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1 INTRODUCTION  

In the southern region of Tunisia, soils are characterizes by sandy to sandy-loamy texture and a low organic matter 

(OM) contents (0.5-1%). The agricultural areas are mainly amended with manure and mostly by chemical fertilizer. 

This practice ameliorates only harvesting, decline soil properties and proves soil erosion. The using of exogenous 

organic matter as composts for soil amendments is a new management priority in Tunisia for restoring nutrients, C 

and Soil organic matter contents (SOM). This practices improving the physical, chemical and biological properties 

of soils (Christanis et al., 2006). Decreasing of SOM contents, usually leads to the degradation of soil physical 

properties especially soi1 pore size distribution. Consequently, soil has smaller pores, low infiltration rate (Or, 1996) 

and available water / air to plants (Oades, 1984). It is following lead to decrease the soil productivity. The objectives 

of this study were i.e. (i) to investigate physic-chemical properties of organic amendments obtained from 

agricultural wastes composts (almond shell: AS, sesame bark: SB, olive wastes OW, olive cake: OC, olive mill 

wastewater sludge: OMWS obtained from Olive mill wastewater evaporation ponds in Sfax-Tunisia and poultry 

manure: PM) and mixtures of compost/manure (CM), (ii) the evaluation of the fertilizing potential using tomato 

crops comparing to manure and (iii) to evaluate their effects on sandy-loamy soil properties during short-term 

application.  

 

2 MATERIALS AND METHODS 

 Seven treatments designated by TI, TII, TIII, TIV, TV, TVI and M were prepared using agricultural waste composts 

twelve-month old and CM mixtures. The treatment TI was prepared using composted AS with SB, TIII was 

constituted by a mixture of TI and OW and PM compost at the ratio of 70/30% (W/W), TII was the compost of OC, 

SB and coarsens AS and the TV treatment was composed by OW and PM compost. The TIV or CMI and TVI or 

CMII were prepared by mixing treatment TIII and TV, respectively with manure at a ratio of 70% and 30% 

according to Hachicha et al. (2003).  The manure M was used as control. The total nitrogen TN contents were 

determined by Kjeldhal method. The OM was determined by loss on ignition at 450°C until constant weight and C 

calculated by dividing values by 1.724 and cellulose contents (cel.) by Weende method and nutrients contents were 

determined by atomic absorption spectrophotometry. The study was conducted in Sfax (south east of Tunisia 

34°10’N, 10°46’E) in open-air condition during the April- October period. The soil used for the experiment was 

collected from the top 20 cm of the arable earth of agricultural soil of the region. The soil pH and electrical 

conductivity (EC) were determined in a 1:1(w/v) water soil extract. The SOM contents were calculated by loss on 

ignition at 550°C until constant weight. Macro and micronutrients were determined by atomic absorption 

spectrophotometry.  
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TABLE 1  Main physic-chemical properties of the used soil 

 value 

Sand (g/100g) 83±0.3 

Silt+Clay(g/100g) 17±0.3 

OM %  0.44±0.07 

pH 8.2±0.1 

EC mS/cm 0.17±0.07 

C 0.22±0.02 

NTK%   0.02 

C/N 11 

P2O5 g/Kg  0.94 

K2O g/Kg  0.82 

Cao g/Kg  27.7 

MgO g/Kg  2.62 

Na2O g/Kg 0.2 

 

 The soil texture was classified as sandy-loam; pH is basic, SOM content, N, C, and EC were low and the 

C/N ratio was 11 (table 1). This kind of soil is characterized by low fertility and nutrients contents. Moreover, it is 

abundant in the southern region of Tunisia and largely used for the elaboration of horticultural substrates due to its 

low cost and important porosity. Eight mixtures of soil/treatments (600 L/28 kg) were placed in metallic basins in 

order to prepare a 30 cm deep artificial layer with 2 m
2 

(ALTI, ALTII, ALTIII, ALTIV, ALTV and ALTVI) relative 

to TI, TII, TIII, TIVCMI, TV and TVICMII respectively and ALM for M. Pilot areas (2 m
2
 for each plot) were able 

to test 10 tomato plants.  Irrigation was achieved homogenously without chemical fertilizing regularly every five 

days using tap water by drip system (100l/plot). The tomato fruits were harvested and weighed in order to determine 

the total yields, the number of fruits/plant and the fruits average weight, fresh marketable tomatoes and increment of 

fresh marketable tomatoes compared to M. The tomato fruit dry matter (DM) content and dry marketable tomatoes 

were determined by drying fruit at 60°C until a constant weight. The soil, pH, EC and OM contents, properties were 

examined at the start of the experiment (T0), 45 days (start of fruits development) and 185 days (the end of the 

cropping cycle). The unsaturated hydraulic conductivity of treated soils was measured using ASTM 2434 method at 

45 days of the experiment and the end of the cropping cycle using cylindrical sub-samples (6.5 cm diameter and 40 

cm high) in 5 cycles for each plot. Mean values of three replicates were calculated and standard deviations were 

determined (±). 

 

3 RESULTS AND DISCUSSION  

3.1 Physico-chemical properties of amendments 

 The C and N contents ranged from 11.3 to 37.5% and from 0.6 to 1.3%, respectively (table 2). Accordingly, the 

C/N values varied from 19.1 to 29.7. Values were clearly related to the nature of the used wastes. The highest values 

were recorded in composted olive wastes based treatments (TII, TV and TVI). Thus, only M, T I, T III and T IVCMI 

presented an acceptable degree of maturity with C/N ratio under 20 suggested by Hirai et al. (1983).  For the 

treatments TII, TV and TVI the C/N ratio, OM and cel. contents were the highest. The pH values were alkaline and 

EC levels were ranging from 1.8 to 10.4 mS/cm indicating the highest salt content for M. Moreover, the mixing of 

AS-based compost (TI) with composted OW and PM wastes increased EC by 2 units in TIII. Furthermore, 

parameter was strongly affected by the M addition. The macronutrients (N, P, K, Ca, and Mg) and micronutrients 

(Fe, Mn, Zn, and Cu) contents in treatments depend on the nature of the used waste. The most important P and K 

contents were obtained in treatments composed by OW and PM-based composts. Significant differences in Fe-

content were also observed; it ranged from 5300 to 4000 g/kg in AS-based treatments (TI, TIII and TII) and was 

about 2000 g/kg in OW and PM-based treatments. The Mg contents ranged from 3.3 to 8.6 g/Kg, the lowest value 

was recorded in TV. Moreover, Mg and Ca contents were similar in treatments TI, TII and TIII. Furthermore, Cu 

and Zn contents were the highest in olive and PM wastes based treatments and Mn in AS-based treatments. Adding 

OW and PM compost to TI increased mainly N, P, K, Mn, Cu, Zn contents in TIII and M addition increased N 

contents and by 500 mg/kg of Fe-contents to OW and PM-based treatments.  
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TABLE 2  Physicochemical properties of treatments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Fertilizing power of treatments 

The treatments fertilizing power was evaluated by determining the tomato fruits quantity and quality. The tomato 

total yields ranged from 2.2 to 4.7 kg/m
2
 (table 3). The highest yield was observed in soil treated with M and TIV 

and the lowest was observed for plot treatments by OW and PM compost; moreover, the number of tomatoes was 

the minimum for the last plots; but, these treatments (TII and TV) increased the fruit mean weight from 30 to 50-52 

g compared to M. For plot treated with M, nutrients were available to plants at the beginning of the crop cycle, 

permitting an important vegetative growth and fructification; but, the nutrients contents were not enough to keep 

fruit growing. Indeed, plots treated with M and the CM presented fruits number/plant significantly higher than plots 

treated only with compost. Filgueira, (2000) associated the vegetative and fruit growth and the increase of fruit 

number to high nitrogen contents. 

Moreover, root system growth is favored by the presence of P in soil, increases productivity and fruit 

number. The M or CM, characterized by a high salinity, application increased the number of fruits per plant in 

ALTIV and ALTVI (more than 20); inversely, it reduced the average of individual fruit weight (less than 45 g) as 

observed by Magan et al. (2008).  

During harvesting, a visual symptom blossom-end-rot (BER) was observed on tomato fruits. It is definite as a 

physiological disorder on fruit and generally associated to Ca insufficiency for fruits or increment of EC value 

(Magan et al., 2008). In our experiment, BER percentage ranged from 0 to 42% of the total fresh weight. In soils 

amended only with composts, less than 7% of the harvested fruits showed BER and all of fruits were not affected in 

ALTV. 

 

TABLE 3  Evaluation of the fertilizing power of treatments 

 
TY 

Kg/m² 
Nb/Pl 

FMW 

(g) 

I F 

(%w) 

FMF 

Kg/m
2
 

ICM 
DMC 

% 

ALTI 3.9 10.8 58.4 6.2 2.9 1.41 6.6 

ALTII 2.2 7.0 52.6 1.6 2.1 -25.9 8.4 

ALTIII 3.8 13.8 52.2 2.9 3.7 29.2 6.9 

ALTIV 4.6 20.3 44.2 15.3 3.9 36.4 8.3 

ALTV 2.2 8.7 50.5 0 2.2 - 3.9 6.6 

ALTVI 4.0 22.1 36.5 27.2 2.9 2.2 8 

ALM 4.7±0.1 30.8±4 30.7±0.1 42±7.7 2.9±0.3 - 9.2±0.1 

TY: Total Yields;  Nb/Pl: number of fruit/plant; FMW: Fruit mean weight; IF: 

Infested fruit; FMF: Fresh marketable fruit; ICM:  Increment comparing to M;  DMC: 

Dry Matter contents; w: weight 

 M T I TII T III TIVCMI T V TVICMII 

C% 16.3±0.8 11.3±1.1 28.6±2.6 13.8 16.4±0.3 37.5±2.1 32.2±0.8 

N %  1.1±0.1 0.6±0.1 1.1±0.1 0.7±0.1 0.9±0.1 1.3±0.2 1.2±0.3 

C/N 14.8 18.8 26.0 19.7 18.2 28.8 26.8 

Cel  6.9±0.8 4.7±0. 7 15.5±2.6 5.6±0.5 7.4±0.3 17.9 ±2 17±0.8 

OM %  28±0.8 19.4±1.1 49.3±0.9 23.7±2.2 28.3±1,5 64.5±2.1 55.3±0.1 

pH 8.5±0.1 8.8±0.1 8.2±0.1 8.6±0.02 8.6±0,05 8.3±0.07 8.6±0.2 

ECmS/cm 10.4±0.8 1.8±0.5 2.6±0.02 3.3±0.4 5.4±0.6 3.3±0.1 5.8±0.1 

TN%   1.1±0.05 0.6±0.04 1.1±0.1 0.7±0.04 0.9±0.06 1.2±0.1 1.3±0.1 

P2O5g/Kg  18.2±0.6 6.6±0.3 8.5±0.8 11.3±0.4 13.1±0.1 8.1±0.9 10.6±0.1 

K2O g/Kg  22.5±1.0 9.4±0.3 9.9±0.6 11.3±0.3 13.6±0.8 11.4±0.9 13.1±0.1 

Cao g/Kg  62.7±0.9 65.6±4.1 67.5±1.2 72.4±2.1 71.6±3.4 50.3±1.4 53.6±0.9 

MgOg/Kg  8.6±0.4 5.3±0.3 5.4±1.2 6±0.6 7.5±0.0 3.3±0.4 5.0±0.1 

Na2Og/Kg 8.3±0.9 1.6±0.04 2.6±0.8 2.3±0.1 4.7±0.9 2.3±0.1 4.7±0.0 

Cl- g/Kg  1±0.0 0.1±0.0 0.2±0.0 0.2±0.0 0.4±0.0 0.2±0.04 0.4±0.0 

Fe mg/Kg  2637±4 5291±204 4002±85 5304±64 5 162±39 1660±78 2035 ±94 

Mnmg/kg  201±12 117±12 85±4 139±21 159±5 66.0±2 100±1 

Cu mg/kg  34±0.9 12±0.1 23±0.7 20±7 25±1 2.01±1 25.0±0.5 

Zn mg/kg  157.0±3 68.0±4 86.0±1 116.0±7 125.0±2 87.0±6 99.0±2.5 
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 Moreover, significant increments of the percentage of fruit BER-affected was observed for soils treated 

with CM and M. BER-infested fruit were considered as non marketable and were eliminated to determined fresh 

marketable weight. Results showed that FMF in ALTII and ALTV were the lowest, weights were similar for ALTI, 

ALTVI and ALM (2.9 Kg/m²) and the most important increments were obtained for soil treated with composted AS 

and OW mixture in ALTIII and for soil treated with CMI (29 and 36% respectively). The DMC of tomato fruits was 

determined during harvesting percentages were over 8 % for fruits cropped from ALM, CM and TII treated soils.  

3.3 Physico-chemical characteristics of treated soil 
 In this part of the study, we aimed to compare the pH, EC and OM contents of the treated plots exposed to similar 

climatic conditions and agricultural management (amendments, cropping and irrigation without chemical fertilizing) 

in short-term experiments (table 4). At the start of the experiment the soil basic pH values was conserved after 

treatments application. An increasing by 0.5 pH unit was observed after 45 days of the cropping cycle for all plots. 

The values decreased significantly mainly in soil treated with M and CM mixtures at the end of the experiment. 

Walker et al. (2004) associated the decrease of soil pH to sulphide oxidation during the mineralization of the labile 

OM and to the build-up of CO2 of both roots and microorganisms explained by Hinsinger et al. (2005). Measuring 

soil EC during the cropping cycle is a good indication of the salt content evolution. The soil EC increased from 

0.17mS/cm to 2-3mS/cm at T0. The rising is mainly related to the high EC in amendments. On day 45 of the 

cropping cycle, the EC values decreased considerably in all plots, due to the uptake of nutrients by plants and 

leaching of soluble salts during irrigation. At the end of the experiment the EC values in ALTII, ALTIII, ALTIV, 

ALTV and ALTVI increased comparing to levels at T0, thus, mainly soil amended with OW-PM and CM based 

treatments presented the most important values. Richards, (1954) considered that EC values above 4 mS/cm from 

which soils present salinization hazard. For the SOM contents, amendments application increased significantly level 

from 0.44 to 1.2 -2.8%.The rise was nearly twice as high in the treatments containing composted OW than in the 

other plots due to their high OM contents in ALTV, ALTII and ALTVI. Decreased was considerably observed in 

AS-based treatment, especially for ALTI and ALM on day 45 of the cropping cycle. These losses in SOM contents 

could be associated to the leaching of soluble fraction and uses by microorganism at the shoots and fruits growing 

stage. Later, rising of OM content was observed in all plots mostly in ALTI and ALTVI. Wander and Yang (2000) 

also showed that SOC content increased at the surface of no-till soils as a result of residue concentration.  

 

TABLE 4  Physico-chemical characteristics of soils during cropping cycle 

 ALM ALTI ALTII ALTIII ALTIV  ALTV ALTVI  

T0  8.6±0.1 8.3±0.2   8.5±0.2     8.4±0.0        8.5±0.1      8.6±0.2     8.6±0.3     

45 days 9.0±0.3 8.8±0.2 9.0±0.2    9.0±0.1        9.1±0.3  9.1±0.2        9.2±0.2    pH 

The end 8.1±0.1 8.6±0.1  8.3±0.2      8.5±0.4    8.3±0.2     8.3±0.3     8.3±0.2       

T0 2.5±0.3     2.7±0.3     1.9±0.2     2.9±0.21    2±0.2     2.2±0.2   2.4±0.3     

45 days 1.4±0.2     0.3±0.3     1.3±0.4    0.2±0.2     0.7±0.3    1±0.14     0.4±0.3     
EC  

mS/cm 
The end 1.4±0.3     1.5±0.4    3.8±0.3    4.3±0.4     3.5±0.2     3.4±0.3     3.2±0.2     

T0 1.3±0.6     1.3±0.4     1.7±0.5     1±0.3     1.6±0.4     2.8±0.7     1.7±0.7     

45 days 0.9±0.2     1±0.3     1.4±0.4     0.9±0.4    0.9±0.3    2.5±0.4     2.0±0.5     
SOM  

% 
The end 1.9±0.4     3.8±0.7     2.6±0.6     1.8±0.3     2.1±0.5    3.8±0.7     5.7±0.9     

 

3.4  Hydraulic conductivity 
 Before adding organic amendment soil hydraulic conductivity was 0.75 m/h. Compost addition and irrigation by 

drips system during 45 days, decreased hydraulic conductivity in all plots (table 5). The reduction could be 

associated to the important compaction and soil/treatments particle reorganization. The ALTII present the lowest 

value at this stage of the experiment, the reduction could be associated to the calcium carbonate precipitated in the 

pores as shown by Mácsik et al. (2006) and/or to the biological activity therewith decomposition of the OM and 

cellulose occurs (Wikman et al., 2005). At the end of the experiment the hydraulic conductivity increased in ALTI, 

ALTIII and mostly in ALTVI, the rise can be explained by the important root development. 
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TABLE 5  Hydraulic conductivity of amended soil at 45 and 185 days (m/h) 

 ALT I ALTII ALTIII ALTIV ALTV ALTVI ALM 

45days 0.12±0.04 0.07±0,04 0.1±0.04 0.3±0.04 0.14±0.03 0.2±0.01 0.11±0.01 

The 

end 
0.18±0.05 0.06±0.04 0.27±0.02 0.15±0.01 0.11±0.01 0.65±0.07 0.1±0.01 

 

4 CONCLUSIONS  

Important variations in the treatments physico-chemical properties were related to the kind of composted wastes. 

Their application, without chemical complements under semi arid climate during short-term, to sandy-loamy soil 

influenced plots OM contents, EC, hydraulic conductivities and tomato productivities. The presence of M in 

treatments increased fruit number, yields and fruit DM contents. Moreover, AS-based composts increased the fruit 

fresh weights and reduced soil EC; the presence of OW composts with high C/N ratio, OM and Cel. contents in 

treatments reduced mainly the BER incidence. Mixing composts (AS-based composted OW and PM) in TIII and 

CM in TIV increased nutrients contents in treatments and performed fertilizing capacity. Unfortunately, some of the 

studied treatments improved Mediterranean soil problems. It provoked soil salinization, compaction and also low 

production comparing to M such as TII and TV. More research is under progress to provide clear explanations 

relating physical and physico-chemical properties to soil productivity. 
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