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RELATIONSHIP BETWEEN HEAVY METALS AND PHYTOTOXICITY IN COMPOSTS

Abstract
Food chain contamination is one of the major routes for entry of metals into the animal system. Vegetables take up Hg,

Pb, Cd, Zn, and Cu, and accumulate them in their edible and inedible parts at various concentrations. In order to study the
phytotoxic effect of the major heavy metals (HM) found in compost, in the present work an exhaustive study of the HM
composition of six composts from various sources was carried out and correlated with the data obtained from biological
tests. The composts from vegetal sources showed the lowest quantities of HM, whereas composts from urban waste gave the
highest. Significant negative correlations were found between biological tests carried out with Lepidium sativum L. (cress)
and the concentrations of Zn and Cu, and between the tests carried out with Hordeum vulgare L. (barley) and the concentrations
of Pb and Cr.

Resumen
La cadena alimentaria representa una de las rutas principales para la entrada de metales pesados (MP) en el sistema

animal. Los vegetales asimilan Hg, Pb, Cd, Zn, y Cu y los acumulan en las partes comestibles en diferentes concentraciones.
Con el fin de estudiar el efecto fitotóxico de los MP que se encuentran presentes en composts con mayor frecuencia y
abundancia, en este trabajo se realizó un estudio exhaustivo de la composición en metales pesados (MP) de seis composts de
distintas procedencias y se correlacionaron con los datos obtenidos de diferentes ensayos biológicos. Los composts obtenidas
a partir de sustratos vegetales presentaron los menores valores de MP, mientras que los procedentes de residuos urbanos
presentaron los más altos. Se encontraron correlaciones negativas significativas entre los ensayos biológicos llevados a cabo
con berro y las concentraciones de Zn y Cu, y entre los ensayos con cebada y las concentraciones de Pb y Cr.
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INTRODUCTION

Vegetables constitute an important part of the
human diet since they contain carbohydrates, proteins, as
well as vitamins and minerals, but sometimes they also
present other not desirable elements like heavy metals
(HM). It is known that serious systemic health problems
can develop as a result of excessive accumulation of dietary
heavy metals such as Cd, Cr, and Pb in the human body
(Oliver, 1997).

Several residues like urban wastes and agro
industrial residues are proposed in the literature for
obtaining compost (Guerra-Rodríguez et al., 2001; Basanta
et al., 2007; Moldes et al., 2007). Notwithstanding,
compost, soil improvers, growing media and any kind of
plant substrate can only be commercialized when they are
exempt of toxic components like heavy metals. In almost

all regulations, the risk of harmfulness of compost is
estimated mainly on the basis of chemical analyses.
Usually, limit values are set for HM because there is a
concern on buildup in soil or transfer through the food
chain, but no requirements have been laid for other
phytotoxic factors such as organic pollutants (Kapanen and
Itävaara, 2001). Nevertheless, the negative effects observed
in the physiology of plants and seed germination are more
frequently caused by an excess of soluble salts or by the
production of ammonia, ethylene oxide, short-chain
aliphatic acids and several phenolic compounds, during
the decomposition of immature compost (Zucconi et al.,
1985).

Some of the toxic compounds responsible for
phytotoxicity may not be easily identified by routine
analytical procedures; in addition, there are no analytical
methods capable of measuring the synergistic and
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antagonistic effects of such toxic compounds (Emino and
Warman, 2004). Therefore, there has been considerable
interest in the development of bioassays to overcome these
limitations. Biological tests can measure the combined
effects of the evaluated materials’ physical, chemical and
biochemical properties on the vegetal development, and
therefore they are particularly useful for compost, since it
is primarily used as a soil amendment or as plant growing
medium. Nevertheless, the results of these tests are difficult
to attribute to a specific property of the evaluated material,
so if a phytotoxic effect of a certain material is observed,
further investigations must be carried out to identify the
specific cause (Pascual et al., 1997; Baumgarten and
Spiegel, 2004).

Some standardized methods for the evaluation of
the toxicity of chemicals and other pollutants, based on
the effects on the emergence and growth of higher plants,
have been laid out by organizations like the OECD
(Organisation for Economic Co-operation and
Development) or the ISO (International Organization for
Standardization). Although biological tests specifically
designed for compost evaluation have been laid in Australia
(Committee CS/37, 1999), the USA (TMECC, 2001), or
Germany (Federal Compost Quality Assurance
Organization, 1994), a standardized method for the
evaluation of compost phytotoxicity does not exist in
Europe yet. The main problem for the application and
interpretation of the existing phytotoxicity tests is that they
differ to a great extent, mostly depending on the material
under investigation, in the experimental conditions, e.g.
the plants species used, the duration of the experiment,
the individual procedures for obtaining the extracts to be
tested, or the parameters measured (either the length of
the root, or the dry or fresh weight of the plants) (Iglesias
and Pérez, 1989; Baumgarten and Spiegel, 2004).

Taking this into account, some further research is
necessary to evaluate these tests and to know if similar
responses are drawn by different types of test, as expected
if these are to be used indifferently. The aim of the present
work is to find correlations between compost composition
and plant phytotoxicity trough biological tests based on
the procedure proposed by Zucconi et al. (1981), with
modifications in the procedure, and biological tests based
on the direct growth of barley as described by the Federal
Quality Assurance Organization (FCQAO, 1994).

MATERIALS AND METHODS

Composts
The materials evaluated were the following: MSW1

is a municipal solid waste (MSW) compost obtained by
anaerobic fermentation of the biodegradable fraction of
MSW, separated before collection, followed by an aerobic
composting step, to stabilize the incompletely digested
residue. MSW2 is an aerobic MSW compost obtained from

source separated biodegradable fraction of MSW; both
composts were provided by industrial composting facilities
in A Coruña (Spain). MSGW is a commercial compost
obtained from source separated MSW mixed with green
waste, and MGSS is compost from municipal garden
trimmings mixed with sewage sludge; both were supplied
by the industrial composting facility Metrocompost
(Barcelona, Spain). MV is mixed manure vermicompost
supplied by Compourense (Ourense, Spain). CPB is
composted pine bark produced by aerobic composting in
windrows, supplied by Costiña (Lugo, Spain). Two other
common constituents of plant substrates, namely non
composted pine bark (PB) supplied by Dermont (A Coruña,
Spain) and Sphagnum peat supplied by Miksskaar AS
(Estonia), were also analyzed for comparison.

Chemical analysis
For the analysis of the general properties of the

materials the Spanish version of the European CEN
methods for the characterization of soil amendments and
substrates (AENOR, 2000, 2001, and 2002) was followed.
pH and electrical conductivity (EC) were determined in
aqueous extracts (substrate/extractant ratio: 1/5 v/v) of
fresh samples. Total organic matter (OM) was determined
by weight loss on ignition of dried ground samples at 450
ºC, and total organic C calculated multiplying OM by a
factor 0.58. Total N was measured by Kjeldahl digestion
and steam distillation, and water soluble N-NH4

+ by
extraction with distilled water followed by steam
distillation. Total HM were extracted with HCl and HNO3
(3:1 ratio), and available HM with CaCl2-DTPA solution,
and the metals in both extracts were measured by flame
atomic absorption spectrometry (VARIAN 220FS).
Dissolved organic carbon (DOC) was determined by the
wet dichromate oxidation method after 1 h extraction with
water with a solid:liquid ratio of 1:10 (Zmora-Nahum et
al., 2005). The content in phenolic compounds was
determined colorimetrically in water extracts with the
Folin-Denis reactive (AOAC, 1997).

Biological tests
Two tests were run to determine the phytotoxicity

of the composts. The first one consisted on a germination-
elongation test, in which seeds of three species were used:
Lepidium sativum L. (cress), Hordeum vulgare L. (barley)
and Lolium multiflorum Lam. (Italian ryegrass) (Zucconi
et al., 1981; Zucconi et al., 1985; Guerra-Rodríguez et
al., 2001). Aqueous extracts of fresh samples (sample/water
ratio: 1/10 w/v) were obtained after two-hours shaking and
filtered. Ten seeds of barley and cress, and fifteen seeds of
Italian ryegrass were placed on filter paper on Petri plates
(in quadruplicate), and 3 mL of the extracts were poured
in each plate. The plates were then incubated at 28 ºC
during five days in the dark. The number of seeds
germinated and the length of the roots were recorded, and
the germination index (GI) calculated as follows:
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CC L
L

G
G

GI ××=100

where G and L are the germination and radicle
growth of the samples, respectively, and GC and LC the
germination and radicle growth of the control (distilled
water), respectively. From now on, the ratios 100·(G/GC)
and 100·(L/LC) will be referred to as GP and RG for
simplicity.

The second test is that of the German Federal
Compost Quality Assurance Organization (FCQAO, 1994),
which is based on the direct growth of barley on compost
based substrates. Test mixtures with 25 and 50 % of the
material evaluated and a commercial substrate based on
peat were prepared. Basins of 12 cm diameter and 7 cm
height were loosely filled with 400 mL of the mixtures,
nearly to the rim and watered. After a short period for
surplus water to run off, 50 seeds of barley were sown and
the basins were covered with a glass plate to reduce
evaporative water losses. A multinutrient solution (Welgro
Standard Plus commercial; Química Masso S.A.,
Barcelona, Spain) containing 17 % N, 15 % K, 0.13 % Fe,
0.052 % Mn, 0.06 % Zn, 0.02 % B, and 0.005 % Mo was
added to the mixtures in order to obtain 220 mg N L-1, 388
mg P L-1, and 194 mg K L-1. The plant basins remained in
an incubation chamber for 10 days at 20 ºC with a luminous
strength of 2150 lux and a 12 h photoperiod. After ten
days the plants were cut exactly between the root and stalk,
and the fresh weight of the shoots was recorded. The results
were expressed as the ratio of fresh mass yield in the

material tested respect to the fresh mass yield of the
comparison substrate, and will be referred to as FM25 or
FM50.

Statistical analysis
The Pearson’s correlation coefficients between

properties, as well as the linear and logarithmic regression
analyses, were calculated using the SPSS 13.0 statistical
software package.

RESULTS AND DISCUSSION

General composition of evaluated composts
Table 1 shows the general characterization of the

analyzed materials. The MSW composts had the highest
pH values, close to neutrality; while the non composted
substrates (peat and pine bark) presented lower pH values.
High EC values indicate a large amount of soluble salts
that may inhibit biological activity or plant growth.
According to Abad et al. (2001), EC should be lower than
0.5 dS m-1 in 1:6 (v:v) water extracts. In these work, where
the extracts were 1:5 (v:v), only CPB, PB and peat stood
below that level. The OM concentrations ranged from 38
% in MV to 98 % in CPB. The N content ranged from 0.2-
1.8 %, being the low values for PB, CPB and peat
especially remarkable. Compost may be considered mature
when the C/N ratio is approximately 20 or less, unless much
lignocellulosic material remains. In this study, all the
materials were close to or under this value, except PB,

SOMENTA ©2008                                                                     Paradelo et al.: Relationship between heavy metals and ...

Parameter MSW1 MSW2 MSGW MGSS MV CPB PB Peat 

pH 8.4(0) 8.2(0.03) 9.2(0.01) 7.3(0.01) 7.9(0.04) 6.2(0.02) 5.5(0.1) 3.9(0.02) 

EC (dS m-1) 2.3(0.05) 2.4(0.05) 1.2(0.03) 1.4(0.02) 0.7(0.04) 0.4(0.01) 0.04(0) 0.002(0) 

OM (% w/w, dw) 49.0(0.6) 39.7(0.5) 42.9(1.8) 51.5(0.1) 37.6(1.7) 98.1(0.4) 96.8(0.1) 98.8(0) 

TOC (% w/w, dw) 28.0(0.4) 23.0(0.3) 24.8(1) 29.8(0.1) 21.7(1) 57.0(0.2) 56.2(0.1) 57(0) 

DOC (g kg-1, dw) 7.8(1.6) 5.7(0.3) 5.1(0.5) 7.8(0.3) 3.1(0.04) 5.1(0.4) - - 

N (% w/w, dw) 1.7(0.01) 1.5(0.03) 1.7(0) 1.8(0.06) 1.0(0.01) 0.3(0) 0.2(0.01) 0.7(0) 

C/N 17 15 14 15 21 211 230 84 

DOC/TOC 0.029 0.025 0.021 0.026 0.014 0.009 - - 

N-NH4
+ (mg kg-1, dw) 900(14) 18(0) 13(0) 59(0) nd 24(0) 9(2) 36(0) 

Total phenolics 
(g gallic acid L-1) 

0.15(0) 0.11(0) 0.19(0.01) 0.05(0) 0.03(0) 0.05(0) 0.07(0.01) 0.19(0) 

 

Table 1. General properties of the materials (EC: electrical conductivity; OM: organic matter; TOC: total organic carbon; DOC: dissolved organic
carbon). MSW1: municipal solid waste compost from anaerobic digestion; MSW2: municipal solid waste compost from aerobic digestion; MSGW:
composted municipal solid waste and green waste; MGSS: compost from municipal garden trimmings and sewage sludge; MV: manure vermicompost;
CPB: composted pine bark; PB: pine bark. Numbers in brackets are standard errors of the mean. DOC was not determined on PB and peat.

Tabla 1. Propiedades generales de los materiales (EC: conductividad eléctrica; OM: materia orgánica; TOC: carbono total; DOC: carbono soluble).
MSW1: compost de residuos sólidos urbanos obtenido por digestión anaeróbica; MSW2: compost de residuos sólidos urbanos obtenido por digestión
aeróbica; MSGW: compost de residuos sólidos urbanos con restos verdes; MGSS: compost de podas de jardines municipales y lodos; MV: vermicompost
de estiércol; CPB: corteza de pino compostada; PB: corteza de pino. Los números entre paréntesis representan la desviación estándar de la media. DOC
no se determinó en las muestras turba y PB.



urban wastes had the highest, and they even surpassed the
levels allowed in the Spanish regulation for the lowest
quality organic amendments (BOE, 2005). According to
this law, MSW1 exceeded the limit for Cd, MSW2 for Cu,
Cd, Pb and Zn, and MGSS for Cu, and they could not be
marketed as organic amendments. MSGW, obtained from
organic urban waste and green waste, would be categorized
as class C compost, and therefore could not be applied to
agricultural soils in doses higher than 5 t ha-1. CPB and
MV could not be classified as class B due to excessive
levels of Cd and Zn, respectively, and therefore they would
also be class C composts. The fact of these two last
composts being categorized as low quality composts
despite of its origin (pine bark and manure, respectively)
lead us to think that the limits established by the Spanish
law are too restrictive.

The total metal concentration, obtained after strong
acid digestion, is useful as an overall indicator of
contamination, but it provides no information on the
solubility of specific metals, which depends upon their
chemical form (Walter et al., 2006). The quantity of HM
extracted with a chelating agent like DTPA has been
demonstrated to be related to their toxicity for plants (Wong
and Bradshaw, 1982), and the results are well correlated
with the plant uptake for Zn, Cd, Cu, and Ni (Alloway and
Jackson 1991; Singh et al. 1998; Menzies et al. 2007).
For this reason, the CaCl2-DTPA extractable HM
concentrations have been determined, even though the
evaluation of this fraction is not needed according to the
Spanish fertilizers law, and they are shown in Table 3. CPB,
PB, and peat were the poorest, and MSW1 and MSW2 the
richest in DTPA extractable HM. It must be noted the high
extractability of Pb, that reaches 50 % in MSGW and
MSW1. Zn also showed high availability (up to 38 % of
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CPB and peat, whose values were very high (>80) due to
their lignocellulosic nature. The N-NH4

+ concentration was
very similar for all the materials, except in the case of
MSW1, that underwent a first anaerobic decomposition,
and consequently presented a higher N-NH4

+ concentration.
Despite the differences in the C/N ratios, DOC
concentrations were in all cases close to the values given
by other authors for mature composts, namely 0.5 %
(García et al., 1991; Eggen and Vethe, 2001), 0.4 %
(Zmora-Nahum et al., 2005), and 0.31 % (Pascual et al.,
1997). DOC has been related to compost stability, given
that dissolved organic matter represents the most active
fraction of compost, being the fraction most easily
accessible to microbial biomass and therefore most
responsible for compost instability (Said-Pullicino et al.,
2007). As for the phenolic contents, whose decrease with
composting time has been related with the detoxification
of compost (Pascual et al., 1997; Alburquerque et al.,
2006), the MSW composts showed the highest values, what
points out to a major influence of the raw material in their
concentrations. Moreno et al. (2007) also reported higher
phenolic contents in MSW compost respect to composted
sewage sludge, as deduced by its higher o-diphenol oxidase
activity.

Heavy metal determination
Table 2 shows the total HM concentrations, as well

as the limits proposed in the Spanish Fertilizers Law (BOE,
2005) and the phytotoxicity thresholds in soils (Kabata-
Pendias and Pendias, 1984). Although some of the HM
are micronutrients for plants, phytotoxic levels could be
reached if excessive amounts of compost are added to soil.
The composts from vegetal sources presented the lowest
quantities of HM, while the composts obtained mainly from

Table 2. Total heavy metals concentrations in the materials (mg kg-1). MSW1: municipal solid waste compost from anaerobic digestion; MSW2:
municipal solid waste compost from aerobic digestion; MSGW: composted municipal solid waste and green waste; MGSS: compost from
municipal garden trimmings and sewage sludge; MV: manure vermicompost; CPB: composted pine bark; PB: pine bark. Threshold values in the
Spanish Fertilizers Law (BOE 2005) for class A, B and C compost, and toxicity thresholds in soils (Kabata-Pendias and Pendias, 1984). Numbers
in brackets are standard errors of the mean.

Tabla 2. Metales pesados totales (mg kg-1). Valores límite en la legislación española para compost de clase A, B y C (BOE 2005) y umbrales de toxicidad
en suelo (Kabata-Pendias y Pendias, 1984). MSW1: compost de residuos sólidos urbanos obtenido por digestión anaeróbica; MSW2: compost de residuos
sólidos urbanos obtenido por digestión aeróbica; MSGW: compost de residuos sólidos urbanos con restos verdes; MGSS: composta de podas de jardines
municipales y lodos; MV: vermicompost de estiércol; CPB: corteza de pino compostada; PB: corteza de pino. Los números entre paréntesis representan la
desviación estándar de la media.

HM MSW1 MSW2 MSGW MGSS MV CPB PB Peat Class 
A 

Class 
B 

Class 
C Toxicity 

Fe 16191(27) 24418(372) 14368(1438) 24428(286) 18635(1774) 1047(8) 1289(0) 385(14) - - - - 

Mn 302(6) 455(2) 322(5) 406(7) 624(0) 75(2) 96(0) 16(0.3) - - - - 

Cu 325(3) 829(6) 52(1) 688(5) 144(3) 4(0.0) 17(1) 1(0.05) 70 300 400 100 

Zn 608(12) 1149(1) 200(1) 896(13) 689(1) 70(2) 33(0.3) 8(0.1) 200 500 1000 300 

Cd 3.5(1.2) 3.1(0.0) 2.1(0.1) 2.7(0) 2.0(0.0) 2.3(0) 0.9(0.5) 0.1(0) 0.7 2 3 5 

Pb 188(3) 223(14) 62(6) 180(0) 33(9) 14(3) 4(0.0) 2(0.1) 45 150 200 200 

Cr 80(0.2) 77(8) 17(1) 68(4) 23(0) 7(0.0) 4(0.0) 1(0) 70 250 300 100 

Ni 57(0.2) 75(3) 25(1) 71(0) 27(0) 12(0.8) 17(0.5) 1(0.05) 25 90 100 100 

 

Cienc. Tecnol. Aliment. 6(2) 143-151 (2008)                                 ISSN 1135-8122                                   ©2008 SOMENTA



147

the total Zn in MSW1 and 41 % in CPB), whereas Cr and
Ni were the less phytoavailable metals, with extraction
yields fewer than 5 % of the total concentrations. The low
availability found for Ni and Cr can be explained on the
basis of their association to Fe in alloys, as they have been
found to be linked to magnetic particles in MSW compost
(Paradelo et al., 2007).

Biological tests
Table 4 shows the results of the germination-

elongation tests, including the germination percentage
(GP), radicle growth (RG) and the germination index (GI).
According to Zucconi et al. (1985), values for the GI lower
than 50 % mean high phytotoxicity, values between 50
and 80 % mean moderate phytotoxicity, and values over
80 % indicate that the material presents no phytotoxicity.
The values for GI can sometimes reach values over 100,
thus indicating the presence of nutrients or germination
promoters. In the experiment with barley, which is
considered to be tolerant to salinity, but sensitive to the
lack of stability of the compost, all the materials yielded
results for GI between 80 and 125 %, except for MSW1,
which presented moderate phytotoxicity (65 %). This can
be attributed to the presence of high concentrations of
ammonium, as this is the main difference between this and
the rest of composts. In the test with cress, CPB and PB
presented the highest GI values, while MSW2, MGSS, and
MV showed the lowest, being moderately phytotoxic (58-
71 %). Cress is the species most commonly used for
germination-elongation tests, due to its quick germination
and growth, and because it is considered very sensitive to
salinity (FCQAO, 1994), although other authors have found
that it is not possible to distinguish between mature and

immature compost (Emino and Warman, 2004).
Nevertheless, in this work the lowest GI values for cress
did not correspond to the composts with the highest EC,
and no definite cause of phytotoxicity could be stated. The
Italian ryegrass rendered significantly equal results for all
the materials. This species was found to be less sensitive
than others to toxic substances (Moldes et al., 2007), and
our results confirm that this is not an adequate species for
discriminating between phytotoxic and non-phytotoxic
composts.

In what concerns the parameters used to evaluate
the plant response to phytotoxicity, it can be seen that RG
gave values similar to GI, while GP was less variable and
always presented values close to 100 %, thus indicating
that GP is clearly the least sensitive of the two components
of the germination index. So, we agree with the opinion of
Emino and Warman (2004) who stated that root elongation
could be used alone as an indicator of phytotoxicity, due
to its higher sensitivity to phytotoxic factors when
compared to the germination percentage.

Table 4 also shows the results of the FCQAO barley
test. Following this method, a compost cannot be
considered plant-tolerant if the values of FM25 are less than
90 %; additionally, if the FM50 values are above 90 %, the
tested compost can be recommended for use as a blending
component in substrates (FCQAO, 1994). All the mixtures
with 25 % compost rendered results for FM25 above 90 %,
whereas in the mixtures with 50 % compost, MSW1 and
MSW2 yielded values for FM50 under this limit. The
differences observed in the mixtures with 50 % compost
allowed for a better evaluation of phytotoxicity than the
mixtures with 25 % compost, since blending the compost
with a high proportion of a non toxic material can hide the

Table 3. CaCl2-DTPA extractable heavy metals (mg kg-1). MSW1: municipal solid waste compost from anaerobic digestion; MSW2: municipal solid
waste compost from aerobic digestion; MSGW: composted municipal solid waste and green waste; MGSS: compost from municipal garden trimmings
and sewage sludge; MV: manure vermicompost; CPB: composted pine bark; PB: pine bark. Numbers in brackets are standard errors of the mean.

Tabla 3. Metales pesados extraíbles en CaCl2-DTPA (mg kg-1). MSW1: compost de residuos sólidos urbanos obtenido por digestión anaeróbica; MSW2:
compost de residuos sólidos urbanos obtenido por digestión aeróbica; MSGW: compost de residuos sólidos urbanos con restos verdes; MGSS: compost de
podas de jardines municipales y lodos; MV: vermicompost de estiércol; CPB: corteza de pino compostada; PB: corteza de pino. Los números entre
paréntesis representan la desviación estándar de la media.

SOMENTA ©2008                                                                    Paradelo et al.: Relationship between heavy metals and ...

HM MSW1 MSW2 MSGW MGSS MV CPB PB Peat 

Fe 738(64) 864(14) 309(8) 210(5) 942(1) 31(1) 625(10) 69(0) 

Mn 59(2) 70(0.8) 56(0.5) 48(2) 142(3) 11(0) 6(0.0) 8(0.5) 

Cu 82(8) 153(4) 3.3(0) 6.1(0.6) 32(0.3) 2.5(0) 0.7(0) 0.9(0.5) 

Zn 231(3) 267(3) 41(0.4) 50(0.6) 228(5) 29(4) 6.1(0) 4.5(0) 

Cd 0.5(0) 0.4(0) 0.2(0) 0.2(0) 0.2(0) 0.6(0.5) 0.1(0.08) 0.1(0) 

Pb 127(2) 92(9) 34(1) 34(2) 17(0.3) 6.3(2) 3.7(0.5) 8.8(0.9) 

Cr 1.7(0) 0.7(0) 0.4(0) 0.5(0) 0.8(0) 0.4(0.2) 0.2(0) 0.2(0.1) 

Ni 5.8(0) 5.1(0) 0.7(0.1) 0.8(0) 1.7(0) 2.6(0) 1.1(0) 1.9(0) 
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effects of whatever toxic substances present in compost.
Although other authors consider that composts can be
diluted for these tests, we agree with the opinion of
Baumgarten and Spiegel (2004) that, in general, compost
has to be tested undiluted, although it could additionally
be tested diluted, taking into account its final use.

Globally, the two types of tests gave different
qualitative results: according to the direct growth test,
MSW1 and MSW2 could be considered phytotoxic;
according to the germination test with barley, only MSW1
is phytotoxic, while with cress, MSW2, MGSS and MV
would be considered as phytotoxic.

Table 4. Germination percentage (GP), root growth percentage (RG) and germination index (GI) obtained in the germination-elongation test as
compared to the indices obtained in the direct growth test (FM25 and FM50). MSW1: municipal solid waste compost from anaerobic digestion; MSW2:
municipal solid waste compost from aerobic digestion; MSGW: composted municipal solid waste and green waste; MGSS: compost from municipal
garden trimmings and sewage sludge; MV: manure vermicompost; CPB: composted pine bark; PB: pine bark. Different letters in each row mean
significant differences at P < 0.05 upon Duncan’s test. *The direct growth test was not run on PB and peat.

Tabla 4. Porcentaje de germinación (GP), longitud de la raíz (RG) e índice de germinación (GI) obtenidos en las pruebas de germinación-elongación en
comparación con los índices obtenidos en las pruebas de crecimiento directo (FM25 y FM50). MSW1: compost de residuos sólidos urbanos obtenido por
digestión anaeróbica; MSW2: compost de residuos sólidos urbanos obtenido por digestión aeróbica; MSGW: compost de residuos sólidos urbanos con
restos verdes; MGSS: compost de podas de jardines municipales y lodos; MV: vermicompost de estiércol; CPB: corteza de pino compostada; PB: corteza
de pino. Letras diferentes dentro de cada fila indican diferencias significativas en la prueba de Duncan para P < 0,05. *El test de crecimiento directo no se
realizó a las muestras PB y turba.

  MSW1 MSW2 MSGW MGSS MV CPB PB Peat 

Germination test         

GP 95a 106a 99a 99a 99a 110a 95a 101a 

RG 71c 80bc 102ab 83bc  112a 115a 107a 100ab 

Barley 

GI 65c 82bc 100abc 80bc  109ab 125a 87bc 102ab 

GP 100a 96a 96a 98a  93a 100a 89a 93a 

RG 113a 101a 121a 93a  114a 95a 101a 105a 

Ryegrass 

GI 112a 97a 119a 90a  107a 94a 92a 99a 

GP 100a 100a 100a 100a  100a 100a 100a 100a 

RG 90cd 58e 121ab 71de  69de 146a 131ab 113bc 

Cress 

GI 90cd 58e 121ab 71de  69de 146a 131ab 113bc 

Direct growth test*         

 FM25 124ab 113b 140a 112b 129ab 125ab - - 

 FM50 56b 33b 106a 95a 111a 119a - - 

 

   Germination test      
  Direct growth test Barley Ryegrass Cress      

Direct growth test          
  FM25 FM50 GI GI GI pH EC N-NH4

+ DOC/TOC Phenols 

 FM25 1.00     0.43 -0.44 -0.03 -0.39 0.46 

 FM50 0.53 1.00    -0.38 -0.96** -0.44 -0.73 -0.37 

Germination test          

Barley GI 0.44 0.77 1.00   -0.49 -0.90* -0.66 -0.97** -0.42 

Ryegrass GI 0.82* 0.01 -0.12 1.00  0.81 0.12 0.36 0.14 0.74 

Cress GI 0.57 0.59 0.60 0.17 1.00 -0.30 -0.57 -0.04 -0.57 0.19 

 

Table 5. Pearson’s coefficients between the results of the phytotoxicity tests (FM25 and FM50: indices obtained in the direct growth test; GI: germination
index) and some chemical properties of the composts evaluated (EC: electrical conductivity; DOC: dissolved organic carbon; TOC: total organic carbon).
*Correlation significant at the 0.05 level. **Correlation significant at the 0.01 level.

Tabla 5. Coeficientes de correlación de Pearson entre los resultados de las pruebas de fitotoxicidad (FM25 y FM50: índices obtenidos por crecimiento
directo; GI: índice de germinación) y las propiedades químicas de las compostas (EC: conductividad eléctrica; DOC: carbono soluble; TOC: carbono
total). *Correlación significativa para P < 0,05. **Correlación significativa para P < 0,01.
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Correlations between chemical composition of
composts and biological tests

Table 5 shows the correlations between the results
of the phytotoxicity tests, and between the tests and some
chemical properties of the composts evaluated as indicative
of phytotoxicity (pH, EC, DOC/TOC, ammonium and
phenolics). Concerning the relationships between
biological tests, the only significant correlation was found
between the germination test with Italian ryegrass and the
barley direct growth test run with the mixtures containing
25 % compost. In what concerns the relationships between
the tests and the compost properties potentially responsible
for phytotoxicity, no significant correlations were observed
for ryegrass or cress. Nevertheless, for barley significant
positive correlations were found between FM50 and the GI
with EC, and between GI and the ratio DOC/TOC. These
results suggest that barley is a good indicator both for
salinity and stability, while cress and ryegrass can hardly
be considered useful for evaluating these aspects of
compost quality in the experimental conditions of the
germination tests.

The Pearson’s correlation coefficients between the
results of the biological tests and the HM concentrations
were also calculated, and are shown on Table 6. PB and
peat were excluded from these calculations because they
are not composted materials and have negligible amounts
of HM. In the germination-elongation tests significant
negative correlations were found between the GI for cress
and the concentrations of Zn, and between the GI for barley
and the Cd, Pb, Cr, and Ni concentrations. For ryegrass,
no significant correlations were found. In what concerns

the indices obtained in the direct growth test run with
barley, they also showed negative correlations with some
total HM concentrations. Namely, for FM25, significant
negative correlations were found only with Cu, while for
FM50 they were obtained with Cd, Pb, and Cr. These results
globally agree with those of the germination test with
barley. The results of the biological tests were also fitted
to a logarithmic model (Table 7). Again, no significant
correlations were found for ryegrass in the germination
test, but the logarithmic model described more accurately
the response of cress to Cu and Zn concentrations, while
new significant correlations appeared for Cr and Ni.

The information obtained from the correlations was
used to propose some guiding values for phytotoxicity
thresholds in composts, in those cases in which the
correlation coefficients were significant.

The concentrations of Pb, Cu, and Zn in the
composts versus the results of the germination test with
barley were fitted by a logarithmic regression, and the
values which would produce values for the GI under 50 %
were calculated for Cr after fitting to both linear and
logarithmic regressions. The same was done with the values
for FM50 and EC to find the value which would produce
values under 90 %. From the analysis of the regressions
(Table 8), we propose 1.3 dS m-1 as a guiding phytotoxic
value for EC in 1:5 (v/v) water extracts, and we can deduce
that concentrations in compost under 807 mg kg-1 for Pb,
1976 mg kg-1 for Cu, 116 mg kg-1 for Cr and 1644 mg kg-

1 for Zn (total contents) do not show phytotoxic effects.
These concentrations exceed the levels of Pb, Cu and Zn
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Table 6. Pearson’s correlations between the results of the phytotoxicity
tests (FM25 and FM50: indices obtained in the direct growth test; GI:
germination index) and the total heavy metal concentrations in the
composts evaluated. *Correlation significant at the 0.05 level. **Correlation
significant at the 0.01 level.

Tabla 6. Coeficientes de correlación de Pearson entre los resultados de
las pruebas de fitotoxicidad (FM25 y FM50: índices obtenidos por
crecimiento directo; GI: índice de germinación) y las concentraciones
totales de metales pesados en las compostas. *Correlación significativa
para P < 0,05. **Correlación significativa para P < 0,01.

 Direct growth test Germination test 
   Barley Ryegrass Cress 
 FM25 FM50 GI GI GI 

Cu -0.86* -0.74 -0.67 -0.50 -0.78 

Zn -0.75 -0.71 -0.63 -0.35 -0.96** 

Cd -0.58 -0.86* -0.84* -0.10 -0.37 

Pb -0.70 -0.89* -0.91* -0.20 -0.66 

Cr -0.71 -0.86* -0.94** -0.19 -0.70 

Ni -0.78 -0.80 -0.85* -0.33 -0.78 

 

Table 7. Values of R2 for the logarithmic regression between the results
of the phytotoxicity tests (FM25 and FM50: indices obtained in the direct
growth test; GI: germination index) and the total heavy metal
concentrations in the composts evaluated. *Correlation significant at the
0.05 level. **Correlation significant at the 0.01 level. ***Correlation
significant at the 0.001 level.

Tabla 7. Valores de R2 para la regresión logarítmica entre los resultados
de las pruebas de fitotoxicidad (FM25 y FM50: índices obtenidos por
crecimiento directo; GI: índice de germinación) y las concentraciones
totales de metales pesados en las compostas. *Correlación significativa
para P < 0,05. **Correlación significativa para P < 0,01. ***Correlación
significativa para P < 0,001.

 Direct growth test Germination test 
   Barley Ryegrass Cress 
 FM25 FM50 GI GI GI 

Cu 0.31 0.49 0.70* 0.00 0.85** 

Zn 0.31 0.42 0.54 0.01 0.97*** 

Cd 0.39 0.73* 0.69* 0.03 0.14 

Pb 0.28 0.66* 0.91** 0.00 0.49 

Cr 0.37 0.65 0.89** 0.00 0.67* 

Ni 0.42 0.61 0.82* 0.02 0.69* 
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allowed in the Spanish Law for the marketing of compost,
whereas the concentration was similar for Cr.

No significant correlations were found between the
total and CaCl2-DTPA extractable concentrations of each
element, except for Mn (r2 = 0.88, P > 0.05). The
relationship between this fraction (considered to represent
the available HM forms) and the results of the phytotoxicity
tests were also examined (data not shown). Significant
negative correlations were only found for extractable Pb
and the GI for barley (R2 = 0.91, P > 0.05) and for
extractable Ni with the FM50 (R

2 = 0.86, P > 0.05). These
results show that the fundamentals of the phytotoxicity tests
deserve further attention in order to explain the effect of
the various phytotoxic factors and the sensitivity of the
procedure followed.

CONCLUSIONS

Germination-elongation tests were suitable for the
analysis of the combined action of various phytotoxic
factors in composted materials, showing significant
negative correlations with electrical conductivity and the
concentrations of some heavy metals especially with cress
and Zn and Cu, and between barley and Pb and Cr. The
radicle growth was the most sensitive parameter used for
the calculation of the germination index, while the
germination percentage had little influence in the global
results. As for the choice of the plant species, barley was
globally more sensitive than cress, while Italian ryegrass
was definitely not suitable for this test. The comparison of
the germination-elongation test to the direct growth test
showed that the direct plant growth in mixtures with 50 %
compost allowed for a better evaluation of phytotoxicity.
Among the studied composts those coming from urban
waste gave the highest concentration of HM, some of them
surpassing the levels allowed in the Spanish regulation for
the lowest quality organic amendments.
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