
Abstract

The objective of this study was to determine the influence of chemical root pruning on the nursery growth of (1 +0) Pinus halepensis seedlings
and assess their outplanting performance. The experiment was conducted in an open-air nursery and the seedlings were grown in Quick-pots coated
with 0, 0.0083 and 0.033 kg/l CuCO3.Cu(OH) 2. At the end of the nursery growth period, seedling above-ground and below-ground morphological
characteristics and nutritional status were assessed. Following, the seedlings were planted in the field and survival and growth were recorded for
two growing seasons after planting. The most significant effect of chemical root pruning was on seedling morphology. Increased copper
concentration on the container walls led to seedlings with significantly greater height, diameter, shoot and root biomass and quality index.
However, there were no differences among treatments for field survival which was high, in all treatments, 2 years after planting. Seedlings field
height was not affected by copper treatment, in contrast to the diameter and stem volume which were significantly greater in the seedlings subjected
to higher copper concentration treatment.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Pinus halepensis has been widely used in reforestation and
landscape restoration along the Mediterranean basin. In
Greece, plantations of P. halepensis have been established
on a great scale during the last century. The aims of these
plantations were mainly to increase forest productivity, protect
watersheds, conserve landscapes along the Mediterranean
coastal areas, and also to secure species existence in the cases
where its natural regeneration was not successful (Tsitsoni,
1997; Pausas et al., 2004; Zagas et al., 2004). However, the
techniques for a successful establishment of this species are not
fully developed, especially in the case of adverse site
conditions such as those found in Mediterranean climate
(long summer dry period).

The primary goal of applying suitable nursery cultural
practices is to produce planting stock capable of tolerating
stresses. In the Mediterranean regions the stresses are caused by
drought, heat, intense radiation during the summer (Oliveira

and Penuelas, 2000) and mechanical damage during transpor-

tation and field planting as well.
Well-developed and well-structured root systems with

numerous laterals roots are one of the most essential attributes
of high quality seedlings (Aldhus, 1994). Moreover, the form of
root development of seedlings largely affects the plantation
performance (Sutton, 1980; Burdett et al., 1983). Densely
matted, kinked and downward-deflected surface roots are
common in vigorous plant species grown in containers (Ruter,
1994) or in plants held too long in a given size container.
Transplanting container grown stock with undesirable root
form results in poor establishment (Struve, 1993) and reduced
shoot growth (Arnold et al., 1993).

Root pruning, before transplanting, is often required to
correct root malformation of container grown plants. Positive
results have been achieved by coating the interior walls of the
containers with various copper compounds. Copper inhibits
root tip growth, increases secondary root branching, reduces
root circling, tends to reduce root to shoot ratio and promotes
root regeneration after transplanting (Arnold and Struve, 1993;
Arduini et al., 1995; Crawford, 1997).

Most container types allow lateral roots to turn downwards,
resulting in the accumulation of most of the active growing tips



at the base of the plug. Copper-treated containers prevent lateral
roots from turning downward, effectively “pruning” them at
the walls. The lateral root egress from the upper part of the plug
increases the seedling stability and the access of the plants to
the nutrients nearer the field soil surface, resulting in high
survival and growth (Burdett et al., 1983; Wenny et al., 1988).
Besides the number of laterals, the chemical root pruning with a
copper compound increases the biomass and root collar
diameter of Pinus seedlings (Romero et al., 1986; Arduini et al.,
1995).

Even though many studies have shown the benefit of
producing seedlings in copper-treated containers, no research
has examined the growth of P. halepensis seedlings, in copper-
coated containers and to our knowledge, little is known about
the effect of chemical root pruning on the reforestation success
in the Mediterranean region.

The objective of this study was (i) to determine the
influence of copper-treated containers on stem growth, root
morphology and nutritional status of (1 + 0) P. halepensis
seedlings and (ii) to assess the survival and the subsequent
growth of these seedlings during the 2 years after outplanting
in the field.

2. Materials and methods

2.1. Nursery phase

2.1.1. Experimental treatments
The experiment was conducted in an open-air nursery of the

Forest Service (N. Chalkidona, North Greece). The containers
used for seedling production were the Quick pots T18; these are
plastic containers with 12 cavities each. The cavities are 18 cm
deep, with top opening 8 cm and volume 650 cm 3 . Each cavity
has four vertical ribs in the interior surfaces and an open crossed
base.

The interior surfaces of 72 cavities were coated with basic
cupric carbonate compound (CuCO3•Cu(OH) 2) 0.0083 kg/l, in
a water-based paint solution (distilled water and neutral white
emulsion) (treatment T1) and another 72 cavities were coated
with 0.033 kg/l (treatment T2). The remaining 72 cavities were
left uncoated, as a control.

The cavities were filled with Lithuanian sphagnum peat of
medium structure and coarse perlite (3:1, v/v). The potting
medium was fertilized with 1.3 kg mixed fertilizer (N:P:K
15:30:15 + micronutrients), 0.6 kg potassium sulfate, 1.0 kg
super-phosphate (0-20-0), 0.4 kg magnesium sulfate and 2 kg
lime (CaO) per m3 peat. Finally, the total amount of N, P and K
per seedling was 0.09 g for N, 0.13 g for P and 0.20 g for K.

Seeds of P. halepensis were sown in containers on 15 March.
The three treatments were arranged in a randomized complete
block design with three replications. There were 24 seedlings per
treatment per replication (total 216 seedlings). All seedlings were
irrigated with an overhead irrigation system, as needed. During
the growth period, seedlings were watered with ammonium
nitrate solution (2.5 g/l water) every 15 days. In early September,
seedlings were subjected to one-cycle moderate water stress
(- 1.5 MPa) in order to prevent their late season shoot elongation

(lammas growth), induce dormancy and promote terminal buds
set (Duryea, 1984). The water stress was monitored by measuring
the leaf predawn water potential of the seedlings using a portable
Skye Plant moisture system (pressure chamber technique). After
the drought, the seedlings well watered and then fertilized with
1.5 g potassium sulfate, 2.0 g super-phosphate and 0.15 g
ammonium nitrate per liter water, every 20 days.

At the end of the growth period, the pH of the growing media
was determined in three random samples of each treatment and
it was found 7.1 for the control treatment and 6.5 and 6.4 for the
T1 and T2 treatments, respectively.

2.1.2. Growth measurements and destructive sampling
At the end of the growth period in the nursery (in November)

the shoot height (h), the diameter (d) (0.5 cm above root collar)
of all seedlings were measured with an accuracy of 0.1 cm and
0.1 mm, respectively. Based on the above measurements the
sturdiness index (h/d) and the stem volume were calculated for
each seedling. The stem volume was calculated using the
equation for the volume of a cone (Kooistra and Bakker, 2002;
Oliet et al., 2004):

Twelve randomly selected seedlings per treatment (four
seedlings x three replications) were collected for biomass and
seedling quality index (Dickson et al., 1960) estimations as well
as nutrient analysis. From these selected seedlings, five random
root samples per treatment were chosen for the root
morphology estimations.

The root system was separated from the soil, under a gentle
water jet, using a sieve to collect any root fragments detached
from the system. Then, each root system was put into a glass
box and covered with a white plastic sheet to keep it in a fixed
position and improve the contrast of the root image. The box
was placed on a scanner (Hewlett Packard, ScanJet 6100C)
connected to a computer and an image analysis system (DT-
Scan, Delta T-Devices) was used to determine the total root
length, the root surface area, the total root volume (Fitter
et al., 1991; Barnett and McGilvray, 2001). The number of
laterals (d> 0.2 mm) was recorded by the scanned root
images.

For biomass measurements the seedlings were divided into
two parts: shoot (stem + needles) and root system. Both parts
were oven-dried at 70 °C for 48 h and weighed. The root to
shoot ratio was calculated by the root and shoot dry weights
(Thompson, 1985). After biomass estimations, the same
sampled shoots and roots of each treatment were subjected
to nutrient analysis. All samples were pooled at a mill with a
sieve 40 mesh. Total N was determined by Kjeldahl method.
Total concentrations of P, K, Ca, Mg and Cu were determined
after dry ashing at 500 °C for 5 h. The ash was diluted by HCl
1:1 (v/v) and filtered. Then, P was determined by visible
spectrophotometry and molybdenum blue method and total K,
Ca, Mg and Cu were determined by atomic absorption
spectrophotometry (Perkin-Elmer A Analyst 300) (Faithfull,
2002).



2.2. Field experiment

In early December, 8-month-old seedlings were outplanted
to the field in ‘Kassandra’ Peninsula, Chalkidiki (North
Greece), which is located 80 km south-east of Thessaloniki
at 25°30'E and 40°N. The climate of the area is Mediterranean
type with mild winters and dry hot summers. The mean annual
rainfall is 581 mm, while the mean annual air temperature is
16.3 °C and the mean maximum air temperature of the warmest
month (July) is 30.1 °C. The dry period begins in the middle of
April and lasts until the middle of September (Tsitsoni, 1997;
Tsakaldimi, 2001). The vegetation of the area belongs to
Quercetalia illicis floristic zone. The soil of the area, where the
experiment was conducted, is characterized as deep, sandy–
clay loam, neutral to moderate alkaline and rich in organic
matter at the surface horizons (Tsakaldimi, 2001).

Twenty seedlings per treatment per replication were planted
in a randomized complete block design with three replications.
The seedlings were spaced 2 m apart. Height and diameter
growth of each seedling were assessed (with an accuracy of
0.1 cm and 0.1 mm, respectively) at the end of the growth
period for 2 successive years after planting. Based on these
measurements, the stem volume growth was calculated.
Furthermore, the survival was recorded for each seedling for
2 successive years after planting and within each year for two
periods (before and after summer).

2.3. Statistical analysis

All statistics were calculated with SPSS software. Distribu-
tion was tested for normality by Kolmogorov–Smirnov criterion
and the homogeneity of variances was tested by Levene’s test.
Significant differences among treatment means were tested using
analysis of variance (one-way ANOVA). Wherever treatment
effects were significant the Duncan’s Multiple Range Test was
carried out to compare the means (Snedecor and Cochran, 1988).

Diagnostic interpretations of plant growth and nutrient status
employed vector analysis (Timmer and Armstrong, 1989). The

nutrient and weight values for the control were normalized to
100 in order to facilitate comparisons with a common base
(Haase and Rose, 1995). The magnitude and direction of the
vectors are used to interpret the effect of treatment (Koricheva,
1999; Proe et al., 1999). Pearson’s correlation coefficient was
used to examine the relationship between initial seedling
characteristics and seedling size in the field.

3. Results

3.1. Nursery performance

Seedlings in copper-treated containers were significantly
taller and had greater diameter and stem volume than control
seedlings (Table 1). However, the higher values of the seedlings
height, diameter and stem volume (29.6 cm, 4.1 mm and
1.4 cm3 , respectively) were obtained in the treatment with the
higher copper concentration (T2). Neither copper treatments
affected the h/d ratio. The copper-treated containers greatly
affected seedlings biomass and as a consequence the seedlings
quality index (Q.I.). Shoot and root dry weights and Q.I. of the
seedlings from coated containers were significantly greater than
that of the control seedlings. No significant differences among
treatments (P> 0.05) were found for root to shoot ratios, which
fluctuated between 0.41 and 0.49.

The differences in root surface area, volume and length were
not statistically significant. The root surface area ranged from
162.7 to 189.5 cm2, the root volume from 3.4 to 5.2 cm 3 and the
total root length from 1009.4 to 1135.2 cm. However, seedlings
subjected to the higher copper concentration treatment (T2) had
a more fibrous root system with significantly greater number of
laterals (186.8) than control seedlings (153.8) (Table 1).

The results from nutrient analysis (Table 2) and the
interpretation of vector nomogram for seedlings shoot
(Fig. 1) would suggest that N, P and K, in all cases, were
available for sufficiency uptake, because their vectors matched
direction “B” in the diagnostic scheme of Timmer and
Armstrong (1987), indicating that growth differences between



treatments occurred without apparent limitation of these
micronutrients. Although similar in orientation, vector size
varied between copper treatments reflecting a nutritional
response to copper concentration. The vectors of Mg matched
direction “A”, indicating that Mg was diluted but remained
non-limiting. However, Ca content, mainly in T 1 treatment,
declined suggesting that Ca concentration in the control was not
optimal. Still, it is important that the roots of the seedlings
which were subjected to high copper concentration treatment
(T2) presented significantly greater Cu concentration
(168.3 ppm) in relation to the roots of the T 1 (52.0 ppm) and
control treatment (11.7 ppm) (Table 2). However, this did not
result in comparable shoot Cu concentrations.

3.2. Field performance

Survival in the field was high 2 years after outplanting and it
did not show any significant difference among treatments
(P> 0.05). At the end of the first growth period and after a hot–
dry summer period, the seedlings survival ranged from 96.7%
(control seedlings) to 98.3% (copper-treated seedlings);
however after the second growth period the survival of the
control seedlings was slightly reduced to 95.0% while the
survival of the copper-treated seedlings was remained
unaffected (98.3%).

One year after outplanting, the seedlings subjected to the
higher copper concentration treatment (T 2) had significantly

greater height and diameter than the ones from T 1 and control
treatment, while in the second year, they were bigger only in
diameter (Fig. 2). However, during the 2 years after outplanting,
neither height growth nor diameter growth were significantly
different between seedlings from T 2 and control treatment. On
the contrary, the stem volume and its annual growth were
always significantly greater in the seedlings subjected to the
higher copper concentration treatment (T 2). Pearson’s correlate
coefficients showed that the initial seedling size had significant
(P = 0.01) positive but relatively low effect on seedling size 1
year after field planting (R = 0.35 for the seedling height,
R = 0.45 for the seedling root collar diameter and R = 0.37 for
the stem volume), while strong significant (P = 0.01) correla-
tion was found between seedling size at the first year and at the
second year after outplanting (R = 0.82 for the seedling height,
R = 0.74 for the seedling root collar diameter and R = 0.81 for
the stem volume).

4. Discussion

In our study the comparison of P. halepensis seedlings from
adjacent treated and untreated containers indicated that the
copper paint (0.0083 and 0.033 kg/l, basic cupric carbonate)
significantly improved nursery seedling shoot height, diameter,
stem volume, dry weights and Dickson’s quality index. Similar
results were reported by Barnett and McGilvray (2001) for
Pinus palustris and by Aldrete et al. (2002) for Pinus
pseudostrobus, who found that shoot and root dry weights
were greater in copper-treated seedlings. Burdett and Martin
(1982), McDonald et al. (1984) and Ruehle (1985) also found
that nursery performance of many conifer species was not
inhibited by coating nursery containers with CuCO3 (0.05 kg/l)
and in some instances that average seedling shoot height and
root collar diameter were improved.

The fact that copper-treated seedlings grew bigger than
control seedlings, can be attributed to their rich and well
distributed root system, which helped them to uptake nutrients
and water sufficiently. Although, copper paint had no
significant effect on the root volume, surface area and total
length, the root system of copper-pruned (T 2) P. halepensis
seedlings was found more fibrous with higher order laterals.
This could be important for Pinus seedlings which usually have
large woody taproots that form few laterals and seem unable to
develop adventitious roots (Arduini et al., 1995). Our above



Fig. 2. Effect of chemical root pruning on P. halepensis shoot height, root collar diameter and stem volume before planting and 2 successive years after field planting.
Values are means ± standard errors. For the same growth period, means followed by different letter are significantly different (P < 0.05). Differences in final height,
diameter and stem volume are indicated by capital letters, while differences in annual height, diameter and stem volume growth are indicated by lower case letters.

observation agrees with the earlier studies on other forest
species (Burdett, 1981; Romero et al., 1986; Arnold and Struve,
1993; Barnett and McGilvray, 2001; Aldrete et al., 2002). A
possible explanation for the lack of a significant increment of
the root quantitative parameters is that the selected concentra-
tions of the copper were not or scarcely toxic for the P.
halepensis seedlings. This may result either from the low
acidity of the growth medium or the lime amendment which
both affected the copper bioavailability (Basta et al., 1993;
Poschenrieder et al., 2001).

Coating containers with basic cupric carbonate had no
significant effect on shoot concentrations of Cu. However, as
the CuCO3.Cu(OH)2 concentration in the containers increased

from 0 to 0.033 kg/l, the Cu concentration in shoots increased
from 10.3 to 24 ppm, respectively. Although, shoot concentra-
tions of Cu in T2 seedlings were quite high (20–30 ppm is
considered toxic for leaves and needles) (Dunn et al., 1997;
Landis and Van Steenis, 2000), the seedlings showed no sign of
copper toxicity (leaf chlorosis, senescent needles, necrotic
stems). On the contrary, seedlings treated with the higher basic
cupric carbonate concentration (0.033 kg/l) had significantly
higher Cu concentration in their roots (168.3 ppm) than the
seedlings of the other two treatments. Seedlings of all
treatments accumulated higher Cu concentrations in roots
than in shoots and exhibited shoot/root Cu ratios <1. Above
results agree with earlier studies of Whitehead (1987), Arduini



et al. (1996), Poschenrieder et al. (2001). Interpretation by
vector analysis would conclude that the status of the main
nutrients (N, P, K) was not altered by the treatments. Exceptions
to this were significant dilution of Mg and Ca in response to
copper treatments.

Survival in the field plots did not show any significant
difference among treatments and it was high during the first
(96.7–98.3%) and the second year (95–98.3%) after planting.
However, in a previous study, Royo et al. (2001) found that
the survival of P. halepensis seedlings, planted in Muela de
Cortes (70 km west of Valencia), was 92% the first year but
by the end of the second summer survival decreased sharply
to 52%.

During the 2 years after planting, the chemical root pruning
had no significant effect on annual height and diameter
growth. Moreover, besides the treatments, all seedlings
showed significant positive relationships between final and
initial dimensions. Thus, differences in final height and
diameter between seedlings, in the first or second year after
planting, were predominantly due to the differences of the
initial size. Similarly, Burdett et al. (1983) working with
lodgepole pine and Dunn et al. (1997) working with native
Australian species found that 2 years after planting the
seedling height and the stem diameter were not significantly
affected by copper treatment (CuCO3 0.1 and 0.05 kg/l,
respectively). Also, Royo et al. (2001) reported that 2 years
after planting, differences among treatments in height growth
of P. halepensis seedlings were not significant. However in
our study, during the 2 years after planting, the stem volume
and the annual growth of the stem volume were positively
influenced when the higher copper concentration treatment
(T2) was applied.

5. Conclusions

Coating containers with basic cupric carbonate signifi-
cantly improved P. halepensis seedling quality without
causing visible phytotoxicity symptoms. Two years after
field planting, chemical root pruned seedlings survived no
better than non-treated seedlings but exhibited higher stem
volume and annual growth of the stem volume. The fast early
growth of newly planted seedlings is the ideal because it
decreases the risks from competing vegetation, mammals and
frosts (Jinks and Kerr, 1999). Thus, although at these site
conditions, P. halepensis species did not face special difficulty
in artificial establishment, at harsher sites these copper-
treated seedlings are expected to present better field
performance than untreated seedlings, because the better
the seedling quality in the nursery, the higher the seedling
field performance (Duryea, 1984; Thompson, 1985). Never -

theless, the results from this study are to date the only
published results concerning copper-coated containers and
field performance of P. halepensis, and contribute valuable
information to the continuing effort in order to investigate the
benefit of chemical root pruning for other plant species,
commonly used in reforestation and landscape restoration
along the Mediterranean basin.

Acknowledgements

The authors are gratefull to Ass. Professor D. Alifragis for
his valuable suggestions with treatments and chemical analysis
and to the anonymous referees for their comments on the first
manuscript.

References

Aldhus, J.R., 1994. Nursery policy and planning. In: Aldhus, J.R., Mason, W.L.
(Eds.), Forest Nursery Practice, vol. 111. Forestry Commission Bulletin,
pp. 1–12.

Aldrete, A., Mexal, J.G., Phillips, P., Vallotton, A.D., 2002. Copper coated
polybags improve seedling morphology for two nursery-grown Mexican
pine species. For. Ecol. Manage. 163, 197–204.

Arduini, I., Godbold, D.L., Onnis, A., 1995. Influence of copper on root growth
and morphology of Pinus pinea L. and Pinus pinaster Ait. seedlings. Tree
Physiol. 15,411–415.

Arduini, I., Godbold, D.L., Onnis, A., 1996. Cadmium and copper uptake and
distribution in Mediterranean tree seedlings. Physiol. Plant. 97, 111–
117.

Arnold, M.A., Airhart, D.L., Davis, W.E., 1993. Cupric hydroxide-treated
containers affect growth and flowering of annual and perennial bedding
plants. J. Environ. Hort. 11, 106–110.

Arnold, M.A., Struve, D.K., 1993. Root distribution and mineral uptake of
coarse-rooted trees grown in cupric-hydroxide treated containers.
HortScience 28, 988–992.

Barnett, J.P., McGilvray, J.M., 2001. Copper treatment of containers influences
root development of longleaf pine seedlings. In: Moorhead, D.J. (Ed.),
Proceedings of the Longleaf Pine Container Production Workshop, January
16–18, USDA Forest Service and University of Georgia, Tifton, GA.

Basta, N.T., Pantone, D.J., Tabatabai, M.A., 1993. Path analysis of heavy metal
absorption by soil. Agron. J. 85, 1054–1057.

Burdett, A.N., 1981. Box-pruning the roots of container-grown tree seedlings.
In: Scarratt, J.B., Glerum, C., Plexman, C.A. (Eds.), Proceedings of the
Canadian Containerized Tree Seedling Symposium, September 14–16,
Toronto, Ontario, pp. 203–206.

Burdett, A.N., Martin, P.A.F., 1982. Chemical root-pruning of coniferous
seedlings. HortScience 17, 622–624.

Burdett, A.N., Simpson, D.G., Thompson, C.F., 1983. Root development and
plantation establishment success. Plant Soil 71, 103–110.

Crawford, M.A., 1997. Update on copper root control. In: Landis, T.D.,
Thompson, J.R. (Eds.), National Proceedings, Forest and Conservation
Nursery Associations. USDA Forest Service, Gen. Tech. Rep. PNW-
GTR-419, Pacific Northwest Research Station, Portland,

 pp.
 120–124.

Dickson, A., Leaf, A.L., Hosner, J.F., 1960. Quality appraisal of white spruce
and white pine seedling stock in nurseries. For. Chron. 36, 10–13.

Dunn, G.M., Huth, J.R., Lewty, M.J., 1997. Coating nursery containers with
copper carbonate improves root morphology of five native Australian tree
species used in agroforestry systems. Agrof. Systems 37, 143–155.

Duryea, M.L., 1984. Nursery cultural practices: impacts on seedling quality. In:
Duryea, M.L., Landis, T.D. (Eds.), Forest Nursery Manual, Production of
Bareroot Seedlings. Martinus Nijhoff/Dr. W. Junk Publishers for Forest
Research Laboratory, Oregon State University, Corvallis,

 pp.
 143–164.

Faithfull, N.T., 2002. Methods in Agricultural Chemical Analysis. A Practical
Handbook. CABI Publishing, Wallingford, UK.

Fitter, A.H., Strickland, T.R., Harvey, M.L., Wildson, G.W., 1991. Architectural
analysis of plant root systems 1. Architectural correlates of exploitation
efficiency. New Phytol. 118, 375–382.

Haase, D.L., Rose, R., 1995. Vector analysis and its use for interpreting plant
nutrient shifts in response to silvicultural treatments. For. Sci. 41(1), 54–66.

Jinks, R.L., Kerr, G., 1999. Establishment and early growth of different plant
types of Corsican pine (Pinus nigra var. maritima) on four sites in Thetford
Forest. Forestry 72 (4), 293–304.

Kooistra, C.M., Bakker, J.D., 2002. Planting frozen conifer seedlings: warming
trends and effects on seedling performance. New For. 23, 225–237.



Koricheva, J., 1999. Interpreting phenotypic variation in plant allelochemistry:
problems with the use of concentrations. Oecologia 119, 467–473.

Landis, T.D., Van Steenis, E., 2000. Micronutrients: copper. Tree Planters’
Notes (USDA publisher) 49 (3), 44–48.

McDonald, S.E., Tinus, R.W., Reid, C.P.P., Grossnickle, S.C., 1984. Effect of
CuCO3 container wall treatment and mycorrhizae fungi inoculation of
growing medium on pine seedling growth and development. J. Environ.
Hort. 2, 5–8.

Oliet, J., Planelles, R., Segura, M.L., Artero, F., Jacobs, D.F., 2004. Mineral
nutrition and growth of containerized Pinus halepensis seedlings under
controlled-release fertilizer. Sci. Hort. 103, 113–129.

Oliveira, G., Penuelas, J., 2000. Comparative photochemical and phenomor-

phological responses to winter stress of an evergreen (Quercus ilex L) and a
semi-deciduous (Cistus albidus L.) mediterranean woody species. Acta
Oecol. 21(2), 97–107.

Pausas, J.G., Blade, C., Valdecantos, A., Seva, J.P., Fuentes, D., Alloza, J.A.,
Vilagrosa, A., Bautista, S., Cortina, J., Vallejo, R., 2004. Pines and oaks in
the restoration of Mediterranean landscapes of Spain: new perspectives for
an old practice-a review. Plant Ecol. 171, 209–220.

Poschenrieder, C., Bech, J., Liugany, M., Pace, A., Fenes, E., Barcelo, J., 2001.
Copper in plant species in a copper gradient in Catalonia (North East Spain)
and their potential for phytoremediation. Plant Soil 230, 247–256.

Proe, M.F., Craig, J., Dutch, J., Griffiths, J., 1999. Use of vector analysis to
determine the effects of harvest residues on early growth of second-rotation
Sitka spruce. For. Ecol. Manage. 122, 87–105.

Romero, A.E., Ryder, J., Fisher, J.T., Mexal, J.G., 1986. Root system modifica-
tion of container stock for arid land plantings. For. Ecol. Manage. 16, 281–
290.

Royo, A., Gil, L., Pardos, J.A., 2001. Effect of water stress conditioning on
morphology, physiology and field performance of Pinus halepensis Mill.
seedlings. New For. 21, 127–140.

Ruehle, J.L., 1985. The effect of cupric carbonate on root morphology of
containerized mycorrhizal pine seedlings. Can. J. For. Res. 15, 586–592.

Ruter, J.M., 1994. Growth responses of four vigorous-rooted tree species in
cupric hydroxide-treated containers. HortScience 29, 1089.

Snedecor, G.W., Cochran, W.G., 1988. Statistical Methods. The Iowa State
University Press.

Struve, D.K., 1993. Effect of copper-treated containers on transplant survival
and re-growth of four tree species. J. Environ. Hort. 11, 196–199.

Sutton, R.F., 1980. Planting stock quality, root growth capacity and field
performance of three boreal conifers. N. Z. J. For. Sci. 10, 54–71.

Thompson, B.E., 1985. Seedling morphological evaluation—what you can tell
by looking. In: Duryea, M.L. (Ed.), Evaluating Seedling Quality: Principles,
Procedures and Predictive Abilities of Major Tests. Forest Research Labora-
tory, Oregon State University, Corvallis,

 pp.
 59–71.

Timmer, V.R., Armstrong, G., 1987. Diagnosing nutritional status of contain-
erized tree seedlings: comparative plant analyses. Soil Sci. Soc. Am. J. 51,
1082–1086.

Timmer, V.R., Armstrong, G., 1989. Growth and nutrition of containerized
Pinus resinosa seedlings at varying moisture regimes. New For. 3, 171–180.

Tsakaldimi, M.N., 2001. Research on the production and quality assessment of
the container-planting stock used in the afforestations. Ph.D. Thesis.
Aristotle University, Department of Forestry and Natural Environment,
Greece. 198 pp. (in Greek, with English summary).

Tsitsoni, T., 1997. Conditions determining natural regeneration after wildfires
in Pinus halepensis (Miller 1768) forests of Kassandra Peninsula (North
Greece). For. Ecol. Manage. 92, 199–208.

Wenny, D.L., Liu, Y., Dumroese, R.K., Osborne, H.L., 1988. First year field
growth of chemically root pruned containerized seedlings. New For. 2, 111–
118.

Whitehead, D.C., 1987. Some soil-plant and root-shoot relationships of copper,
zinc and manganese in white clover and perennial ryegrass. Plant Soil 97,
47–56.

Zagas, T., Ganatsas, P., Tsitsoni, T., Tsakaldimi, M., 2004. Post-fire regenera-
tion of Pinus halepensis Mill. stands in the Sithonia peninsula, northern
Greece. Plant Ecol. 171, 91–99.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

