliable as an
indicator than the species. Applying Gauss’s formula
which is familiar to all statisticians and substituting
normal distribution values they predict the probability
of finding a given species in the habitat of a given pH
(consult Table V).

Mono- and bimodal curves—Salisbury (1925) gives a
number of bimodal and monomodal distributional curves.
For illustration see Fig. 8 with Mercuriales perennis and
its bimodal curve. As if to disarm possible crities he
points out that the frequency of the soil’s pH and plant
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Table 5.
Frequency table of the pH values of Carex curvula (125 Samples)
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species’ pH are not coincident. Moreover, two or more
species growing on the same soil may each have its own
frequency. For example, Pteris aquilinag and Psamma
arenaria have respectively the modes around pH 5.5 and
pH 7.1 on the same soil. He also calls attention to mono-
modal soils with bimodal species. Nevertheless, Pearsall
(1926) offers data from Knglish siliceous and calcareous
soils intended to fill the depression of Salisbury’s Mer-
curiales perennis bimodal curve and thus assume a mono-
modal form (see Table VI).

TABLE VI
PH VALUES OF SOILS ON WHICH MERCURIALES WAS ABUNDANT

PH . 4549 5-5.4 5.5-59 6-6.4 6.5-69 7-7.4 7.5-8

Number of records 1 5 6 9 16 9 2
Per cent. of total
number of soils 2.3 16.6 15.8 14.5 36.3 15 6.2

IxnrFLuENCE OoF Prants ox PH

Unless neutralizing bases are at hand plants them-
selves acidify the soil by their excretions, remains and
selective removal. Such an increase in acidity may be
quite an incidental consequence of plant growth and
presence. Arrhenius (1926), though, takes a rather
teleological point of view, saying that plants themselves
change the substratum to a pH most suitable to them-
selves. Chodat (1924) in the way of opposition states
that if anything one plant association may create its own
downfall by making the reaction more favorable for suc-
cessors. This latter point of view is in harmony with
the successional studies of Salisbury (1921) and Braun-
Blanquet and Jenny (1926). Quite apropos here is the
work of Beauverie and Martin-Rosset (1926) who found
that raised or heaped up neutral (pH 7.0) Carex peat is
populated by a flora less specialized for marshes (am-
phibious and even strictly land plants) which acidify the
peat and prepare it for forest species. In Lac des
Echets, France, for example, the peat was removed and
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otherwise modified from 1481 to the nineteenth century
so that it is no longer marsh, but on the contrary now
developed into forest prairies and even suitable for cul-
tivation. This peat originally around pH 7.0 is now pH
6.0-6.2. The writer (1928) has shown that Sphagnum
and other mosses, especially Aulacomnium palustre, in-
crease the acidity of bogs. The fact that these mosses
are responsible for the acidity in which they grow could
very well be fortuitous. It is very clear, however, that
the acidity thus produced results in the invasion of heaths
and a few other species usually associated with acid
habitats.
PH axp Species CHARACTERS

Clausen (1922) found that Viola tricolor and Viola
arvensis grow typically on acid and alkaline soils re-
spectively. In circumneutral soils he found both species
and various intermediate taxonomic forms (see Table

VII).

Table 4
Reactions of Soil
faintl, ?g‘ﬁ{lﬂl

basic acid 4 neutral acid 4 acid
No.of habitats
with: Viola Iarvensls 7 3 8 5

of habitat .

Ixﬁ/,: |72 l‘?/cl;/%rs / 4 4

Basic soil- small yellowish white flowers -pure arvensis
Acid ground: large, blus,white, yellow, rose, and purple
flowers - pure tricolor
Neutral-Faint /y aad: pure arvensis, pure tricolor, and
Intermediates

From Clausen onViola spp 1922

PH axp CoNCOMITANTS

From the cases just gone over it is perfectly clear that
pH is a factor operative in plant distribution. At the
same time, all authorities mentioned in this paper agree,
by word or act, that other factors of the soil and atmos-
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phere must not be minimized or ignored. Obviously,
types of soils, light and water relations are paramount.
But such a general statement is a platitude. Still, any-
thing more specific approaches speculation, for there is
little in the way of precise data concerning factors at-
tending the reaction. The difficulty of measuring these
concomitants and reducing them and pH all to a common
denominator makes a clear picture of the soil impossible.
And yet, as Pearsall (1926) would say, an ignorance of
them does not rule them out of consideration. In the
following a few circumneutral relationships will be
presented. ‘

pH constant but other factors variable—In working
out his frequency tables Olsen (1921) recognized the
potency of other factors. He was therefore careful to
select a locality where all conditions like soil, water and
light were relatively constant. In this way he proved a
correlation between hydrogen-ion concentration and
plant distribution. Omne can reverse the choice by select-
ing localities where the pH shall be constant, but water,
light and soil factors shall vary. For an illustration see
the following circumneutral habitats: (1) a dry, unstable,
foredune with intense light, supporting a pioneer asso-
ciation; (2) a moist, stable, shady dune, dominated by
a climax forest and undergrowth, Kurz (1923) ; (3) a raw
peat with pioneer aquatics or subaquatics; (4) an old,
well-decomposed peat or muck with forest trees and un-
dergrowth, Kurz (1923 and 1928), and (5) Montfort and
Brandup (1927) for a circumneutral salt marsh with its
halophytic species. Atkins (1922) and later Kurz (1928)
call attention to the fact that acid clays and acid sands
may differ remarkably in their species.

Kotilainen on concomitants—XKotilainen (1927) found
good correlation between pH and plant distribution, yet
he considers pI as a secondary, and sometimes even an
unimportant, factor. KFven though a certain vegetation
is characterized by certain acidity it must nevertheless be
understood, he holds, that acidity—itself an indicator of
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other edaphic conditions—although an important factor
is only one of all factors that influence species. Relation
between acidity and vegetation will never be clear until
pH is studied as a partial factor of a factorial complex.
He admits the influence of pH, but, in contradiction espe-
cially to Arrhenius, Olsen and Chodat, thinks its influence
is an indirect one. Criticizing in particular Olsen’s cul-
ture work, he says that by changing acidity with the use
of caleium carbonate one changes also other factors be-
sides hydrogen-ion concentration. Olsen has stated that
poverty of minerals is not important in his cases, for he
found both acid and alkaline soils poor in minerals and
the vegetation was totally different in the two impover-
ished soils. Kotilainen taking the opposite view main-
tains that species of Sphagnum can stand alkaline soil
water if it is poor in nutrient salts. He states that water
level, electrolyte concentration, calcium-ions, oxygen con-
tent of superficial water as well as top form of moors are
often more direct factors than acidity, for these often are
the very producers of acidity. Kotilainen ties up weak
acidophiles with high electrolyte concentration, especi-
ally lime. Such acidophiles occur on thin layers of peat
near a calcium substratum and on edges of moors. In
the species Carex capillaris, Cypripediumn calceolus,
Polygonum bistorta, Ranunculus propinquis and Epipac-
tis palustris, he sees a correlation between low acidity
and high calcium-ion concentration. Because of their
seeming dependence on calcium-ion he thinks that they
had better be considered by the older concept of cal-
ciphiles. Another example: Sphagnum papillosum and
S. compactum are hygrophiles and acid-loving species.
In a wet habitat of pH 5.0-6.0 and a calcium salt content
of 1-2 per cent. he finds them excluded. Here the acidity
is proper but these species of Sphagnum are excluded by
the caleium-ion. If hummocks form so that leaching and
drying take place locally, more xerophytic acidophiles
come in. Here then water content and calcium play the
important roles. Having reference to Olsen’s work in
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particular, page 180, Kotilainen suggests that changing
the reaction by adding acids and calcium carbonate might
also bring about other changes in the ‘‘factorial constel-
lation.”” He admits the influence of acidity on plants if
all factors are constant as Olsen has shown, but he doubts
that it is a direct influence of acidity.

Salt and water content as concomitants.—Montfort and
Brandrup (1927) have come to very suggestive conclu-
sions regarding the distribution of salt marsh plants.
Their work indicates that other factors outweigh the in-
fluence of pH. For instance, in Table VIII the pH is

Table 8.
Water Content Sait Comtent

Habitats pH  of Soil %  ofSoil %
1Meadow without Salt

Vegetation on edge

of Phragmites-Station 6.8 8¢ o1
2. Phragmites-Station

without Aster 7.0 ;5 0.13

3. Aster Vegetation 6.9 0 0.65
‘. ' 71 55 0.62
5. " 71 55 17
6. Triglochin-Vegetation 7.1 50 2.8
7 WitZout Vegetation 7.1 20 18.0/

From Montfort and Brandrup 27

relatively constant for all habitats. It will be seen,
though, that there is an enormous variation of total salt
and water content and that different types of vegetation
are tied up with salt and water content of the soil. These
workers conclude that Aster tripolium is sensitive to a
high salt content and Salicornia to a high chlorine-ion
sulphate-radical ratio. Coupled with such peculiarities
of species is the fact that some of these halophytes are
most sensitive to fluctuations in salt concentration as
seedlings. Montfort and Brandrup make the point then
that any one of a whole set of conditions, by no means
static, might swing the balance in the matter of success-
ful establishment of salt marsh species. Only a compari-
son of the springtime germinating conditions with those
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of the summer gives an adequate understanding of the
vegetational zones that correspond with gradations of
salt.

Antagonism between hydrogen-ion concentration and
salt concentration.—Aslander (1929) explains in a unique
way the presence of neutral or alkaline soil weeds like
Chenopodium album, Sonchus oleraceous, S. arvensis,
Cirsium arvense, Stellaria media and others on acid,
manured fields of northern Sweden. His experiments
show that barley, a neutral soil plant, will grow in
nutrient solutions with acidity as high as pH 3.75 pro-
vided only that the solution be a concentrated one as to
salts. He attributes the good growth of barley in such a
highly acid medium to the counteracting influence of the
salts, for he found that if this high acidity was main-
tained in media about the concentration of soil solutions
the growth declined and several plants died. On page
125 we read:

This poor growth can not be interpreted as a result of starvation. In
the nearly mneutral solution the growth was practically unaffected by dilu-
tion up to 1/40. By more frequent changes (or perhaps less sodium con-
tent) the 1/80 solution would probably have been found just as suitable
as the more concentrated solutions. The result can not be interpreted in
more ways than one. There is a clear antagonism between hydrogen-ion
concentration and salt concentration. No other interpretation seems pos-
sible.

Applying the information of these experiments he con-
cludes (page 135) that the highly concentrated soil solu-
tion of newly manured fields ‘‘is responsible for the in-
vasion of these acid soils by plants which grow ordinarily
only in neutral or alkaline soils.”” e states further
(page 136) ‘‘that the nature of the soil solution greatly
affects the soil reaction at which plants thrive in na-
ture.”’

pH and mitrogen content.—The importance of nitrogen
content as a factor of the soil is quite generally recog-
nized by all ecologists. However, it is difficult to study
and state the exact influence of a compound, so fluctuating
as to quantity and chemical constituency as nitrogen con-
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tent of the soil, on plant distribution. The reader is re-
ferred to Olsen (1921), Arrhenius (1920), Hesselman
(1926), who have made some correlative studies between
nitrogen content, pH and plant distribution. Wherry
(1926) has fallen back on total nitrogen content to ex-
plain certain pH anomalies. On Mount Desert Island,
for example, a high nitrogen acidity ratio accounts for
the scarcity of jack pine. The reaction pH 4.6 is suitable
but the total nitrogen content too high for this pine. By
a similar logic Wherry would account for the presence of
certain typically acid plants in an alkaline substratum.
Reference has already been made to Triimpener’s (1926)
conclusions about the importance of nitrogen content of
the substratum for lichens. Braun-Blanquet and Jenny
studied a number of depauperate and normal individuals
of Carex curvula with reference to both pH and humus
(nitrogen). They found that the species’ optimum range,
pH 4.6-5.6, embraced both normal and depauperate
plants. But the percentage of humus ran from 34.7 to
59.0 for the normal individuals and from 12.4 to 24.7 per
cent. for the depauperates. Assuming that humus con-
tent parallels nitrogen content they conclude that nitro-
gen is the limiting factor.

pH and salt or ionic ratios—A number of investiga-
tors have offered various types of chemical ratios as pos-
sible adjuncts to or even substitutes for hydrogen-ion
where the latter in itself seems to fail as a satisfactory
explanation. Thus Pearsall (1926) advances his basic
ratio hypothesis. According to him the tissues of heaths
and other acid plants are rich in fats. This presence of
fats suggests a soil with a high proportion of potassium
and sodium to calecinum and magnesium. The essence of
this theory may be quoted from his article:

‘We may thus find healthy species growing profusely on soils whose pH
values lie between 6.0-7.0. In order to explain cases of this kind the writer
suggested in 1922 that soil sourness might be attributed (a) to a deficiency
in the soil and (b) to a high proportion of potassium and sodium to ealcium
(and magnesium).
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In some of Braun-Blanquet and Jenny’s soil profiles of
the Alps they find that the leached horizon sometimes
presents a magnesium oxide/calcium oxide ratio which
is greater than unity, because calcium is leached faster
than magnesium. Such soils, they state, are said to be
poisonous to plants and to restrict their growth. In con-
nection with this paragraph, Wherry’s nitrogen/hydro-
gen-ion and Montfort and Brandrup’s chlorine/sulphate
ratios should be recalled. The conclusions about elec-
trolyte content and chemical ratios are admittedly pre-
liminary and as yet in part speculative. Nevertheless
their very presentation is highly suggestive and will un-
doubtedly lead to a more general and thorough attack on
concomitants.

SumMARY

All workers agree that reaction is a factor in plant
distribution. In cases it is undoubtedly the most im-
portant factor—mnotably in the FEricaceae, Orchidaceae
and many other species. Many species are restricted to
habitats of narrow reaction ranges. In fact, the correla-
tion between distributions of species and pH may be so
close that the pH data may be presented in the form of
the well-known frequency curves of statisticians. In-
deed, by making reverse use of such close correlations
certain investigators can predict the pH accurately by
means of the vegetation. It has also been shown that
certain soils and vegetation develop in orderly succession
toward an acidic climax vegetation on an acidic climax
humus soil.

In opposition to the foregoing it must also be stated
that a great many species have a wide range. And even
where there is a closer relationship between species and
pH it need not necessarily be laid to the direct influence
of reaction unless all other factors are constant. Now in
nature it is hard to find marked changes in pH without at
the same time encountering drastic changes in physical,
chemical and biological differences in soil and atmos-
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phere. 1t has been shown that habitats of the same pH
but differing in other factors show a corresponding dif-
ference in vegetation. However, the difficulty involved in
measuring these other factors and reducing them to
common denominators has caused us to minimize their
potency and to assign a false supremacy to pH.

It is probably best to think of reaction relationships as
a triangle whose apices are pH, plant species and con-
comitants. That reaction affects the distribution of
plants is admitted. But when we can measure simulta-
neously all factors and arrange the data in overlapping
and crossing frequency curves we shall be more informed
on how pH affects the distribution of plants in nature.?
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