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Long-term influence of applied amphibolite powder on the
chemistry of soil supporting Norway spruce plantation
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ABSTRACT: The article assesses the effects of amphibolite applied to the planting holes of spruces on the soil
chemistry. The sampling was conducted fourteen growth seasons after the establishment of the experimental spruce
plantation. In both treatments (control and amphibolite) the soil samples were taken from the interior of the planting
holes as well as from the intact area around the planting holes. Fourteen growth seasons after application the effects
of the pulverised amphibolite were not marked despite being detectable. In comparison with the control the soil in
the planting holes of the amphibolite treatment showed significantly higher soil reaction, concentration of available
phosphorus and partially also concentration of exchangeable Ca. All the significant effects of amphibolite were con-
fined to the soil inside the planting holes. As for the evaluated chemical properties no significant undesirable effects

of the amphibolite on soil chemistry were recorded.
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Soils are the crucial component of forest ecosys-
tems and their condition is closely interlinked with
the health of forest stands. Forest ecosystems and
forest soils in many regions of the globe were ad-
versely affected by acidic air pollution (DE HAYES
et al. 1999) and acidification of forest soils is a seri-
ous problem also in the Czech Republic (BORUVKA
et al. 2005).

In fact, in the 1970s and 1980s the mountains
situated in the northern part of the Czech Repub-
lic (northern Bohemia) experienced an extreme
air-pollution load consisting dominantly of SO,
NO, (Kiecek, HORICKA 2006; HRKAL et al. 2009)
and particulates that triggered a large-scale forest
dieback in the most exposed mountain parts. The
spruce stands in the Ore Mts. (Kru$né hory) and
Jizera Mts. (Jizerské hory) were the most affected
ones (SRAMEK et al. 2008; LOMSKY et al. 2011). The
naturally acidic and poor forest soils on mountain

sites in the region were further acidified by the pol-
lutants with all the adverse consequences such as
depletion of base cations, decrease in pH, develop-
ment of lower quality humus and Al mobilization
(BorUVKA et al. 2005).

In spite of the significant reduction in the emis-
sion of air pollutants after 1989 (HUNOVA et al.
2004), some acidification processes still continue
in the region up to the present time (HRKAL et al.
2012).

It was often a difficult task to replant the large
clear-felled tracts left after the mountain forests
disturbed by air pollution. Impoverished and acid-
ified soils as well as harsh climate of open clear-
felled areas in the summit mountain parts consti-
tuted an extraordinarily unfavourable environment
for young forest plantations. A prompt replanting
was, however, essential (KUNES et al. 2013a) to
avert an accelerated mineralization of surface hu-
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mus and further soil nutrient losses resulting from
the absence of a closed forest protecting and shel-
tering the sites (VACEK et al. 2003; PODRAZSKY
2006). To support the growth and survival of young
forest plantation under harsh conditions, some
slow-release initial fertilizing improving the soil
chemistry was often recommended. In the Czech
Republic the use of basic rocks has had a long tra-
dition in counteracting the acidification, ameliora-
tion of degraded sites and providing the initial sup-
port for forest plantations (NEMEC 1956; LHOTSKY
et al. 1987; NAROVEC, SACH 1994).

Nonetheless, the aerial liming of the forest floor
may inadequately increase the decay of surface hu-
mus and reduce a humus store in the soil (KREUTZER
1995). Liming can promote a leaching of dissolved
organic nitrogen from the uppermost layers of soil
(N1LssON et al. 2001) and possibly even result in
soil N losses (PERSSON et al. 1995) in particular if a
vital forest stand is absent. From this viewpoint the
aerial liming or fertilization of large clear-cut tracts
appears risky especially on plots without function-
ing sheltering forest cover (NOHRSTEDT 2001; Po-
DRAZSKY, ULBRICHOVA 2003).

For this reason an experiment was established
in the Jizerské hory Mts., in which young Norway
spruces were fertilized at planting with an am-
phibolite powder. The powder was incorporated
directly into the soil inside the planting holes of
spruces to receive an initial support with mini-
mum risk for environment on the site. The impacts
of this treatment on the survival rate, growth and
nutrition of the experimental plantation as well
as on the biomass and nutrient accumulation of
spruce trees were already assessed (KUNES et al.
2013a, b).

The aim of the present study was to evaluate the
influence of the amphibolite powder on soil chem-
istry inside the planting holes and in the adjacent
soil.

MATERIAL AND METHODS

Site. The experiment was installed on a clear-
felled area in the Czech part of Jizerské hory Mts. at
an altitude of 960 m on a southwest-facing slope of
the Stredni Jizersky hreben ridge (lat. 50°49'39"N,
long. 15°21'16"E), see e.g. BALCAR et al. (2005). The
annual mean temperature was 5.1°C (1996-2007)
and the annual mean precipitation was 1,093 mm
(1994-2007) on the site. The average air SO,, NO,,
O, concentrations in the post-air-pollution period
are 4 pg-m= (2005-2008), 5 pgm (2006-2008)
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and 102 pg-m~3 (2003-2008), respectively (BALCAR
et al. 2009).

The bedrock was biotitic granite. The soil was de-
termined as a well-drained mountain humus podzol,
or Umbri Placic Podzol (FAO 2006). Stratification:
L (0-2 cm) integrated into a greensward, F (2—8 cm),
H (8-12 cm), Ah (12-13 cm), Ep (13-17 cm),
B (17+ cm). The herbaceous vegetation was domi-
nated by Calamagrostis villosa (Chaix) J.F. Gmelin.
(KUNES et al. 2006).

Experimental plantation. Four-year-old trans-
plants of Norway spruce (Picea abies [L.] Karst.) were
planted in the spring of 1994. The plant spacing was
1 x 2 m (KUNES et al. 2013b). Two treatments are
compared in the present study: unfertilized control
(CON) and amphibolite treatment (AMT).

In the AMT, 2 kg of finely ground amphibolite
powder was incorporated into the soil inside the
planting holes (35 x 35 x 25 cm) of each tree, when
the experimental plantation was being established.
The chemical composition and granularity of the
amphibolite powder are summarized in Tables 1
and 2.

Soil sampling. In 2006, we executed a juvenile
thinning in the experimental plantation and har-
vested also several spruce sample trees to anal-
yse them for biomass and nutrients (KUNES et al.
2013a). The juvenile thinning gave us the opportu-
nity to conduct a detailed soil sampling in the im-
mediate proximity of the harvested trees and take
the samples of soil also from the space of planting
holes. The soil sampling took place in September
2007. We used a soil corer (penetration rod) with
inside diameter of 35 mm and the soil was sampled
to a depth of 20 cm.

The sampling was conducted in the space be-
tween the NE-SW oriented rows of planted spruc-
es. To evaluate the influence of applied amendment
on the soil not only in the planting holes but also in
the close surroundings of trees, we sampled the soil

Table 1. Chemical composition of the amphibolite powder

Component Concentration (%)
CaO 11.11

MgO 7.31

K,0 0.23

P,0, 0.18

ALO, 14.45

Fe,, 12.29

MnO 0.20

S 0.18

tot
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Table 2. Granularity of the amphibolite powder

Particle size (mm) Proportion (%)

> 0.6300 0.00
0.0315-0.6300 0.36
0.2500-0.3150 1.08
0.1000-0.2500 7.23
0.0900-0.1000 22.60
0.0710-0.0900 6.78
0.0340-0.0710 16.73
0.0260-0.0340 9.48
0.0180-0.0260 9.29
0.0090-0.0180 12.39
0.0040-0.0090 1.61
0.0035-0.0040 6.69
0.0018-0.0035 3.34
0.0009-0.0018 1.43
< 0.0009 0.99

in the AMT from three different sampling zones.
The soil cores from the “A” zone were taken directly
from the planting holes. The soil cores from the “B”
zone were taken at a distance of 40 cm from the
nearest planting hole centre. Finally, the soil cores
from the “C” zone were taken at a distance of 80 cm
from the nearest planting hole centre.

In the untreated CON we distinguished only
two sampling zones: “A” zone (interior of plant-
ing holes) and “C” zone (soil outside the planting
holes at a distance of 80 cm from the planting hole
centres). Altogether we defined 5 combinations of
the treatments and sampling zones, let us call them
sampling positions for further reference. Fifteen
composite samples were taken in each of the five

sampling positions. One composite sample con-
sisted of ca 6—8 soil cores (Table 3).

Since the soil inside the planting holes was inter-
mixed by digging the planting holes and planting
the spruces (as well as by incorporation of the am-
phibolite in the AMT), the surface humus and min-
eral horizons were not distinguished in the sam-
pled cores. To retain uniformity in sampling, the
0-20 cm soil cores thus contained the mineral soil
as well as the surface humus except for the L layer
in all the sampling positions of the control and am-
phibolite treatments, respectively. The L layer was
removed from the cores because it was inseparably
integrated into a greensward.

Because we took the soil cores also outside the
planting holes, where the soil horizons were intact,
we measured the thickness of surface humus (F+H
layers) in each core. In this way we examined wheth-
er the thickness of surface humus (the proportion
of surface humus and mineral soil) did not signifi-
cantly differ between the cores taken in particular
sampling positions outside the planting holes. The
mean thickness of surface humus in the examined
sampling positions (AMT-B, AMT-C, CON-C) was
comparable and also the statistical analysis did not
reveal any significant differences (Table 3). Note to
say that the thickness of surface humus in the cores
was partly reduced by a compression as the sam-
pling corer was being rammed to the soil. There-
fore, the values in Table 3 are lower than the real
thickness of intact humus layers described in the
previous text concerning the stratification of soil
on the site.

Laboratory analyses. Chemical analyses of soil
samples were conducted in accordance with stan-
dard methods of ICP Forest (CooLs, DE Vos 2010).
The air-dried fine soil consisting of particles less
than 2 mm was used for the analyses.

Table 3. List of sampling positions and their codes, number of samples taken in particular sampling positions and

mean values of compressed humus layer in particular sampling positions (n = 15)

. Code of sampling ~ Thickness of compressed*
Treatment Sampling zone "
position humus layers (cm)

A inside planting hol N-A -
Control (CON) inside plan 11Tg ole CO

C 80 cm from the planting hole centre CON-C 8.22(3.20)

A inside planting hole AMT-A mean (SD)
Amphibolite (AMT) B 40 cm from the planting hole centre AMT-B 8.5 (2.91)

C 80 ¢cm from the planting hole centre AMT-C 8.3%(3.25)

letter indexes express the results of statistics: the mean values of compressed humus thickness in particular sam-

pling positions in the area of intact soils (outside the planting holes) are not significantly different from each other at

a = 0.05, *humus thickness in the cores was partly compressed by ramification of the sampling corer to the soil
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The pH of the soil was potentiometrically mea-
sured in the supernatant suspension of 1:5 (volume
fraction). This liquid was made up of deionised wa-
ter for pH(HZO) or a 0.01 mol-1! solution of calcium
chloride in water for PH cociyy

The concentrations of C_, N, and S_ in soil
were determined by a thermal combustion method
using VarioMAX CNS (Elementar Analysensys-
teme GmBH, Hanau, Germany).

Concentrations of the exchangeable basic cations
K, Ca and Mg and the exchangeable Al were deter-
mined in the 0.1 molI~! barium chloride extract of
the soil using spectrometry. Savant AA ¥ atomic
absorption spectrometer (GBC Scientific Equip-
ment Ltd., Braeside, Australia) was used.

To determine exchangeable acidity, the 0.1 mol-1™*
barium chloride extract was titrated with a 0.05 mol
per litre NaOH solution up to pH = 7.8.

The chemical analyses were conducted in the
Laboratories of Forest and Game Management Re-
search Institute (FGMRI Strnady).

Statistical analyses. The chemical soil proper-
ties and also the values of the thickness of surface
humus in the soil cores were statistically analysed
using the Kruskal-Wallis procedure (heteroscedas-
ticity of data) with post-hoc multiple comparisons
(Dunn’s test). The STATISTICA 8.0 (StatSoft, Inc.)
software was used for the statistical procedures,
which were described by HiLL and LEwi1cki (2006).
The confidence level of 95% was chosen in all sta-
tistical tests.

RESULTS

Fourteen growth seasons since planting, the
amphibolite powder was still keeping the pH(HZO)
and PHc,q In the AMT-A significantly increased
compared to the other sampling positions (Fig. 1).
This effect of amphibolite on soil pH was confined
to the space inside the planting holes. The distance
from planting hole centres (sampling zone A vs. B
and C) had no effect on soil pH, since otherwise
there were no significant differences between the
remaining sampling positions (AMT-B, AMT-C,
CON-A and CON-C).

As for Cior Nio and Sior the statistical analyses
did not reveal any significant differences between
the compared sampling positions (Fig. 2a). Slightly
higher values of all three properties were, however,
noticeable for the AMT-B and AMT-C.

In 2007 the amphibolite powder kept the concen-
tration of exchangeable P inside the planting holes
(AMT-A) significantly increased in comparison
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with the other sampling positions (CON-A, CON-C,
AMT-B and AMT-C), (Fig. 2b).

Surprisingly, the concentration of exchangeable
K inside the planting holes of trees that were fertil-
ized with the amphibolite (AMT-A) was the lowest
of all sampling positions, although the differences
in K concentrations between particular sampling
positions were neither large nor significant irre-
spectively of the treatment (Fig. 2b).

In terms of statistics, also the exchangeable Mg
concentrations did not show any significant dif-
ferences between the sampling positions (Fig. 2b).
Nonetheless, the samples taken outside the plant-
ing holes of the amphibolite treatment (AMT-B
and AMT-C) showed noticeably increased values
compared to both the sampling positions in the
control (CON-A and CON-C, respectively).

The concentration of exchangeable Ca (Fig. 3) in
the AMT-A was significantly raised in comparison
with both the sampling positions situated in the
control treatment (CON-A and CON-C). The Ca
concentration was increased also outside the plant-
ing holes of the amphibolite treatment (AMT-B
and AMT-C). In comparison with CON-C (100%)
the concentrations in the AMT-B and AMT-C were
increased by 31% and 18%, respectively. Neverthe-
less, the statistics did not interpret the differences
among CON-C, AMT-B and AMT-C as significant.
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Fig. 1. Soil reaction in the particular sampling positions
(see Table 3) in September 2007

CON-A - control sampled inside planting holes, CON-C
— control sampled outside planting holes, AMT-A — am-
phibolite treatment sampled inside planting holes, AMT-B
— amphibolite treatment sampled 40 cm from the planting
hole centres, AMT-C — amphibolite treatment sampled
80 cm from the planting hole centres; mean values of soil
properties in particular sampling positions followed by the
same letters are not significantly different from each other
at a = 0.05; error bars depict the sample standard deviations
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Fig. 2. (a) Total soil carbon, nitrogen and sulphur in the particular sampling positions, (b) available phosphorus (P), po-

tassium (K) and magnesium (Mg) concentrations in the particular sampling positions (see Table 3) in September 2007

CON-A - control sampled inside planting holes, CON-C — control sampled outside planting holes, AMT-A — amphi-

bolite treatment sampled inside planting holes, AMT-B — amphibolite treatment sampled 40 cm from the planting hole

centres, AMT-C — amphibolite treatment sampled 80 cm from the planting hole centres; mean values of soil properties

in particular sampling positions followed by the same letters are not significantly different from each other at a = 0.05;

error bars depict the sample standard deviations

Although there was some reduction in exchange-
able Al in the AMT-A and AMT-C, the statistical
procedures did not classify this reduction in rela-
tion to the values recorded in the other sampling
positions (CON-A; CON-C and AMT-B) as signifi-
cant (Fig. 3).
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Fig. 3. Available Ca and exchangeable Al concentrations in
the particular sampling positions (see Table 3)

CON-A - control sampled inside planting holes, CON-C
— control sampled outside planting holes, AMT-A — am-
phibolite treatment sampled inside planting holes, AMT-B
—amphibolite treatment sampled 40 cm from the planting
hole centres, AMT-C — amphibolite treatment sampled
80 cm from the planting hole centres; mean values of soil
properties in particular sampling positions followed by the
same letters are not significantly different from each other
at a = 0.05; error bars depict the sample standard deviations
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DISCUSSION

The significantly increased soil reaction inside the
planting holes of the fertilized treatment (AMT-A)
documented a long-lasting neutralizing effect of
the amphibolite (Fig. 1) influencing the soil chem-
istry fourteen seasons after the application of the
pulverised rock. However, the difference in terms
of absolute values of pH , . and pH(CaClz) was not
great in 2007, which probaély indicated a diminish-
ing of the amendment effects.

There are available still unpublished data on
soil chemistry inside the planting holes of an ex-
perimental elm (Ulmus glabra Huds.) plantation
established on the same site that support the di-
minishment hypothesis. The crushed amphibolite
was incorporated into the soil inside the planting
holes of elms at the same dose as the amphibo-
lite in our spruce plantation. Four growth seasons
since planting the elms, pH(HZO) inside the fertilized
planting holes was by 2 units higher than pH(Hzo)
in the untreated control, eight years since planting,
the difference was already only 0.71 unit.

It is probable that pH, , and pH(CaClz) in our ex-
periment developed analogously as in the case of
elm and the difference between the control and am-
phibolite was slowly decreasing up to the reported
year.

The slightly higher C _, N, and S, concentra-
tions in the intact soil outside the planting holes
of the amphibolite treatment (AMT-B, AMT-C) in
comparison with the control (CON-A and CON-C)
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might indicate a raised organic matter accumu-
lation in soil due to an increased litter supply by
fertilized trees. The biomass of foliage, branches
and twigs and roots was higher in the case of trees
fertilized by amphibolite than in the control ones
(KUNES et al. 2013a) and we can therefore expect
that also the quantity of the aboveground litter and
root biomass and necromass produced by fertilized
trees were higher. This assumption is supported also
by literature (e.g. LEPPALAMMI-KUJANSUU et al.
2013) and suggested by the gently higher thickness
of surface humus layer in the soil cores (Table 3).
However, since neither the differences in C_, N,
and S, concentrations nor the differences in the
compressed humus layer were significant, no final
conclusions can be drawn at this moment.

The applied amphibolite even fourteen growth
seasons since planting kept a significantly raised
concentration of available P in the planting holes
of fertilized spruces (Fig. 2b). Phosphorus is a lim-
ited macroelement in the nutrition of spruces on
the experimental site (BALCAR, KAcALEK 2008;
KUNES et al. 2013b) as well as elsewhere in the
Jizerské hory Mts. (SPULAK 2009; LoMsKY et al.
2011). Therefore, this effect of amphibolite might
be important despite being limited to the space of
planting holes. On the contrary, the confinement of
the increased P concentration to the space of plant-
ing holes might have been advantageous since the
competing weed growing around the planted trees
(outside planting holes) could not utilize the raised
P supply whereas the spruces, when planted, had P
containing amendment at disposal directly in their
rhizosphere.

However, we suspect that in 2007 the soil ex-
changeable P concentration in the planting holes
of fertilized trees (AMT-A), despite still being sig-
nificantly higher than in the other sampling posi-
tions, was no longer sufficient to ensure the bet-
ter nutrition of spruces. Our suspicion is based on
the fact that the foliar P concentration of fertilised
spruces was not influenced by amphibolite in 2007
and dropped to the deficiency limit (KUNES et al.
2013b).

Surprisingly, exchangeable K was the lowest in
the planting holes of the fertilized trees (AMT-A)
from all the sampling positions in both compared
treatments, although the amphibolite powder con-
tained K (Fig. 2b). The total amount of K bound in
the biomass of trees in the control and amphibo-
lite treatments is not so much different (KUNES
et al. 2013a) to fully explain the differences in the
soil exchangeable K concentration. Moreover, the
soil inside the planting holes of the control trees
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showed a higher exchangeable K concentration
than the soil around them (an opposite pattern to
the amphibolite treatment). The high mobility of K
(BINKLEY 1986) and leaching of the element from
the soil and foliage might have played a role as well
as different exchangeability of K in different chem-
istry regimes.

Different chemistry (pH etc.) in the planting
holes of trees in the amphibolite treatment might
have promoted the fixation of K in the soil and thus
perhaps partly reduced the extraction of K by the
BaCl, solution.

Possibly a part of K taken up by spruces from the
fertilized planting holes during the years since plant-
ing might have been leached from the spruce foliage
to the zone around the planting holes. Also the litter-
fall (needles, twigs) and root necromass containing
K from the amendment might have contributed to
an increased K concentration around the fertilized
planting holes. The belowground litter (the necro-
mass of large quantities of annually dying fine roots)
might constitute a significant contribution to bio-
mass and element pools and cycling (FEGER 1997).

The differences in exchangeable K between sam-
pling positions were not significant. Therefore, we
cannot exclude also the eventuality that the differ-
ences simply rest in the variability of soil and labo-
ratory outcomes.

In general and as expected, the concentration of
the soil exchangeable Mg in the amphibolite treat-
ment was higher than in the control despite the dif-
ference not being significant (Fig. 2b). Nonetheless,
the low concentration of Mg in the planting holes
of the amphibolite treatment (AMT-A) was rather
puzzling, since it was lower than Mg concentration
in the surrounding soil. Because the soil inside the
planting holes of amphibolite treatment was mixed
with the Mg containing amendment, the high vari-
ability of Mg content data might be an explanation
for this somewhat surprising result. Nonetheless,
the Mg uptake by trees and Mg leaching from soil
might also have played an important role in this
regard. NIHLGARD et al. (in LUNDELL et al. 2001)
suggested that the excess of Ca ions from a basic
amendment during years since liming can displace
the Mg from the exchange sites. The subsequent
leaching of Mg during many years of Ca excess
might cause the supplies of Mg in the soil to decline
(LUNDELL et al. 2001).

The concentration of soil exchangeable Ca was
the highest in the space of planting holes of the
amphibolite treatment (AMT-A), see Fig. 3. This
finding corresponds with soil pH and documents
the long-lasting effects of crushed amphibolite on

J. FOR. SCL, 60, 2014 (2): 75-83



some soil properties inside planting holes. In fact,
the Ca concentration was increased also outside
the planting holes of the amphibolite treatment
(AMT-B and AMT-C), which indicates an overlap
of the direct and indirect treatment effects on the
immediate surroundings of the planting holes.

From the bar charts (Fig. 3) it is evident that the
exchangeable Ca concentration dropped with in-
creasing distance from the planting hole centres.
We suppose that the soil exchangeable Ca concen-
tration in the AMT-B (i.e. ca 40 cm from the plant-
ing hole centres and 15-22.5 cm from the planting
hole boundaries, respectively) was raised by two
mechanisms. On the one hand it was a direct diffu-
sion of Ca ions to the soil in the immediate proxim-
ity of the planting holes, and on the other hand it
was an indirect input of Ca through a decomposi-
tion of the aboveground litter and root necromass
of the fertilised spruces. A role was possibly played
also by a “contamination” of the site by crushed
amphibolite and its dust when the amendment was
being applied.

Calcium is generally a less mobile element in
comparison with e.g. K or Mg (BINKLEY 1986;
KREUTZER 1995; PONETTE et al. 1997). For this rea-
son we suppose that the indirect mechanisms (de-
composition of the aboveground and belowground
litter) and “contamination” of the site by amphibo-
lite dust since plantation establishment dominantly
contributed to the gentle increase of exchangeable
soil Ca in the AMT-C sampling position.

Although in 2007 the differences were not signifi-
cant in terms of statistics, the crushed amphibolite
was keeping the concentration of soil exchangeable
Al in the planting holes of the amphibolite treat-
ment (AMT-A) gently reduced in comparison with
the soilin the planting holes of the control (CON-A),
in spite of the fact that the amendment contained
Al,O, (Fig. 3). This was probably a result of in-
creased pH and raised concentration of Ca in soil
(positive influence of Ca on base saturation). It was
documented that the basic amendments contain-
ing Ca and Mg are able to reduce the mobility of Al
(KREUTZER 1995), although chemical soil proper-
ties, various processes in soil and time might play
a role in this regard (Guo et al. 2004).

With statistical significance, the amphibolite
raised soil pH, concentration of available phospho-
rus, and concentration of exchangeable Ca. As for
other assessed soil properties, fourteen growth sea-
sons since planting, the effect of amphibolite were
no longer significant even inside the planting holes.

In general, we can suggest that the influence of
the amphibolite applied in 1994 was already van-
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ishing in 2007. This assumption is supported by
the comparison of soil chemical properties in the
particular sampling positions and considering the
growth response of the fertilised spruces in the pe-
riod from 1994 to 2006 (KUNES et al. 2013b).

CONCLUSIONS

Fourteen growth seasons after application the
effects of the pulverised amphibolite (incorpo-
rated into the soil inside the planting holes when
the trees were planted) were not marked despite
being detectable. In comparison with the control,
the soil in the planting holes of the amphibolite
treatment showed significantly higher soil reac-
tion, concentration of available phosphorus and
partially also concentration of exchangeable Ca.
All the significant effects of amphibolite were
confined to the soil inside the planting holes. No
significant undesirable effects of the amphibolite
on the assessed soil properties were recorded.
The C,, and N, concentrations in the intact soil
outside the planting holes were even slightly (not
significantly) increased in the fertilized treatment.
In general the amendment effects seemed to be
already vanishing.
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