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Abstract 

 Anaerobic digestion is an effective method for biowaste valorization. The digestate generated after the digestion process 

can be effectively utilized as a mineral fertilizer due to its high nutrient contents. The objective of the present work was to 

characterize the raw digestate obtained from an anaerobic digester of olive mill wastewaters (OMWs) in order to investigate its 

chemical and agronomic properties, and to evaluate the effect of its application on wheat culture. The effect of varied concentrations 

of the raw digestate was evaluated on wheat growth. The obtained results showed that the germination index and the soft wheat 

yield were significantly higher in the Tr3 treatment as compared to other three treatments. The number of leaves, the number of 

thalli and the height of main stem were also significantly higher in the Tr3 treatment as compared to other treatments. These results 

indicate that the effect of digestate in improving the growth and development of wheat is positive and it can be substituted for 

commercial fertilizer. 
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1. Introduction 

 

Anaerobic digestion can be effectively used for 

waste treatment due to its advantages of reduction of 

toxicants and good energy recovery. [1, 2]. The process of 

anaerobic degradation not only converts biowaste into 

renewable energy (biogas) and digestate [3] but also 

significantly reduces pathogens and pollutants present in the 

biowastes [4]. The digestate can be used as a soil biofertilizer 

because it improves the chemical and biological properties of 

soil and it can have a positive influence on its fertilization. It 

is also considered as a good source of potassium and 

phosphorus [5-7].   

 

On the other hand, the utilization of inorganic 

fertilizers and synthetic pesticides has a negative effect on the 

environment, human health, soil quality and fertility [8, 9].   

 

 

 

The digestate or compost are very important to improve soil 

productivity [10], because the nutrients from organic matter 

in the digester remain in the liquid digestate after anaerobic 

digestion process [11,12, 13].  If properly utilized, the 

digestate nutrients can be used a potential substitute of 

mineral fertilizers [14-17].   

 

The aim of this work was to make a complete 

physicochemical characterization of the raw anaerobic 

digestate being released from olive mill waste waters 

(OMWWs) in order to determine its use as a potential 

fertilizer for wheat development.  
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2. Material and Methods 

 

2.1. Anaerobic digestate and Soil chemical analysis 

 

Digestate was collected from a semi continuous 

reactor digesting olive mill waste waters (OMWWs) and 

working in batch mode. The raw digestate contained NH4 

(249,12mg/L), pH (7.4), EC (6.15ms/cm), HCO3 (29,76), Mg 

(148.8mg/L), Na (690mg/L), NO3 (104.66mg/L), SO4 

(13.68mg/L), Ca (360mg/L), K (97.5mg/L) and Cl 

(994mg/L). 

 

The soil used was sampled from the 40 cm to 60cm 

layer from the university grounds. The collected soil was a 

sandy basic clay having low organic matter. The soil 

contained P2O5 (0.48 mg/g), organic matter (1.14%), K2O 

(0.128 mg/g), pH (7.4), CaCO3 (47%), Mg (1.28 mg/g) and 

Na (0.26 mg/g). Table 1 shows the granulometry of soil used. 

Table 1: Soil granulometry 

 

Granulometry                Value 

Clay (%) 

  

3.8 

Fine silt (%) 

  

1.9 

Coarse silt (%) 0.5 

Fine sand (%) 

  

35.6 

Coarse sand (%) 58.8 

 

 

2.2 Experimental description 

 

The experiment was carried out in a greenhouse 

using a completely randomized block design with four 

repetitions. Four fertilization treatments were tested 

including: no fertilization, fertilization by diluted digestate 

and the raw digestate. Different solutions of raw digestate 

obtained by diluting by water as follows: Te (witness), Tr1 

(50% digestate), Tr2 (75% digestate) and Tr3 (100% 

Digestate). These treatments were used to evaluate wheat 

growth in order to determine the optimal treatment for best 

culture growth. After each month, the number of leaves, the 

number of thalls per foot and the height of the main stem 

were, easured in order to evaluate the effect of anaerobic 

digestate on the wheat growth. 

 

Germination index (%)

=
 Final number of seeds that germinated

Number of initial seeds
∗ 100 

             Soft wheat yield (g) = number of ears /m2 ⨯ 

Number of grains/ear ⨯ weight of 1000 grains 

2.3 Statistical analysis 

 

The analysis of the variance (ANOVA) was used to 

determine the effect of time and different treatment on the 

Growth and development of soft wheat. The Tukey-Kramer 

test was used to compare between the different treatments. 

The number of leaves, the number of thalls per foot, the 

height of the main stem and the soft wheat yield were also 

recorded. 

3. Results and Discussion 

    3.1. Analysis of variance with repeated measurement over 

time 

The analysis of repeated variance over time shows a 

significant effect of time, treatment and their interactions on 

the number of leaves and the height of the main stem. It 

indicates that there is a significant effect of treatment and time 

for the number of leaves and main stem height, while for the 

amount of thallium per individual there is a significant effect 

of treatment only. 

3.2. Growth and development of soft wheat 

    3.2.1. Number of leaves per foot 

   The number of leaves varies significantly between 

treatments (F=86.7; dF=3; P<0.0001). It was significantly 

higher in the Tr3 treatment than in the others (figure 1). It was 

significantly lower in the control treatment and the Tr1 

treatment. These results indicated the effect of digestate in 

improving the growth and development of wheat due to its 

richness in nutrients. In a previous study, a positive effect of 

digestate on a wheat crop has already been observed [19]. 

Another study conducted to evaluate the effect of digestate 

and fly ash applications on soil functional properties have 

shown positive response [18]. 

   3.2.2. Number of thalls per foot 

               Figure 2 shows the effect of the various treatments on the 

number of thalls per foot. The number of thalls produced per 

individual differs significantly between treatments (F=63.8; 

dF=3; P<0.0001). It is significantly greater in the Tr3 

treatment than in the others. However, it is significantly lower 

in the two treatments (control and Tr1) which do not differ 

between them, so the production of thalls per foot does not 

vary with time. 

     3.2.3. Height of main stem 

The comparison between the pairs of treatments was 

performed by the Tukey-Kramer test. Different letters on the 

graph mean that the difference between treatments is 

significant (P<0.0001). As indicated in the figure 3, the height 

of the main stem varies significantly between treatments (F = 

9.4; dF = 3; P < 0.0001). It was significantly greater in the 

Tr3 treatment than in the other three treatments (in which it 

did not differ significantly). 
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Figure 1: The effect of different treatments on the number of green leaves 

 

 

 

Figure 2: The effect of different treatments on the number of thalls per foot. 
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Figure 3: The effect of different treatments on the Height of main stem 

 

Table 2: Soft wheat yield analysis 

  ANOVA Average   Average Comparison 

 F dF P Te Tr1 Tr2 Tr3   

number of ears /m2 1.57 3 0.2476 283,5 ± 6.5 277 ± 7.5 290 ± 0,0 290 ± 0.0 Te
a Tr1

a Tr2
a Tr3

a  

Number of 

grains/ear 19.79 3 <0.0001 18.0 1.7 18.3 ± 2.0 25.8 ± 0.9 35.3 ± 2.3 Te
c Tr1

bc Tr2
b Tr3

a  

 weight of 1000 

grains (g) 5.44 3 0.0136 46.1 0.7 49.4 ± 0.9 45.1 ± 1.5 49.8 ± 0.5 Te
cba Tr1

ba Tr2
c Tr3

a  

Soft wheat yield(g) 20.6 3 <0.0001 

234028 ± 

21303 

250287 ± 

29829 

336452 ± 

16375 

509983 ± 

38635 Te
b Tr1

b Tr2
b Tr3

a  

 

 

3.3. Soft wheat yield analysis 

Table 2 presents the results of the analysis of 

variance on the comparison between treatments of number of 

ears/m², number of kernels per ear, 1000 kernel weight and 

kernel yield. The comparison between treatment pairs was 

analyzed by the Tukey-Kramer test. Different letters in the 

table mean that the difference between treatments was 

significant (P<0.0001). 

The number of ears produced per plant was 

significantly invariant between treatments. The number of 

grains produced per ear was significantly variable between 

treatments. It was significantly higher in the Tr3 treatment but 

lower in the Te and Tr1 treatments. The weight of grains 

produced was significantly different between treatments. The 

grains produced by the plants in the Tr3 and Tr1 treatments 

were significantly heavier than those obtained in the Tr2 

treatment. The grain yield of wheat and the product of the 

number of ears per m2, the number of grains per ear and the 

weight of one thousand grains vary significantly between 

treatments. It was significantly better in the Tr3 treatment 

than in the other three treatments. 
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4. Conclusions 

 

The raw digestate generated from the anaerobic 

digestion of olive mill wastewaters has been used as an 

alternative to inorganic fertilizer. The results of the analysis 

showed that the digestate can have a very interesting 

fertilizing effect due to the presence of potassium and 

nitrogen with high concentrations.   Our research revealed the 

potential of the use of different concentrations of digestate for 

improving the growth and development of wheat. The soft 

wheat yield was significantly better in the Tr3 treatment than 

in the other treatments. Thus, the digestate can be substituted 

to commercial fertilizer and it is positively recommended as 

a source of nutrients to improve wheat growth and soil 

fertility. 
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