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Summary - A field assay was carried out to evaluate the effectiveness of several methods for the
afforestation of a semi-arid area of southeast Spain with Pinus halepensis. The trial was designed as
a two factor factorial with four soil preparation treatments as the first factor (mechanical terracing,
manual terracing, manual terracing with the addition of urban solid refuse [USR] and mechanical
terracing with USR) and the addition of fresh forest soil to the planting hole as the second factor. Twentyone months after planting, the methods involving the addition of USR significantly enhanced P halepensis
performance, mechanical terracing with USR being the most effective treatment in improving the
survival and growth of the pines. The addition of forest soil significantly enhanced P halepensis growth
in all the soil preparation treatments except in the manual terracing with USR. P halepensis growth was
strongly correlated with soil moisture content (r=0.83; P< 0.01) which was greatest in the mechanical
terracing with USR treatment. Soil fertility levels, which were improved by organic amendment, were
significantly correlated with seedling growth, particularly the phosphorus rates (r=0.75; P< 0.05).
The positive effect of added forest soil appears to be of a microbiological nature.
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Résumé - Survie et amélioration de la croissance de plants de Pinus halepensis Miller dans
un environnement semi-aride après apport de sol forestier, travail du sol et amendement
organique. Nous avons mis en place un essai d’amélioration de la croissance de jeunes plantations
de Pinus halepensis dans une zone semi-aride du sud-est de l’Espagne. Les traitements suivants ont
été appliqués comme facteurs principaux : travail mécanique du sol en terrases, travail manuel du
sol, travail du sol en terrasse avec apport d’un amendement organique constitué de résidus solides
urbains, et travail manuel du sol avec apport d’un amendement organique. Un apport de sol forestier
a été appliqué en deuxième facteur. Vingt et un mois après la plantation, le travail du sol avec amendement organique augmente significativement la croissance de P halepensis. Le traitement qui combine
le travail mécanique du sol et un amendement organique a été le plus efficace sur la survie et l’amélioration de la croissance des pins. L’apport de sol forestier a un effet positif sur la croissance des pins
sauf dans le traitement qui combine travail manuel du sol et amendement organique. La croissance
de P halepensis est corrélée à la teneur en eau du sol (r 0,83 ; P 0,01) qui est la plus élevée dans
le traitement qui combine travail mécanique du sol et amendement organique. La teneur en phosphore
qui est améliorée par les amendements organiques est corrélée avec la croissance des plants
(r 0,75 ; P 0,05). L’effet positif d’un apport du sol forestier paraît être de nature microbiologique.
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INTRODUCTION
Southern Europe is seriously threatened
by soil erosion and desertification and
there is a general agreement that the restoration of the plant cover is a valid way
of mitigating the soil degradation processes leading to this desertification.
However, it is difficult to determine how
best to encourage plant cover, especially
when planting tree species in degraded
areas, where soil productivity is very low
and total annual precipitation is lower
than 300 mm. In such hostile conditions
an improvement in soil fertility and water
storage capacity may be necessary for
success (Albaladejo and Diaz, 1990; Roldán and Albaladejo, 1994).
The present methods of soil preparation
for afforestation in the semi-arid Mediterranean areas are based almost exclusively on mechanical treatments. These
methods increase infiltration and waterholding capacity, reduce runoff and help
root development (Gonzalez Alonso,
1989; Serrada, 1990). However, in the
process of soil preparation the profile is
disturbed, the most fertile epipedons are
eliminated and there is a negative impact
on landscape (Finkel, 1986; García Abril
et al, 1989; García Salmerón, 1990).
Organic amendment is a proven
method of improving the physical and biological properties of a soil and its fertility
in semi-arid degraded areas (Diaz et al,
1994; Roldán and Albaladejo, 1994) although its use in afforestation has hardly
been tested. Very little is known about the
effect of a single addition of organic matter on the growth of introduced plants.
Among these materials, urban solid refuse (USR) offers some advantages that
range from low cost and widespread availability to the environmental benefits involved in its disposal (Stocking and Alba-

ladejo, 1994).
Likewise, the transfer of forest soil
the

planting hole

is

an

to

economical and

effective method of introducing or improving the availability of rhizosphere microflora which is beneficial for plant development (Amaranthus and Perry, 1987).
The objective of this experiment was to
evaluate the effectiveness of different
methods of soil preparation (mechanical
treatments, organic amendment and transfer of forest soil) on the establishment of
P halepensis in a semi-arid environment.

MATERIALS AND METHODS
Field site
The experimental area was located in El Aguilucho (UTM: 30SXG5395, 180 m above sea level),
in the northern foothills of the Carrascoy range
in Murcia Province (southeast Spain). The climate is semi-arid Mediterranean, with extremely
hot and dry summers. The average annual rainfall is 300 mm, occurring mostly in autumn and
spring. The mean annual temperature is 18 °C,
and the potential evapotranspiration reaches
900-1 000 mm year
. The predominant soils
-1
are Lithic Xerorthents and Lithic Haploxerolls
(Soil Survey Staff, 1975) with a sandy loam texture.

The topography of the area is shaped by many
and wide gullies running in a south-north
direction. The vegetation consists mainly of
slow-growing shrubs with some P halepensis
spots. The ground cover is sparse, and the predominant species are Rosmarinus officinalis L,
Anthyllis cytisoides L, Thymus sp, Helianthemum sp and Fumana sp.

deep

Materials
The forest tree used in this experiment was P halepensis Miller. Seeds were sown in 300 cc bags
in a soil/peat mixture of 3:1. The seedlings were
grown in the El Valle nursery (Murcia) for 1 year
without any fertilization.
The urban refuse used in the experiments was
a solid fresh material, neither composted nor
ground but allowed to mature naturally for 15
days. The refuse came from the Murcia Municipal Treatment Plant; analytical characteristics of
the USR determined by standard methods (Page
et al, 1982) are shown in table I.

The forest soil was taken from an established
P halepensis spot located 300 m from the experimental plots. The transferred soil was collected 3 h before planting from the feeder-root
zone (top 20 cm of mineral soil) of randomly selected pine trees.

In the mechanical terraces, the organic
amendment was incorporated into the top 30 cm
of the whole terrace using a rotovator. In the manual terraces, the refuse was only incorporated
into the planting holes using a shovel.
In November 1992, 80 P halepensis seedlings
were planted in each plot. Planting holes 40 cm
wide, 40 cm long and 40 cm deep were manually
dug in the terraces. The seedlings were planted
at least 1 m apart, one in each hole, in a single
row per terrace. To introduce the second factor
of the experiment (forest soil addition subtreatment), the plots were subdivided across the
slope using 20 seedlings as edges. In each plot,
150 mL of pine forest soil was added at planting
time to each of the 30 seedlings on the right-hand
side. In the experimental design each of the 30
seedlings per subtreatment was treated as a replicate. The experiment was conducted under
strictly natural conditions without any watering or

weeding.
Measurements
Basal diameters and heights of the seedlings
measured with calipers and rules at the
time of the planting, and every 3 months thereafter.
Soil moisture in the different treatments was
determined gravimetrically (105 °C, 24 h) every
15 days. Ten sampling positions per treatment
were randomly selected. Root-zone (10-20 cm)
samples of 50 g were obtained at each point with
hand-driven probes. In December 1993, soil
samples were taken from 20 randomly selected
planting holes per treatment. Soil analyses were
conducted to characterize the chemical properties of the soils. Total N and C were assessed by
pretreatment with HCl to eliminate carbonates
(Colombo and Baccanti, 1989), followed by combustion at 1 020 °C and determination in an
automatic nitrogen and carbon analyser. Available P was extracted with sodium bicarbonate
(Olsen et al, 1954) and determined by colorimetry according to Murphy and Riley (1962). K
extractable with ammonium acetate was determined by flame photometry (Schollemberger
and Simon, 1954). Electrical conductivity was
determined potentiometrically from the 1:1 saturation extract. The carbohydrate content values
were obtained by the anthrone colorimetric
method (Brink et al, 1960) after hydrolysis with
concentrated sulphuric acid using glucose
standards.
were

Experimental design
The trial

designed as a two factor factorial
with four soil preparation methods
as the first factor and the addition of fresh forest
soil to the planting hole as the second factor. The
soil preparation treatments were i) mechanical
terracing (conventional method, treatment 1);ii)
manual terracing (treatment 2); iii) manual terracing with the addition of USR (treatment 3);
and iv) mechanical terracing with the addition of
USR (treatment 4). Four experimental plots,
600 m
2 each, were established on an homogeneous east-facing hillslope with a slope of 25%.
Mechanical terraces (four terraces per plot,
4 m wide, 30 m long) were excavated in treatments 1 and 4 by a bulldozer during June 1992.
The subsoil lime crust present in these terraces
was broken by deep ploughing along the planting
line. Manual terraces (eight terraces in both
treatments 2 and 3, 0.8 m wide, 30 m long) were
dug using shovels in October 1992; strips of
natural vegetation were left between adjacent
terraces. Urban refuse was applied to treatments
3 and 4 in a single application at the beginning
of the experiment in October 1992. The dose
used was 10 kg m
-2 in both mechanical and manual terraces.
was

experiment,

Growth data of the seedlings were transformed
logarithmically and analysed using a two-way
analysis of variance test; significant differences
among treatments were determined by the New-

man-Keuls test.

RESULTS
P

halepensis growth

The heights of the pines grown without
added forest soil are shown in figure 1.
From the first summer onwards (9 months
after planting) mechanical terracing with
USR (treatment 4) significantly enhanced
growth (P < 0.05) compared with the
other treatments and this difference

tended to increase. After 21 months, the
mean height in treatment 4 was 95-173%
greater than that in the other treatments.
Manual terracing with USR amendment
(treatment 3) also had a positive effect on
P halepensis growth, particularly in the first
stages after planting. The two soil preparation treatments without organic amendment showed significantly lower height
values.
Tree diameters responded similarly
(fig 2). Mechanical terracing with USR
yielded the highest growth rate, followed by
manual terracing with added USR. During
the first year of the experiment, the smallest
diameters were recorded in the mechanical

terraces without USR, but after 18 months
the seedlings in the manual terraces without refuse showed the lowest diameters.

The added forest soil also had a strong
influence on the height of the pines (fig 3).
Twenty-one months after planting, the
seedlings grown in the mechanical terraces
with USR were 100% taller than those in
the other treatments. Manual terraces with
USR also produced taller trees than those
without added refuse. Regarding basal
diameter growth (fig 4), the mechanical terraces with USR led to diameter values
which were at least 85% higher than any of

the other soil treatments 21 months after
planting. Manual terraces without refuse
showed the worst performance of all the
treatments assessed.
The addition of forest soil to the planting
holes enhanced pine growth in three of the
four treatments (tables II and III) without
any statistically significant interaction. A
somewhat negative effect was observed in
the manual terraces with USR amendment,
although this was not statistically significant. In the rest of the soil preparation treatments, the addition of forest soil significantly enhanced both height and basal

diameter of the seedlings. This positive effect was particularly noticeable in the
mechanical terraces with USR.

Survival rates
Survival rates approximated 100% in all the
treatments until spring 1994 (18 months
after planting). Most of the deaths occurred
during summer 1994 (figs 5 and 6). This
important seasonal mortality almost exclusively affected the pines grown in the manual terraces and was reinforced by the addition of forest soil.

Soil water content

Figure 7 shows the effect of soil preparation
the soil water content. The total monthly
rainfall recorded during the period of the
experiment is shown in figure 8. The results
of the Wilcoxon signed rank test for comparing two series indicate that soil moisture
on

contents in the mechanical terraces with

USR amendment were significantly higher
than in the other treatments. During the wet
seasons, the soil moisture content was
28% higher than in the manual terraces
with added USR, 23% higher than in the
mechanical terraces without USR and 52%

in the manual terraces without
refuse. These differences increased to 73,
85 and 106%, respectively, during the dry
summers. In the manual terraces with
USR, the soil moisture content was also
significantly higher (15%) than in the manual terraces without USR.

higher than

DISCUSSION
The experiment showed that the various
soil preparation methods tested resulted in
significant differences in the mortality and
growth of P halepensis in the semi-arid climate of southeast Spain. The addition of
USR enhanced plant growth in all the treatments. Roldán and Albaladejo (1994) demonstrated that the application of small
amounts of USR (6 kg )
-2 also favoured
m
pine growth under hydric stress conditions.
Lambert et al (1985) also obtained positive
results using sewage sludge in forest-tree

seedling production.
It is proven that organic amendment improves the physical (Diaz et al, 1994; Roldán et al, 1994) and microbiological (Lynch
and Bragg, 1983) characteristics of a soil,
and its fertility (Borlisz and Malz, 1983; Albaladejo et al, 1994). It may also reduce

plant diseases (Cook and Baker, 1983). In
addition, increased plant growth is expected. On the other hand, some negative
effects due to the toxicity of USR have been
mentioned

(Roldán and Albaladejo, 1993;
Keeling et al, 1994). However, it is noteworthy that in a previous field assay (Roldán and Albaladejo, 1994) the USR quantities also applied in our experiment
produced no inhibitory effect on P halepensis growth.
The increased N and P contents of soils

resulting from the incorporation of USR is
particularly interesting when dealing with
degraded forest soils, where these nutrients exist in concentrations limiting for
tree development. The addition of USR
yielded bigger fertility increases in the
mechanical terraces than in the manual ter-

races (table IV), which might be due to the
different application techniques employed
in the two treatments. In the manual terraces, the USR was added to the planting
holes only, originating an edge effect that
did not appear in the mechanical terraces.
This may have determined different rates
of organic matter mineralization as well as
changes in microbial populations, resulting
in dissimilar nitrogen biological fixation
rates (Forster, 1980) and differing activities
of the phosphate solubilizing microorganisms (Barea et al, 1975).
Differences in fertility may explain the observed improvement in P halepensis
growth with added USR, but they do not
explain the better growth of the pines in the
mechanical terraces compared to that in
the manual terraces with USR. Although

nutrient concentrations were significantly
higher in the former treatment, the levels of
N, P and K in the manual terraces were by
far superior to those considered limiting for
coniferous growth (Marshner, 1986; Cumming, 1993; Roldán and Albaladejo, 1994).
Water availability is the main limiting factor for the establishment of a tree cover in
semi-arid areas, where the average annual
rainfall is around 300 mm. Under these climatic conditions, the main objective of any
soil preparation technique should be to increase the amount of water available for
plant growth. One of the best known
methods for improving physical properties
of a soil is to add materials rich in easily
decomposible carbon compounds. The application of these materials improves soil
structure, since they stimulate aggregate

formation and stabilization (Glaub and
Gouleke, 1989; Diaz et al, 1994), diminish
bulk density by increasing porosity (Biswas
and Koshla, 1971; Hall and Coker, 1983),
and favour infiltration processes and water-

holding capacity (Gupta et al, 1977; Khaleel et al, 1981).
Mechanical terracing of slopes is a widely
used technique in afforestation projects in
Mediterranean Spain (García Salmerón,
1990). It helps to limit runoff and promotes
infiltration (Dent and Murtland, 1990). In
our experiment, the combination of mechanical terracing and USR addition led to an
increase in soil water content compared to
the other treatments. This increase was
particularly significant during the driest
periods, and consequently P halepensis
development was less limited by summer

in this treatment. The increase in
soil moisture caused by USR application to
the manual terraces was lesser and no significant differences between dry and wet
periods were observed. The addition of
USR increased the water-holding capacity
as well as fertility, and consequently these
variables were highly correlated (r= 0.91,
P< 0.05).
P halepensis growth was well
correlated with the soil moisture content
(r = 0.83, P< 0.01). The concentrations of
N, P and K were also correlated with pine
growth, particularly the available phosphorus (r 0.75, P < 0.05). Multiple regression analysis showed that the combination of soil water content and P

droughts

=

concentration explained 92% of the variance observed in pine growth.
Mechanical terracing and the addition of
USR synergetically favoured the development of P halepensis. In spite of this, during
the first months of the experiment no significant differences with the other treatments
were observed and, 6 months after planting, the seedlings in the manual terraces
with USR were larger. Mechanical terracing
showed no positive effects during these
first stages of the experiment, probably because the removal of the superficial horizons negatively affected the structure (Barber and Romero, 1994) and the
microbiological activity of the soil, although

these properties recovered in the
months.

following

Finally, the addition of forest soil affected
the results in the four treatments. P halepensis growth

was

significantly

en-

hanced in the mechanical terraces. In the
manual terraces without USR, the increase
in growth became significant at the end of
the period considered, while in the manual
terraces with USR a negative effect was
observed. Amaranthus and Perry (1987,
1989) studied reafforestation with Douglas
fir in the state of Oregon (USA), and they
found that soil transferred from wellstocked plantations rapidly stimulates root
tip production, more abundant mycorrhiza
formation and seedling survival. They also
found, however, that the addition of pasteurizedsoil, presumably free from ectomy-

corrhizal propagules, also increased the
formation of ectomycorrhizas. The same
results were obtained by Colinas et al
(1994a, b) who hypothesized that soil
transfer provides a rhizosphere environment free from deleterious organisms or
volatile organic compounds that stimulate
seedling root growth. In our experiment it
seems clear that the positive effect of soil
addition was not due to an increase in fertility because of the low amount of soil
transferred and the high level of fertility produced by the USR.

Further studies are being developed to
determine the effect of soil addition on
seedling mycorrhization and microbial
populations. These may play a major role
in plant establishment since the increase
in seedling growth observed was mainly

linked to those treatments which enhanced
soil water availability, the principal limiting
factor in biological productivity in semi-arid
lands.
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