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ABSTRACT

Effect of partial substitution of peat in growth media by sewage sludge sugarcane trash based compost
(SSC) and synthetic aggregates (SA) on the physical and chemical characteristics of the growth media and
on the growth and nutrition of lettuce (Lactuca sativa L.) grown in the substituted media was investigated
under this study. SSC was produced from sugarcane trash and sewage sludge. Unconventional SA were
produced by low productive acidic red soil with paper waste and starch waste. The treatments assayed
were: SSC (40%) + Peat (60%), SA (40%) + Peat (60%), SSC (60%) + SA (40%), SSC (40%) + SA (20%) + Peat (40%)
and SSC(40%) + SA (40%) + Peat (20%). Peat only was used as the control. The physical and chemical proper-
ties of all growing media were analyzed. SSC-SA based substrates showed adequate physical and chemical
properties compared to peat for their use as growing media in horticulture. In relation to the plant growth
in peat control, plants grown in the SSC-SA based substrates reached better growth and nutrition. The
concentration of trace elements in plant tissues was far lower than the ranges considered phytotoxic for
plants. Utilization of SSC and SA can be considered as an alternative media component to substitute the

widely using expensive peat in horticulture.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

In recent years there has been increasing environmental and
ecological concerns against use of peat as a growth substrate
because its harvest is destroying endangered wetland ecosystems
worldwide [1,2]. Moreover, increasing demand and rising costs for
peat as a growing substrate in horticulture have led to search for
high quality and low cost substrates as an alternative. A number
of studies have shown that organic residues such as urban solid
wastes, sewage sludge, paper waste, pruning waste, spent mush-
room and even green wastes, after proper composting, can be used
with very good results as growth media instead of peat [3-7]. The
increasing interest in waste recycling is another cause to advocate
the recycling and use of organic wastes and composts as soil or pot-
ting amendments; it could be one of the most attractive methods
of solving the problem of waste disposal. The combination of peat
and compost in growing media is synergistic; peat often enhances

Abbreviations: SSC, sewage sludge sugarcane trash based compost; SA, synthetic
aggregates; OM, organic matter; EC, electrical conductivity.
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aeration and water retention and compost improves the fertiliz-
ing capacity of a substrate [3]. In addition, organic by-products and
composts tend to have porosity and aeration properties compa-
rable to those bark and peat and as such are ideal substitutes in
propagating media [8].

About 2.44 x 108 and 4.14 x 108 m3 of sewage sludge were
reportedly produced in Japan in 1990 and 2004, respectively [9,10],
corresponding to an increase of 170% in sewage sludge over just 14
years. Sludge processing generally consists of thickening, dewa-
tering and several different alternative main treatments, such as
anaerobic digestion, composting, incineration and melting [11].
Composting is a stabilization process of aerobic decomposition and
leads to the development of microbial populations which causes
numerous physico-chemical changes in the waste mixture [12].
Composting can reduce the mixture volume by 40 - 50%, effec-
tively destroy the pathogens by the metabolic heat generated
by the thermophilic phase, degraded a big number of hazardous
organic pollutants and provide a final product that can be used
as a soil amendment or fertilizer [12]. Land application of com-
posted sewage sludge represents one of the most cost effective
methods for treatment and final disposal of sewage sludge, because
the high levels of valuable components (N, P, K, organic mat-
ter and other necessary nutrients for plant growth) in stable
sludge can be recycled and the properties of soil can be improved
[13-16].


http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:jayata3000@gmail.com
dx.doi.org/10.1016/j.jhazmat.2009.09.107

G.Y. Jayasinghe et al. / Journal of Hazardous Materials 174 (2010) 700-706 701

The use of sewage sludge mixed with different organic waste
materials such as rice straw, green waste is now usual in
composting experiments [17,18]. Sugarcane trash is generating
approximately at the rate of 300000 tons annually in southern Japan
[19] and it has been suggested as a potential soil conditioner due
to having efficient plant nutritive values. In order to minimize the
environmental impact and to recycle these sugarcane residues, sev-
eral alternatives have been proposed, composting being a feasible
method from both technical and economical points of view. More-
over, mixing of sugarcane trash with sewage sludge in compost
mixture not only enhances the nutritive value of the by-product
but, at the same time also suppresses the toxicity by metals through
supplying a considerable amount of organic matter [18]. Sewage
sludge and sugarcane trash were used to produce sewage sludge
sugarcane trash based compost (SSC).

Composts may have physical, physico-chemical and chemical
properties similar to peat that make them suitable as peat sub-
stitutes [20]. However, several studies [8,11,13,15,16,20-22] have
reported that sewage sludge composts can also show features con-
sidered as limiting factors for their horticultural use, such as the
presence of hazardous components (i.e. heavy metals), poor phys-
ical properties, phytotoxicity or an excess of salts or nutrients that
originate media with high electrical conductivity. However, the
combination of peat with composts can reduce the potential poor
properties of single materials according to Raviv et al. [23] indi-
cated in a study using mixtures of peat with sewage sludge and
other residual materials. Thus, the proportion of compost in the
growing media is essential to reduce potential hazards, specially
salinity. Perez-Murcia et al. [24] reported that addition of compost
to peat increased plant nutrient and heavy metal concentrations of
plants and substrates. On the other hand, other researchers [25-27]
have reported that the presence of compost in the growing media
tends to reduce concentrations of heavy metals in plants, due to the
higher pH values that usually result.

Widely spread red soil (“Kunigami Mahji”) in sub-tropical Oki-
nawa, Japan, which is classified as an ultisol, is not suitable for crop
production due to its poor physical [28] and chemical properties
[29]. This prompted for the development of an effective method
of converting under utilized red soil into fertile, arable synthetic
aggregates (SA) by incorporating paper waste and starch waste in
order to improve its physical and chemical properties. Several of
our previous studies were conducted using SA developed from dif-
ferent waste materials. SA formed from coal fly ash, paper waste
and starch waste addition to the low productive problematic soil

Table 1
Physical and chemical properties of growing media compo-
nents, SSC and SA.

Parameter SSC SA
Bulk density (gcm—3) 0.31 0.56
pH 7.15 5.50
EC (dSm1) 2.06 0.51
OM (gkg 1) 561 142
N(gkg) 16.41 0.40
C/N 20.23 2135
P(gkg) 28.12 0.08
K(gkg™") 4.21 0.31
Mg (gkg™) 0.96 0.62
Ca(gkg™1) 1.12 0.91
Cu(mgkg™1) 116 13.20
Zn (mgkg1) 232.27 26.48
Cd (mgkg1) ND ND
Cr(mgkg") 15.6 1.81
Mn (mgkg1) 88.21 20.48
Pb (mgkg1) 46.24 448

SSC, sewage sludge sugarcane trash based compost; SA, syn-
thetic aggregates; EC, electrical conductivity; ND, not detected.
(n=5).

as a soil ameliorant improved the physical and chemical proper-
ties of the low productive soil and subsequently increased the crop
production [30,31]. A potting medium developed from coal fly ash
based SA and oil palm waste 1:10 gave improved ornamental plant
production [32]. SA developed from acidic soil, coal fly ash and
starch waste as a crop growth medium increased the growth and
yield of soybean (Glycine max) and Komatsuna (Brassica rapa) [33].
Addition of 30-40% of SA formed by acidic red soil and paper waste
to problematic grey soil in Okinawa, Japan improved the properties
of the grey soil and subsequently improved the ornamental plant
production [34]. Moreover, SA developed by paper waste and acidic
soil can be used as a partial substitution for peat in the growth
medium for cultivation of ornamental Tagetes patula [35]. In this
present study SA developed from red soil, paper waste and starch
waste along with SSCwere used as a growth medium for lettuce cul-
tivation. The main objective of the present work was to ascertain
the suitability of these SSC-SA based media as peat substitutions
for lettuce production by studying their effects on vegetative and
nutritional aspects to determine if there is any limitation to their
use.

2. Materials and methods
2.1. Growing media preparation

SSC was produced by composting a mixture of sewage sludge
and sugarcane trash. Before composting, sugarcane trash was
ground to fragments between 2 and 15cm. Turned windrow
aerated-pile method was applied for SSC, using triangular
windrows of 5.5m width and 2.5m height. SA were produced
by combining red soil and paper waste using an Eirich mixer (R-
02M/C27121) with starch waste as a binder. One thousand grams
of red soil and 100 g of waste paper was mixed in the Eirich mixer
by adding 225 mL of starch paste. Physical and chemical properties
of SSC and SA are given in Table 1. Six growing media were tested.
Peat, which is a commercial growing media used as the control. The
treatments assayed were: SSC (40%) + Peat (60%), SA (40%)+ Peat
(60%), SSC (60%) + SA (40%), SSC (40%) +SA (20%) + Peat (40%) and
SSC (40%) + SA (40%) + Peat (20%). Ratios of each component in each
substrate are shown in Table 2.

2.2. Physical and chemical properties of the growing media

Physical properties of each growth substrates (Table 2) were
determined using procedures described by Spomer [36] and Pill et
al. [37]. Each moistened pre-plant substrate was placed in 12.5cm
diameter standard plastic pots. Each pot was irrigated for 2 weeks
in the same manner. After 2 weeks of irrigation, containers drainage
holes were sealed with duct tape. Water was then added to each
substrate until saturated. After determining the weight of saturated
substrate, the drainage holes were unsealed and substrates were
allowed to drain 24 h. Then the amount of water loss was deter-
mined as a result of drainage. Then substrates were oven dried
at 65°C for 48 h and the amounts of water retained by substrates

Table 2
Composition of the growing media.

Treatments Formulation

T1 100% Peat (commercial substrate)
T2 40% SSC +60% peat

T3 40% SA +60% peat

T4 60% SSC +40% SA

T5 40% SSC+20% SA +40% peat

T6 40% SSC +40% SA +20% peat

SSC, sewage sludge sugarcane trash based compost; SA, syn-
thetic aggregates.
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Table 3

Physical properties of the growing media.
Treatments Bulk density (gcm—3) Particle density (gcm~—3) Air space (%) Total porosity (%) Total water holding capacity (mLL-1) CI (%)
T1 0.18d 1.70d 17.71c 89.41a 717a 28d
T2 0.23c 1.76d 22.13b 86.93b 648b 39c
T3 0.33b 2.02b 23.56a 83.66¢ 601c 48b
T4 0.38a 2.15a 21.73b 82.33c 606¢ 69a
T5 0.31b 1.94c 23.02ab 84.02c 610c 45b
T6 0.38a 2.12a 21.98b 82.08c 601c 65a
ID <0.40 1.4-2.0 20-30 >85 550-800 30-45

Cl, coarseness index; ID, ideal substrate according to Bustamante et al. [4], Abad et al. [45] and Noguera et al. [53]. Values are means (n=5). Within each column values

followed by different letters are significantly different based on Duncan’s test (p <0.05).

after draining were determined. The weight of water needed to
saturate each substrate was divided by the medium bulk volume
to determine total pore space percentage. Substrate bulk density
was determined by dividing oven dried weight of each substrate
by substrate bulk volume. Coarseness index, expressed as weight
percentage of particles with & > 1 mm was determined according to
Richards et al. [38]. All measurements were carried out five times.

The pH was measured in water extracts of all substrate sam-
ples using a glass electrode (Sample: distilled water ratio of 1:5),
and electrical conductivity (EC) was measured using an EC meter
(D-54, Horiba) (Sample: distilled water ratio of 1:5). Carbon (C)
and nitrogen (N) contents in substrate samples were determined
by using CN analyzer (Micro coder JM 10; G-Science Laboratory,
Tokyo, Japan). Plant samples and substrates were mineralized by
microwave acid-digestion [39] and the total concentrations of K,
Ca, Mg, Mn, Cu, Zn, Pb, Cd and Cr were determined by atomic
absorption spectrophotometer (Solaar 969, Thermo Corporation,
Tokyo, Japan). Extractable metals of the growth media were ana-
lyzed by atomic absorption using the method described by Lindsay
and Norvell [40]. Exchangeable K, Mg and Ca of growth media were
determined using atomic absorption spectrophotometer (Solaar
969, Thermo Corporation, Tokyo, Japan) after extracting with 1N
CH3COONHy (at pH 7.0). Total P of growth substrate samples was
determined by using spectrophotometer [41]. Available P of growth
media was determined based on extraction using NaHCO3 [42].
Organic matter (OM) of the substrate samples was determined by
loss on ignition at 430°C for 24 h [43].

2.3. Pot experiment

A greenhouse pot experiment was conducted to study the influ-
ence of different substrates containing different ratios of SSC, SA
and peat on lettuce (Lactuca sativa L.) plant growth. Container
volume was 1.5L. Table 2 shows the volumetric formulations of
different container substrates utilized in this study. The acidic pH
of the peat (4.34) were adjusted to 5.50 by adding lime. T1 and T3
were enriched with 2 g of slow release fertilizer N:P:K=15:15:15to
supply the minimum fertilizer requirements. Experimental design
of the pot experiment was a completely randomized design (CRD)
with six treatments and five replicates. Prepared air-dried substrate
samples were filled into each pot leaving a distance of 1cm from
the top of the pot and without unnecessary compaction. All pots
were arranged in a greenhouse and saturated and kept for 48 h to
attain their respective field capacities. Two weeks old lettuce plants
obtained from a prepared nursery were planted in each pot. Two
plants were initially planted and thinned out to one plant in each
pot. 200 mL water was added to each pot once in 2 days. Tempera-
tureranged from 20 to 31 °Cduring the growth season. Experiments
were terminated after 7 weeks of planting. Plant shoot fresh weight,
shoot dry weight, root fresh weight and root dry weight were
determined. Plants were oven dried at 70 for 48 h to determine
the dry weight. Plant materials were ground and passed through
2mm mesh sieve and digested with nitric acid for the mineral

element analysis by atomic absorption spectrophotometer (Solaar
969, Thermo Corporation, Tokyo, Japan).

2.4. Statistical analysis

Obtained data were subjected to analysis of variance to deter-
mine the treatment effects. Duncan’s multiple comparison range
test was used to determine significant differences between the
means using SAS package [44].

3. Results and discussion
3.1. Physical and chemical properties of the growing media

Physical properties of growth substrates are given in Table 3.
Bulk density of the media increased significantly with the pres-
ence of SSC and SA in the growing mixture. Similar results were
reported by a previous study conducted using compost based media
for bedding plants by Grigatti et al. [2]. In all the media, bulk den-
sity values were within the limits (<0.4 gcm~3) established for an
ideal substrate [45]. Initial particle density of peat (1.70 g cm~3) was
increased in all treatments with the addition of SA and SSC. Particle
density of T1, T2 and T5 were within the ideal limit (1.4-2.0 gcm—3)
according to Abad et al. [45]. Particle densities increased with the
addition of sludge, as found in previous studies [46,47]. T3, T4 and
T6 were not within the ideal limit and it exceeded the ideal limit.
This may be mainly due to the addition of SA. Potting media con-
taining different ratios of synthetic soil-paper waste aggregates
and peat gave increased particle density compared to peat control.
This may be due to addition of synthetic aggregates having higher
particle density [35]. Air spaces of all substrates were within the
established ideal limits except for peat (T1). Moreover, air spaces
of SSC and SA based media were significantly higher than the peat.
This may be probably due to the great proportion of particles with
size >1 mm, because of SSC and SA addition. Low percentages of
air space in peat based substrates may cause problems for plant
growth [48].T1and T2 gave established ideal porosity values. Water
holding capacity of all substrates were within the ideal limit but
decreased significantly with the addition of SSC and SA. Similar
results were found by a previous study conducted using compost
based media for bedding plants by Grigatti et al. [2]. In a study
conducted on the physical properties of different coconut coir dust
samples reported that water holding capacity diminished propor-
tionally with increasing coarseness index [49]. Coarseness index
of the growth media was increased with addition of SSC and SA
as media component compared with peat only substrate. Although
there is no single ideal growth medium for plant production [50],
physical properties of the substrates formed by substitution of peat
with SSC and SA were generally within the recommended ranges
for plant production [51,52].

Chemical properties of the media are given in Table 4. In gen-
eral, all the substrates, including peat, showed pH values within the
established optimal range (5.2-6.5) suggested by different authors



G.Y. Jayasinghe et al. / Journal of Hazardous Materials 174 (2010) 700-706 703

Table 4
Chemical properties of the growing media.

T1 T2 T3 T4 T5 T6 Optimal ranges* and limit values”
pH 5.50d 6.15¢ 5.50d 6.40a 6.12c 6.28b 5.3-6.5*
EC (dSm™) 0.28d 0.72b 0.39¢ 1.02a 0.76b 0.72b <0.5*
OM (gkg) 704a 618b 324e 335d 441c 330e >800*
C/N 54.78b 29.84d 71.84a 26.25e 30.71c 31.14c 20-40*
C 412.02a 365.25b 189.66e 195.86d 258.63¢ 194.32d -

N (gkg™") 7.52c¢ 12.24a 2.64e 7.46¢ 8.42b 6.24d -
P(gkg™) 0.50(0.08)d 14.23(4.01)a 0.21(0.06)e 8.42(2.16)c 11.24(4.12)b 8.86(2.85)c -
K(gkg™1) 0.98(0.30)e 2.56(0.87)a 0.43(0.19)f 1.25(0.48)d 1.86(0. 83)b 1.48(0.67)c =

Mg (gkg™1) 0.44(0.07)c 0.68(0.29)a 0.46(0.05)c 0.54(0.18)b 0.64(0.27)a 0.62(0.28)a -
Ca(gkg™) 0.51(0.20)d 0.77(0.23)c 0.71(0.24)c 0.80(0.26)b 0.82(0.27)b 0.89(0.29)a -

Cu (mgkg1) 14.32(7.08)d 60.36(26.21)a 13.18(6.86)d 41.12(19.68)c 52.42(24.73)b 42.94(22.25)c 500"
Zn (mgkg') 20.32(8.94)d 131.42(37.66)a 22.48(9.13)d 81.24(29.78)c 104.04(38.30)b 86.96(34.76)c 1500¥
Cd (mgkg") ND ND ND ND ND ND 5¥
Cr(mgkg1) 1.16(0.59)d 8.24(1.42)a 1.24(0.62)d 5.26(1.14)c 6.98(1.37)b 5.87(1.28)c 2007
Mn (mgkg1) 19.41(9.31)e 54.12(14.36)a 18.54(9.22)f 34.23(11.97)d 45.23(13.22)b 40.68(12.74)c -

Pb (mgkg1) 1.26(0.50)f 24.32(4.15)a 2.97(0.68)e 15.17(3.48)d 19.47(3.96)b 17.27(3.75)c 1000”

Values are means (n=>5). Within each row values followed by different letters are significantly different based on Duncan’s test (p <0.05). EC, electrical conductivity; OM,
organic matter. x and y: optimal ranges and limit values in growing media according to Abad et al. [56]. Values within the parentheses are exchangeable content for K, Mg

and Ca, available or extractable content for other elements.

[20,50,51,53]. Although there is no single, ideal growth medium for
nursery-produced horticultural crops [23,24], most greenhouse-
grown species display better growth at slight acid pH values
(5.2-7.0)[50,54,55]; mixtures with SSC, SA and peat approach these
values. The electrical conductivity (EC) values of the growth media
were strongly affected by the addition of SSC. Our results were sup-
ported by a previous study conducted by Grigatti et al. [2]. The EC
values of the mixtures with SSC exceeded the limit for an ideal sub-
strate (<0.5dSm~1) suggested by Abad et al. [45]. Moreover, high
EC of SSC can be reduced by adding SA and peat. Abad et al. [45]
stated that a value for total organic matter above 800 g kg~ is ade-
quate for potting media. OM content in all media was lower than
the minimum recommended value. The highest OM content of the
peat media was significantly decreased with the addition of SA and
the SSC. This may be due to the low amount of OM in the SA and the
SSC compared to the peat media. Addition of sewage sludge based
compost to the peat media decreased the OM content in the growth
media compared to peat [3,50]. The N content of the growth media
ranged between 2.64 and 12.24 gkg~!. The highest N content was
given by T2 media having SSC and peat while the lowest given by T3
where peat and SA in the media. The original N content of the SSC,
peat and SA were 16.41, 7.52 and 0.4gkg~1, respectively. T1 and
T4 did not show any significant difference in N content. N content
of the T5 was significantly higher than the peat control while T6 is
significantly lower than the peat control. Mixing SSC with compar-
atively low N containing peat and SA resulted low N in the growth
media compared to the SSC. The C/Nratio varied between 26.25 and
71.84. The ideal established C/N ratio for a potting media is 20-40
[56]. C/N ratio of T2, T4, T5 and T6 were in the established ideal
range. It is evident that SSC addition declined the C/N ratio com-
pared to peat control. Wilson et al. [57] found that an increased
proportion of compost in crop substrates prompted a decline in
the C/N ratio compared to peats, although this will depend on the
proportion of each ingredient in the mixture. Total and available P

concentrations in SSC based media were higher than that of peat
control. This is due to the high P concentration in the SSC (Table 1).
The presence of SSC in the media mixture increased the total and
exchangeable concentrations of K, Mg and Ca compared to peat con-
trol. Many authors have shown the use of sewage sludge generally
increases the heavy metal contents in compost [2,24,58]. The pres-
ence of high levels of micronutrients or potentially toxic elements
in sewage sludge would be a serious constraint for propagating
media preparation. In the present study, total and extractable con-
tent Cu, Zn, Cr, Mn and Pb in the SSC based media were increased
significantly compared to peat control but they always remained
below the limits reported by Abad et al. (Table 4) [56] and those rec-
ommended by the United States Environmental Protection Agency
(USEPA) [59]. Cd were not detected in any media. Nevertheless, the
total contents of Cd, Cr, Cu, Pb and Zn in SSC and SSC-SA based
media did not exceed the limits [59] for land application of sewage
sludge recommended by the United States Environmental Protec-
tion Agency (Tables 1 and 4). Therefore, the SSC and SSC-SA based
media used in this research did not pose a regulated heavy metals
toxicity problem. The horticultural compost would be assigned to
category ‘A’ following the compost standards in Canada, which stip-
ulated values lower than (mg kg~ of air-dried mass): Cd, 3; Cr, 210;
Cu, 100; Pb, 150; Zn, 500 (http://www.compost.org/standard.html).

3.2. Plant growth and production

In general, significant increases in the dry and fresh weight
of shoot and root parts of lettuce plant in SSC-peat (T2) and
SSC-SA based media (T4, T5 and T6) compared to peat control were
observed (Table 5). Similar effects of composts addition to growth
media have been referred to by other researchers [2,6,24,58,60],
which were mainly due to the great contribution of nutrients,
especially N and P by composts. Sanchez-Monedero et al. [61], in
experiments using substrates obtained by mixing composts from

Table 5
Effects of different substrates on the growth of lettuce.
Treatments Shoot fresh weight (g) Shoot dry weight (g) Root fresh weight (g) Root dry weight (g)
T1 91.16e 3.42d 11.42d 1.12d
T2 100.22¢ 3.71c 11.83c 1.21c
T3 90.65e 3.36d 11.37d 1.09d
T4 94.54d 3.68¢ 11.75¢ 1.20c
T5 131.65a 4.43a 12.48a 1.36a
T6 111.73b 3.96b 12.12b 1.26b

Values are means (n=5). Within each column values followed by different letters are significantly different based on Duncan’s test (p <0.05).
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different origins with peat to grow horticultural plants (broccoli,
tomato and onion), found that compost could be used at up to 66.7%
by volume with no negative effects on plant growth. The highest
increases of yield parameters were obtained in T5, where SSC, SA
and peat were present as 40%, 20% and 40% of the total volume,
respectively. The shoot fresh weight, shoot dry weight, root fresh
weight and root dry weight obtained from the T5 were increased
by 44.42%, 29.53%, 9.28% and 21.43%, respectively compared to
peat control. The second highest yield parameters were given by
T6, which showed increased shoot fresh weight, shoot dry weight,
root fresh weight and root dry weight by 22.56%, 15.79%, 6.13% and
12.50%, respectively compared to peat control. Plant growth and
yield parameters of T1 and T3 did not show any significant differ-
ence. These increased biomass results may be due to the increased
concentrations of plant macro and micro nutrients such as P, K,
Mg, Ca, Mn, Cu and Zn in the growing media compared to the T1
and T3 media. T2, T4, T5 and T6 reported increased amount of
exchangeable cations and extractable trace elements in the mix-
ture compared to T1 (Table 4). Moreover, T2 and T5 gave higher
N content compared to peat control. The lowest growth and yield
parameters of the T1 and T3 may be due to the low concentrations
of available nutrients compared to SSC based media. The reduced
growth and yield parameters of the T4 compared to other SSC based
media may be due to the high EC of the media. The increases in
biomass production with the use of sewage sludge based composts
as substrate components have been also reported by other authors
[6,24]; this could be due to the fertilizing capacity of this compost.
Furthermore, it is possible that other growth enhancing factors
resulting from mixing SSC with peat may have indirectly involved
in the improvement of plant growth. Such factors could include
humic substances, enzymatic activities, microbial activities, which
produce growth stimulating plant hormones, or increased number
of beneficial microorganisms [62]. Such kind of investigations on
humic substances, enzymatic activities and microbial assays should
be conducted in future studies. On the other hand, the inclusion of
SA in the substrates T3, T4, T5 and T6 at the rates of 20% or 40%, did
not pose any constraint for plant growth compared to peat control.
In summary, lettuce grew better in the assayed SSA-peat and SSC-
SA media than in the peat control substrate. These results seem
to indicate that these SSC-peat and SSC-SA based media may be a
viable alternative to peat for containerized production of lettuce.

3.3. Element concentrations in plant shoots

Element concentrations in plant tissues are given in Table 6.
It is evident that N, P, K, Mg and Ca concentrations of the plants
obtained from SSC-peat and SSC-SA based media were increased
compared to plants grown in peat control. Increased amounts of
N, P, K, Mg and Ca in broccoli plants grown in a media containing
50% of composted sewage sludge and 50% peat were reported in a

Table 6
Element concentrations in plant shoots.
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experiment conducted by Perez-Murcia et al. [24]. These increased
element concentrations in the lettuce tissues could be attributed
to the higher concentration of this elements observed in the SSC. N
content of all substrates were above the deficiency level of 15 g kg !
according to Chapman [63]. Poole et al. [54] reported that the opti-
mal range of P for potting is 1.5-3.0 gkg~'. Comparing our findings
P contents of the plants grown in T2, T4, T5 and T6 substrates
were observed that they were within the optimal values. The P
values of plants grown in T1 and T3 substrates were below the
optimal range. Shoot K, Ca and Mg contents were all above the defi-
ciency limit of 7-15gkg~! [63], 1.4gkg~! [64] and 0.6 gkg~! [63],
respectively. Positive effects on plant nutrition derived from using
composted sewage sludge in growing media have been reported in
literature [23,26]. Therefore, a combination of peat with composts
and other residual products (e.g., fresh pine bark, pruning waste,
green waste, paper waste) can minimize the negative properties
of a single material, thus obtaining sound and cheap substrates
[23,65]. Cu, Cr and Pb concentrations in the plant tissues obtained
from assayed media did not show any significant difference with
the plant tissues obtained from the peat control. Pb concentra-
tions in broccoli plant tissues obtained from a media containing
composted sewage sludge and peat did not show any significant
difference compared to broccoli plants obtained from peat control
[24]. Zn concentration of the lettuce plant tissues obtained from
assayed media showed significant increase compared to peat con-
trol. Similar results were reported in a previous study conducted
by Perez-Murcia et al. [24]. In general, none of the trace elements
studied reached phytotoxic levels in plants (the growth was not
affected). In general, Cu, Mn, Zn, Cd, Cr and Pb concentrations in
plants tissues obtained from all media were far lower than the phy-
totoxic ranges [66], and in some cases even lower than the ranges
considered normal for plants [67]. Organic amendments such as
sludge composts or peat, which contain high proportion of humi-
fied organic matter, can decrease the bioavailability of heavy metals
by adsorption and by forming stable complexes with humic sub-
stances [68,69]. The highest Mn content was reported in T1 and T3.
This fact could be due to a decrease in the availability of Mn with the
increase in the pH of the media after the addition of the composts
[23]. For Mn, a concentration decrease derived from the composts
application have been reported by other authors [70,71,72]. A pos-
sible dilution effect derived from the greater biomass reached by
the plants grown in the SSC based substrates could also cause these
comparatively low concentrations of Mn in relation to T1 and T3
substrates as described by Perez-Murcia et al. [24]. The evaluation
of heavy metals in the plant tissues are important in order to avoid
food chain hazards. The permitted values for consumption of Cd
and Pb, in horticultural crops are 0.2 and 0.3 mg kg, respectively,
on a fresh weight basis [73]. In the present experiment, Cd were
not detected and Pb level was below these values, considering the
water content of lettuce. The extraction ratios of trace elements

Elements T1 T2 T3 T4 T5 T6 Normal range Phytotoxic range
N (gkg') 22.44b 24.32a 21.21b 23.46a 24.28a 23.17a

P(gkg™) 0.61c 1.56b 0.68c 1.68a 1.66a 1.58b

K(gkg) 12.24b 18.43a 11.88c 18.12a 18.21a 18.09a

Mg (gkg™1) 3.88c 4.89a 3.74c 4.12b 4.83a 4.24b

Ca(gkg™) 10.21b 11.23a 9.88c 11.12a 11.45a 11.20a

Cu(mgkg1) 3.88a 3.82a 391a 3.77a 3.70a 3.76a 3-20¥ 25-40%
Mn (mgkg1) 101.24a 88.12b 100.36a 89.32b 86.12b 84.25b 15-150Y 400-2000%
Zn (mgkg') 20.37b 22.15a 19.23b 23.12a 24.29a 23.21a 15-150Y 500-1500%
Cd (mgkg") ND ND ND ND ND ND 0.1-1¥ 5-700 x
Cr (mgkg) 0.44a 0.51a 0.40a 0.47a 0.46a 0.44a 0.02-14Y -

Pb (mgkg ') 0.51a 0.54a 0.47a 0.45a 0.48a 0.46a 2-5Y -

Values are means (n=5). Within each row values followed by different letters are significantly different based on Duncan’s test (p <0.05). x and y: phytotoxic and normal

range values according to Romheld and Marschner [66] and Adriano [67], respectively.
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Table 7

Comparative effects of the different growing media studied on trace elements (Cu,
Zn, Cr and Pb) extraction ratios (total trace elements taken up by the plant versus
extractable trace elements in growth media before planting).

Treatment Cu Zn Cr Pb

T1 0.55a 2.28a 0.75a 1.02a
T2 0.15b 0.59¢ 0.36b 0.13c
T3 0.57a 2.11a 0.65a 0.69b
T4 0.19b 0.78b 0.41b 0.13c
T5 0.15b 0.63c 0.34b 0.12c
T6 0.17b 0.67c 0.34b 0.12¢

Values are means (n=5). Within each column values followed by different letters
are significantly different based on Duncan’s test (p <0.05).

into plant tissues expressed as trace elements concentrations in
plant versus extractable trace elements in the growth media are
given in Table 7. Highest extraction ratios for Cu, Zn, Cr and Pb
were in the plant tissues were obtained from the plants grown in
peat control (T1) and Peat - SA (T3) media. Similar results were
reported by Perez-Murcia et al. [24]. Pitchel and Anderson [74]
observed an insignificant effect on concentrations of Cr and Pb in
oat grown on soils amended with composted municipal solid waste
or composted sewage sludge. Concentrations of Pb, Ni, Cu, and Cd
in roots and leaves of Dactylis glomerata were unrelated to the
total or DTPA-extractable concentrations in the sludge-amended
soil [75]. Therefore, it can be concluded that increased concentra-
tions of total and extractable trace elements in SSC based growth
media did not increase the trace element concentrations in plant
tissues compared to peat control.

4. Conclusions

It can be concluded that, in general, the substrates elaborated
with SSC and SA showed suitable physical and chemical prop-
erties, absence of phytotoxicity and important nutrient contents.
Although, these substrates showed pH and EC values higher than
pure peat, which can constitute the main limiting factor for their
use as growing media, they did not induce any reduction in plant
growth. Increased biomass production of lettuce was reported from
the SSC-peat and SSC-SA assayed media compared to peat media.
Moreover, due to physical and chemical characteristics of the media
developed by SSC and SA, SSC-SA based media can be considered as
valuable partial peat substitutes for lettuce, especially at the rates
of 40% of SSC, 20% of SA and 40% of peat, which gave the maximum
growth parameters and the highest biomass yield of the lettuce
when compared to peat. Therefore, the SSC and SA developed by
using sewage sludge, sugarcane trash, paper waste and low pro-
ductive soil can be considered as a suitable method for recycling
and reducing the environmental impact of these residues.
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