THE INFLUENCE OF TWO JUNIPERUS SPECIES ON
SOIL REACTION!

STEPHEN H. SPURR
Harvard Forest

Received for publication June 28, 1940

iat the soil reaction is influenced by vegetation is well recognized. Various
ean investigators (3, 4, 5, 8, 9, 12, 14, 15) have shown that both the com-
of the forest stand and the cultural operations in the stand affect the
the soil.

reasonable to assume that a plant may influence the reaction of the soil
h it by any or all of three means: first, by changing the chemical composi-~
f the soil through withdrawals of substances by the roots; second, by
the chemical composition of the soil through additions of substances
the decomposition of litter; and third, indirectly through modifying soil
re, shading the surface, intercepting rainfall, etc.

owska (6), working with 39 plant species, showed that “plants possess
underground organs the property of changing the reaction of the me-
’ That the decomposition of litter affects soil reaction has been demon-
ted and at least partly explained by Nemec and Kvapil (8, 9), Stepanof

‘Waksman (13), and others.

EXPERIMENTAL

rder to measure the influence of vegetation on soil reaction, experiments
carried on in the vicinity of New Haven in the fall and winter of 193940,
cedar, Juniperus virginiona, and ground juniper, Juniperus communis.
g on old field soils were chosen for this purpose; and on three divisions
e Eli Whitney Forest of the New Haven Water Company, blocks were laid
each of which a series of random samples was taken. Four paired
s were taken at each location, two under the plant at depths of 1 inch
inches in the mineral soil and two at a distance of 5 feet from the plant
same depths. At the latter position, that is, in the open, the vegetation
ghout consisted of pasture grasses.

ie red cedars and one block of the ground junipers studied were growing
ucester sandy loam. The blocks on this brown glacial till soil, derived
V_ m a thesis submitted to the Vale School of Forestry in partial fulfillment of the
rements for the degree master of forestry. Acknowledgment is due for the assistance

vice given by H. J. Lutz throughout the work and by W. H. Meyer in the statistical
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from granite and gneiss material, were on high, rocky, and well-dr:
The ground juniper was also studied on Cheshire sandy loam and |
loam (7). The block on Cheshire sandy loam, a soil derived from
sandstone, was situated on a moderate slope, low in a small strean
well drained and almost free from rocks, whereas that on Holyo
rived from traprock, was near the top of a moderately high tra
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Fic. 1. ComparisoN oF pH VALUES FOR JUNIPERUS VIRGINIANA SAMPLES SHOWING
FreQUENCY CURVES FOR EacH PATR COMPAIRED, MEAN DIFFERENCES (X), AND
RanGE oF INDIVIDUALLY COMPUTED STANDARD ERrRORS (SE)

1. 6-inch depth under plant cf. with 1-inch depth under plant.
II. 6-inch depth in open cf. with 1-inch depth in open.
III. 1-inch depth in open cf. with 1-inch depth under plant.
IV. 6-inch depth in open cf. with 6-inch depth under plant.

The effect of the two species on the soil profile was similar on all soil
In contrast to the A; profile of the soil in the open, which tended to have li
structure and to be compact and poorly aerated, the A; profile under the
was characterized by a highly developed crumb structure coupled with cos
siderable earthworm activity. Although a layer of raw humus was common
found under other woody plants on the same soils, this layer was comp
absent under the two Juniperus species. Below the A; horizon, there wasi
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ed difference between the soil profiles in the open and those under the
anopy.

The soil samples taken were stored in paper bags until dry; pH determina-
ns were then made by the quinhydrone method (16). In this determination,
apparatus was checked every half day with a standard buffered solution.
The soil samples were found to be well suited for determination by this method,
ving small drifts and pH values between 4.4 and 5.6. The soil-liquid ratio
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Fi16. 2. ComPARISON OF pH VALUES FOR JUNIPERUS COMMUNIS SAMPLES SHOWING FREQUENCY
CurvEes ForR Eaca Parr CoMPARED, MEAN DIFFERENCES (X), AND RANGE
oF INDIVIDUALLY COMPUTED STANDARD ERRORS (SE)

L. 6-inch depth under plant cf. with 1-inch depth under plant.
II. 6-inch depth in open cf. with 1-inch depth in open.
III. 1-inch depth in open cf. with 1-inch depth under plant.
IV. 6-inch depth in open cf. with 6-inch depth under plant.

‘used was that of 1:2.5. The soil and water were shaken together for approxi-
‘mately 30 seconds and the quinhydrone stirred in for 10 seconds. The poten-
tial was measured at 60 seconds.

A preliminary analysis of variance was made to determine whether the effect
of ground juniper on the soil reaction varied with the soil type. A significant
difference was found to exist between the blocks, but inasmuch as this signifi-
‘cance was of a low order and the same general relationships were found to occur
on each soil type, soil types were disregarded in subsequent analyses. Figures
‘1and 2 show the distribution of differences of paired samples for each compar-



292 STEPHEN H. SPURR

ison made. The standard errors of the difference indicated in these figures
were derived separately for each comparison and not by analysis of variance
as is done below.

In analyzing the data, analysis of variance was adopted, following the stan-
dard methods as laid down by Snedecor (11) and Paterson (10). The results
are shown in tables 1 and 2. In the analysis of variance in table 2, the indi-
vidual interactions were found to be of no significance and were grouped to-
gether to serve as the error.

TABLE 1
Juniperus virginiana: Analysis of variance
50311?\:23 DF VARIANCE F SIGNIFICANCE

4 B R 3.9988 59
Location...........co0vunenn 2.6364 14 .1883 60.8 High
Position . oorasssinmssnia .0510 1 .0510 16.5 High
572101 RS L0244 1 .0244 8.1 Significant
Interactions

Location and position......| .7286 14 .0520 16.8 High

Location and depth. ....... .2105 14 .0150 4.84 High

Position and depth......... .3039 1 .3039 98.0 High

Location, position, and depth

55 o) OO ol N .0440 14 .0031
TABLE 2
Juniperus communis: Analysis of variance
SQ:[T:ES DF VARIANCE F SIGNIFICANCE

TEEAL oo s ey corms o ST A e 9.480 143
HET s T | B A D A 7.190 35 .205 14.14 High
POSIEIOR . v v ivmaenniis 476 1 .476 32.83 High
EYepth o o B Lo i o 277 1 217 19.10 High
Interactions (error)............. 1.537 106 .0145

The analysis of variance was followed by # tests comparing the average values
for each position and depth (2). The results are presented in tables 3 and 4.
The analysis showed a highly significant difference (P less than 0.01) in each
case between the two depths at each position and between the two positions
at each depth,

In the case of red cedar, measurements taken in the open showed the surface
soil to be the more acid, the average pH at the 1-inch depth being 4.88 and that
at the 6-inch depth, 4.98. Under the cedar, the pH gradient is reversed, the
pH at the 1-inch depth being 4.96 and that at the 6-inch depth, 4.78. This
is in agreement with the observation of Coile (1). The increase in the pH
value of the surface soil under the cedar is clearly attributable to the incorpora-
tion of the decomposition products of litter. The pH of red cedar litter, as
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determined from the plants studied, averaged 5.57. At the 6-inch depth under
the cedar, a decrease in the soil pH as compared to that in the open occurred,
a decrease very likely attributable to the withdrawal of calcium and other
basic salts by the roots in that region. This decrease at the 6-inch depth was
definitely greater than the increase at the 1-inch depth.

In the case of the juniper, the typical pH profile is again found in the open,
the surface soil being the more acid. At the 1-inch depth, the pH was 5.05,
and that at the 6-inch depth, 5.13. Under the juniper, a highly significant

TABLE 3
Juniperus virginiana: -tesis
DIFFER- :
AVERAGE VALUES COMPARED mtt,ieﬂ(sﬂ SEpif. t s
l-inch depth under cedar and 6-inch depth under -
RBORT v s s .1827 .00203 9.00 High
l-inch depth under cedar and 1-inch depth in
I, AU .0840 .00203 4,13 High
6-inch depth under cedar and 6-inch depth in
e T T .2007 .00203 9.86 High
l-inch depth in open and 6-inch depthinopen....| .1020 .00203 5.02 High
TABLE 4
Juniperus communis: i-tesis
DIFFER- o
AVERAGE VALUES COMPARED EL‘I’C: ngsp)H SEp;ig, ] séif;‘gé
l-inch depth under plant and 6-inch depth under
R R S RS r A TR e .099 .0284 3.48 High
l-inch depth under plant and 1-inch depth in
T M U S WO, S B 127 .0284 4.47 High
6-inch depth under plant and 6-inch depth in
DB v v it s s S R A A T .103 .0284 3.63 High
l-inch depth in open and 6-inch depthin open....| .076 .0284 2.68 High

drop in pH was observed at both depths, the pH at the 1-inch depth being
4.92 and that at the 6-inch depth being 5.02. At the surface, a striking simi-
larity was noted between the pH of the litter, which was determined as 4.91,
and that of the mineral soil, which was 4.92. Again, the changes that were
found to have occurred under the plant can probably be attributed largely
to the addition of litter at the 1-inch depth and to root action at the 6-inch
depth.
SUMMARY

Both Juniperus virginiana and Juniperus communis alter the pH of old
field soils in the vicinity of New Haven. The first species raises the pH of the
upper part of the mineral soil and lowers it at a depth of 6 inches. Juniperus
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communis, on the other hand, lowers the pH at both depths. Tentatively,
it may be concluded that the addition of litter is a highly important factor
influencing the pH of the upper part of mineral soil and withdrawal of sol-

uble substances by the roots appears to be of similar importance at a 6-inch
depth.

REFERENCES

(1) Come, T. S. 1933 Soil reaction and forest types in the Duke Forest. FEcology 14:
323-333.

(2) Fisuer, R. A. 1934 Statistical Methods for Research Workers, ed. 5. Oliver and
Boyd, Edinburgh.

(3) Frank, E. 1927 Uber Bodenaziditit im Walde. Speyer und Kaerner, Freiburg im
Breisgau.

(4) Hess, E. 1929 Le sol et la forét. Miit. Schweiz. Centralanst. Forsil. Versuchsw. 15;
5-50.

(5) HessermanN, H. 1937 Om humustickets beroende av benstindets dlder och sam-
mansiittning i den nordiska granskogen av bldbirsrik Vaccinium-typ och dess
inverkan pa skogens foryngring och tillvixt. (Uber die Abhangigkeit der Humus-
decke von Alter und Zusammensetzung der Bestéinde im nordischen Fichtenwald
von blaubeerreichem Vaccinium-Typ und iiber die Einwirkung der Humusdecke
auf die Verjiingung und Wachstum des Waldes.) Meddel. Statens Skogsfir-
siksanst. 30: 529-716.

(6) KosLowska, A. 1934 The influence of plants on the concentration of hydrogen ions
in the medium. Jour. Ecology 22: 369-419.

(7) Morcan, M. F. 1939 The soil characteristics of Connecticut land types. Conn.
Agr. Exp. Sta. Bul. 423.

(8) NimEc, A., anp Kvarrn, K. 1925 Etudes sur les relations entre certaines propriétés
physiques des sols forestiers et leur acidité. Rev. Eaux ef Foréls 63: 393-406.

(9) NEmEc, A., aNp Kvarir, K. 1926 Studien iiber einige chemische Eigenschaften der
Profile von Waldbiden. Zischr. Forst u. Jagdw. 58: 461-489, 525-554.

(10) Paterson, D. D. 1939 Statistical Technique in Agricultural Research. McGraw-
Hill, New York.

(11) SwepECcOR, G. W. 1937 Statistical Methods. Collegiate Press, Iowa.

(12) Stepavor, N.N. 1929 Chemical properties of the forest litter as fundamental factors
in forest reproduction. Trudy Lesnomu Opytn. Dyelu, Moscow. (English
translation furnished by H. J. Lutz.)

(13) Waksman, S.A. 1938 Humus,ed.2. Williams & Wilkins, Baltimore.

(14) Wiepemann, E. 1928 Untersuchungen iiber den Siduregrad des Waldbodens im
siichsischen oberen Erzgebirge. Ztschr, Forst u. Jagdw. 60: 659-683.

(15) WrepEManN, E. 1934 Uber die Beziehungen des forstlichen Standortes zu dem Wach-
stum und dem Wirtschaftserfolg im Walde. Deut. Forsch. 24: 5-106.

(16) WricHT, C. H. 1939 Soil Analysis: a Handbook of Physical and Chemical Methods,
ed. 2. Thomas Murby and Co., London.




