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ABSTRACT

Municipal solid waste compost can provide a riclgamic nutrient source and soil conditioner
for agricultural and horticultural applications. Teomparison three techniques of estimating
phytotoxicity of municipal solid waste compost, éffect of different aqueous extracts obtained
from municipal solid waste compost and differenting ratios of sand-compost on the seed
germination and early seedling growth of cress (depn sativum L.), isabgol (Plantago ovata
Forsk) and cumin (Cuminum cyminum L.) were studhiedioassay. The aqueous extracts of
compost strongly inhibit plant germination and ragiiowth of cress. The germination index
values obtained for compost extracts were low, wéwnpared with that of the control. Latent
toxicity of compost for different plant speciesnsed not to be severe. However, when cress
isabgol and cumin were germinated in a sand-compusture (25:75 and 50:50), germination
of cress was completely inhabited, with a seveucddn of the isabgol and cumin root growth.
To avoid negative effects of compost on crop, neugiermination bioassay should be included
in education program for farmers. This showed emeamarketing and consumer acceptance of
municipal solid waste composts.
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INTRODUCTION

Urbanization and industrialization, especially iavdloping countries, has accumulated huge
amount of municipal wastes. High requirements argy for municipal waste incineration and
limitation that exist in the landfills, as well agany other environmental issues focused attention
to waste recycling and compost application to adpical lands [11]. In recent years, activities
have been done in municipal solid waste recyclintan.
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In the municipal solid waste recycling plant of Mhad and similar factories in Tehran, Karaj,
Isfahan and Shiraz, massive amounts of daily uvaste is converted into compost. In recent
years the research on the effects of compost osigiehemical properties of soil showed that [4,
11] addition of compost to soil increase organidteraand nutrient (micro and macronutrients)
of soils, improve soil physical properties. Complogs more than 1.5% Nitrogen (N), which is a
good source of N for plants. In addition to, contpasgpplies partial requirements of plant to
phosphorus and micronutrients [15]. Studies of Batand et al. [2] on short and medium term
effects of various organic fertilizers (sewage gkidmunicipal solid waste compost and cow
manure) on soil physical properties revealed thdid swaste compost and sewage sludge
incorporation into soil increase aggregate stahbilit

Demand for compost waste application on agricultlarad is increasing. In comparison with
chemical fertilizers, the municipal waste compasintains relatively low amounts of mineral
elements [19]. Low nutritional value of compostrajowith low mineralization rate of compost
may cause the plants to require a large quantitgoofipost in order to supply their needs to
nitrogen and phosphorus [9]. Heavy metals in mpaicwaste compost in associated with
irrigation water may be permeate into the grountewar increase heavy metals content of soil
and plant and will be harmful for germination, gtbvand yield of crops. Therefore, researchers
should study the effects of municipal waste composgermination, emergence and early stages
of plant growth.

Compost maturity can be assessed using physicainichl or biological technique [10].
Toxicity to plants (phytotoxicity henceforth) is ®of the most important criteria to evaluate the
suitability of compost in agricultural crops [3, Bl]. Phytotoxicity mainly caused by increasing
the solubility of heavy metals, or toxic substansegh as ammonium, ethylene oxide and
organic acids [10].

Germination Index (Gl) is one of the most importéaxttors for evaluating compost. A large
number of previous studies are about the crop respto compost based on assessment of its
positive effects on growth and yield in an atteriptdetermine the appropriate amount of
compost used for different crops [9, 12], and feyarts are available about the negative effects
of compost in the early stages of germination ar@vth. More studies are essential on the
effects of compost, especially in plants such assiepidium sativuni.) or other medicinal
plants which are sensitive to toxic substances T8 present experiment was performed to
compare three techniques of evaluating phytotoxioft municipal solid waste compost on
germination and early growth of three plants oksresabgolRlantago ovata=orsk) and cumin
(Cuminum cyminurh.).

MATERIALSAND METHODS
Compost characterization

Compost used in this study was purchased from ¢hgpost factory in Mashhad, Iran. Table 1
shows some physicochemical characteristics ofdit@sd compost.
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Phytotoxicity test of compost on cress developed by Zucconi

Cress was selected for this bioassay due to havgmpd response to toxic materials and also its
rapid and easy germination [24]. For evaluationtptoxicity of compost, samples of compost
were mixed with water to 120% humidity (in termswedight-by- weight, w/w). Aqueous extract
of the mixture centrifuged for 30 min at 70 °C. Halmilliliter of solution containing 10% or
30% extract of compost (the most suitable conceatrafor toxicity assessment based on
Zucconi et al., 1985 [24]) was added to a Petrn disntaining 10 seed of cress. A no-extract
control treatment, were only deionized water wadeddto the soils, was included to determine
whether each extract caused a response.

After 24 hours storage at 27 °C in the dark, 1 im¢tbanol (50%) was added to Petri dishes to
stop the germination. A seed is classified as geated once the radicle is 4X the length of the
seed coat [22]. The number of germinated seedstl@dadicle length were measured and
expressed as percentage of the control.

Germination Index was calculated using the follayiormula:
Germination Index (Gl) Z (Gt/Tt),
where Gt is the number of seeds germinated on dag Tt is the number of days [17].

Germination and seedling growth bioassays were wted in a complete randomized design
(CRD) with four replications and the mean valuesenvseparated on the basis of Duncan
Multiple Range Test (DMRT) at a probability levél®05.

Assessment latent toxicity of compost

Latent toxicity of compost was estimated using iinethods described by Zucconi et al. [24].
Briefly, this test consists of making a mixtureaoimpost and water (10% W/W), incubation of
mixture at 27 °C for 10 days under aerobic condgioThen, this extract was filtered (using
Whatman filter paper No. 42). Stock solution walsitdid appropriately with distilled water to
give the final concentrations of 10% and 30%.

Ten seeds of cress, cumin or isabgol then gerndnitesterilized Petri dishes, 100 mm in
diameter, on filter-paper moistened with 0.5 mLedher 10% or 30% solution. Distilled water
was the control.

After 48, 72 and 96 h of wetting, seed germinapercentage, Gl and root length was measured.
Each treatment was repeated 5 times. Data analygiad a completely randomized design, and
the mean values were separated on the basis of DAMRprobability level of 0.05.

Sowing of seedsin a mixtur e of sand and compost

Another germination test was conducted on cresgjrcand isabgol using a mixture of sand and
compost. Ten seeds of cress, cumin or isabgol plarged in a mixture of sand and compost.
Compost and sand were mixed (volume basis) at gsatios of 75 to 25 and 50 to 50 compost
and sand. Experimental design used in this study aveompletely randomized design with six
replications. Six containers filled with sand wdested as a control. The containers kept
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saturated by regular watering. After 48, 72 andh9the number of emerged seed were counted.
Then, seedlings were harvested and Gl and lengtdafle and shoot was measured.

RESULTSAND DISCUSSION

Toxicity test of compost on cress

Harmful impact of compost especially low-qualityngeost produced from municipal solid waste
on germination and early growth of crop have beately reported [20, 21]. Decomposition in
the compost continues without complete stabilizatjgrocess. Decomposition of compost
produces the secondary metabolites which createnpleasant odor and can be toxic to plants
and affect germination and emergence of crops [24].

The results of the germination, radicle length &if cress seeds after 24 h as affected by the
0.5 ml of 10% and 30% extract of compost are prieskim Fig 5 a, b and c.

Germination percentage, radicle length and Gl dédf@ong different extract of compost. In this
study, extract of compost produced smaller seeglingomparison with the control. Hoekstra et
al. [8] in their study on effects of cattle dung garmination and initial root growth of cress
achieved similar results.

Assessment latent toxicity of compost

This bioassay was done for assessment of compgsitpkicity. The results showed that in the
cress germination completed after 48 h in distilledter. With regard to compost extract,
however, 96 h was not enough for complete gernunaind the seeds germinated until the third
day. Compost extracts significantly reduced gertonaof cress seed compared to the control.
No statistically significant differences have bdennd to exist for radicle length after 48 h
between the both extracts of compost and controllevafter 72 and 96 h, seedling grown with
compost extracts had lesser radicle length compartdthat of the control. Strong correlation
exists between germination and root length withréegf compost maturity [6]. Germination
index has been used in many studies as a methoelv&bnating the quality of compost [14].
Observed inhibitory effect of compost extract omngeation and growth of young seedlings is
probably due to the high EC [1], and other toximpounds such as ammonia [7], heavy metals
[1], ethylene oxide [23], short-chain aliphatic d&i[16] and various phenolic compounds
produced during anaerobic decomposition [13, 24h@compost.

Toxic compounds present in the compost extractittéglimpact on seed germination of isabgol
and cumin. This could possibly be due to the lessasitivity of these plants than cress to
substances that inhibits germination. The effect@ and 30% extracts of compost on radicle
length only at 48 h after wetting seeds was evidefiect of fertilizers decreased with time at 72
and 96 h. Cumin and isabgol root length was sigaiifily different from control only in the third
and fourth days. On the fourth day soaked seeti®il30% of extract had greater radicle length
in comparison with that of the control. Germinatioex 10% and 30% extracts for all three
species were greater in comparison with that ottrarol (Table 1).
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Lower latent phytotoxicity of compost than phytototy of compost may be due to rapid
decomposition of compost during the 10-day of aerobndition. Zucconi et al. [25] argued that
latent phytotoxicity of compost is associated vdthration of aerobic degradation of compost.

Table 1: Physicochemical characteristic of soil and compost

Parameter %gg 9y oM* T?\Ital P K Na | Fe | Cu | Mn | zn |Pb | Ni | Cd | Cr | Co
p — -
m) %) g kgh (mg kg-)
Sail 23| 7.2 0.2 0.04| 17|06 14| 21| 16| 22| 23| 2| 3|03| 14| 3
Compost 77175 58.3 2.67|28.9|2.7|2.49| 798| 139| 173|634(80| 19| 3.6 | 30.4| 15

* Electrical Conductivity
* Organic Matter

Table 2- Effect of extract concentration on germination percentage, radicle length and Germination index of
cress, cumin and isabgol

Time . Germination(% compared Radicle Germination
Plant () Extractconcentration(%) with control) length(mm) index (%)
0 100 a 114 a 100.0 a
48 10 70b 115a 706 b
30 68 b 121 a 72.2 a
@ 0 100 a 174 a 100 a
g 72 10 94 a 16.3 a 88.6 b
© 30 86 b 14.2b 70.2¢
0 100 a 234 a 100.0 a
96 10 94 a 21.3b 85.6b
30 98 a 20.7 a 86.7b
0 22 0.8 100.0
48 10 - - -
30 - - -
£ 0 48 a 59a 100.0 a
€ 72 10 22 b 6.6 a 51.2 b
o 30 26 b 53b 48.7 ¢
0 52 a 149b 100.0 a
96 10 46 b 15.7a 93.3b
30 50 a 146 Db 94.2 b
0 12 2.0 100.0
48 10 - - -
30 - - -
g 0 46 a 4.7 a 100.0 a
8 72 10 48 a 4.1b 91.7b
o 30 40 b 49a 90.2b
0 54 a 114c 100 a
96 10 48 b 106 ¢ 82.6¢c
30 46 b 12.6 a 94.2 b

* Values followed by the same letter within the samlumns do not differ significantly at P = 5% anding to DMRT.

They indicated two-months of aerobic decomposittampletely eliminate phytotoxicity of
compost.
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Sanchez-Monedero et al. [18] in a similar experimeported a positive correlation between
extract concentration and decrease in germinatit Eklind et al. [6] observed that household
waste compost or chicken manure reduced the gramdrgermination of lettuce seeds.

Sowing of seedsin a mixtur e of sand and compost

In order to evaluate the direct effects of compmsthe germination and development of root
system, the effect of mixing ratios of sand-compmstthe seed germination and early seedling
growth of cress, isabgol and cumin were studieeédSef cress, isabgol and cumin were planted
in a container containing mixtures of sand and cashpThe compost in both mixing ratios
completely stopped germination of cress seeds aodgdy reduced germination of cumin and
isabgol seed. Strong inhibitory effect of compasigermination of three species was due to high
EC and high amount of sodium in municipal solid tgampost.

Table 3- Effect of different mixing ratios of sand:compost concentration on germination per centage, radicle
length and Ger mination index of cress, cumin and isabgol

Plant Time (h) Mixing ratios of Germination(% Radicle Germination index
sand-compost(%) compared with control) length(mm) (%)
100:0 100 a 11.5a 100 a
48 75:25 Ob Ob 100.8 a
50:50 Ob Ob 105.2 a
@ 100:0 100 a 211a 100 a
g 72 75:25 Ob Ob 93.7b
© 50:50 0b 0b 81.6¢C
100:0 100 a 310a 100 a
96 75:25 Ob Ob 85.6b
50:50 Ob Ob 86.7 b
100:0
48 75:25 100 a 6.9 a 100
50:50 54 b 24b -
£ 100:0 48 b 3.3b -
g 72 75:25 100 a 13.2a 100 a
o 50:50 44 b 57b 51.2b
100:0 54 b 46D 48.7 c
96 75:25 100 a 179 a 100 a
50:50 76 b 6.5b 93.3a
100:0 55b 8.8b 942 a
48 75:25
50:50 100 a 54a 100
g 100:0 37b 10b -
3 72 75:25 72b 13b -
v 50:50 100 a 10.1a 100 a
100:0 64 b 55b 91.7b
96 75:25 44 b 3.7b 90.2 b
50:50 100 a 149 a 100 a

* Values followed by the same letter within the samlumns do not differ significantly at P = 5% aading to DMRT.

Plant root system development in isabgol and cum@s greater at control in comparison with
both mixtures of sand and compost. These findingg&cate direct negative effects of compost
with the seeds and young seedlings despite thetdaigity of the compost extract. Therefore,
direct contact of seed and plant root system witmmost should be avoided. The non-uniform
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germination or damage to plants in the early stajjegrowth has a negative impact on final

yield of crop.
a
100 - b
80 -
< 60 - ¢
a : 40 -
E 2.
0 ; ;

control 9610 24630

Germination (%)

14 |

10

Radiclelength (mm)
[ T O N = T =

control 2610 2630

100 4

80 A

40 -

Germination Index (%)

control 2510 2430

Fig. 1- Effect of extract concentration on germination per centage (a), radiclelength (b) and Ger mination
index (c) of cress, cumin and isabgol. Values followed by the same letter within the same columns do not
differ significantly at p =5% accordingto DMRT.
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CONCLUSION

The results showed that simple bioassay consisgganting seeds in the mixture of sand and
compost and monitoring of early root growth can rhbere useful than bioassay of cress
suggested by Zucconi et al. [25]. Toxicity testwmfigcompost before application of compost by
farmers with training programs can be helpful ip&xding the use of these valuable products.
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