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Due to its symbiotic n2 fixation, black locust (Robinia pseudoacacia l.) may improve the n and c status of soils. on the other 
hand it may also cause losses of cations and acidification through enhanced proton production by nitrification and leaching. 
the humus layer and the mineral soil to a depth of 50 cm at four different forest sites in hungary dominated by Robinia were 
studied for their chemical properties in comparison with those under adjacent planted oak stands (Quercus cerris l. and Quer-
cus pubescens Willd.). elevated biomass accumulation resulted in significantly higher c, n, P and s contents of the forest floor 
under Robinia. A significant decrease in soil ph under black locust stands compared to oak stands was detected in the mineral 
soil. higher proton concentrations as well as lower Mg2+ concentrations under black locust stands confirmed the hypothesis 
of nutrient depletion and acidification by cultivation of this tree legume. however, due to high variation of inventory data 
at the landscape level, the effects of black locust cultivation on soil chemical properties were less pronounced. in contrast, a 
comparison of several paired stands of locust and oak under comparable soil chemical environments showed that the spatial 
heterogeneity in soil properties was reduced. in addition, processes of soil degradation through black locust forests became 
more distinct. Another important aspect influencing the magnitude of soil degradation by n fixing trees is the continued 
cultivation at the same place. soils under Robinia stands of the second generation showed significantly higher concentrations 
of h+ and Al3+ than those of the first generation forests. the impact of longer Robinia cultivation resulted in 70% higher Al3+ 
concentrations in soils of the second tree generation. Moreover, acid-indicating h+ concentrations were approximately 100% 
higher, and Fe3+ concentrations were 350% higher under second generation Robinia. 
in spite of the observed changes in the chemical status of the hungarian soils under Robinia, we do not expect severe reduc-
tions in tree growth caused by acidification and nutrient losses, even after repeated cultivation on the same site. however, 
sites with lower base saturation may suffer more under nutrient depletion caused by n fixation of Robinia. this possibility 
should be taken into account when considering the introduction of Robinia pseudoacacia as an alternative tree species with 
high growth rates even on nutrient poor soils.
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Abstract

Introduction

Black locust, Robinia pseudoacacia L., is a nitrogen-fixing tree, na-
tive to south-eastern North America (Barett et al. 1990) where it 
grows in two disjunct areas between the 35° and 43° latitude (Little 
1971, Fowells 1965, Huntley 1990). Worldwide, the land area cov-
ered by black locust plantations has increased in recent decades and is 
about 3 Mio. ha, only exceeded by species of Eucalyptus and Populus 
(Hanover et al. 1991). China (1 Mio. ha) and South Korea (0.5 Mio. 
ha) are the main world producers of black locust timber (Rédei 1998, 
Claasen 2001). In Hungary the area under black locust stands has 
increased from 201,000 ha in 1958 to 320,000 ha in 1994 and will 
increase by another 40,000 ha in the next twenty years (Molnár et al. 
1994). The reasons for cultivating Robinia pseudoacacia are, 1) ero-
sion control and reclamation of disturbed areas (Boring and Swank 
1984a, Chang-Seok et al. 2003), 2) its tolerance against drought, 3) 
its excellent wood properties, and 4) its ability to fix atmospheric 
nitrogen (DeGomez and Wagner 2001). It is easy to regenerate from 
root suckers, grows efficiently on poor sites and improves nitrogen 
supply and element turnover (Ntayombya and Gordon 1995). De-
pending on stand age and density as well as on climatic conditions 
Robinia fixes 35-150 kg N ha-1 a-1, indicating a high capacity for 
N2 fixation (Hoffmann 1960, Boring and Swank 1984b, Danso et 

al. 1995). This amount of fixed N may exceed the demand for tree 
growth. The excess of nitrogen can either accumulate in the soil or 
is lost through leaching of nitrate or denitrification in case of soil N 
saturation. Nitrification and subsequent leaching cause soil acidifica-
tion and loss of base cations (van Migroet and Cole 1984). Especially 
after clear cutting, the N accumulated in the organic matter under-
goes fast release. After nitrification ground water contaminating ni-
trate together with nutrient cations can be leached (Feller et al. 2000, 
Piirainen et al. 2002, Prescott et al. 2003). Such processes have been 
described for legume forage crops and other N fixing tree species, 
such as red alder, Alnus rubra Bong. (Franklin et al. 1968, Bormann 
and DeBell 1981, van Migroet and Cole 1985, Binkley 1992). 

Despite the large area planted with black locust, there is little in-
formation on the changes in soil properties and any effects on the 
sustainability of wood production in black locust stands. The growth 
of black locust has been observed and reported by foresters to decline 
when cultivated for several generations on the same site. But the rea-
sons for this phenomenon were never analysed. Our main objective 
was to determine the impact of black locust cultivation on soil prop-
erties, with emphasis on N, C, pH as well as cations of the organic 
layer and mineral soil. For that purpose soils from black locust stands 
in Hungary have been compared with adjacent oak stands. Further-
more the effects of long-term growth of black locust on the same soil 
after two tree generations were investigated.
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Material and Methods

Study sites and soils 
To cover a wide range of soil and climatic conditions, pure stands of 
planted black locust and planted stands of two oak species, Quercus 
cerris L. and Quercus pubescens Willd., were selected from four diff er-
ent forest regions in Hungary: Site 1 (Pusztavács), Site 2 (Baktalóránt-
hazá), Site 3 (Nagyatád) and Site 4 (Iván). Th e map of Hungary shows 
the regional distribution of the selected forest sites (Figure 1).

Geologically the sites are located in Th e Great and in Th e Little 
Hungarian Plain. Th e Great Hungarian Plain or Pannonian Plain 
is a Quaternary sedimentary basin containing fl uvial sediments. 
Eolian transport has also been active and there are large loess and 
wind-blown sand deposits. Its boundaries are the Carpathians in the 
north and east, the Transdanubian Medium Mountains and Croatian 
Mountains in the southwest, and approximately the Sava River in 
the south. Th e Little Hungarian Plain is located in north-western 
Hungary, south-western Slovakia and eastern Austria. It is part of 
the Pannonian Plain which covers most parts of Hungary. Th e Little 
Hungarian Plain is a tectonic basin between the eastern periphery 
of the Alps and the Carpathians, fi lled with marine and fl uvial sedi-
ments in the last 20 million years. 

Th e selection of the sites was carried out in collaboration with 
the Institute of Soil Science of the Hungarian University of Sopron 
and the local Forest Departments. A total of 11 stands was analysed 
(6 black locust and 5 oak stands). All sites were characterized by low 
annual precipitation and high mean annual temperatures (Table 1). 
Th e dominant soil types were determined as sandy Cambisols. Th e 
sizes of the forest sites ranged between 3.0 and 30.0 hectares. Th e 
undergrowth of all stands was sparsely developed. Under black locust 
stands some nitrophilous species (Urtica dioica, Chelidonium majus 
and Linum catharticum) occurred, whereas in most oak stands no 
shrubs or herbaceous plants were present.

Soil sampling and analysis
At each site four plots were chosen randomly. In each plot, undis-
turbed humus and soil samples were taken, to a depth of 50 cm, in 
each of three replicates, resulting in 12 replicates for each site. Soil 
cores were subdivided into 10 cm intervals. Samples were taken from 
the black locust sites and the adjacent oak sites in the same way. Th e 
samples were dried at 40 °C (mineral soil) or 60 °C (organic layer), 
sieved (2 mm) and ground. Th e total C and N contents of the for-
est fl oor and mineral soil were analysed by dry combustion (C/N 
analyser; Vario Elementar Analysensyteme, Hanau, Germany). Total 
concentrations of P, S, K, Ca and Mg were determined using ICP-
AES (Spectro Analytic Instruments, Kleve, Germany) after pressure 
digestion of samples in 65% concentrated HNO3. Soil samples (2.5 g 
sieved material) were percolated with 1 N NH4Cl and exchangeable 
cations (Na+, K+, Ca2+, Mg2+, Mn2+, Fe3+,Al3+) and analysed (ICP-
AES 300 AA; Varian Inc., Darmstadt, Germany). Th e pH was meas-
ured with a digital pH-meter (WTW GmbH, Wesel, Germany) in 
0.1 mol l-1 KCl.

Th e long-term impact of black locust cultivation was investigated 
by comparing soil chemical (N status, pH, exchangeable cations) pa-
rameters between stands of fi rst and second generation, continuously 
cultivated with that tree species. Black locust stands of the second 
generation were regenerated through stem sprouts and root suckers 
after clear cutting. According to Fuehrer (2005) rotation periods of 
Hungarian Robinia stands vary from 20 to 40 years. Th e black locust 
stands of the second generation in our study were established after 
a rotation period of 46 to 52 years. When conducting the research 
stands of the fi rst tree generation were 40 to 50 years old (mean 45 
years), whereas the age of the second generation stands ranged be-
tween 26 and 36 years (mean 31 years).

Analysis of variance (ANOVA) was performed by the program 
STATISTICA version 6.0 and the means were tested by the Mann-
Whitney U-Test at p < 0.05 level.

Figure 1. Geographic location of the selected for-
est regions of hungary.

table 1. comparison of the climatic and soil conditions of the four forest regions of hungary. 

Site Elevation

(m)

precipitation annu-
al/growth period 

(mm)

Temperature annu-
al/growth period 

(°c)

period of
sunshine

(hours/year)

Soil type

site 1 (Pusztavács) 100-150 500/320 10.3/17.3 2050 sandy cambisols

site 2 (Baktalóránthazá) 100-150 570/350 9.7/17.1 1970 sandy cambisols

site 3 (nagyatád) 100-150 760/460 9.9/16.2 1990 sandy cambisols

site 4 (iván) 200 630/360 9.6/15.8 1860 loamy cambisols (pseudogleyifi cation)
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Figure 3. comparison of phKcl values in the organic layer and mineral soils; values 
are presented as medians with quartiles (Q25, Q75).

Results and Discussion

Overall comparison of soil properties
Besides the vegetation the forest floor is the most important store-
house for C and N (Table 2). The mean dry mass under black locust 
stands (5.4 kg m-2) was significantly higher than under oak stands 
(2.8 kg m-2). This elevated accumulation of organic matter resulted 
in significantly higher pools of total C, N, P and S. However, the 
total C pools in the organic layers (8.3 in locust and 4.7 t C ha-1 in 
oak stands) were relatively low due to C concentrations of only 16-
20%. Bulk density, concentrations and contents of C, N, P, and S of 
mineral soils on average did not differ among the two stand types. 
Total amounts of these elements (from the organic layer to 50cm 
depth per hectare) under black locust stands were 41.2 t C, 3.6 t N, 
1.4 t P and 0.8 t S, compared to 38.1 t C , 3.0 t N, 1.4 t P and 0.9 
t S under oak stands. 

In previous soil inventories under different tree species (spruce, 
beech and pine stands) in Lower Saxony, Northern Germany, 
Berthold and Beese (2002) found 12-50 t C ha-1 stored in the organic 
layer. For black locust stands in eastern Germany, Goldacker (2002) 
reported 9-19 t C ha-1 and 0.7-1.2 t N in the litter layer. These val-
ues are similar to those obtained in the present study. Due to better 
climate and soil conditions, the Hungarian sites are generally char-
acterized by intense biological activity and fast mineralisation of the 
organic matter (Dénes 1988). Therefore, humus layers are mostly 
very shallow and element stocks are relatively low. Considering 1.2 to 
2.6 t N ha-1 in the mineral soils under black locust stands in eastern 
Germany (Goldacker et al. 2002) and 2.7 to 3.0 t ha-1 of stored N in 
the Hungarian soils, the amounts in the soils of both regions appear 

to be very low. This result may be due to low N fixation and/or high 
mineralisation rates of organic N due to coarse texture and favour-
able climatic conditions. It is well established that the mineralisation 
of organic matter is generally more rapid in sandy, coarse-textured 
soils than in loamy, fine-textured soils (Strong et al. 1999).

Elevated amounts of organic matter in black locust soils, despite 
the favourable C/N ratios (Figure 2) and favourable climatic con-
ditions, indicate reduced decomposability of the black locust litter. 
White et al. (1988) found that Robinia pseudoacacia leaflets after 863 
days of decomposition still contained 81% of their original N. They 
concluded that this retention of N is caused by the greater potential 
to form stabilized fractions during decomposition. According to Berg 
and McClaugherty (2003) it is not the lignin content per se that is 
retarding the N mineralisation rate, but lignin in combination with 
high N concentrations. Significantly lower C/N ratios in black locust 
stands than in oak stands were observed for the forest floor and for 
the upper (0-30 cm) of mineral soil (Figure 2). This fact confirms the 
results mentioned above.

In the mineral soils down to 40 cm, pH values under black locust 
stands were significantly lower by approximately 0.2 units (Figure 3), 
supporting the hypothesis of enhanced acidification. 

The percentage of Ma-cations also shows an increase in the upper 
part of the soils but is less pronounced in the deeper part (Table 3). 
All measured parameters are characterized by a high variability and 
the results do not differ significantly. However, consistency in the 
trends observed for different parameters is evident. 

We present in Figure 4 the mean pHKCl values, N stocks and the 
percentage of acid cations (Ma) for the compared adjacent locust and 
oak stands at the four inventory sites. Comparing the pairs of locust 

table 2. comparison of mean (± standard deviation) dry mass of the organic layers, bulk density of the mineral soils and c, n, P and s pools (n = number of stands investi-
gated). 

Stand Type Organic layer  Mineral soil (0-50 cm) 

dry mass c n P s bulk density c n P s

(kg m-2)    (t ha-1) (kg ha-1) (g cm-3) -----------------------  (t ha-1) -------------------------

Black locust (n = 6) 5.4a 8.3a 0.6a 31a 59a 1.2a 32.9a 3.0a 1.4a 0.83a

±3.1 ±4.7 ±0.3 ±17 ±30 ±0.1 ±18.8 ±1.7 ±0.2 ±0.74

oak (n = 5) 2.8b 4.7b 0.3b 19b 27b 1.3a 33.4a 2.7a 1.4a 0.88a

±1.7 ±3.1 ±0.2 ±11 ±22 ±0.1 ±9.2 ±1.0 ±0.4 ±0.54

Values denoted with different letters a,b are significantly different (p < 0.05, Mann-Whitney u-test)

Figure 2. comparison of c/n ratios under black locust and oak stands; n = number 
of stands; values are presented as median with quartiles (Q25, Q75).
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table 3. comparison of mean (± standard deviation) cation exchange capacity (cece), exchangeable base (Mb ∑na+ K+ ca2+ Mg2+) and acid cations (Ma ∑h+ Mn2+ Fe3+ Al3+) 
in the mineral soils under black locust and oak stands. significantly different values (p < 0.05) between stand types within the same depth are denoted by different letters 
(a, b).

Stand type Soil depth CECe Ca2+ Mg2+ H+ Al3+ Mb Ma

(cm) (µmolc g
-1) -------------------------------------------------- (%) ------------------------------------------------

locust stands

(n = 6 stands)

0-30     34.9 a     37.6 a 6.8 a     6.3 a     41.4 a     48.5 a 51.5 a

±18.8 ±25.1 ±4.3 ±5.6 ±25.5 ±28.5 ±28.5

30-50     59.9 a     44.7 a 8.9 a     2.1 a     38.8 a     57.1 a 42.9 a

±58.4 ±29.7 ±5.2 ±2.2 ±31.0 ±33.2 ±33.2

oak stands 
(n = 5 stands)

0-30     33.6 a     38.7 a 9.2 b     4.2 b     38.6 a     52.2 a 47.8 a

±12.5 ±24.4 ±5.6 ±4.3 ±25.8 ±29.4 ±29.4

30-50     31.8 a     40.9 a 12.3 b     1.8 a     39.1 a     57.0 a 43.0 a

±16.4 ±27.8 ±7.9 ±2.2 ±31.9 ±34.4 ±34.4

Figure 4. comparison of 
mean (± standard deviation) 
phKcl values, n-stocks, ex-
changeable base (Mb) and 
acid cations (Ma) for paired 
stands of hungarian forest 
sites: site 1 (Pusztavács), 
site 2 (Baktalórántháza), 
site 3 (nagyatád) and site 4 
(iván); n = 12 replicates per 
horizon.
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and oak stands on single sites, the situation is more complicated. 
And due to the specific site conditions the reaction patterns are dif-
ferent and have to be regarded separately. For all pairs (black locust 
and adjacent oak stands) the N accumulation in the organic layer 
under black locust was significantly higher than that under oak. On 
average 0.6 t N ha-1 were stored in the litter layer under black locust 
compared to 0.2 t N ha-1 in oak stands. 

At sites 1 and 4 (Pusztavács and Iván) significantly elevated nitro-
gen accumulation was found in the mineral soil and the whole profile 
(Total = summation of all layers) under Robinia. From the humus 
layer down to 50 cm in the mineral soil approximately twice as much 
N (3.3 t and 6.9 t N ha-1, respectively) was stored under stands of 
Robinia than under Quercus. Significantly lower pH values (mean 
0.3 units lower) and higher concentrations of acid cations (Ma) in 
the mineral soils under black locust were found for adjacent stands at 
Pusztavács (Site 1), Baktalóránthazá (Site 2) and Nagyatád (Site 3). 
These results indicate that acidification and nutrient depletion occur 
through black locust cultivation. The changes were strongest in the 
main rooting zone. By comparing the average base saturation of 30% 
(variance 20 to 49%) in the upper soils (0-30 cm) under black locust 
with the average base saturation of 46% (variance 26 to 67%) under 
adjacent oak stands, the hypothesis of nutrient depletion by Robinia 
cultivation was confirmed. Site 4 was an exception. Due to differ-
ences in soil texture a significantly higher base saturation (44% Mb 
cations) under black locust and higher concentrations of Ma  cations 
(H+, Fe3+, Al3+) under oak (89% Ma cations) were found. Despite 
significantly higher nitrogen accumulation under the Robinia stand 
no differences in acidification were detected.

Effects of growing black locust for successive  
generations
A decline in growth after repeated cultivation of Robinia pseudoaca-
cia at the same place has been observed for stands in Hungary and 
eastern Germany by the local forest departments. It was hypothesised 
that long-term cultivation of black locust on the same site will cause 
chemical soil degradation. To analyse the effect of long-term growth 
of Robinia on chemical soil parameters, sites with stands of the first 
and second tree generation – continuously occupied by black locust 
stands – were compared. The two stands of the first tree generation 
were located in Pusztavács and Baktalóránthazá; stands of the second 

tree generation (one stand per site) were located in Nagyatád and 
Iván. Forests of the second generation were established by clear cut-
ting and regeneration by stem sprouts and root suckers. On average 
stands cultivated with Robinia of the first generation were 45 years 
old, whereas places with the second tree generation were affected for 
80 years by black locust growth. 

The accumulated organic matter in the forest floor of the sec-
ond tree generation was low compared to that of the first generation 
(450  kg and 590 kg N ha-1, respectively) due to higher decomposi-
tion rates during forest regeneration. But N concentrations in the 
humus layers and mineral soils under the second generation stands 
were higher (Figure 5), resulting in higher N accumulation in the 
soils under Robinia of the second tree generation. The mean total 
amount stored in soils (organic layer to 50 cm) under locust stands 
of the first and second tree generations was 2.9 t and 4.9 t N ha-1, 
respectively (data not shown).

With increasing time of locust growth on the same site, an in-
crease of exchangeable Ma cations (H+, Al3+, Mn2+ and Fe3+ ions) and 
a decrease of pH occurred (Figures 6 and 7). The detected concentra-
tions of exchangeable Al3+ did not change with increasing soil depths, 

Figure 5. comparison of mean nitrogen concentrations under black locust stands 
with their influence compared over the first and second generations. Values are pre-
sented as medians with quartiles (n = number of stands; 12 replicates per horizon).

Figure 6. comparison of 
mean concentrations of 
exchangeable h+, Al3+, 
Mn2+ and Fe3+ under black 
locust stands of the first 
and second tree genera-
tions. Values are presented 
as medians with quartiles 
(n = number of stands; 12 
replicates per horizon).
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whereas H+, Mn2+ and Fe3+ concentrations were significantly higher 
in the top soils of these sites. On average over the whole soil profile, 
12 µmolc Al3+ g-1 were measured under locust stands of the first and 
20 µmolc Al3+ g-1 under stands of the second generation. The im-
pact of longer Robinia cultivation resulted in an approximately 70% 
higher Al3+ concentrations in soils of the second tree generation. Dif-
ferences concerning H+ and Fe3+ concentrations between stands of 
the first and second locust generation were most obvious in the soil 
depth of 0 to 10 cm. In these horizons, acid-indicating H+ concentra-
tions were approximately 100% higher, and Fe3+ concentrations were 
350% higher under second generation Robinia (5.4 to 2.6 µmolc H

+ 
g-1 and 0.45 to 0.1 µmolc Fe3+ g-1, respectively). For the other hori-
zons, differences were less pronounced. On average 2.5 µmolc H

+ g-1 
and 0.1 µmolc Fe3+ g-1 were present in the soils of the second genera-
tion compared to 1.3 µmolc H

+ g-1 and 0.03 µmolc Fe3+ g-1 in the first 
generation. Concerning exchangeable Mn2+, soils under black locust 
stands of the second tree generation had 100% higher concentrations 
than those under first generation stands (1.3 to 0.6 µmolc Mn2+ g-1 

respectively). The highest Mn concentrations were found in the up-
per soil horizons compared to lower horizons (1.9 to 0.8 µmolc Mn2+ 
g-1, respectively). The profiles show a plausible pattern; however, due 
to high within-horizon variation the differences were not always sig-
nificant. 

Simultaneously, and compared to lower horizons, the base satura-
tion decreased for the most mineral surface soils. These findings con-
firm the effects of Robinia, an N fixing tree, on chemical properties, 
especially in the surface mineral soil horizons, as reported by others 
(Franklin et al. 1968, Bormann et al. 1981, van Migroet and Cole 
1985, Binkley 1992).

The increase in exchangeable H+ and Al3+ ions after two genera-
tions of cultivation of black locust did not result in a similar decrease 
of pH values (Figure 7), because the pH value only represents a part 
of the acidity stored in the soil. However, soils from sites under sec-
ond generation stands of black locust showed lower pH values. These 
values were based on measurements in 0.1 Mol KCl in the organic 
layer (0.6 units) and the upper part of the mineral soil; significant 
differences only were observed in the 10 to 20 cm (0.3 units) depth.

Conclusions

The study of soils under Robinia pseudoacacia stands showed clear 
trends of increases of soil N via symbiotic nitrogen fixation. This  
resulted in increasing soil acidification and loss of base cations. Com-
pared to the effects of Robinia cultivation on more acidified soils 
(Berthold and Beese 2002, Goldacker et al. 2002), the impact on 
the Hungarian soils is less severe. The generally higher base satura-
tion and buffer capacity of these soils are the main reasons for the 
less pronounced effects on soil chemical properties by black locust 
cultivation. However, after two generations of Robinia growth on 
the same site, negative effects on soil chemical properties are strongly 
pronounced. The data also demonstrate that a general pattern does 
not exist. Each site was responding differently to black locust culti-
vation, although the reasons are not clear. In spite of the observed 
changes in the chemical status of the Hungarian soils under Robinia, 
we do not expect severe reductions in tree growth caused by acidifica-
tion and nutrient losses, even after repeated cultivation on the same 
site. The growth reductions observed in Hungary after continuous 
cultivation of black locust on the same site must have other reasons 
than chemical changes and/ or acidification of the soil. Biotic factors, 
i. e. pathogens may play a dominant role, as this is well known from 
long-term cultivation of agricultural legumes (Bødker et al. 1993, 
Laszlovszky-Zmarlicka et al. 1998, Levenfors 2003). 

However, sites with lower base saturation may suffer more under 
nutrient depletion caused by N fixation of Robinia. This risk should 
be taken into account when considering the introduction of Robinia 
pseudoacacia as an alternative tree species on nutrient poor soils.
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