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1. Introduction –

In the Mediterranean countries, climate is arid and soils are relatively poor in term of organic matter

and present a low porosity and slow infiltration. On the other hand, the rapid urbanisation is leading to 

increase municipal solid waste production. Therefore, using a good strategy such as composting process, 

solid wastes can be transformed into useful product for agriculture [11]. Moreover, the produced municipal 

solid waste compost (MSWC) has the potential to reduce the dependence on mineral fertilizers and to 

provide a useful nutrient source in organic farming. It commonly replaces farmyard manure whose 

availability in areas of intensive agriculture is often very poor. In this regard, many scientific studies have 

shown that MSWC, by their richness in organic matter and nutrients availability, improves soil physico-

chemical properties and therefore enhances crop production [1]. It was shown that application of MSW 

compost not only increases the organic matter content and microbial activity in soil, but also ameliorates 

soil nutrient profile, increases water holding capacity, soil buffering capacity and cation exchange capacity 

and it improves soil porosity [12, 5, 16]. The quality of compost from MSW depends on several factors 

such as the composting process, feedstock source and ratio used, toxic compounds, composting procedure 

and maturation length [12]. The aim of this research was to investigate the impacts of a single land 

application of municipal solid waste compost on soil properties and barley productivity. 

2. Experimental –

2.1. Experimental design

The field-scale experiment was conducted at the field experiment of the Institute of Arid Regions (IRA),

located in south-eastern Tunisia, north-east of the city of Medenine. The climate of this site is typical 

Mediterranean, semiarid to arid. Climatic conditions are characterized by a mean annual rainfall of 150 

mm, and mean annual temperature varying between 18 and 20 °C. 

The used soil had a sandy texture with low organic carbon content and was classified as isohumic sierozems. 

Municipal solid waste compost was produced under aerobic conditions by mixing a separated organic 

fraction of household rubbish with garden waste and arranging the mixture into rows of long piles. The 

experimental protocol was set up using four treatments with three replicates distributed in three completely 

randomized blocks. These treatments were: control C (without amendment) and three rates of municipal 

solid waste compost (C1:20 t ha-1; C2: 40 t ha-1 and C3: 60 t ha-1). Every replicate plot had a 1-m2 surface 

(1m*1m), separated from each neighboring plot by a buffer zone of 0.70 cm. MSWC was incorporated into 

soil to 10-20 cm depth owing to manual hoeing. Throughout this field study, plots were manually weeded 

every month to avoid uptake of the amendments by plants. All plots were cultivated with Barley (Hordeum 

Vulgare). After harvest, surface soil (0-20 cm) and barley plants were sampled from each replicate plot. 

Barley plants were collected to obtain grain yield, thounsand grains weight (WTG) and total nitrogen 

content in grain, straw and roots. 

  2.2. Physico-chemical analysis of soil 

    Soil samples were dried, crushed and passed through a 2-mm sieve before subsequent analysis.The pH 

and electrical conductivity (EC) were recorded in 1:2.5 and 1:5 (w/v) soil/water extracts, respectively. Total 

organic carbon (TOC) was determined by dichromate oxidation and subsequent titration with ferrous 

ammonium sulphate [4].  
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Total nitrogen (TN) was determined using the Kjeldhal method. Available phosphorus (P) was determined 

colorimetrically using the molybdenum blue method [13]. Potassium (K) was assayed by  flame photometer 

(flame photometer, Sherwood M410, UK).  

  2.3. Plant analysis 

  At the end of the experiment, barley plants were carefully washed with deionized water. The plants were 

then separated into grain, straw and roots, and dried at 70°C for 48h and then ground in a stainless steel 

mill for chemical analysis. The determination of nitrogen content was carried out following Kjeldahl’s 

method. Plant grain yields (GY) were collected and weighed after harvest. Values were expressed in gram 

per meter (g /m2).  

3. Results and Discussion –

The application of MSWC improved all soil chemical properties as function of compost application rates.

The influence of MSW compost on soil physico-chemical properties and barley productivity is presented 

in Table I. 

pH is a key soil physical property characterizing the quality and the productivity of agricultural soils. It is 

an important factor that influences the metal mobility, availability to plants and their concentration in the 

soil solution [9]. The single application of MSW compost did not have a great impact on soil pH. Indeed, 

pH values increased by 1% in comparison between the higher pH value (C2) and the control (C). Our results 

showed the ability of the soil to maintain a constant pH [7]. The same trend was also observed by Zoghlami 

[8] who reported a variation of pH within the neutral range after two successive sludge amendments.

Electrical conductivity reflects the total amount of dissolved ions available in the water or the salinity of

the soil [15]. Our results showed that soil electrical conductivity (EC) was increased after compost

application. An  interaction between  soil  and  MSW compost  was  detected  for  EC  after harvest time.

The highest (EC) value was recorded in the 60 t ha-1 treatment (1960µS cm-1). It did not lead to soil

salinization that generally admitted at EC values ≥4000 µScm-1 [10]. For instance, Papafilippaki [2] pointed

out that the addition of 150 t ha-1 MSWC  increased soil EC from 600 µScm-1 to 2000 µScm-1. Furthermore,

the addition of municipal solid waste compost enhanced the soil fertility parameters such as OM, N, P and

K. Soil organic matter (SOM) is considered to be a key factor and an important indicator for sustaining soil

fertility and productivity as it covers the major reserves of essential nutrients for plants and microorganisms

[17]. In the current study, the addition of municipal solid waste compost enhanced the organic matter for

all rates.  In particular, the addition of the high rate (60 t ha-1)  resulted  in a significant elevation of  organic

matter content to 19.5%  as compared to control. Similar results were obtained by Papafilippaki [2] who

found that the soil organic matter increased by the MSW compost application, especially at the highest

application rates (150 t ha-1). The improvement in soil total nitrogen was more effective with MSWC

addition. MSW compost addition had impacted positively on soil total nitrogen showing an increase of TN

with dose. In fact, soil total nitrogen increased from 0.023 % in the control treatment to 0.028 % ,0.030 %

and 0.040 % in the 20 t ha -1, 40 t ha -1 and 60 t ha -1 municipal solid waste compost treatments, respectively.

This would be due to the initially high compost TN contents. Papafilippaki [2] showed that the incorporation

of municipal solid waste compost at both rates (60 and 150 t ha -1), increased TN   in all soil sampling.

The same effect was noticed by Ben Achiba [20] who reported that the soil total nitrogen at depth 0-20 cm

in loamy clay soil was higher in plots amended with municipal solid waste compost during 7 years than in

controls plots. It reached a maximal values (2.8 g Kg-1) at the highest rate (120 t ha-1).

Furthermore, our results show a decrease of C/N ratio with MSW compost dose. In fact, C/N value  was

decreased in relation to the untreated  soils by 33 %  in the plots amended with the high rate (60 t ha-1).

This funding could be explained by a high production of TN in soil which increased the organic matter

decomposition rate. This hypothesis was confirmed by the relationship between C/N and TN which is

highlighted by significant correlation (r= -0.991, P<0.01).

The content of exchangeable K was increased by the application of MSW compost, proportionally to the

added rates. At the highest application rate (60 t ha-1), the exchangeable K was increased in relation to the

untreated soils by 30 %. Similar results were reported by other  researchers [3,14].

The addition of MSW compost at different rates showed an increment of  available soil P concentrations at

0-20 cm depth. In plots amended at the highest rate, P increased 53%  as compared with the control. In line

with this result, Sarwar [6]  reported an increase in available P from 5.72 mg kg-1 to 27.55 mg kg-1 with the

application of 24 t ha-1  of compost. According to Sarwar [6]  the increase in P with compost application

could be due to the addition of P through compost in excess of removal by the crop.
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Data obtained on barley grain yields  (GY) showed a noticeable increase with all treatments when compared 

to the control, with a significant correlation between OM and GY (r=0.978, P<0.05).The addition of 60 t 

ha-1 of MSW compost increased plant yield by 17% as compared to the control . Ben achiba [19] found that 

the addition of MSW compost, during five repetitive years increased the wheat grain yield from 15 q ha-1

in the control treatment to 25.3 and 34.6 q ha-1 when 40 and 80 t ha-1 of compost was applied, respectively. 

Thounsand grains weight (WTG) plays a significant role in economic yield determination. The highest 

observations were obtained from MSWC application with 60 t ha-1 followed by 40 t ha-1 then 20 t ha-1 and 

then the control treatment respectively.  A relationship between CE and WTG is highlighted by significant 

correlation coefficient (r=0.966, P<0.05). 

The increase in nutrient absorption (particularly in root nitrogen content) with compost dose is due to the 

increase of OM (r=0.913, P<0.05).  

Moreover, an increase of the amounts of nitrogen in  roots (RN) was found, which was dependent to the 

incorporated amount of municipal solid waste compost. Compared to the control, application of the highest 

rate (C3) increased  the RN content  by 24%. This is in agreement with Mbarki et al [18] who found that 

all rates of compost augmented the N content in roots. 

Table I. Pearson correlation matrix between all soil and plant parameters 

PH CE TN OM C/N WTG GY RN SN GN 

PH 1 0,011 -0,048 0,439 -0,017 0,163 0,362 0,068 -0,913 -0,852

CE 1 0,791 0,391 -0,856 ,966* 0,571 0,578 -0,414 -0,053

TN 1 0,779 -,991** 0,883 0,882 0,949 -0,304 0,324 

OM 1 -0,757 0,614 ,978* 0,913 -0,595 0,032 

C/N 1 -0,937 -0,873 -0,915 0,385 -0,218

WTG 1 0,761 0,738 -0,548 -0,072

GY 1 ,954* -0,595 0,052 

RN 1 -0,333 0,341 

SN 1 0.772 

GN 1 

Pearson product-moment correlation coefficients (r) marked in bold and marked with * are significant at P 

= 0.05 those marked with** are significant at P = 0.01 

4. Conclusions -

Single application of MSWC is a useful strategy to raise soil nutrient quality, organic status and plant

productivity. Nonetheless, long-term field experiments are needed to evaluate completely the long- term

effects of single compost application in sandy soils.
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