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ABSTRACT

Application of municipal compost to agricultural soil can be helpful to solve municipalities problem related
to the ever-increasing production of waste. Compost has been identified as an alternative chemical fertilizer
to increase soil fertility and crop production. In this study the capacity of the compost made from urban wastes
to enhance seedling emergence grown in potting soil is investigated. Four treatments were established based
on the addition of increasing quantities of composted urban wastes to soil (1:2.5, 1:5, 1:7.5, 1:10 compost to
soil ratio, v/v). Physicochemical analyses of the different mixtures were made. Plant growth, biomass
production, micronutrients, macronutrients, and heavy-metal contents of plant and soil were determined. The
addition of compost resulted in an increase of pH, electrical conductivity of growth media, and macronutrients
(N, P, K, Ca, Mg), micronutrients )Fe, Cu, Mn, Zn, B) and heavy metal (Pb, Ni, Cd, Cr, Co) of plants and
growth media. The highest germination, growth rate, shoots and roots dry weight was obtained with the
medium prepared by mixing ratio of 1:5 compost and soil. The mixture ratio of 1:2.5 had the lowest
germination and growth of seedling. Both toxic constituents and nutrient imbalances may be responsible for
the growth-inhibiting effects of the municipal compost in the treatments. The addition of compost to growth
media increased plant nutrient and heavy metal contents of plants. Excessive application of municipal compost
to agricultural soil may lead to deleterious effects on crops.
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Introduction

Urban waste production has increased due to increasing population and expansion of cities. Populous cities
such as Mashhad in Iran produce more than 1200 tons of waste every day. (Bahmani, 2005). Dense urban
waste, particularly in populous areas, has forced urban planners to proper management of waste disposal. One
of the appropriate methods of waste disposal management is recycling it into compost manure
(Khoshgoftarmanesh, 2003). 

Commercial production of compost from municipal waste is a useful method for getting rid of too much
waste produced in large cities. Compost, as an effective mulch surface to increase the amount of soil organic
matter, improves the soil structure and the water storage capacity of the soil, controls the growth and spread
of weeds and provides a long-term source for nutrient supply of the farm (Aoumare, et al., 2003; Chodak, et
al., 2001; Gonzales, et al. 1990, He, et al., 2000; Levy and Tylor, 2003, Sikora and Enkiri, 1999). In
comparison with chemical fertilizers, compost produced from urban waste often contains relatively low amounts
of mineral elements (Sikora and Enkiri, 1999); this, along with its low-speed mineralization process, may cause
the plants to require a large quantity of compost in order to supply their needs to nitrogen and phosphorus
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(Hornik et al., 1984). Heavy metals with urban waste compost may permeate groundwater or increase heavy
metals content of plants and soil, will be harmful for germination, growth and yield. Therefore, researchers
should study the effects of urban waste compost on germination, emergence and early stages of plant growth.
A large number of previous studies are about the crop response to compost based on assessment of its positive
effects on growth and yield in an attempt to determine the appropriate amount of compost used for different
products (Hornik, et al., 1984; Levy and Tylor, 2003), and few reports are available about the negative effects
of compost in the early stages of germination and growth. More studies are essential on the effects of compost,
especially in plants such as cress or many of those which are sensitive to toxic substances (Hoekestra et al.,
2002). The present experiment was performed for this purpose through testing the possible effects of compost
on growth and dry weight of tomato seedlings in the greenhouse to determine the appropriate amount of
compost and prepare the seed bed for germination and emergence of tomato.

Materials and Methods

Compost and soil characterization

Compost used in this study was purchased from the compost factory in Mashhad, Iran. Table 1 shows
some Physiochemical characteristics of the soil and compost.

Table 1: Physicochemical characteristic of soil and compost
sand silt clay Co Cr Cd Ni Pb Zn Mn Cu Fe Na K P C/N ratio Total N OrganicC pH EC
----------------------- ------------------------------------------------------------------------------------------------------------ ------------------------------------------

(%) (mg kg-1) (g kg-1) (%) (dS m-1)
Soil 45 30 25 3 1.4 0.3 3 2 23 22 16 21 1.40 0.6 1.7 25.8 0.01 0.2 7.2 2.0
compost !5 30.4 3.6 19 80 634 173 139 798 2.49 2.7 28.9 21.8 2.67 58.3 7.5 8.0

Planting the plants and Treatments 

Tomato was selected for this bioassay due to having a good response to soil nutrients and also its rapid
and easy growth. The effects of nutrient deficiency and inhibitory toxic substances in the compost on tomato
are more evident in the early stages of growth. Therefore, in this study seedling growth rate to determine the
beneficial effects and germination percentage to determine the negative effects of compost were determined.
Seeds of tomato CV. Mobil were planted in plastic pots with 10 cm in diameter and 9 cm in height. Compost
and garden soil (loamy texture) were mixed (volume basis) at mixing ratios of 1 to 2.5, 1 to 5, 1 to 7.5, and
1 to 10 compost and soil. 

Experimental design used in this study was a completely randomized design with four replications. Eight
pots filled with soil were tested as a control. Five tomato seeds were planted in each pot and the pots were
irrigated with distilled water during the experiment. The minimum and maximum greenhouse temperature
during the test was 11 and 28 °C 

The number of emerged seedlings in each pot was recorded for each treatment one and two weeks after
planting. At the beginning of the second week and followed by nine consecutive weeks, stem heights were
measured from the soil surface to the upper leaves. The last height measurement was performed after nine
weeks and the length of largest leaf was determined for each plant. Then, plants were harvested from the soil
and separated into leaf, stem and root. The mean weight of stalks, leaves and roots was determined for each
pot after drying at 60 °C.

Analysis of plant, growth media and compost

Harvested samples of plant were washed and oven dried at 55 °C for 72 h and the dried plant parts were
ground to powder. A lot of 1.0 g powder of each plant sample was digested with 10 N HNO3, and sample-
digests were subjected to element analysis by an atomic absorption spectrophotometer (model, Shimadzu AA-
670); and for determining Na and K contents, a flame photometer (model, JENWAY-PFP7) was used.   

The pH (1:1) of each soil sample (5 g, dry basis) was measured with a pH meter (DMP 200, DMS). The
electrical conductivity of soil samples were determined by a digital conductivity meter (Digison model D1-909)
(Klute, 1986). Nitrogen estimations were done by the Kjeldahl method, and available phosphorous was
measured by the Olsen method. Potassium was estimated by Ammonium acetate method (Anonymous, 1988).
Ca, Mg, Cu, Fe, Mn, Cu, Zn, Ni, Cd, Pb, Co and Cr in soil were analyzed by atomic absorption
spectrophotometry (model, Perkin-Elmer 3030) (Moral, et al., 1994). For measuring these elements in compost,
compost was digested by Nitric Acid and Perchloric (Karla et al., 1988) and then extract were used to
measuring elements according to standard methods. Amount of phosphorus in the samples was measured with
a spectrophotometer (model, WAP) and potassium by the flame photometer (model, JENWAY-PFP7). Micro
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and macro nutrients content were determined by Atomic-emission spectrometry.
Finally, analysis of data obtained using packaged software Mstat-C and SAS was performed and

comparison test with Duncan's multiple range. 

Results and Discussion

Physicochemical characteristics of soil

Physiochemical characteristics of growth media were affected by adding different amounts of compost
(Tables 2, 3). As the inherent soil and the compost itself are alkaline, the pH of all treatments is also slightly
alkaline. Based on findings of Andre, et al., (2002) in similar experiment, pH was increased due to sewage
sludge compost application. In this experiment, the mixing ratios of 1 to 2.5 and 1 and 5 compost and soil
significantly increased soil pH in the growth media. 

Table 2: Effect of graded levels of compost on physical and chemical properties of substrate (soil + compost) at the end of experiment
(n=4 except control n=8)

Treatments N (g kg-1) K (mg kg-1) Cl (mg kg-1) Na (mg kg-1) Bulk density EC(dS m -1) pH
(compost to (g cm-3)c
soil ratio)
1:2.5 15.02a* 770.78a 1666.33a 2211.03a 1.20 a 4.30 8.12 a
1:5 14.16a 817.21a 1563.89a 2156.22a 1.19 a 3.62 7.83 ab
1:7.5 12.76b 801.22a 1099.69b 1877.37b 1.20 a 2.54 7.60 b
1:10 12.11c 778.71a 993.21b 1662.73bc 1.20 a 2.32 7.63 b
Control 11.17c 550.82b 878.31c 1310.69c 1.17 b 2.04 7.20 b
Treatments Mn(mg kg-1) Cu(mg kg-1) Fe(mg kg-1) Mg(g kg-1) Ca(g kg-1) K(g kg-1) P(g kg-1)
(compost to 
soil ratio)
1:2.5 98.31a 110.31a 12651.21a 7.13a 50.42a 7.78a 15.21a
1:5 88.87b 81.22b 7210.78b 5.33b 32.08b 6.36ab 9.37b
1:7.5 70.22c 38.23c 6503.13c 3.35b 38.78b 3.72b 6.88c
1:10 69.17c 43.21d 3063.91d 3.26bc 30.52c 3.37b 3.92d
Control 21.87d 16.21e 798.22e 2.90c 29.36c 3.02b 1.67e
Treatments Co(mg kg-1) Cr(mg kg-1) Cd (mg kg-1) Ni(mg kg-1) Pb(mg kg-1) B(mg kg-1) Zn(mg kg-1)
(compost to 
soil ratio)
1:2.5 9.77a 15.21a 1.85a 8.72a 36.01a 35.31a 352.21a
1:5 7.86b 13.27a 1.33b 8.29a 27.33b 31.89b 218.31b
1:7.5 7.27b 11.67b 1.22c 7.87b 23.03bc 29.37b 135.22c
1:10 6.37c 7.20c 1.18c 7.83b 18.66c 23.29c 86.68d
control 3.12d 1.30d 0.26d 3.10c 2.23d 15.00d 23.28e
* Values followed by the same letter within the same columns do not differ significantly at P = 5% according to DMRT. 

Table 3: Effect of graded levels of compost on heavy metal concentration of substrate (soil + compost) at the end of experiment (n=4
except control n=8)

Treatments Co(mg kg-1) Cr(mg kg-1) Cd (mg kg-1) Ni(mg kg-1) Pb(mg kg-1)
(compost to 
soil ratio)
01:02.5 1.01a* 0.81a 2.27a 1.57a 0.63a
1:05 0.92a 0.82a 2.17b 1.52a 0.59a
01:07.5 0.91a 0.74b 1.91c 1.23b 0.42b
1:10 0.87b 0.65c 1.28d 1.10c 0.36b
Control 0.71c 0.40d 0.84e 0.91d 0.43b
* Values followed by the same letter within the same columns do not differ significantly at P = 5% according to DMRT. 

Electrical conductivity of the growth media was affected by adding compost. There was direct relationship
between the amount of added compost and EC (r2=0.90). EC value at mixing ratio of 1:5 compost and soil
could be harmful for salt-sensitive plants. According to some researchers (Levy and Taylor, 2003) tomato has
moderate tolerance to salinity of soil. After application of waste, an increase in the electrical conductivity of
soil has also been reported in other studies (Khoshgoftarmanesh, 2003; Bahmani, 2005). The increase in
nutrient concentrations in soil solution after using compost reduces the activity of soil micro-organisms (Rietz 
and Haynes, 2003) and affects the micro nutrient absorption by plant (De Pascal, et al., 2005). 

Growth media density slightly increased in the presence of compost, but there was no statistically
significant difference between the values of added compost. Higher concentrations of sodium and chlorine were
observed in treatments containing compost. This increase was more pronounced in chlorine, so that the amount
of chlorine at mixing ratio of 1:2.5 compost and soil was two times higher than the control. Potassium was
statistically similar in all treatments, though higher than the control. The presence of compost increased the
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values of all macro-nutrients. For nitrogen, phosphorus, potassium and calcium, this increase was proportional
to the amount of compost. Nitrogen and potassium showed the lowest increase in comparison to the control. 
Along the increase of compost, the amounts of iron, copper, manganese, zinc and boron increased in all cases. 
Strong correlation was observed between the amount of compost at mixture and iron, copper and zinc (r2=0.95,
0.89 and 0.90 for iron, copper and zinc respectively). The significant increase in iron, zinc and copper was
probably due to the presence of these metals in the waste and their high value in the urban compost. Amounts
of copper and zinc at mixing ratios of 1:2.5 and 1:5 compost and soil exceeds the permitted levels for
agricultural products in some European countries (Haug et al., 2002). Zhang et al., (2000) reported that
compost application increases the amount of copper and zinc in wheat and barley, but the researchers failed
to compare between the amounts of heavy metals leaves and seeds. Amounts of lead, nickel, cadmium,
chromium and cobalt in the mixtures were closely related with the amount of compost (Table 3). The highest
increase was related to lead, chromium and cadmium compared with control. However, the amounts of heavy
metals in the compost and mixtures is less than permitted levels for agricultural products in Europe (Verdonck,
et al., 1987), only the amount of cadmium was more than the amount authorized to use the compost.

Emergence of tomato seedlings

There was no significant difference in the number of emerged seedlings between different amounts of
added compost to soil. Mixing ratio of 1:2.5 compost and soil had a powerful inhibitory effect on seed
germination; in this treatment only an average of 26% of seeds planted and germinated after a week in each
pot (Figure 1). Mixing ratio of 1:5 compost and soil caused highest percentage of emergence of tomato
seedlings; in this treatment an average of 60% of seeds germinated after a week. At the end of the second
week, germination completed in all treatments except for the mixing ratio of 1:7.5 compost and soil (Figure
1). The difference at the end of the second week remained the same as the first week. Almost all seedlings
(90%) at mixing ratio of 1:5 compost and soil and more than 70% of seedlings at mixing ratio of 1:7.5
compost and soil emerged at the end of the second week. Mixing ratio of 1:2.5 compost and soil at the end
of the third weeks was less than other mixing ratios. At the end of the third week no seedlings in any of the
treatments was emerged.

Fig. 1: Percent germination of tomato seeds in different treatments (compost to soil ratio) one week, two
weeks and three weeks after soaking the seeds

Growth of tomato seedlings

Growth of tomato seedlings was at first rapid in all treatments, but approaching the end of experiment,
seedling growth slowed down probably due to the limited size of pot (Fig 2). Table of analysis of variance
divided tomato seedling growth into two separate groups (P< 0.05). Growth rate at mixing ratios of 1:5 and
1:7.5 compost and soil was equal and significantly higher than growth rate at mixing ratios of 1:2.5 and 1:10
compost and soil and control (Fig 2). There is significant difference in growth rate within each one of these
two groups. Differences in growth rate between treatments in both groups were clear from the beginning of
the experiment and remained more or less constant during the whole test period. 
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Fig. 2: Increase the height of tomato seedlings during the 9 weeks after the start of the experiment in
different growth environments (compost to soil ratio).

Differences in growth rate between seedlings resulted in difference in seedlings weight between treatments.
Weight of aerial organs (stem and leaf) in the mixing ratio of 1 to 5 compost and soil were significantly higher
compared to other treatments (Figure 3). Comparison test of Duncan multiple range divided the remaining
treatments into two separate groups. Stem weight at mixing ratio of 1:2.5 compost and soil and control was
less than mixing ratios of 1:7.5 and 1:10 compost and soil. Weight of aerial organs at control was almost half
the weight of the aerial organs at mixing ratio of 1:5 compost and soil.

Fig. 3: Shoot and root dry weight of single plant tomato seedlings 9 weeks after the start of the experiment
at different substrates

Differences in root weight of tomato seedlings after 9 weeks of planting seeds in all treatments had similar
results to the aerial organs (Figure 3). But differences were less evident between treatments in root weight.
Duncan test divided the treatments into two separate groups. Tomato seedlings that had the lowest aerial organs
weight in mixing ratio of 1:10 and control, also showed the lowest root weight between the treatments, but
the difference between the two treatments was not significant. Root weight in the other treatments were
significantly (P<0.05) more than the two mentioned treatments.

Differences in the number of leaves per plant and length of largest leaf (Data not provided) were low
between different treatments. Tomato seedlings at mixing ratio of 1 to 7:5 had the largest and most leaves,
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whereas seedlings grown in control pots were having the lowest number of leaves and the smallest leaves. The
other treatments were between these two. Similar effect of compost on growth media has also been reported
by other researchers (Garcia-Gomez, et al., 2002, Pinamonti and Zorzi, 1996). This impact is mainly due to
the role of nutrients, especially nitrogen and potassium in the compost. Sanchez-Monedero, et al., (1997) in
their experiment using different growth media obtained from mixture of different types of compost and garden
soil found that compost can be used up to 66% without any negative effect on plant growth. In a similar
experiment Pinamonti and Zorzi (1996) reported an increase of respectively 15 and 48 percent in the growth
of cucumber and tomato grown in the growth media produced from 50 percent of sewage sludge compost.

The effect of compost on nutrient content in plant

Concentration of macro and micro nutrients at aerial parts of tomato plants were affected by the treatments
(Table 4). Nitrogen, potassium and calcium in tomato were affected only by the mixing ratio of 1 to 2.5. These
findings showed that significant increase in aerial parts of tomato plant is not related with the amount of
nitrogen, potassium or calcium in growth media. Absence of correlation between the values of this element
in the shoot tissue with added compost treatments was probably because these elements were sufficiently
provided for tomato plant during the whole experiment period. The phosphorus concentration was not affected
by the treatments except for mixing ratio of 1 to 5 in which the amount of phosphorus in the plant was lower
compared to other treatments. Low amount of phosphorus at this treatment was likely to produce high biomass
in this treatment. Amount of magnesium increased in the presence of compost in plant. Sodium in the shoot
tissues of tomato was highest at mixing ratio of 1 to 2.5 and lowest at mixing ratio of 1 to 10. 

Table 4: Effect of substrate macro nutrient (N, P, K, Ca, Mg) and micronutrient (Fe, Cu, Mn, Zn, B) concentration at tomato plant shoot
(Values are means of four replicates except control with eight replicates)

Treatments Mg(g kg-1) Ca(g kg-1) K(g kg-1) P(g kg-1) N(g kg-1) Na(g kg-1)
(compost to 
soil ratio)
01:02.5 6.32a 25.77a 13.91a 7.81a 17.91a 5.91a*
1:05 6.22a 22.18b !2.02b 6.57b 12.66b 3.10c
01:07.5 5.37b 21.66b 12.86b 7.62a 12.33b 3.86d
1:10 5.37b 21.37b 12.22b 7.52a 11.87b 3.81d
Control 3.38c 21.52b 13.11b 7.36a 12.52b 3.37b
Treatments B(mg kg-1) Zn(mg kg-1) Mn(mg kg-1) Cu(mg kg-1) Fe(mg kg-1)
(compost to 
soil ratio)
01:02.5 40.12a 73.21a 58.22a 13.22b 93.12a
1:05 37.23b 68.22b 53.33b 15.37a 89.31a
01:07.5 34.77b 57.33c 50.31b 13.28b 81.79b
1:10 30.41c 50.73d 37.22bc 13.02b 77.21b
Control 26.21d 28.20e 36.11c 9.13c 37.31c
* Values followed by the same letter within the same columns do not differ significantly at P = 5% according to DMRT. 

In most cases, the amount of micro nutrients at aerial parts of tomato plants significantly increased with
increasing compost in growth media especially for Zinc, Iron and Copper. Accumulation in plants was not
related to compost rate. This probably was due to the reduced nutrient availability with significant increase in
pH, in conformity with the findings of Clemente et al., (2004) which found that 0.3 unit increase in soil pH
caused by adding manure decreased availability of iron and zinc for plant. 

Absorption of heavy metals

Study of heavy metals transfer from growth media to plant, is important to avoid entering these dangerous
elements to food cycles and also to optimize their use for agricultural purposes. Authorized values for use of
cadmium and lead at horticultural crops are respectively 0.2 and 0.3 mg Kg-1 based on fresh weight
(Anonymous, 2001). In this study, with regard to the amount of tomato water, cadmium and lead was less than
the above values (Table 5). This increase was lower for lead. Piechalak et al., (2002) reported that root is the
most important place of lead accumulation in several plant species. Comparison between the concentration of
lead and chromium in plant tissues (Table 5) and growth media (Table 3) revealed that transfer of lead and
chromium in the plant and soil is non-efficient and slow. Pichtel and Anderson (1997) observed non-significant
effect of compost produced from urban waste and sewage sludge on values of chromium and lead in the oat
plant. Also Moral et al., (1996) and Navarro-Pedreno et al., (1997) reported chromium concentration gradient
between the fruit to the root at tomato. Cadmium transfer to plants was not directly affected by the compost,
although it had an indirect affect through the accesses to nutrients induced by adding compost to growth media
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(r2=0.90 between chromium plant and soil EC). The relationship between soil EC and concentration of
chromium in plant was probably attributed to the increase in the formation of compounds that can access this
metal for plants (Mc Laughlin, et al., 1996). There was a high correlation between nickel in the aerial organs
of plant and boron at growth media (r2= 0.87), and also at plant tissues (r2= 0.76), probably due to synergism
effect of anions on nickel absorption (Clemente, et al., 2004).

Table 5: Effect of substarate (compost + soil) on heavy metals Concentration (Pb, Ni, Cd, Cr, Co) tomato plant shoot (Values are means
of four replicates except control with eight replicates) 

Treatments Co(mg kg-1) Cr(mg kg-1) Cd(mg kg-1) Ni(mg kg-1) Pb(mg kg-1)
(compost to
soil ratio)
01:02.5 1.01a* 1.02a 2.27a 1.57a 0.63a
1:05 0.92a 0.82b 2.17b 1.52a 0.59a
01:07.5 0.91a 0.74b 1.91c 1.23b 0.42b
1:10 0.87b 0.65c 1.28d 1.10c 0.36b
Control 0.71c 0.50d 0.84e 0.91d 0.43b
* Values followed by the same letter within the same columns do not differ significantly at P = 5% according to DMRT. 

Conclusions

Application of compost produced from urban waste for agricultural purposes is economical and most
efficient method for municipal waste disposal. However, heavy metals and other toxic substances in the
compost may permeate the soil and be absorbed by the crops and affect germination and growth of crops. The
results of this experiment cannot be completely generalized to field conditions, because the mixing ratios of
soil and compost used in this study are much more than the usual amount of compost used for crops in the
field. The results of this experiment shows the growth media prepared from compost and soil mixing usually
provides desirable physiochemical properties for the growth of tomato seedlings and supplies considerable
amounts of the nutrients required for plant mainly P, N and Ca. But the growth media contain relatively large
amounts of toxic elements such as Na and Cd. Therefore, the amount of their use in preparing the growth
media depends on the plant resistance against EC and toxic elements in the growth media.

Use of compost produced from urban wastes, even in mixing ratio of 1 to 2.5 compost and soil, has no
considerable negative effect on the germination and early growth of tomato plants. The highest percentage of
germination and dry weight of tomato plants were obtained in the mixing ratio of 1 to 5 compost and soil.
But, the mixing ratio of 1 to 2.5 result the highest value of macro and micro nutrients at plant tissues.
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