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Abstract: Soil degradation resulting from illicit coca cultivation and unsustainable grazing practices poses a major chal-
lenge to ecosystem restoration in the Peruvian Amazon. This study evaluates the potential of fast-growing tree species
to rehabilitate degraded soils while producing economically valuable timber. Monoculture plantations of Corymbia
torelliana (eucalyptus), Calycophyllum spruceanum (capirona), Colubrina glandulosa (shaina), and Cedrelinga cateni-
formis (tornillo) were established on former coca and pasture lands in the Alto Huallaga Valley. We assessed tree growth
and key soil physicochemical properties — including soil organic matter (SOM), bulk density (BD), pH, extractable
phosphorus (P), and cation exchange capacity (CEC) — in topsoil (0—10 cm) and subsoil (10-40 cm) layers. Eucalyptus
and tornillo showed the highest diameter growth, while tornillo plots had significantly higher SOM levels. Soil pH was
strongly acidic across all plots, and subsoil P was lowest under tornillo. CEC was highest in eucalyptus and capirona
plots. Our findings suggest that tree plantations, particularly with eucalyptus, capirona, and tornillo, represent a viable
strategy for the sustainable use and rehabilitation of soils formerly used for coca cultivation and grazing.
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The Peruvian Amazon, which contains the sec-
ond-largest portion of the Amazon rainforest after
Brazil, is experiencing significant anthropogenic
pressures, leading to increased deforestation (Ro-
jas et al. 2021). The clearance of Amazonian forests
and their conversion to agricultural land removes
plant biomass, disrupts soils, and results in the
loss of soil organic carbon (C) and mineral nu-
trients, thereby altering both soil properties and
biodiversity (Cerri et al. 2004; Smith et al. 2016).
Primary drivers of deforestation in the Peruvian
Amazon include the cultivation of coca (Erythroxy-
lum coca Lam.) (Salisbury, Fagan 2013) and cattle
ranching (Vijay et al. 2018; Anzualdo et al. 2022).

In various coca-producing regions of Peru, in-
cluding the Ene, Maraiién, Monzdn, Huallaga, and
Aguaytia valleys, more than 90% of the harvested
coca leaves are processed into cocaine base paste
and cocaine hydrochloride (Bernex 2009; Celis
et al. 2020). The cultivation of coca plants involves
the heavy application of nitrogen-based fertilisers
and pesticides, which contribute to soil acidifica-
tion and freshwater ecotoxicity (Barrera-Ramirez
et al. 2019; Puri et al. 2023). According to a study
from Colombia, total fertiliser use ranges from
1.76 x 10° kg to 2.94 x 10° kg annually, while pesti-
cide use varies from 6.70 x 10* kg to 1.12 x 10° kg
per year (Barrera-Ramirez et al. 2019). Cellis-Tara-
zona et al. (2020) reported that conventional coca
management significantly affects physical indica-
tors such as bulk density and increases resistance
to surface penetrability, exchangeable aluminium,
and exchangeable acidity when compared to for-
ested soils. These negative impacts clearly repre-
sent soil degradation and contribute to the overall
decline of ecosystem services and the destruction
of vital forest ecosystems (Bernex 2009).

In the Amazon basin, tropical rainforests are
being slashed and burned at an accelerated rate
to make way for annual crops, followed by the estab-
lishment of forage grasses (Martinez, Zinck 2004).
Due to inadequate pasture management, the pro-
ductivity of established pastures declines within
a few years. As a result, grazing plots are abandoned,
and new forested areas are cleared for pasture ex-
pansion (Martinez, Zinck 2004). Pasture degrada-
tion is a significant issue in the Amazon region,
prompting farmers to clear more forest land (Miiller
et al. 2004). Despite the relatively low cattle density
(typically one cow per hectare) on Peruvian pas-
tures, studies in the region indicate that soils under
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pastures, particularly degraded ones, exhibit high-
er bulk density than soils under forests (Martinez,
Zinck 2004; Miiller et al. 2004). However, Miiller
et al. (2004) did not observe decreases in organic C
and total nitrogen (N) levels after forest areas were
converted into pasture. They studied both degraded
and non-degraded pastures, finding that soil pH, the
sum of bases, and the saturation degree were higher
compared to forest soils, while extractable phospho-
rus remained stable in pasture soils, although it was
lower than in forest soils.

One potential solution for managing land de-
graded by coca cultivation and pasture use is the
establishment of fast-growing tree plantations.
Both introduced and native fast-growing tree
species are used in reforestation efforts (Boivin-
Chabot et al. 2004). Common species used for
reforestation in the region include eucalyptus
(Corymbia torelliana, Myrtaceae), capirona (Caly-
cophyllum spruceanum, Rubiaceae), shaina (Col-
ubrina glandulosa, Rhamnaceae), and tornillo
(Cedrelinga cateniformis, Fabaceae). Eucalyptus,
native to Australia, is widely used in Brazil for
firewood, wood chips, and charcoal production
(Massuque et al. 2023). Capirona, a native pioneer
species in the Amazon Basin, is crucial for timber,
charcoal, and firewood production (Sotelo-Montes
et al. 2003, 2006). Shaina, also native to the Ama-
zon Basin, produces valuable poles and promotes
favourable microclimatic conditions for advanced
forest species (Silva et al. 2015). Additionally, shai-
na has demonstrated satisfactory growth in re-
forestation projects aimed at restoring degraded
pastures (Gama et al. 2013; Silva et al. 2020).
Tornillo (Cedrelinga cateniformis), a native spe-
cies valued for its economic importance, is among
the most commercially utilised timber species
in the region (Campos-Zumaeta, Tomazello-Fil-
ho 2009). Notably, it is also the only species among
those studied that demonstrates the ability to fix
atmospheric N (Magalhées, Blum 1984). However,
while fast-growing species offer multiple benefits
for reforestation, they may also pose risks, such
as the potential for soil nutrient depletion — par-
ticularly in already degraded tropical soils (Zech,
Drechsel 1998) — which must be carefully consid-
ered in restoration planning.

The challenge of restoring degraded Amazonian
soils, particularly those impacted by coca cultiva-
tion and pasture, represents a frontier in ecological
and agricultural research. Despite the urgent need,
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studies exploring effective recovery strategies for
these soils are still scarce. This gap underscores the
critical importance of understanding and inno-
vating sustainable practices in tropical soil man-
agement. Fast-growing tree species have emerged
as a promising tool, offering economic potential
through sustainable timber and biomass produc-
tion. Our study, conducted in the Alto Huallaga
region of the Peruvian Amazon highlands, explores
the potential of this approach. We investigated re-
forested soils formerly used for coca cultivation
and pasture. By examining both soil properties and
the growth rates of four tree species (eucalyptus,
capirona, shaina, and tornillo), we provide critical
insights into how these species contribute to sus-
tainable land use. The main hypotheses of this study
were: (i) Fast-growing tree plantations of eucalyp-
tus, capirona, shaina, and tornillo are suitable for
wood production on former coca and pastureland,
and (if) fast-growing trees may seriously deplete
soil phosphorus (P).

To date, few studies have focused on forest plan-
tations in Amazonian soils degraded by coca cul-
tivation and pasture use. The implications of this
work extend well beyond Peru, offering a model for
similar efforts across the Amazon basin and other

tropical regions facing deforestation. As the global
demand for sustainable solutions grows, this re-
search encourages further exploration into the syn-
ergy between ecological restoration and economic
productivity.

MATERIAL AND METHODS

Study location

This study was conducted on forest plantations
located in the Valle Alto Huallaga, spanning the
San Martin and Hudnuco departments in Peru.
By the late 1970s, this area had become known
as one of the world's major illegal coca production
hubs (Paredes, Manrique 2021). However, in recent
years, coca cultivation has largely been replaced
by legal crops.

We selected four plantations of fast-growing
tree species: eucalyptus (Corymbia torelliana)
(Figure 1), capirona (Calycophyllum sprucea-
num) (Figure 2), shaina (Colubrina glandulosa),
and tornillo (Cedrelinga cateniformis) (Figure 3).
These tree species were chosen due to their rapid
growth and frequent use in reforestation efforts,
particularly on land previously used for agriculture
in this region.

Figure 1. Plantation of eucalyptus Corymbia torelliana (October 2024)
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Figure 2. Plantation of capirona Calycophyllum spruceanum (October 2024)

Figure 3. Plantation of tornillo Cedrelinga cateniformis (October 2024)
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The Nuevo Progreso site was reforested with
eucalyptus, capirona, and shaina monocultures,
while the Uchiza site was exclusively planted with
capirona. Both sites were formerly used for coca
cultivation and were established in 2018. Ad-
ditionally, two sites that had previously served
as pastureland (with a low stocking density of ap-
proximately one cow per ha) were selected: the
Morada site, reforested with tornillo in 2017,
and the Choldn site, reforested with eucalyptus
in 2018. The geographic locations of each site
and plot are provided in Table 1 and Figure 4.

Table 1. Location of the studied plots

In all plantations, trees were spaced 3 meters
apart. The altitudes across sites were compara-
ble (508-526 m a.s.l.), and the topography was
generally flat. The average annual rainfall at the
sites is 3 170 mm, with 169 wet days per year
(FAO 2025). Based on the WRB soil classification
(IUSS Working Group WRB 2015), the most likely
reference soil group for all plantations was Ferral-
sols, with surrounding areas classified as Acrisols
or Cambisols (SoilGrids250m; Hengl et al. 2017).
Seedlings were planted manually, without the use
of machinery.

Tree species Site name
Plot P . GPS
(local name) (municipality)
CAl . Nuevo Progreso 8°29'19"S, 76°25'9"W
capirona . I i
CA2 Uchiza 8°23'36"S, 76°25'8"W
SH1 hai Nuevo Progreso 8°29'19"S, 76°25'9"W/
shaina
SH2 Nuevo Progreso 8°29'19"S, 76°25'9"W
EU1 Cholén 8°29'19"S, 76°25'9"W
eucalyptus 991 ONT TronEIgH
EU2 Nuevo Progreso 8°29'19"S, 76°25'9"W
TO1 ¢ i Morada 8°46'40"S, 76°16'0"W
ornillo
TO2 Morada 8°46'40"S, 76°16'0"W
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Figure 4. Location of the studied plantations
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Data collection

Tree inventory. In 2024, a forest inventory was
conducted. Four inventory plots were established
in Nuevo Progreso (one in an eucalyptus planta-
tion, one in a capirona plantation, and two in shai-
na plantations) and two in Morada (both in tornillo
plantations), with six inventory subplots in each
plot, 36 subplots in total. Thirty-six tree inventory
subplots were established in Nuevo Progreso (one
on a eucalyptus plantation, one on a capirona planta-
tion, and two on a shaina plantation) and 12 subplots
in Morada (two on tornillo plantations). The diame-
ter at breast height (DBH > 10 cm) and height of nine
trees from the dominant species were measured
at each plot. At the time of measurement, the euca-
lyptus, capirona, and shaina trees were 6 years old,
while the tornillo trees were 7 years old. The annual
increment was calculated as the DBH of the trees di-
vided by the number of years since planting.

Soil sampling and analysis. Soil sampling was
conducted in 2022, four years after the establish-
ment of plantations with capirona, eucalyptus,
and shaina, and five years after the establishment
of tornillo plantations. Sampling was conducted
on eight plots across four plantations — two plots
per species, each measuring one ha. Seven sam-
pling points were established per plot, with two
subsamples (0—-10 cm and 10-40 cm) collected
from each point, resulting in 14 samples per plot
and a total of 112 samples. Sampling points were
systematically distributed across each planta-
tion using a zigzag pattern. The zigzag pattern re-
fers to the trajectory followed by the researchers
across each 100 x 100 m plot during soil sampling.
The sampling points were systematically distrib-
uted along a zigzag line that ensures representative
coverage of the whole area. At each point along this
zigzag line, one soil sample was taken.

To assess the soil characteristics, each sampled
layer was analysed in the laboratory of the National
Agrarian University of the Jungle (Universidad Na-
cional Agraria de la Selva) in Tingo Maria, Peru. Soil
cation-exchange capacity (CEC) and exchangeable
bases (Ca%*, Mg?*, and Na*) were determined us-
ing ammonium acetate extraction at pH 7. Soil pH
was measured in a 1:1 soil-to-water suspension.
Soil organic matter content was analysed using the
Walkley & Black method (Baldock, Broos 2000).
Extractable phosphorus was analysed using the
Olsen method (Olsen et al. 1954). Bulk density was
determined using the Core method (USDA 1999).
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Statistical analysis. Linear regression models
and the Tukey's HSD (post-hoc) test on multiple
comparisons were used to estimate the means and
test the differences in evaluated soil properties
and tree growth between individual plantations,
using the 'multcomp’ package (Hothorn et al. 2008)
in R (Version 4.4.2; R Core Team 2024). If not spec-
ified elsewhere, estimated means * standard er-
ror (SE) are provided throughout the paper. Linear
model assumptions were tested using the 'gvlma’
package (Pena, Slate 2019). Boxplots were pro-
duced using the 'ggplot2' package (Wickham 2016).

RESULTS AND DISCUSSION

Tree increment. Eucalyptus (Corymbia torelli-
ana) on studied sites exhibited higher annual diam-
eter increment at breast height (DBH) compared
to shaina and capirona. There was no difference
in growth between eucalyptus and tornillo, nor
between tornillo and capirona species (Figure 5).
The absolute DBH and height values for each spe-
cies are presented in Table 2. These findings high-
light the varying growth potential of fast-growing
tree species, with eucalyptus demonstrating the
highest performance under the studied conditions.

To assess whether the tree growth observed
on former coca and pasture lands falls within
a typical range, we compared our results with find-
ings from previous studies. De Morais et al. (2019)
reported a DBH increment of 2.7 cm per year for
shaina on degraded land in Brazil, which is higher
than in our study, although their research was con-
ducted in a colder and drier climate, limiting direct
comparability. Tornillo is considered a promising,
fast-growing native species in the Amazon. For ex-
ample, Angulo-Ruiz et al. (2016) observed annu-
al DBH increments ranging from 2.0 cm to 2.4 cm
in the Peruvian Amazon regions of Loreto, El Do-
rado, and Ucayali — slightly lower than the values
recorded in our study. Similarly, Barglini de Melo
et al. (2024) reported annual increments of 2.4 cm
and 1.87 cm for eucalyptus (Corymbia torelliana)
under conditions of low and high soil water deficit,
respectively — both lower than our findings. Sotelo-
Montes et al. (2006) documented a breast height
increment of 2.09 cm for capirona in the Peruvian
Amazon, which is also below the values observed
in our research. Based on a comparison of our find-
ings with the literature, forest plantations — par-
ticularly with tornillo (Cedrelinga cateniformis),
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Figure 5. Average annual increment of DBH (cm-year™!) for the studied tree species

DBH - diameter at breast height; TO - tornillo plots; EU — eucalyptus plots; SH — shaina plots; CA — capirona plots; dots —

raw data; boxplots with whiskers — median and quartiles; red cross and error bar — mean (+ 95%) confidence interval based

on a linear regression model; means not sharing any letter are significantly different by the Tukey-test (P < 0.05)

Table 2. DBH (cm) and height (m) of the studied tree species

) ) DBH Height Age
Species Site
mean SD max. mean SD max. (vears)
Capirona CA1l 13.3 2.3 20 16 3.3 23 6
Eucalyptus EU2 17.7 3.8 25 18 2.6 23 6
Shaina SH1, 2 12.2 1.5 16 18 2.8 25 6
Tornillo TO1,2 18.1 4.4 28 17 3.3 26 7

DBH - diameter at breast height; SD — standard deviation

eucalyptus (Corymbia torelliana), and capirona
(Calycophyllum spruceanum) — appear to be a pro-
ductively viable strategy for utilising soils previ-
ously used for coca cultivation and pastures.

Soil properties. Extractable phosphorus (P)
levels exhibited considerable heterogeneity, rang-
ing between 1.73 mg-kg™! and 14.83 mg-kg™! in the
topsoil layer, with no significant differences among
plots planted with different tree species. In the
subsoil layer, however, P concentrations ranged
between 0.65 mg-kg™ and 9.39 mg-kg™! and were
significantly lower in the tornillo plots compared
to those with eucalyptus and capirona (Figure 6).

Additionally, cation exchange capacity (CEC)
was approximately two-fold higher in both topsoil
and subsoil layers in plots with capirona and eu-
calyptus, relative to those with shaina and tornillo
(Table 3). In contrast, the contents of exchangeable
cations (Ca, Mg, and Na) did not display a consis-
tent pattern associated with tree species identity.

Mean topsoil bulk density (BD; g-dm) ranged
between 1.11 £ 0.2 and 1.29 + 0.2 at the studied plots
(Figure 7) but did not differ among the study species;
however, it was significantly lower in the subsoil
of eucalyptus plots (1.07 + 0.02) compared to those
with tornillo (Figure 8; Table 3). BD is a fundamen-
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Figure 6. Subsoil (10-40 cm depth) extractable phosphorus (P) contents

TO - tornillo plots; EU — eucalyptus plots; SH — shaina plots; CA — capirona plots; dots — raw data; boxplots with whis-

kers — median and quartiles; red cross and error bar — mean (+ 95%) confidence interval based on a linear regression model;

means not sharing any letter are significantly different by the Tukey-test (P < 0.05)

tal indicator of soil structure and quality (Héakans-
son, Lipiec 2000). Elevated BD values in the topsoil
suggest notable surface compaction in some plots,
likely resulting from anthropogenic activities that
predominantly impact the upper soil layers.

The high topsoil BD observed at the study sites
may be linked to specific land-use practices, such
as frequent foot traffic during coca leaf harvest-
ing, or to the widely recognised effects of com-
paction in pasture systems. Greenwood and
McKenzie (2001) reported that most grazed pas-
tures, even when managed to minimise physical
degradation, exhibit some degree of compaction,
typically restricted to the upper 5-15 cm of the
soil profile. Similarly, research from the Brazilian
Amazon by Melo et al. (2017) showed that soil BD
in pastures was significantly higher than in primary
or secondary forests and coffee plantations, under-
scoring the more intense compaction pressure as-
sociated with pasture use.

Soil pH across the study plots was acidic, with
high heterogeneity observed in the topsoil layer
(mean values from 4.5 + 0.1 to 5.2 + 0.1), which
did not correspond to differences among tree spe-
cies (Figure 9). In contrast, subsoil pH was more
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homogeneous, with mean values ranging from
4.5 + 0.1 to 4.9 + 0.1 (Table 3). These values in-
dicate strongly acidic conditions (Schoeneberger
et al. 2012), consistent with the chemical charac-
teristics typical of Ferralsols (IUSS Working Group
WRB 2015).

According to SAGARPA (2012), in regions with
high rainfall, leaching of base cations commonly
leads to soil acidification, resulting in pH values
between 4.0 and 6.5. This pattern was also ob-
served in a study by Aquino et al. (2020) in the
Huénuco region, where soils under agroforestry
systems, secondary forest, and coca plantations all
exhibited acidic pH values of 4.77, 4.39, and 4.23,
respectively. Similarly, Cellis-Tarazona et al. (2020)
reported acidic pH levels in soils under second-
ary forest (4.04), coca plantations (3.8), and cocoa
cultivation (3.9).

Soil organic matter (SOM) content was quite
heterogeneous across species in both soil layers,
with significantly higher SOM contents in tornillo
plots, reaching 180% to 250% compared to those
with capirona and shaina (Table 3). This difference
can be due to the N input from root-symbiotic as-
sociations that supply tree growth at tornillo plots


https://jfs.agriculturejournals.cz/
https://doi.org/10.17221/47/2025-JFS

Original Paper

393-405

Journal of Forest Science, 71, 2025 (8)

//doi.org/10.17221/47/2025-]JFS

https

2 Pasnipe — .37 *[pe ‘aduBLIRA JO SISA[RUR — VAQNYV ‘10119 paepuels — S ‘1ajem ul Hd [ros — Hd ‘suoned aseq a[qeaguryoxs — eN ‘SN ‘e) ‘A110eded aguryoxs uoned — D7D

‘snioydsoyd a[qe1oenxs — J JUaIU0d I9)IRW DIURFIO [I0S — WS @OUBDYIUSIS JO [9A3] %G ) 1B 1593-Aan], oY1 £q Jua1ayIp A[JuBdYTUGIS 918 19139] AUR FULIRYS JOU SUBIUI,

L00 89 % L0°0 ©ILT L00 eCSY L0°0 ©S9T 4
¢10'0  L¥6'C  T0T0 . . 0or—0T
L00 qF8¥ L0°0 VLT L00 qelL'V 80°0 qC6'Y T Hd
L00 ST L0°0 2qLLT L00 LYY L0°0 65T 4
0000 SLTST 6790 0T1-0
L00 67T L0°0 2qeCL'Y L00 €6 L0°0 p8T'S T
. . T0°0 500 100 >qeS0°0 T0°0 p2q80°0 100 p60°0 4
0000 ¥%LSL 9S¥0 . . . . 0%7—-0T1
100 >qeS0°0 100 «70°0 100 p>80°0 100 p2q80°0 T (;-8y-,Joud)
100 800 10°0 800 100 >q¢1°0 100 >qIT°0 4 BN
0000 6986 0€50 0T1-0
T0°0 600 100 ¢90°0 T0°0 >ST°0 10°0 >ST°0 T
200 2q8€°0 10°0 29C°0 200 2q9€°0 200 »6€°0 4
0000 68T°0¢ 8820 . . . . . . . . 07—-0T
200 2q8€°0 100 0€°0 900 pG9°0 80°0 p8L0 T (-85, Joud)
. 700 Al €00 e6£°0 700 @l¥0 S0°0 q09°0 4 SN
0000 696°0¢ T6L0 01-0
700 970 700 @EP0 900 500°'T L0°0 S0T'T T
LT°0 >q0S°C 010 e69°'T ST0 p9T°E 0€0 p6G°E C
0000 99L%C TSLO . . . . . . . . 07—0T
LT°0 2qIS'T ¢10 66’1 vE0 pE€6'E 250 9T'S T (-8, Joud)
. cTo qIT'E cro 81T 670 pP8°E S€0 pSET 4 €D
0000 LE£9CC  P¥ELO 0T-0
120 >q9T'E 8T°0 08T 0%'0 p8LY 890 2€L'9 T
ST'0 q6C'€ 110 e89°C 0%'0 >15°9 S€0 5009 C
0000 T78EP9 0680 07—0T
ST°0 qCE'E ¢To 86T LE0 >ST9 970 9T°L 1 (-8, Jowd)
) 020 JITH ST°0 6€°€ 750 STL %0 2569 T 24D
0000 TEELY 9S8°0 . 0T-0
0T0 LTV 610 80°F Sto 26€°L 650 2568 T
870 e€G'T 870 ©99°C 870 ¥V 870 qCh'Y C
0000 08€'ST L¥9°0 0%7—0T
870 88T 870 ©SS°T 870 qIEP 870 >€E°L 1 (;-8y-3u)
SL0 @8E€'E SL0 Pl L SL0 2499 SL0 pql€9 C d
0000 49T6 €190 . . . . . . . . 01-0
SL0 «09'C SL°0 >qe8CY SL0 pCl'L SL°0 pS€6 T
6C0 pP0°E P10 660 AN qel6°0 9T°0 ©SGC'T 4
0000 6E£9FT S€90 07—-0T
€To pCC'T ¢T'o ¢C8°0 8T°0 2q€G°T 910 @6T'T 1 (%)
. . . G€0 p99°€ 12°0 >qe8L'T €20 2qeIT°C 12°0 @SL'T 4 WOS
0000 S61°'8 €870 0T1-0
6C°0 88T cC0 99T 8T0 p2qCL'T 8T'0 LT T 1
d sv'Ly Ly (pe IS F ueawr S F ueawr IS F ueawr S F ueaw
10[d Jake a[qerrep
VAONVY ofruIoy, BUTRYS snyd4peong euoarde)

[opows uoIssaI3ar Teaul] e uo paseq sjo[d £pnjs of[ruio} pue ‘eureys ‘snydATeons ‘euosrded 10§ sO1ISIISIORIRYD [10S JO UOsLTRdWO)) "¢ dqR],

401


https://jfs.agriculturejournals.cz/
https://doi.org/10.17221/47/2025-JFS

Original Paper

Journal of Forest Science, 71, 2025 (8): 393-405

BD (kg-dm™3)

Figure 7. Topsoil (0—10 cm depth) bulk density (BD)
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(Magalhdes, Blum 1984), while the N uptake of the
other tree species may rely more on the mineralisa-
tion of SOM. The relative deficits in SOM or P lev-
els can be attributed to the management practices
associated with intense pruning for timber produc-
tion, leaving little organic matter as a litter input
to replenish the soil.

CONCLUSION

Comparing our findings with existing literature
suggests that forest plantations, especially with
tornillo (Cedrelinga cateniformis), eucalyptus (Cor-
ymbia torelliana), and capirona (Calycophyllum
spruceanum), may offer a productively viable ap-
proach for the rehabilitation of soils formerly used
for coca cultivation and grazing.

Our hypothesis that fast-growing trees may se-
riously deplete soil phosphorus (P) was approved
only partially. The lowest P values were recorded
in the 10-40 cm layer in the plantation of fast-
growing and N-fixing tornillo species, with only
slightly higher levels observed in shaina plantations
(the difference between them was not statistically
significant). Significantly higher P levels compared

to the tornillo plantations were found in the capir-
ona and eucalyptus plantations.

Future research should focus on long-term moni-
toring of soil changes and the identification of ap-
propriate management practices for degraded
soils. Due to the short interval between the plant-
ing of fast-growing trees and the initial pedological
measurements, we plan to repeat these measure-
ments after five years to assess changes in the stud-
ied soil properties.
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