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ABSTRACT

The feasibility of using pine bark and composted sewage sludge

to produce alternative substrates was studied. The substrates

tested were 1 and 2) pine bark fertilized with 1 and 4 g L�1 of a

slow-release NPK fertilizer (15 : 11 : 13) and 3) a substrate in

which 15% (v=v) of the pine bark was replaced by composted

sewage sludge. Treatments abbreviated as PB, PBþN, and

PBþCSS in text. Pinus pinea and Cupressus arizonica plants

were grown in these substrates for 2 years and plant and sub-

strate characteristics were tested periodically along the experi-

ment. Additionally, nitrate and heavy metal concentrations were

determined in leachates collected from each substrate. The suit-

ability of the prepared substrates was appropriate for the
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production of Pinus pinea and Cupressus arizonica in real pro-

duction conditions. The root=shoot dry weight ratio of both

plant species in PBþN was significantly lower than in the other

substrates. The highest nitrogen content in shoot corresponded

to plants grown in the PBþN substrate, even though PBþCSS

had higher nitrogen content than PB and PBþN substrates.

Concentration of nitrate and heavy metals in leachates was

lower than the level allowed in the European Union regulation.

INTRODUCTION

In both economic and ecological sense, highly valuable materials, such as

peat and natural soils are commonly used in Spain in the production of substrates

for ornamental plants (1,2). These materials, however, could be fully or partially

replaced by organic refuse of different kinds, such as sewage sludge, pine bark,

sawmill residues, etc., giving rise to environmental benefits as ecosystem damage

caused by soil or peat extraction is avoided and the impact of residue

accumulation is minimized (3). There are also economic benefits as the use of

residues means lower costs in comparison to conventional materials (4).

After studying the characteristics of different alternative substrates,

Raviv et al. (3) reported that combinations of sewage sludge and municipal

solid waste compost with other residual materials such as pine bark, grape marc

or rice hull were worth investigation because negative properties of single

materials, such as heterogeneity, high salinity, low content of organic matter, low

cation exchange capacity or high content of contaminants can be minimized thus

obtaining a suitable substrate.

The disposal of sewage sludge produced from wastewater treatment plants

is always a major environmental problem for many municipalities in the world.

A major concern is the enriched heavy metals and pathogens in the sludge that

may represent a potential health hazard to humans if they are not handled

properly. Composting offers an effective method for treating sewage sludge by

stabilizing organic matter, reducing odor, and killing human pathogens and weed

seeds by the heat generated (5,6). As it was previously demonstrated, the addition

of sewage sludge compost enhances growth and yield of crops (6–8).

One of the most usual substrates used in Spanish nurseries for Pinus pinea

and Cupressus arizonica production is pine bark. Recently, our research group

has studied the feasibility of using pine bark and sewage sludge compost mixtures

for Pinus pinea production and the environmental impact of these substrates (8).

They have concluded that pine bark substrate with 10–20% (v=v) of sewage

sludge compost provided crop yields similar to those obtained with mineral
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fertilizers. The authors did not detected environmental problems with leaching

due to the sludge addition.

The aim of this work is to test the feasibility of pine bark substrates as

alternative substrates for ornamental plants grown in real production conditions.

For this purpose pine bark was fertilized with two different doses of a slow-

release NPK fertilizer, treatments abbreviated as PB and PBþN in text, and

partially replaced by sewage sludge compost (PBþCSS). The main chemical and

physical characteristics of the new substrates were evaluated, and their suitability

tested for two ornamental plants: Pinus pinea and Cupressus arizonica.

The irrigation water was classified as good quality water for irrigating pot

plants by Waters et al. (9).

MATERIALS AND METHODS

The study was carried out in a commercial nursery devoted to producing

conifer plants located near Madrid (Spain), which tested the alternative substrates

in real production conditions. According to the data provided by the nearest

pluviometric observatory, the annual average precipitation is 451 mm, the annual

average temperature 13.8�C and the annual average potential evapotranspiration

is 768 mm.

The substrates tested were 1) pine bark fertilized with 1 g L�1 of a slow-

release NPK fertilizer (15 : 11 : 13), this was the substrate normally used by the

nursery (abbreviated as PB in text), 2) the same substrate with 4 g=L of the same

NPK fertilizer (PBþN), and 3) a substrate in which 15% (v=v) of the pine bark

was replaced by composted sewage sludge (PBþCSS).

The commercially valuable composted sewage sludge (CSS) was produced

from a mixture of sawdust and anaerobically digested sewage sludge (volume

ratio of 0.2 : 1) by the aerated-pile method.

The hydrophysical characteristics of the substrates tested were determined

by using the method described by De Boodt and Verdonk (10) and Bunt (11) for

measuring the water desorption curve of organic substrates. According to this

method, Porosity0 (% v=v) was the total pore space determined at 0-cm water

suction, Airspace10 (% v=v) was the difference in volume between porosity

and the moisture content at 10-cm suction, and Microporosity100 was the

moisture content (% v=v) at 100 cm suction. Two intervals of available water

(AW) commonly used for horticultural purposes (12) were also determined.

AW10–50-(% v=v) was the water released from the substrate when the suction

increased from 10 to 50-cm, and AW50–100 (% v=v) was the water released from

the substrate when the suction increased from 50 to 100-cm water tension.

Electrical conductivity (EC) and substrate pH were determined in the saturated

paste extract with an Orion Conductivimeter and an Orion Research Ion Analyzer
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920A pH-meter equipped with a pH-glass electrode, respectively, as well as the

nutrient content by Atomic Absorption Spectrometry (AA, Perkin Elmer 2800).

Total concentration of heavy metals was determined after digestion with 3 : 1

(v=v) concentrated HCl-HNO3 (aqua regia) by Atomic Absorption Spectrometry.

Total organic carbon (TOC) was measured by the dry combustion method at

540�C and N by Kjeldahl digestion (13).

Two species of plants were grown for evaluating the suitability of

substrates: Pinus pinea and Cupressus arizonica. For each specie, the

experimental design consisted of three random blocks with 500 plants per

substrate grown in 7-L capacity pots. Plants were previously grown in 3-L pots,

and transplanted to 7-L pots when they achieved around 75-cm height. All

experimental pots were irrigated by aspersion. Three samples were taken in the

course of the experiment in June 1998 (S1, in text), October 1998 (S2, in text),

and May 1999 (S3, in text). In each sampling, plant height was determined, and

three plants per treatment and specie were collected. Shoot and root were

separated by cutting them off at the base of the root and rinsed with deionized

water. Then the fresh weight was determined. Roots and shoots were oven-dried

at 80�C until a constant weight is obtained, and dry weight was determined.

Nitrogen content and nutrients and heavy metals concentrations were assessed in

shoots and roots.

Leaching from substrates was also studied by collecting leachates of each

treatment and plant species from three pots. Nitrate and heavy metal contents, as

well as pH and electrical conductivity were determined in the leachates. The

N-NO�
3 content was quantified with a selective ion electrode connected to an

Orion Research Ion Analyzer 920A ionometer and heavy metal concentrations

were assessed by AA.

The confidence interval of the measurement values for samples was

quantified through the t statistic at the 95% level of probability. The statistical

significance for the difference in mean results was assessed through multiple

ANOVA (F and Duncan’s Multiple Range Tests) at the 95% level of probability.

RESULTS AND DISCUSSION

The main physical characteristics of the substrates studied are shown in

Table 1. Addition of composted sewage sludge increased the particle and bulk

densities of the PBþCSS substrate with regard to the pine bark substrate (PB), as

it was found by Ingelmo et al. (4). When bulk density increases, the number of

larger pores is reduced, and the forces of the roots necessary for deformation and

displacement of substrate particles readily become limiting, and root elongation

rates decrease (14). There are also differences in root responses to compaction
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between plant species (15,16). But inhibition of root elongation is not necessarily

correlated with inhibited uptake of mineral nutrients (17).

The porosity of the PBþCSS substrate was lower than the PB and PBþN

substrates. This was also reported by Ingelmo et al. (4) for peat-sewage sludge

substrates. Values of bulk density and porosity were in the range proposed for

substrates by Bunt (11). No remarkable differences occurred in AW10–50 and

AW50–100 after adding composted sewage sludge. But Microporosity100 of the

PBþCSS substrate was higher and Airspace10 lower than of the PB and PBþN

substrates. This fact is particularly interesting, since increases in microporosity

improve rewetability of substrates due to the reduction of drainage (18).

The main chemical and physicochemical characteristics of the substrates

are listed in Table 2. The pH values in the saturation extract changed from 4.9

(PB) to 6.0 (PBþCSS) after addition of sludge. Electrical conductivity of the

saturated media extract showed that salinity of PB and PBþN must be

considered high for most plants and only suitable for some vigorous plants, and

the level of salinity found for PBþCSS substrate may cause a severe injury and

probable crop failure (11). In our experimental conditions, Pinus pinea and

Cupressus arizonica did not show crop failure or severe injury in any substrate.

The electrical conductivity of drainage water decreased markedly during the

experiment, because a leaching fraction (drainage water=irrigation water) of

0.3 (v=v) was used to prevent the substrate salinity from increasing.

Total organic matter (Table 2) was around 600 g kg�1 in all substrates, and

total organic nitrogen content ranged from 5 to 9 g kg�1. The addition of

composted sewage sludge increased notably the total nitrogen content of the

substrate. Cation exchange capacity (CEC) was not particularly altered by the

addition of composted sewage sludge. The CEC have been traditionally

determined by using ammonium acetate at pH 7. This parameter is not useful

for mixes in which plants are grown at pH values of between 5.0 and 5.5 (PB and

Table 2. Main Physicochemical Characteristics of Substrates (Total Contents Expressed

on Dry Weight Basis)

Saturation Extracts Total Contents

Electrical Conductivity CEC Nitrogen Organic Matter

Substrate pH (mS=cm, 25�C) (mmol (c)=kg) (g=kg) (g=kg)

PB 4.9� 0.2 4643� 41 792� 32 5� 1 646� 15

PBþN 4.7� 0.2 5090� 44 804� 32 6� 1 661� 15

PBþCSS 6.0� 0.2 8120� 70 761� 23 9� 2 588� 14

The confidence interval of the measurement values for samples was quantified through the

t statistic at the 95% level of probability.
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PBþN substrates). But for mixes within the pH range between 6.2–6.8

(PBþCSS), a CEC determination made at pH 7 is a good reference value (11).

This is because the CEC of materials is known to be pH-dependent, and organic

matter is specially affected. So comparison between substrates tested is not

possible, because of their different pH.

The ion concentration in water extract from saturated paste is showed in

Table 3. Calcium concentration increased with the addition of sewage sludge due

to the previous treatment of the sludge before the composting process.

Phosphorus and potassium decreased in the PBþCSS substrate compared to

PB and PBþN substrates (Table 3). Variability in chloride concentration was not

significant.

Nitrate concentration of PBþCSS substrate was 2-fold higher than the

nitrate concentration of the other substrates tested (Table 3). Thus, nitrate

leaching could be a major problem of this type of substrates, as it was expected.

Figure 1 shows nitrate leaching of the three substrates under the two different

plant species tested. Nitrate concentration in leachates decreased rapidly during

the experiment. Nitrate leaching from PBþCSS substrate with Cupressus

arizonica was significantly higher than from PBþCSS with Pinus pinea due to

the lower nitrogen requirements of Cupressus arizonica during the growing cycle.

The high mineralization rate of the composted sewage sludge at the beginning of

the experience (19) may explain the high nitrate released until the 15th day.

Heavy metals concentrations in all substrates (Table 4) were lower than the

limit values accepted in sewage sludge intended for agricultural use in the

European Union (20). No significant amounts of heavy metals were detected in

leachates (data not shown).

Pinus pinea plant height at the end of the experiment differed significantly

between substrates (Fig. 2A). Dry weight of pine shoots grown in the PBþN

substrate were higher than the others grown in PB or PBþCSS (Table 5) and the

same occurred with nitrogen levels in pine needles (Fig. 2B). However, these pine

trees were commercialized approximately at the same price.

Cupressus arizonica plants grown in PBþN were also slightly higher than

plants grown in PB or PBþCSS substrate (Fig. 3), and also differences in height

Table 3. Water Soluble Ions Contents (mg=kg Dry Matter)

Substrate Ca2þ Mg2þ Naþ Kþ Cl� NO�
3 H2PO�

4

PB 840� 37 683� 81 390� 42 1615� 125 30� 3 31� 3 1158� 8

PBþN 944� 42 828� 98 433� 47 1966� 153 31� 2 31� 2 1322� 9

PBþCSS 1156� 51 659� 78 280� 30 1331� 107 34� 3 61� 4 971� 8

The confidence interval of the measurement values for samples was quantified through the

t statistic at the 95% level of probability.
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did not affect their commercial value. Dry weight of plants was significantly

higher in PBþCSS substrate (Table 5). Nitrogen content in leaves was

significantly different the third sampling (Fig. 3). Cupressus arizonica plants

absorb lesser amount of nitrogen from the substrate than Pinus pinea. This was

Figure 1. Nitrate leached from the pots (g=pot) in which Pinus pinea and Cupressus

arizonica plants were grown. The confidence interval of the measurement values for

samples was quantified through the t statistic at the 95% level of probability.

Table 4. Heavy Metal Contents (Aqua regia Extraction, mg=kg Dry Matter)

Substrate Cd Cr Cu Zn Pb Ni

PB 3.1� 0.2 7.5� 0.6 12.4� 0.8 14.9� 1.0 0.5� 0.1 5.2� 0.1

PBþN 3.5� 0.4 6.7� 0.3 16.0� 1.3 17.6� 2.2 0.5� 0.1 4.8� 0.1

PBþCSS 5.9� 0.7 80.2� 4.5 31.3� 2.1 130.0� 5.5 7.5� 0.7 12.7� 0.4

The confidence interval of the measurement values for samples was quantified through the

t statistic at the 95% level of probability.
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related to a high nitrate content found in leachates for this plant specie (Fig. 1).

This fact was also observed in Cupressus sempervirens grown in various

substrates made with different mixtures of residual materials, including pine bark

and sewage sludge (4).

Nitrogen alters plant composition much more than any other mineral

nutrient. In the concentration range where nutrients limit plant growth, increasing

nitrogen supply enhances both shoot and root growth, but usually the shoot

growth more than the root growth, leading to a typical fall in root=shoot dry

weight ratio with an increase in nitrogen supply (21). This decrease takes place in

both perennial and annual plant species (22,23) and it was also found for both

species, Pinus pinea and Cupressus arizonica, in our experimental conditions

(Table 5). For both plant species, pine bark substrates fertilized with mineral

Figure 2. Shoot height (A) and nitrogen content in needles (B) of Pinus pinea at

different sampling time (S1, S2, and S3). Values for sampling 3 (S3) columns with the

different letters are significantly different at the 95% level according to Duncan test.
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Table 5. Dry Weight of Shoots and Roots of Pinus pinea and Cupressus arizonica

Dry Weight (g per plant)

Substrate Shoot Root Root=Shoot Ratio

Pinus pinea

PB 161 b 244 ab 1.5

PBþN 220 a 188 b 0.8

PBþCSS 161 b 249 a 1.5

Cupressus arizonica

PB 123 b 242 b 2.0

PBþN 137 b 240 b 1.7

PBþCSS 188 a 452 a 2.4

Values for the same specie followed by the same letter in the same column are not

significantly different at the 95% level of probability according to Duncan test.

Figure 3. Shoot height (A) and nitrogen content in leaves (B) of Cupressus arizonica at

different sampling time (S1, S2, and S3). Values for sampling 3 (S3) columns with the

different letters are significantly different at the 95% level according to Duncan test.
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nitrogen (PB and PBþN) showed, as expected, a decreasing root=shoot ratio with

an increase in nitrogen supply. In spite of the great nitrogen content of PBþCSS

substrate, both plant species cultivated in it showed high root=shoot ratio. Root

and shoot growth of Cupressus arizonica was enhanced by the use of sewage

sludge compost. Differences in root and shoot dry weight were also obtained

between PB with mineral fertilization and PBþCSS substrates.

As (Figs. 2B and 3B) show, nitrogen slow release fertilizer at 4 g L�1

treatment (PBþN) provided the greatest amount of N in leaves. These results

were similar to the data obtained by Ferrier et al. (24) for Scots pine grown in

soils fertilized with urea, and a liquid undigested sewage sludge and also to those

reported by Bayes et al. (25) for Pinus nigra and Pinus sylvestris.

No significant amount of heavy metals was detected in shoot and root of

both plant species.

CONCLUSIONS

The substrates tested were appropriate for the production of Pinus pinea

and Cupressus arizonica in real production conditions. Even though height of

plants was statistically different, their commercial value was the same. The

root=shoot dry weight ratio of both plant species in PBþN substrate was

significantly lower than in the other substrates. The highest nitrogen content in

shoot corresponded also to plants grown in the PBþN substrate, even though

PBþCSS substrate had higher nitrogen content than PB and PBþN substrates.
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