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Introduction 
 

Human activities generate various wastes in 

increasingly high quantity: industrial waste, 

household waste, urban wastewater. 

Management of these wastes poses a huge 

problem. In order to limit their 

environmental impact, their treatment is 

indispensable and, possibly, a recycling of 

certain amount is essential. 

 

Sludge wastes deriving from the refinery of 

sugar were considered, since a pretty while, 

as wastes capable of influencing terrestrial 

and aquatic ecosystems. 

 

 

 

 

 

 

 
 

However, apart from their origin, the high 

levels of organic matter, total nitrogen, 

phosphorous and trace elements of sludge 

led to, some twenty years ago, their use in 

agricultural environments. 

 

This type of amendment adds value and 

recycles soil originated nutrients (Driver et 

al., 1999), increases and maintains soil 

productivity in the short and long term 

(Brossard et al., 1991). 
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In order to valorize the sludge from refining sugar as compost, we are interested to 

studying the effect of the sludge on the chemical quality of an agricultural soil in 

the area of Casablanca. The device split plot with three repetitions was used in two 
crops (wheat and Lucerne). The valorization of sludge is conducted by testing three 

progressive doses of 50g, 100g and 200g of sludge for both cultures. Chemical 

indicators assessed soil quality namely: organic matter (OM), pH, calcium 

carbonate and salinity. Analyzes of soil samples taken at different stages of the life 
cycle have shown that the contribution of sludge contributes to the enrichment of 

organic matter and calcium carbonate and an increase in the salinity. This 

enrichment is higher in cultivated soils compared to uncultivated soils. In contrast, 
the pH values do not seem to be affected by the addition of sludge, but they record 

different effects depending on the two cultures. 
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The incorporation of these wastes can 

contribute to the improvement of soil 

physical (structure, water retention, wett 

ability), chemical (pH, CEC) and biological 

(nitrogen cycle, microbial biomass) 

properties. These effects are often attributed 

to usual increase in the content of soils’ 

stable organic matter (Remy and Marin-

Lafleche (1976); Khaleel et al. (1981); 

Clapp et al. (1986); Lineres et al. (1985); 

(1988). 

 

In this present work/review, we will try to 

determine the influence (effects) of sludge 

on the chemical properties of agricultural 

soils. 

 

Thus, the main objective of this work is to 

monitor the evolution of the chemical 

quality of a clay soil through the following 

indicators: organic matter content, pH, 

calcium carbonates and salinity. 

 

The monitoring will be done, in the 

laboratory, by the use of a pot-form device 

with three repetitions and will be applied to 

two different crops (wheat and 

Lucerne/alfalfa). 

 

Materials and Methods 

 

Chemical Analyses 

 

The organic matter analysis used here was 

performed according to the Walkley and 

Black (1934) method. The pH was measured 

using the electrometric method with a 

soil/water ratio of 0.5 (Mc lead 1983).For 

the determination of calcium carbonate, the 

Bernard: Chamley (1966) method was 

retained while the electrical conductivity 

was measured using the Rhoades (1976) 

method. 
 

The Experimental Device 

 

A split plot device with three repetitions was 

retained for this experiment.1.5kg of soil 

was placed in each pot (30 pots in total) with 

the pots being divided in three groups/sets: 

 

* 6 pots were not cultivated 

 

* 12 pots containing wheat crop 

 

* 12 pots containing Lucerne (alfalfa) crop 

 

The distribution of these groups was based 

on a contribution of different muds: 

 

E1: control soil(sample) without crop, 

without any mud; 

 

E2: cultivated soil without any mud; 

 

E3: cultivated soil containing 50g of mud; 

 

E4: cultivated soil containing 100g of mud; 

 

E5: cultivated soil containing 200g of mud. 

 

The device was continually irrigated during 

the test. 

 

Results and Discussion 

 

Soil Characterization 

 

The soil comes from the Grand Casablanca 

region. It is a clay soil with the following 

characteristics as shown in Table 1. The pH 

is relatively high with an average organic 

matter content (1.3%) while the electrical 

conductivity is in the order of 1.3ms. 

 

Characteristics of the Mud 
 

The mud used during this test comes from 

the Consumar sugar industry in Casablanca, 

which transforms the raw sugar into refined 

sugar having different forms:  loaf, ingots 

and cubes. The activity that generates the 

most waste in the Consumar production is 

found at the filtration unit. 
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Indeed, during the processing of the raw 

material, only a fraction is recovered after 

filtration; this recovered fraction 

subsequently undergoes the necessary 

processing in order to obtain mud. The other 

fractions, in the order of 60t/jour (R.A. 

2009), are discarded. 

 
Some analytical results are shown in Tables 

2 and 3 below. These results, however, 

present the characteristics as well as the 

chemical composition of the mud after 

drying, sieving and grinding. The pH is 

alkaline while the organic matter content is 

high and goes as far as 5.17%. 
 

Effects of Mud Input on the Chemical 

Properties of Soils (Wheat Crop) 

 

Organic Matter 

 

The input of increased dose of mud leads to 

the enrichment of a soil organic matter, a 

fact that is consistent with the works of Juste 

and Catroux (1980). A comparison of the 

samples of organic matter content as they 

are received from different doses of mud 

shows that: the organic matter contents 

increase by 1.84% and 2.56% respectively 

compared to the control soil(E1) in the 1
st 

and 2
nd

 samples (fig.1).On the other hand, 

for the 3
rd

 sample, the organic matter content 

decreases to 1.38% compared to E1; the 

percentage of organic matter in the soil 

dosed with   200g of mud (D3) is higher 

than the one dosed with 50g of mud (D1). 

Sammer (1977) attributed this increase to 

the presence of organic compounds in the 

sludge that promotes organic carbon 

enrichment. 
 

pH 
 

The evolution of the pH due to the input of 

different doses of sludge shows that the 

input of the latter doesn’t significantly 

modify the pH of soils in which the doses 

were spread as compared to the control soil; 

evidence clearly seen throughout the three 

samples (fig.1). 
 

Whereas the pH values in the 1
st 

and 2
nd

 

samples are noticeably comparable, we 

record a slight decrease in the 3
rd

 sample. 

These results are not consistent with those 

discovered by King and Morris (1992). 

However, pH variations determine certain 

soil properties such as microbial activities, 

nutrients availability, and in particular, the 

mobility of trace elements. 
 

Calcium Carbonates 
 

Figure 1 shows that the mud addition causes 

a highly significant increase in the rate of 

calcium carbonate, which reaches 37% as 

compared to 9% in E1; this richness is 

attributed to the richness of mud containing 

high lime content. Indeed, the higher the 

dose used, the more important the increase; 

a statistic that can be remarked in all the 

samples. The 3
rd

 sample recorded the least 

calcium carbonate content when compared 

to the other samples. This decrease in the 3
rd

 

sample can be attributed to the effect of 

dissolution due to irrigation. 

 

Salinity 
 

It is known that the addition of mud can 

cause a positive effect in improving the 

salinity of agricultural soils Mariscot (1986). 

A statistic that straightly concords with the 

results obtained during our test: the input of 

200g of mud doesn’t significantly modify 

the salinity of the soil compared to the 

control soil, while it decreases in the other 3 

samples that contain 100g. 
 

However, the 100g and 50g doses led to an 

increase in the concentration of mineral salts 

in all of the samples. It seems that the 

application of mud at moderate level is 

greater than that applied at higher level (Fig. 

1). 
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Effects of Mud Input on the Chemical 

Properties of Soils (Lucerne Crop)  

 

Organic Matter 

 

When compared to the soil’s initial 

composition, mud amendments lead to an 

increase in the rate of organic matter 

content. Benmouffok et al., (2005); Gomez 

et al., (1984) proved through their numerous 

works that organic matter content increases 

in soils treated with mud.  Indeed, the 

control soil presents the lowest values as 

compared to the dosed soils. 

 

The dosed soils present very high organic 

matter content; especially those with the 

200g of mud dose and respectively present 

the following values: 2.75%, 3.08% and 

3.6% (fig.2). 

 

It’s only in the 3
rd

 sample that we can 

clearly see the evolution of the percentage of 

organic matter in terms of mud input and 

which began at 1.37% (for the control soil) 

to subsequently reach 3.6% (for the soil 

dosed with 200g of mud).  

 

pH 

 

The pH measured from the 1
st 

and 3
rd

 

samples record an initial decrease compared 

to the control soil followed by an increase 

(fig.2). The pH of the soils dosed with 200g 

of mud tends to increase even after 21 days 

of their spreading.  

 

As for the 2
nd 

sample, the input of mud 

didn’t increase the soil pH which was 

already 7.3%.Generally, the mud input 

didn’t mark a great effect on the soil’s pH. 
 

 

Calcium Carbonates 

 

The results indicate that the addition of mud 

causes an increase in the content of calcium 

carbonates when compared to the control 

soil in all three samples. The maximum 

values recorded by mud spreading are 22%, 

17.1% and 21.4% for the first, second and 

third samples respectively while those of the 

control soils do not exceed 12%, 9.5% and 

7.1%.Indeed, the rate of CaCO3 increases 

successively with increasing dose of mud 

compared to the control soil. 

 

Salinity 

 

Mud spreading contributes to the 

improvement of soil salinity, this relates to 

increasing doses, because we successively 

move from 1600, 2015 and 1185 mg/l for 

the first dose (50g) to 1635, 2425 and 1205 

mg/l for the third dose (200g); a fact that 

concords in all of the samples (fig. 2). 

 

The Effects of Crop Type on the Soil’s 

Chemical Properties (fig.3) 

 

Organic Matter 

 

The soils that are cultivated and dosed with 

mud register higher organic matter content 

than that of uncultivated soil. Indeed, sludge 

gradually releases and makes them available 

to the plant throughout its cycle (Jamil et al., 

2006; Pescod, 1992; Barbartik et al., 1985). 

 

For samples E2 and E3, the organic matter 

contents are similar for each crop (wheat 

and Lucerne); however, the values recorded 

by Lucerne are higher than those recorded 

by wheat for sample E3 and E4. 
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Table.1 Characteristics of the Soil 
 

Soil characteristics Results 

pH (water) 

M.O (%) 

C (%) 

CaCO3 (%) 

C.E (ms) 

Concentration in mineral salt (mg/l) 

8,08 

1,37 

0,80 

11 

1,35 

675 

 

Table.2 Characteristics of the Mud 
 

Mud characteristics Results 

pH (water) 

M.O (%) 

C (%) 

CaCO3 (%) 

C.E (ms) 

Concentration in mineral salt (mg/l) 

8,29 

5,17 

3 

84 

0,79 

395 

 

Table.3 Chemical Analyzes of the Mud using X-ray Fluorescence 
 

Compound Name % of concentration 

CaO 49,3 

SO3 1,82 

MgO 1,35 

SiO2 1,28 

Al2O3 0,503 

P2O5 0,239 

Fe2O3 0,225 

Na2O 0,173 

Cl 0,0593 

K2O 0,0224 

SrO 0,0206 

ZnO 0,0131 

 

Fig.1 Effects of Mud Input on Organic Matter, pH, CaCO3 and Salinity “Case of Wheat” 
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Fig.2 Effects of Mud Inputs on Organic Matter, pH, CaCO3 and Salinity  

in the Case of a Lucerne Crop 

 

 

Fig.3 Evolution of Chemical Parameters (M.O, pH…) in the Study Lucerne and Wheat 

 

 
 

pH 
 

The pH seems to be responding to the effect 

of the crop type; the pH of the uncultivated 

soil is higher than that of the soil cultivated  

by Lucerne; something that is not the case 

for the soil cultivated by wheat where the 

control soil registers lower values than that 

of the cultivated soil. 

 

In the record a difference between Lucerne 

and wheat crop and it’s from the E3, E4 and 

E5 doses that we clearly feel the effect of 

the type of crop on the chemical properties 

of the soil. 

 

Calcium Carbonates 

 

Contrary to the soil cultivated by Lucerne, 

which records a weaker content of calcium 

carbonate compared to the control soil, the 

soil cultivated by wheat records a high rate 

of CaCO3 compared to that recorded by the 

uncultivated soil.The evolution of the rate of 

CaCO3 is marked as a functionof the effect 

of crop type beginning from doses E2, E3, 

E4 and E5. 

 

Salinity 

 

The cultivated soil has high salinity values 

compared to the values of the uncultivated 
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soil in the case of a Lucerne crop while the 

salinity for wheat remains comparable. 

Thus, the control soil records a very low 

salinity value compared to the soil cultivated 

by Lucerne while it records a low salinity 

value compared to the soil cultivated by 

wheat. From the 500g up to the 200g dose, 

we remark that the values are clearly very 

high in the case of Lucerne compared to that 

of wheat. 

 

In conclusion, the effects of beneficiation of 

sludge sweets on the chemical property of 

soils through the monitoring of certain 

indicators (organic matter, pH, calcium 

carbonates and salinity) enable us to 

highlight: 

 

Increase level of organic matter on a dose-

dependent basis. This increase is greater in 

cultivated soils compared to uncultivated 

soils. 

 

That change in the rate of organic matter 

over time has the tendency to reduce; this 

could be attributed to the phenomenon of 

mineralization. 

 

That pH values do not seem to be affected 

by the addition of sludge; but we see 

different effects depending on the kind of 

the two crops. 

 

That calcium carbonates have the tendency 

to significantly increase when the dosage of 

mud is also increased. 

 

That the effect of crop type on carbonates is 

significantly seen within the third dose. 

 

That the salinity of the soils increases with 

increasing rate of sludge dosage. This 

increase varies depending on the nature of 

the crop. 

 

That the soils salinity records a significant 

decrease over time from the first to the third 

sample. 

 

Lastly, we can say that, within the limits of 

the results obtained, the spreading (dosage) 

of sludge sweet contribute significantly to 

the change in the chemical property of our 

studied soil. 
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