
 

ISSN: xxxxxxx 

 

 

 

 

 

 

 

Agro-Wastes 
Valorization in Soil 

and Plants 
Fertilization 

 

By 

 

Ali Mekki 

Fatma Arous 

Fathi Aloui 

Sami Sayadi 
 
 



Greener Journal of Agricultural Sciences              ISSN: xxxxxxxxxxx         Vol. x (x), pp. xxx-xxx, Month 2013.   

 

www.gjournals.org                                                                                                2 

 

Research Article 
 

Agro-Wastes Valorization in Soil and Plants 
Fertilization 

 

Ali Mekki*, Fatma Arous, Fathi Aloui and Sami Sayadi 
 

Laboratory of Bioprocesses, Center of Biotechnology of Sfax, AUF (PER-LBP), BP: 1177, 3018 Sfax,  
Tunisia. 

 
*Corresponding Author’s E-mail: a_mekki_cbs@yahoo.fr, Tel/Fax: + 216 74 874 452 

 
ABSTRACT   
 
We investigated the fertilizing potential of three agro-wastes (compost (C), dehydrated manures (DM) and digestate 
(D)) on seeds germination, plants growth and soil fertility.  
Tomato (Lycopersicon esculentum), Alfalfa (Medicago sativa), Wheat (Triticum durum) and Sorghum (Sorghum 
bicolor) were tested for the germination index and growth evolution in soil amended by various substrates.  
Results showed beneficial effects using various mixtures substrate/soil. Plants grown in amended soils explained an 
improvement in crops growth, biomass and better productivities than crops grown in unamended soil and irrigated 
with water. In another way, soil organic matter, respiration and microbiological activities were enhanced by addition 
of various amendments.  
 
Keywords: compost, dehydrated manure, digestate, germination, soil fertility. 
 

 
1. INTRODUCTION  
 
Addition of organic materials of various origins to soil has been one of the most common rehabilitation practices 
to improve soil properties and crops growth (Weber et al., 2007). Soil organic matter is considered as a major 
component of soil quality because it contributes directly or indirectly to several physical, chemical and biological 
properties such as in cation exchange capacity of the soil and is a source of nutrients for the microflora, 
microfauna and for plants (Weil and Magdoff, 2004).  

However, the massive use of chemical fertilizers and intensification of cropping systems result in 
depletion of soil organic matter giving them a lower fertility and increased susceptibility to degradation (Sleutel et 
al., 2003).  

The use of organic wastes as compost, digestate and manures in agriculture could help fight against land 
degradation (Celik et al., 2004). Indeed, it is generally accepted that these substrates contribute to the 
maintenance of soil stability and they provide nutrients to crops (Annabi et al., 2007). Some studies have been 
conducted in African semi-arid climates showing soil morphological and chemical properties’ improvement and 
crops production enhancement under municipal solid waste compost treatment (Draogo et al., 2001). 

Cherif et al., (2009) reported that crop residues, manures and compost from organic wastes have been 
used to increase soil organic matter content and therefore to improve soil physical properties in croplands. 
Similarly, Pe´rez-Piqueres et al., (2006) stated that soil amendment with compost is an agronomically interesting 
practice as well as an attractive waste management strategy.  

In Tunisia (North of Africa), climate is arid and soils are relatively poor in term of organic matter while 
organic wastes are produced in a huge quantity (Mekki et al., 2009). Then, one possible method of remediation 
and improvement of degraded situations is to use organic amendments such as fertilizers.  

In this context, our aim was to investigate the best amendments of various biological wastes to use in the 
Tunisian dry climate that would improve soil biochemical properties and enhance plant fertilization. We compared 
the effects of differents mixtures of three type’s agro-industrial wastes, on soil physicochemical and biological 
properties and germination and growth of some standard plants species.  
 
 
2. MATERIAL AND METHODS 
 
2.1. Substrates Origin and Description 
 
In this study we used three different agro-industrial wastes: 
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2.1.1. Compost 
 
The compost used in this study was consisting essentially by 55% of olive mill wastewaters (OMW) sludge (from 
evaporation ponds of Agareb, Sfax, Tunisia), 18% of residual green wastes (as initial carbon substrate 
structuring) and 27% of dehydrated manures (from farmed chickens). The composting process used was a 
windrow composting. 
 
2.1.2. Digestate 
 
In this experimental study, two types of substrates feeding the digester were used and were as follows: 
 
- The first consists of OMW from a discontinuous extraction system. 
 
- The second type is dehydrated manures from farmed chickens. 
 
The reactor used during processing was the sequential batch reactor (SBR) widely used for treatment of effluents 
from slaughter houses, sewage, manure and slurry. 
 
2.1.3. Dehydrated Manures 
 
Dehydrated manures from farmed chickens (Sfax, Tunisia). 
 
2.2. Soil Origin and Description   
 
The studied soil located in the region of "Sfax", Tunisia (North latitude 34° 3’, East longitude 10° 20’, the mean 
annual rainfall is 200 mm). It is a sandy soil in both surface and depth, with a slightly basic pH, a low electrical 
conductivity, and is poor in organic matter content. The nitrogen, potassium and phosphorus were very low. Soil 
samples were collected (from an uncultivated plot), analyzed (for physico-chemical analyses) and immediately 
stored at -4ºC for microbiological and respirometric analyses. 
 
2.3. Physicochemical and Microbiological Analyses 
 
2.3.1. Determination of pH and Electrical Conductivity (EC) 
 
The pH and electrical conductivity (EC) of each sample (soil, compost, manures and digestate) were determined 
according to Peredes et al., (1987) standard method. pH values were measured using a pH meter Mettler Toledo 
MP 220. EC values were measured by a conductivity meter CONSORT. 
 
2.3.2. Determination of Dry Matter and Water Content 
 
Samples dry matters and water contents were determined according to Sierra et al., (2001) standard method. 
Indeed, from 20 to 30 g of each wet sample (m1) were introduced into a porcelain crucible mass (m0). Drying at 
105°C until constant weight (m2) to determine the dry matter (DM) in (%) and soil water content (H %) by the 
following formulas: 
 
DM (%) = (m2-m0/m1-m0) x 100 
 
H (%) = 100- DM (%) 
 
2.3.3. Determination of Volatile Organic Matter (VOM) 
 
Volatile organics matters (VOM) were determined as the difference between the dry and residue (ash) from the 
calcination. Indeed, after the determination of dry matter, the same crucible of mass m2 was introduced in a 
furnace (Thermolyne 6000 Furnace type) at a temperature of 600 ° C for a minimum of 2 hours. The crucible has 
acquired a new mass m3. 
 
VOM (% of DM) =100 x (m2-m3) / (m2-m0) 
 
2.3.4. Microbial Estimation 
 
Ten grams of each sample (soil, compost, compost/soil (at different dilutions), dehydrated manures, dehydrated 
manures/soil (at different dilutions) and digestate/soil  (at different dilutions)  was  suspended  in  an  erlenmeyer  
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flask containing 90 ml of a sterile solution (0.2% of sodium polyphosphate (NaPO3)n in distilled water, pH 7.0) 
and 10 g of sterile glass beads (1.5 mm diameter). The flask was shaken at 200 rpm for 2 h. Serial 10-fold 
dilutions of the samples in a 0.85% NaCl solution were plated in triplicate on PCA at 30°C for total bacterial 
counts, on Sabouraud containing Chloramphenicol at 25°C for yeasts and moulds, on DCL at 37°C for total 
coliforms. For spore-forming bacteria counts, aliquots were heated for 10 min at 80°C before spreading on PCA 
and incubation at 37°C.  

Each sample was analyzed in duplicate and the dilution series were plated in triplicate for each medium. 
All these counts were expressed as colony forming units (CFU) per gram of dried soil (24 h at 105°C).  

 
2.4. Agronomic Valorization Tests  
 
2.4.1. Germination Index Determination 
 
Effects of different used agro-industrial wastes on seeds germination of two standard plants species (tomato 
(Lycopersicon esculentum) and alfalfa (Medicago sativa)) were assessed by determination of the germination 
index according to Zucconi et al., (1981) standard method. 
 
2.4.2. Valorization Assays  
 
Effects of different used agro-industrial wastes on three cultivated plants species (wheat (Triticum durum), 
sorghum (Sorghum bicolor) and alfalfa (Medicago sativa) were investigated.  
 
2.5. Statistical Analyses 
 
For physicochemical analyses, three replications were used for each parameter. For microbiological soil 
analyses, each soil sample was analyzed in duplicate, and the dilution series were plated in triplicate for each 
medium. Data were analyzed using the ANOVA procedure. Variance and standard deviation were determined 
using Genstat 5 (second edition for windows). 
 
 
3. RESULTS AND DISCUSSION  
 
3.1. Agro- wastes physicochemical properties 
                  

Table 1: Physico-chemical characteristics of different agro-industrial wastes. 

Characteristics       C         D         DM 

pH (25°C)    9.16 ± 0.2  7.21 ± 0.2   9.07 ± 0.2  
 EC (dS m

-1
) (25°C)   7.33 ± 0.1  9.69 ± 0.1   7.99 ± 0.1 

 Dry matter (%)   95.17 ± 0.7  5.39 ± 0.4  87.61 ± 0.7 
Organic matter (%)  13.55 ± 0.2  2.86 ± 0.1  39.59 ± 0.4 
Mineral matter   81.62 ± 0.5  2.53 ± 0.14  8.02 ± 0.5 
Total nitrogen (%)  0.55 ± 0.05  0.21 ± 0.02  3.73 ± 0.2 
Ammoniacal nitrogen (%) 0.046 ± 0.01  0.18 ± 0.01  1.32 ± 0.05 
Carbon/Nitrogen  13.56 ± 0.4  8.62 ± 0.4  5.89 ± 0.3 
P (mg l

-1
)    4.1 ± 0.2  2 ± 0.2   3.1 ± 0.2 

Ca (g l
-1

)    3.34 ± 0.3  3.75 ± 0.3  6.4 ± 0.3 
K (g l

-1
)    2.24 ± 0.2  1.4 ± 0.2  5.8 ± 0.5 

Na (g l
-1

)    6.6 ± 0.5  11.6 ± 0.5  8.5 ± 0.5 
Cl (g l

-1
)    7.4 ± 0.6  12.1 ± 0.6   9.3 ± 0.6 

Mg (mg l
-1

)    3.1 ± 0.3  2.7 ± 0.3  5.1 ± 0.3 
Fe (mg l

-1
)    3.3 ± 0.3  0.18 ± 0.02  1.2 ± 0.1 

Mn (mg l
-1

)    0.12 ± 0.01  0.08 ± 0.01  ND 
Zn (ppm)    78 ± 0.7  62 ± 0.6  ND 
Cu (ppm)    1.7 ± 0. 1  0.27 ± 0.02  ND 
Ni  (ppm)    2.11 ± 0.2  0.27 ± 0.02    ND 
COD (g l

-1
)                                ND   30.2 ± 0.5  ND  

BOD5 (g l
-1

)                               ND               12.5 ± 0.3  ND  

           C: compost; D: digestate, DM: dehydrated manures; ND: not determined.  
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3.1.1. Physicochemical Properties of compost 
 
The compost used have an alkaline pH, a high electrical conductivity and a C/N ratio around 15. According to 
Cayuela et al., (2006), in a successful composting of waste from the olive industry, the pH values are between 7 
and 9. Huang et al., (2006) reported that changes in the C/N ratio reflect the decomposition and stabilization of 
organic matter. Annabi et al., (2007) showed that the loss of water during the composting thermophilic phase 
generates salts concentration in the remaining material which causes therefore an increase in salinity and so the 
electrical conductivity. The rate of NH4

+
 is lower the upper limit recommended for mature compost which is 400 

mg. kg
-1

 (Erhart et al., 2005). Used compost contains suitable levels of organic matter and nutrients (N, P and K). 
The values of heavy metals were lower than European standards (Table 1). 
 
3.1.2. Physicochemical properties of digestate 
 
The digestate can be described as a source of organic nutrients rich in potassium, calcium and magnesium which 
are considered as good fertilizers (Table 1). Indeed, methanization is a conservative process for such elements 
not included in the composition of the biogas methane (CH4), which explains the maintenance of nitrogen content 
in this effluent. Thus, during the process of anaerobic digestion, only part of the original organic matter is 
completely degraded, the rest can be considered as a potential fertilizer of agricultural land. Heavy metal 
concentrations were lower than standard recommendation NFU 44-051 (Table 1). 
 
3.1.3. Physicochemical Properties of Dehydrated Manures  
 
Dehydrated manures were characterized by high levels of dry matter and high concentrations of nutrients. The 
nitrogen content is the highest in comparison with all other substrates mentioned above. Indeed, the nitrogen 
content of manures is greater than the minimum required by the standard NFU 42-001. It is the same for other 
nutrients such as P2O5 content of which is highly superior to standard. The wealth of dehydrated manures in 
nitrogen, phosphorus, potassium and calcium makes them a potential amendment to the soil poor in these 
elements (Table 1). 
 
3.2.  Agro-industrial Wastes Effects on Soil Fertilization 
 
The evolution of soil pH before and after incubation of different substrates was followed for 42 days under 
ambient conditions. Substrates have initial pHs more alkaline than the control soil with remarkable alkalinity of 
compost. This alkalinity decreases with incubation time and this applies especially for the digestate. However, 
after 42 days of incubation, pHs of raw substrates remain slightly basic. These substrates can be used as basic 
amendments limiting soil acidification. Indeed, these amendments contain calcium (Ca), magnesium (Mg) in 
addition to bases (OH

-
, CO2

-
) which will neutralize soil acidity and influence it is pH (Chamayou and Legros, 

1989). According to Celik et al., (2004), changes in pH depend on H
+
 concentration from organic matter 

oxidation. It should be noted that the optimum soil pH is between 6 and 7 because the majority of nutrients 
available to plants in this pH range (Dinon and Gerstmans, 2008).  

The electrical conductivity provides an estimate of the total content of dissolved salts. It is well known that 
organic fertilization contributes to land salinity (Montserrat et al., 2006).  

Results show that the compost and the manures were rich in salts compared to the digestate. This is 
essentially owing to the richness of compost and manures on soluble mineral elements. Nevertheless after 
dilution and 42 days of incubation, soils amended with compost and manures have still high EC values compared 
to the soil amended with digestate (1D/4W) which presents EC values near those of control soil. However, the 
EC values were all below the inhibitory value (estimated at 2 mS.cm

-1
) for sensitive crops (Taccari et al., 2009). 

Soil organic matter (SOM) consists of a mixture of plants and animals residues at various stages of 
decomposition, bacterial organisms and animals in the soil and substances produced by living organisms and / or 
from macromolecules decomposition. 

Substrates / soils mixtures (1C/9S, 1D/4W and 1DM/49S) showed very low OM levels compared to their 
raw states (especially for compost and manures) and mineralization kinetics of these OM becomes more 
important for all mixtures along the experiment. Indeed, OM decrease is more marked and estimated at 20% and 
6% for 1C/9S and 1DM/49S, respectively. Thus, decreases in OM levels can be explained by their 
biodegradation by soil microflora (Beck-Friis et al., 2003).  

Water plays an important role and is primarily a fundamental factor in the genesis and evolution of the 
soil and is considered as a vector of nutrients and an essential element for plant life. Soil water holding capacity 
is the amount of water capable of being retained by the soil in place. In the soil amended with digestate the water 
content is important at the beginning of the experiment but decreases rapidly with time to reach the values of 
control soil at the end of the incubation. This is mainly due to digestate poverty in organic matter capable of 
retaining water. In the case of substrates / soil (1C/9S, 1D/4W and 1DM/49S) mixtures, the added organic matter 
acts on the soil water retention capacity. Indeed, the water content increases by providing compost and manures 
compared with the control soil. Moisture rises from 3.02% and 2.51% at initial time to 6.45%  and  7. 35 %  at  the  
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end of the experiment respectively for soils amended with compost and manures. The increase in soil water 
holding capacity compared to the control soil is explained by the affinity of the components of organic matter in 
water retention (hydrophilic character). In this way, Cherif et al., (2009) reported that the incorporation of organic 
matter in the soil increases the amount of water retained by 30%. However, the water content in soil amended 
with the digestate does not change much compared to the control (despite the initial increase due to the addition 
of water) following the low organic matter provided by the digestate. 

Microorganisms influence differently the structure and biological activity of soil according to their types, 
their metabolism and their synthesis products (Mekki et al., 2006). 

 
Table 2: Microbiological counts in substrates/soil mixtures: 1C/9S, 1DM/49S, 1D/4W/1S in function of time and in 

comparison with control soil (CS). 

                                       Incubation time (days) 

Microbial types         Mixtures                0 days  28 days 42 days 

                    CS    0.8 ± 0.1 0.9 ± 0.1 0.8 ± 0.1  
TMM   1C/9S    5 ± 0.5  7 ± 0.5   10 ± 1  
(10

4
 CFU g

-1
dry soil) 1DM/49S                     17 ± 2  16 ± 2  27 ± 2 

                                           1D/1W/1S                    2 ± 0.2  4 ± 0.4    5 ± 0.5  

                                            CS                  1.8 ± 0.2  1.5 ± 0.1 1.7 ± 0.2 
Fungi           1C/9S    2 ± 0.2  4 ± 0.4    8 ± 0.8  
(10

3
 CFU g

-1
dry soil)             1DM/49S    1.5 ± 0.1 4 ± 0.4             4 ± 0.4 

                                           1D/1W/1S    4 ± 0.4   6 ± 0.5             14 ± 1 

                                            CS                    3 ± 0.3  2 ± 0.2             2.4 ± 0.2 
SB                                       1C/9S                         4.1 ± 0.4 3.7 ± 0.3          3.5 ± 0.3 
(10

2
 CFU g

-1
dry soil)             1DM/49S                    3 ± 0.3            3.1 ± 0.3          2.9 ± 0.3  

                                           1D/1W/1S                  3 ± 0.3  2.2 ± 0.2          2.6 ± 0.2 

                                           CS                             0.1 ± 0.01        0.2 ± 0.02        0.2 ± 0.02 
TC                                       1C/9S                        0.2 ± 0.02  1.5 ± 0.1          1.2 ± 0.1 
(10

2
 CFU g

-1
dry soil)            1DM/49S                   0.1 ± 0.01  1 ± 0.1   0.8 ± 0.1 

                                           1D/1W/1S                 0.2 ± 0.02          0.7 ± 0.1          0.6 ± 0.1 

Data expressed as mean value (three replicates) and standard deviation for colony forming units per gram of 
dried soil. TMM: total mesophilic microflora; SB: Spore forming bacteria; TC: total coliforms. 
 
 
Total mesophilic microflora enumerated in the control soil was relatively low (10

3
-10

4
 CFU.g

-1
 dry soil). This can 

result from the soil poverty in organic matter and dry climate. The number of total enumerated bacteria increases 
with the addition of organic matter (mainly in the case of compost and manures) (Table 2). Indeed, after 42 days 
of incubation, total mesophilic microflora counted increases by 13.66% in the mixture 1C/9S (10 fold compared to 
the control soil), by 39.89% in the mixture 1DM/49S (30 fold compared to the control soil) and by 6.7% in the 
mixture 1D/4W (5 fold compared to the control soil). 

This increase in aerobic microflora could be explained by soil enrichment in mineral nitrogen taken up by 
aerobic microorganisms that are activated also in response to the amendment rich in soluble carbon. 
Fungi have the ability to bind soil particles via several mechanisms (mechanical retention, accession by the 
fungal glues ...). Indeed, many fungi secrete substances with high tack such as polysaccharides and gums which 
consolidate the soil structure (Degens, 1997). 

The results of enumeration of yeasts and moulds expressed in CFU.g
-1

dry soil were presented in Table 2. 
At the beginning of incubation, we noted a low number of these germs in all substrates / soil mixtures (especially 
1DM/49S and 1C/9S) compared to control soil. This could be explained by the fact that yeasts and moulds are 
more adapted to acidic environments (acidophilic microorganisms) and are predominantly aerobic, while pHs of 
the three mixtures studied were basic and their high water contents at the beginning of incubation inhibit these 
germs. From the 28

th
 day of incubation, we found an increase in the number of yeasts and moulds mainly in the 

mixture 1D/4W. This increase is mainly due to the decrease in the mixture 1D/4W pH during time as well as its 
low water holding capacity which makes the mixture less lumpy and more airy. However, in the case of the 
mixture 1DM/49S, the number of yeasts and moulds increases but remains below that of the control soil due to 
high water holding capacity of manures which makes the soil more lumpy and less permeable to the air. This 
diminishes the availability of oxygen to the aerobic germs. Indeed, several families of fungi are identified as 
having a low affinity for water mainly Basidiomycetes and Actinomycetes (Smits et al., 2003). 

In the mixture 1C/9S, the number of yeasts and moulds increases and exceeds that of the control soil. 
Yet, this increase is not significant for the same reasons of basicity of the medium and oxygen availability (Table 
2). 

The number of spore-forming bacteria in the control soil is around of 2.58 10
2
 CFU g

-1
dry soil. The 

contribution of different substrates, manures, compost and digestate does not seem to have a negative effect on 
these germs that are much more sensitive to water availability (Table 2). 
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Control soil has a very low number of total coliforms (TC). The contribution of different substrates (digestate, 
compost and manures) causes a slight increase in the number of these bacteria (Table 2). It can be inferred 
therefore that the substrates used are free from contamination because these bacteria are known by their 
abundance in the polluted sites. In fact, most authors agree to admit that composting, deshydratation 
(dewatering) and anaerobic digestion are excellent treatments sanitizing and inactivating pathogens germs. 
 
3.3. Agro-industrial wastes effects on seeds germination and on plants growth  
 
3.3.1. Germination indexes evolution 
 
To assess the agronomic quality of agro-industrial wastes studied, some germination tests were performed. 
Evolution of germination indexes (GIs) of seeds of tomato (Lycopersicon esculentum) and alfalfa (Medicago 
sativa) over time in presence of digestate at different dilutions (D/S, 1D/1W/S, 1D/2W/S, 1D/4W/S, 1D/9W/S), 
mixtures of compost/soil at different proportions (C, 1C/1S, 1C/2S, 1C/4S, 1C/9S) and mixtures of dehydrated 
manure/soil at different proportions (DM, 1DM/1S, 1DM/2S, 1DM/4S, 1DM/9S, 1DM/19S, 1DM/49S) were 
followed on samples 0, 7, 14, 21, 28, 35 and 42 days of incubation. Seeds germinations were evaluated in 
comparison with a control irrigated with water.  

The illustration of alfalfa and tomato GIs evolution in presence of mixtures compost / soil shows that 
these GIs increased steadily over time for all mixtures to values greater than 50% after 21 days incubation and 
more than 80% after 42 days incubation even in the raw compost which indicates that the compost is not 
phytotoxic (Zucconi et al., 1981). GIs are best seen in the proportion 1C/9S since after 42 days incubation GIs 
are around 185.97% and 195.91% respectively for tomato and alfalfa seeds (Figures 1a and 1b). 
 
 

 
Figure 1 a: Alfalfa (Medicago sativa) GIs (%) evolution as a 
function of time in presence of mixtures compost/soil and in 
comparison with control soil (S). 

 
 

 
Figure 1 b: Tomato (Lycopersicon esculentum) GIs (%) 
evolution as a function of time in presence of mixtures 
compost/soil and in comparison with control soil (S). 



Greener Journal of Agricultural Sciences              ISSN: xxxxxxxxxxx         Vol. x (x), pp. xxx-xxx, Month 2013.   

 

www.gjournals.org                                                                                                8 

 
In presence of DM, results showed that seeds germination of both species is around 0% when it is performed 
with raw DM or with 1DM/1S, confirming the DM phytotoxicity at these doses. This phytotoxicity could be 
explained by the DM high salinity and its high ammoniacal nitrogen content. However, the germination inhibition 
is progressively attenuated over time by reducing the ratio DM/soil. From the proportion 1DM/4S positive effects 
on seeds germination of two plant species were observed especially after 21 days incubation. It should also be 
noted that the proportion 1DM/49S is optimal for germination species tests and GIs are significantly higher than 
the control (Figures 2a and 2b).  
 

 
Figure 2 a: Alfalfa (Medicago sativa) GIs (%) evolution as a 
function of time in presence of mixtures manures/soil and in 
comparison with control soil (S). 

 
 

 
Figure 2 b: Tomato (Lycopersicon esculentum) GIs (%) evolution 
as a function of time in presence of mixtures manures/soil and in 
comparison with control soil (S). 

 
 
In presence of digestate, results showed that the addition of 200 ml of digestate / kg of soil improves GIs of 
tomato and alfalfa compared to control soil. This increase is significantly observed at dilution 1D/ 9W/S (Figures 
3a and 3b). 
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Figure 3 a: Alfalfa (Medicago sativa) GIs (%) evolution as a 
function of time in presence of mixtures digestate/soil and in 
comparison with control soil (S). 

 
 

 
Figure 3 b: Tomato (Lycopersicon esculentum) GIs (%) evolution 
as a function of time in presence of mixtures digestate/soil and in 
comparison with control soil (S). 

 
 
3.3.2. Plants growth evolution 
 
The experiment was conducted in pots under ambient (uncontrolled) conditions according to the protocol 
described in Materials and Methods. 

For each mixture, eight plants of each species were selected for monitoring the evolution of various 
parameters (as mentioned above) over time during a period of 50 days. 

At the end of their growth cycle, plants were grown (collected) to determine their fresh weight, dry weight, 
fresh weight/dry weight ratio, root length, shoot length and root length/shoot length ratio. 
For wheat plants, the growth curves show a substantially sigmoidal profile which is quite variable depending on 
the amendment used. 

In the control (unamended) soil, wheat plants growth show essentially a straight line of low slope, which 
indicates a rapid entry into the linear phase without noticeable shift by an exponential phase. In other mixtures 
substrate/soil, plants elongation curve were substantially sigmoidal. It is also noteworthy that the slope of the 
exponential phase and the evolution height throughout the growth cycle are much higher in amended soils. This 
could be explained by the lack of nutrients in the control soil and are made by the amendment. 

However, from the beginning of the experiment, the growth of wheat plants is more pronounced in soil 
amended with DM compared to other substrates. 
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In unamended soil, wheat plants growth stops at a final height of about 22 cm. The final height of the plants 
amended with DM stabilizes at 36 cm. This length is higher than that achieved by those of other substrates 
(compost and digestate). 

Regarding the sorghum specie, plants heights at the beginning of the experiment is quite similar, except 
for plants grown in presence of compost which have lower growth. The growth curves of plants grown in 
unamended soil and in soil amended with digestate evolve in the same way. However, in presence of DM, the 
exponential phase the slope is much higher compared to the control. 

In the case of compost amended soils, although the initial plants heights are lower than those of the 
control, it was found that during the exponential phase the average height of these plants exceeds that of the 
control. At the end of the experiment, plants growth stops at a height of 27 cm in control soil. DM promotes better 
plants growth up to 54 cm after 50 days of culture, followed by the compost with a height of 49 cm and finally the 
digestate with a height of 33 cm. These results are in agreement with those found by Cayuela et al., (2006), 
viewing that the addition of olive waste compost had positive effects on the growth of tomato plants. 

The positive effect of the amendments on plants growth is mainly due to the improvement of the 
physicochemical and biological quality of the soil, the rate of diffusion of nutrients and water holding capacity. 
These amendments enhances not only the soil organic matter, but also the elements necessary for plants growth 
such as iron, manganese, copper, zinc and boron. The positive effects of substrates studied are also 
demonstrated in alfalfa plants. In fact, the growth curves start from the same height at the beginning of the 
experiment, but after 43 days, we notified a plants growth 2 times more important in the mixture 1C/9S and 2.5 
times higher in the presence of digestate in comparison with those grown in the control soil. Substrates addition 
improved the vegetative growth of the alfalfa plants with a clear difference compared with the unamended ones. 
This is can be explained by the need of plants on nutrients to grow. In this context, Dhouib et al., (2005) have 
shown that olive mill waste waters aerobic and/or anaerobic treatment generates detoxified effluents. This 
process seems to be preserved in the digestate from co-digestion of DM and olive mill waste waters. Then, the 
digestate (treated water) is rich in water and minerals essential to soil fertility and plants growth (Khoufi et al., 
2006). 

However, there was a lack of germination of alfalfa (unexpected result) in the presence of DM unlike 
other plants species (wheat and sorghum) in which the mixture (1DM/49S) ensures the best germination rate. 
Such germination inhibition can find the explanation in the alfalfa seeds initial state and not due to mixture 
1DM/49S phytotoxicity. 

The sheets number is proportional to the plant size as well as the root length. Usually these parameters 
are influenced by water stress and lack of nutrients. Our results show that leaves number increases similarly to 
the evolution of plants height for the three species (wheat, sorghum and alfalfa). In another way the biomass is 
much higher in pots containing DM and compost comparatively with plants growing with digestate and in 
unamended soil. However, there is a leaves yellowing of plants cultured in the presence of compost. This 
chlorosis symptom is probably due to compost influence on soil compaction which depriving the roots of oxygen 
essential for vegetative growth (Cherif et al., 2009). 

In wheat plants, the total fresh weight of plants grown in presence of compost and digestate is on 
average 0.97 g and 3.14 g, respectively, while it does not exceed 0.62 g for controls. These two substrates have 
contributed significantly on the growth of wheat plants in their early stages of development. This increase is more 
pronounced for soils amended with DM (nearly 5.5 fold). For sorghum plants and as seen above a sharp increase 
in fresh weight was observed, it is on average 1.03 g in controls, whereas it is of the order of 1.64 g and 5.81 g 
respectively in the presence of the digestate and compost. Fresh weight was higher in the presence of DM 
(nearly 7 fold) compared with that measured in soils amended with compost and digestate. Same results have 
been proven in alfalfa plants with improved fresh weight, dry weight and fresh weight / dry weight ratio in the 
presence of compost and digestate (data not showen).  
 
 
4. CONCLUSION 
 
Soils in semi-arid and arid areas are known to have low organic matter levels, a low fertility and a high exposure 
to degradation, desertification and pollution. Currently, organic wastes of various origins and nature are widely 
used as amendments to increase soil organic matter and crop productivity.  

This study shows the ecological importance of organic materials addition especially in an arid 
environment (Tunisia), even when applied in relatively moderate quantities, for the improvement of soil fertility 
and crops growth. 
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