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This study examined the A and B horizons of deep, developed and moderately unsaturated sandy 
ferrallitic soils amended with cattle and poultry manures under cassava (Manihot esculenta Crantz) 
cultivation. Therefore, a plot experiment was carried out by using a randomized complete blocks design 
in 4 replications and fields treatments which included unfertilized (control) and one dose (10 t/ha) of 
both manures. The study of the different fractions of animal manures showed that the poultry had the 
greatest content of C (organic carbon), N (nitrogen), P (phosphorus), K (potassium), Ca (calcium) and 
C:N ratio (p < 0.01). However, the value of Mg (magnesium) in the studied manures was not significantly 
different (p < 0.01). The manure treatment significantly increased the soil organic matter contents from 
0.46 to 2.8 and 1.1% respectively with poultry and cattle manures (p < 0.01). Organic fertilizer 
significantly increased the cation exchange capacity from 1.7 to 12.75 and 3.8 me:100 g and the bases 
saturation content from 47 to 80 and to 76% respectively with the poultry and cattle manures (p < 0.01). 
The organic fertilizer showed significant effect on earthworms populations Hyperiodrilus africanus 
(Oligochaeta, Eudrilidae) in the soil, with 128 and 85% respectively about the poultry and cattle manures 
compared to the control (p < 0.01). 
 
Key words: Cattle manure, poultry manure, cassava, organic matter, cation exchange capacity, bases 
saturation content. 

 
 
INTRODUCTION 
 
Cassava is grown in every agroecological zone of the 
Côte d’Ivoire and it is the major food crop after yam. Cas- 
sava is often the last crop grown before the land is  allow-  
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ed to revert to bush fallow in traditional cropping systems 
(Ofori, 1973). Côte d'Ivoire is a country with high density 
of population (48 inh./km2) and a high population increase 
rate of 3.8%/year (Institute National de la Statistique, 
1998).This situation causes a strong pressure on the 
cultivable lands, and considerably reduces the fallow du-
ration. This led to an impoverishment of the soil because 
of their consecutive overexploitation which is combined to 
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bush fires actions (Carsky, 2003). Swarup et al (2000) 
reported the loss of soil organic carbon, particularly C 
and N, under intensive cropping and continuous 
cultivation. The decline in soil productivity as a result of 
continuous cultivation in sub-Saharan Africa has been 
identified as a major cause of food insecurity and poverty 
and crop yields continue to decline on smallholder 
farmers fields and there is a huge gap between potential 
crop yields and actual crop yields (Yeboah et al., 
2009).The degradation induces a significant decrease of 
the soil organic matter content which modifies the 
nitrogen cycle (Ouattara et al., 2006). Moreover, in Côte 
d’Ivoire, the low levels of organic matter and total nitro-
gen (N) were the major soil constraints identified (Asadu 
et al., 1998). The soil constraints that reduce the yields of 
cassava such as soil alkalinity and salinity, exchangeable 
aluminium (Al), high pH above 8.0 and exchangeable so-
dium (Na) percentage of above 2.5% have been outlined 
by Cock and Howeler (1978). 

In the other side, the farms generate an enormous 
amount of manure. The disposal of these wastes is one 
of the main environmental problems related to intensive 
livestock production. The use of manures as organic ferti-
lizer can benefit agriculture and can be, potentially, an 
inexpensive way for society to protect the environment 
and to conserve natural resources. 

Research studies about the cattle manure, aiming the 
soils fertility regeneration, were implemented elsewhere 
(Nyamangara et al., 2001; Arriaga and Lowely, 2003; 
Hao et al., 2004). The information on effect of poultry and 
cattle manures on soil quality is limited in Côte d’Ivoire. 
Indeed, the quantification of the organic matter content, 
the sum of the exchangeable bases cations, the cation 
exchange capacity and the bases saturation content are 
of prime importance in identifying sustainable systems for 
manures dynamics in the soil. 

In this study, research programs were carried out in 
2002 on plots which were continuously cultivated, since 
1992. After the physical and chemical characterizations 
of these soils, a fertilization trial with cattle and poultry 
manures under cassava crop were carried out. At the end 
of the cropping season, each treatment soil was sampled 
and analyzed. Mineralisation of humus takes place at a 
slow rate which varies mainly in relation to temperature 
and soil wetness, factors over which no management 
controls can be exerted (Moares et al., 2001), Harris 
(2002) pointed the importance of manure as a nutrient 
source in the nutrient balances of two farming systems. 
The objectives of this study were: i) The characterisa-tion 
of the different organic matter in animal manures. ii) The 
determination of the manures effects on organic matter 
content and adsorption complex of the soil under cassava 
cultivation. 
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MATERIALS AND METHODS 
 
Site description 
 
The study was carried out on the experimental field of the Swiss 
Centre for Scientific Research in Bringakro (altitude 150 m, 
06°40´N, 05°09´W) located at 180 km from Abidjan (Côte.d'Ivoire) 
northward. The climate is a transition of the equatorial climate cha-
racterized by the alternation of long rainy season (from March to 
July) with an average rainfall of 850 mm, a short dry season (from 
July to August), a short rainy season (from September to October) 
providing approximately 185 mm and a long dry season (from 
November to February). The Harmattan, dry wind blows from 
December to February during the long dry season. The annual 
average temperature was 26°C with average air moisture of 77% 
and a monthly total solar radiation of 394 MJ /m2 from 2002 to 
2006. The experiment began in 1992 with a yam crop on land 
cropped to yam during 10 years. After a short fallow period of 2 
months the soil was primarily covered by Imperata cylindrica 
(Poaceae), Chromolaena odorata (Asteraceae). 

The morpho-pedological characterization indicated the presence 
of well draining soils and wet in-depth. In each horizon, the colour 
was homogeneous (dark in the top horizon and red in the depth 
horizon). Twenty seven (27) pedological pits of 1 m depth were 
excavated in the field to examine the soil profile and ensure that the 
same soil type was present. Soil samples were taken according to 
horizon levels (top horizon (0 - 22 cm) and subjacent horizon (22 - 
55 cm)) and analyzed at the laboratory. These taking away were 
made at cuttings planting time in June. 

The Table 1 shows initial soil physical and chemical (carbon, 
nitrogen and organic matter content) properties. Particles size distri-
bution was measured after oxidation of the organic matter with 
hydrogen peroxide (H2O2) of a soil sample sieved through 2 mm 
mesh, followed by particles dispersion with a sodium hexameta-
phosphate solution (NaPO3)6 (Van, 1993). Sands were dominating in 
the topsoil (approximately 80%). The clay content increased gra-
dually with soil depth (5.2 to 8.6%) but remained lower than silts 
which had approximately 13%. 

The initial soil chemical properties (cations exchange capacity, 
potassium, calcium, magnesium and sodium contents, sum of ex-
changeable bases cations and bases saturation rate) for the site 
under study are presented in Table 2. Soil organic carbon was 
determined using the Walkley and Black method (1934). The total 
nitrogen was measured by dried combustion and by Kjeldahl me-
thod (Moral et al., 2005). The exchangeable base cations (Na+, K+, 
Ca2+, Mg2+) were extracted with the ammonium acetate (NH4Oac) 
and proportioned by spectroscopy of atomic absorption for Ca et 
Mg and by spectroscopy from emission to flame for Na et K (Houba, 
1995). The cation Ag+ contents were determined by comparison 
with those obtained with a “white” witness sample. Exchangeable 
aluminium (Al3+) and extractable hydrogen (H+) by the cobalti-
hexamine were measured by AFNOR methods (AFNOR, 1996). 
 
 
METHODS 

 
Chemical characteristics of Cattle and poultry manures 

 
The analyses of the chemical characteristics of poultry and cattle 
manures used are summarised in the Table 3. The dry manure 
samples of cattle were obtained in 7 bovine parks (average age: 2 
years) of the village of Bringakro. Concerning the poultry manure,  it 
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Table 1. Initial soil physical and chemical (carbon, nitrogen and organic matter content) properties at 0 - 22 and 22 - 55 cm soil layers in the 
ferrallitic soil of the Toumodi area, Côte d’Ivoire. Data are means ± standard error. 
 

Horizon 
Clay 

 (%) 

Fine silt 
(%) 

Coarse silt 
(%) 

Fine sand 
(%) 

Coarse sand 
(%) 

C  

(%) 

N  

(%) 
C:N 

Top 

0 - 22 5.4 ± 0.6 5.3 ± 0.4 7 ± 1.2 18 ± 2.3 64.3 ± 6.1 0.53 ± 0.08 0.045 ± 0.002 12 ± 0.9 
22 - 55 8.8 ± 0.7 3.9 ± 0.1 7.4 ± 0.8 16.2 ± 1.9 62.3 ± 4.9 0.34 ± 0.04 0.045 ± 0.007 8 ± 0.7 

Middle 

0 - 22 5.2 ± 0.9 5.6 ± 0.3 9.4 ± 1.4 20 ± 2.5 59.8 ± 5.3 0.52 ± 0.07 0.045 ± 0.006 12 ± 0.9 
22 - 55 8.6 ± 1.1 4.1 ± 0.2 7.8 ± 1.1 20.2 ± 2.6 59.3 ± 5.1 0.34 ± 0.05 0.045 ± 0.008 8 ± 0.9 

Base 

0 - 22 5 ± 0.3 5.9 ± 0.2 12.7 ± 1.3 20.8 ± 1.9 55.6 ± 4.8 0.52 ± 0.09 0.045 ± 0.004 12 ± 0.2 
22 - 55 8.4 ± 0.7 4.3 ± 0.3 8.5 ± 0.9 24.8 ± 2.9 54 ± 3.9 0.34 ± 0.07 0.045 ± 0.004 8 ± 0.3 

Mean 

0 - 22 5.2 ± 0.7 5.6 ± 0.3 9.7 ± 0.6 19.6 ± 2.3 59.9 ± 5.5 0.52 ± 0.08 0.045 ± 0.004 12 ± 0.6 
22 - 55 8.6 ± 0.9 4.1 ± 0.2 7.9 ± 0.9 20.4 ± 2.5 58.5 ± 4.8 0.34 ± 0.06 0.045 ± 0.006 8 ± 0.5 

 
 
 
Table 2. Initial soil chemical properties (cations exchange capacity, potassium, calcium, magnesium and sodium contents, exchangeable 
bases sum and bases saturation rate) at 0 - 22 and 22 - 55 cm soil layers in the ferrallitic soil of the Toumodi area, Côte d’Ivoire. Data are 
means ± standard error. 
 

Horizon CEC 

 (me:100 g) 

Ca  

(me:100 g) 

Mg 

 (me:100 g) 

K 

(me:100 g) 

Na  

(me:100 g) 

S 

 (me:100 g) 

V  

(me:100 g) 

Top 

0-22 2.4 ± 0.2 0.733 ± 0.03 0.066 ± 0.007 0.058 ± 0.001 0.023 ± 0.004 0.88 ± 0.09 37 ± 2.5 

22-55 2.8 ± 0.5 0.604 ± 0.08 0.064 ± 0.007 0.048 ± 0.003 0.033 ± 0.004 0.749 ± 0.09 27 ± 1.9 

Middle 

0-22 2.4 ± 0.3 0.733 ± 0.06 0.067 ± 0.003 0.058 ± 0.007 0.024 ± 0.002 0.882 ± 0.01 37 ± 2.3 

22-55 2.8 ± 0.5 0.602 ± 0.01 0.064 ± 0.009 0.048 ± 0.004 0.033 ± 0.003 0.747 ± 0.07 27 ± 0.9 

Base 

0-22 2.4 ± 0.9 0.733 ± 0.05 0.068 ± 0.004 0.058 ± 0.005 0.022 ± 0.003 0.881 ± 0.03 37 ± 0.7 
22-55 2.8 ± 0.7 0.6 ± 0.04 0.064 ± 0.008 0.048 ± 0.006 0.033 ± 0.007 0.745 ± 0.06 27 ± 0.8 

Mean 

0-22 2.4 ± 0.5 0.733 ± 0.04 0.067 ± 0.006 0.058 ± 0.004 0.023 ± 0.005 0.881 ± 0.04 37 ± 1.7 
22-55 2.8 ± 0.6 0.602 ± 0.2 0.064 ± 0.008 0.048 ± 0.004 0.033 ± 0.009 0.747 ± 0.08 27 ± 1.2 

 
 
 

Table 3. Chemical characteristics of poultry and cattle manures used. Data are means ± standard error. 
 

Manure type C (%) N (%) P (%) K (%) Ca (%) Mg (%) C:N 

cattle 26.52 ± 1.1b 0.92 ± 0.01b 0.19 ± 0.01b 0.79 ± 0.01b 0.48 ± 0.02b 0.31 ± 0.03a 28.83 ± 0.1b 
poultry 30.93 ±1.6a 2.09 ± 0.03a 0.87 ± 0.02a 0.97 ± 0.05a 1.06 ± 0.03a 0.34 ± 0.02a 14.8 ± 0.2a 

 

Different letters within a column represent significant difference (t-test, p < 0.01). 
 
 
was collected in 3 firms of the area. Poultry manures had a storage 
time in the heaps ranged from five to  seven  months.  The  manure  

samples were analyzed at the laboratory. All samples were dried in 
a forced-air oven at 60°C and ground to 0.5 mm for  analysis.  Total 



 

  

 
 
 
 
organic carbon was determined by oxidation with K2Cr2O7 in H2SO4, 
according to Yeomans and Bremner (1989). NH4

+-N was extracted 
with 2 M KCl and determined calorimetrically by the phenol salt me-
thod (Honeycult et al., 1991). NO3--N was determined by second-
derivative spectroscopy in a 1:30 (w/v) water extract (Sempere et 
al., 1993). Total nitrogen (Nt) and organic nitrogen (Norg) were cal-
culated as the sum of Kjeldahl-N and NO3--N and as the difference 
between Nt and the inorganic nitrogen (sum of NH4

+-N and NO3--
N), respectively. Manure samples were also analysed to determine 
with 0.1 M HCl + 0.03 M NH4F (Bray II method) extractable P and K 
(Salinas and Garcia, 1985), 1 M KCl extractable Ca, Mg (Thomas, 
1982). 
 
 
Experimental design 
 
The trial was set up according to a randomized complete blocks 
design. Three (3) treatments with four (4) blocks containing 4 repli-
cations per treatment were set up in experimental plots of 64 m2 
each, with 1 m distance between plots. The manure was spread at 
the dose of 10 t/ha

 
after randomization. Then, the plots were 

ploughed and uniformly mixed with the manures before planting the 
cassava. Cassava cuttings were planted on 6 June, 2002. The 
second test was set up, one year after, then, at the same date in 
2003. Each treatment was sampled (9 taking away) for 2 layers of 
soil (0 - 22 and 22 - 55 cm). These taking away were made at the 
harvest time at 15 month after planting in September. 

Depth of horizon was measured by digging small pits, then mea-
suring the depth where soil colour changed using the Munsell soil 
colour charts (Munsell (1954) cited in Schlichting et al. (1995)). 
 
 
Extraction method and evaluation of earthworms’ population 
 
The earthworms were identified on all the treatments in the soil of 6 
pits per treatment at 15 months after planting. Each pit measured 1 
m length on 1 m breadth and 70 cm depth. The earthworms were 
collected together with the soil in a bucket which was regularly emp-
tied on a plastic bag to locate the earthworms finely and count them 
thereafter. 
 
 
Statistical methods 
 
The data were subjected to the analysis of variance according to 
the experimental design (linear model with interactions), by the ana-
lysis software SAS® (Statistical Analysis System Institute Inc., 
Cary, NC, USA). For the significant effects, the averages were com-
pared using Student-Newman_Keuls method (Dagnelie, 2003). 
 
 
RESULTS 
 
Manures effects on earthworms population in the soil 
 
The Figure 1 shows the average number of earthworms 
in the amended soils. The average numbers of earth-
worms H. africanus (Olgochaeta, Eudrilidae) which were 
7, 13, and 16 per m2 at 0 - 55 cm soil layers, respectively 
in the control plots, cattle manure plots and poultry ma-
nure plots were significantly affected by the  manure  (p < 
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Figure 1. Average number of earthworms at 0 - 55 cm soil 
layers in one m2 of the sandy soil under cassava cultivation at 
15 months after planting, according to fertilisation mode 
during the 2 consecutives crop years, without manure, cattle 
manure and poultry manure, Toumodi, Côte d’Ivoire. Errors 
bars are SE, histograms surmounted by different letter are 
significantly different at p < 0.01. nM: no Manure (control); cM: 
cattle manure; pM: poultry manure. 

 
 
 
0.01). This corresponded to an increase of 85% of earth-
worm population under cattle manures and 128% under 
manure poultry compared to the control. 
 
 
Manures effects on soil colour and particles size 
distribution 
 
The colour of the horizons was variable, ranging from 
boards 2.5 YR to 10 YR. However, under the control, 
100% of the samples were in the boards 10 YR whereas 
under manure, there was only 25%, with 62.5% in the 
board 7.5 YR and 12.5% in the board 2.5 YR. The Table 
4 shows the particle-size distribution in the treatments for 
0 - 22 and 22 - 55 cm soil layers. The soils with manures 
had significantly higher clay and silt contents than those 
of the control (p < 0.01). However, the sand content was 
not significantly affected by either treatment. The parti-
cles size distribution of the soil indicated very sandy soils 
under the control, sandy under the cattle manure, sandy 
on the top horizon (0 - 22 cm) and sandy-clay on the sub 
horizon (22 - 55 cm) under the poultry manure. The clay 
contents were higher in the soil samples under manure. 
 
 
Manures effects on the soil chemical characteristics 
 
The amended soils had largest amount of organic matter,
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Table 4. Particle-size distribution in the treatments for 0 - 22 and 22 - 55 cm soil layers, under cassava cultivation at 15 months 
after planting, according to fertilisation mode during the 2 consecutives crop years, without manure, cattle manure and poultry 
manure, Toumodi, Côte d’Ivoire. Data are means ± standard error. 
 

Treatments (cm) Clay (%) Fine silt (%) Carse silt (%) Fine sand (%) Coarse sand (%) 

Soil nM (control) 

0 - 22  5.6 ± 0.2c 4.8 ± 0.2d 8.3 ± 0.4d 40 ± 2.9a 41.3 ± 3.2ab 
22 - 55  5.77 ± 0.1c 2.5 ± 0.1e 8.8 ± 0.2c 34.9 ± 1.6b 46.2 ± 2.6a 

Soil + cM 

0 - 22  9.95 ± 0.9b 6.3 ± 0.3b 10 ± 0.3a 30.1 ± 2.2c 44.2 ± 1.7a 
22 - 55  6.95 ± 0.3b 10.1 ± 2.2a 8.6 ± 0.4bc 35.9 ± 1.9ab 37.8 ± 0.7bc 

Soil + pM 

0 - 22  8.65 ± 1.1b 6 ± 0.7b 9 ± 0.5b 32.4 ± 2.7b 43.9 ± 2.3a 
22 - 55  16.5 ± 2.6a 5.5 ± 0.2c 7.4 ± 0.6d 30.4 ± 0.8c 40.1 ± 2.5b 

 

Values in the same column with different letter are significantly different at p < 0.05. nM: No Manure (control); cM: cattle manure; pM: 
poultry manure. 
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Figure 2. Responses in soil organic matter content at 0 - 22 and 22 - 55 cm soil layers in the sandy 
soil under cassava cultivation at 15 months after planting, according to fertilisation mode during the 2 
consecutives crop years, in the ferrallitic soil of the Toumodi area, Côte d’Ivoire. Errors bars are SE; 
histograms in the same soil depth, surmounted by different letter are significantly different at p < 0.01. 
nM: no Manure (control); cM: cattle manure; pM: poultry manure. 

 
 
 
sum of the exchangeable bases cations, cation exchange 
capacity and bases saturation. The difference between 
control values and manure values were significant (p < 
0.01). 

The organic matter content (Figure 2) of the soil was 
very low in the control (0.25 - 0.46%). It significantly in-
creased in the soils treated with cattle manure (1.1% in 
the top horizon) and with poultry manure (2.9% in the top 
horizon). 

The sum of the exchangeable bases cations (S) (Figure 
3) was significantly higher under manure (2.9 -  10.2  me: 

 
 
100 g)) than under control (0.8 me:100 g) (p < 0.01). The 
CEC (Figure 4) was significantly lower under the control 
(1.7 - 1.8 me:100 g) than under the poultry manure (8.5 - 
12.8 me:100 g) and the cattle manure (3.8 - 11 me:100 g) 
(p < 0.01). 

The bases saturation content (V) (Figure 5) increased 
with the application of the manure. It significantly ranged 
from 47% with the control to 76% under cattle manure 
and 80% under poultry manure (p < 0.01). S, CEC and V 
are the three values characterizing the soil adsorbent 
complex. 
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Figure 3. Responses in soil sum of the exchangeable bases cations at 0 - 22 
and 22 - 55 cm soil layers in the sandy soil under cassava cultivation at 15 
months after planting, according to fertilisation mode during the 2 conse-cutives 
cropping years, in the ferrallitic soil of the Toumodi area, Côte d’Ivoire. Errors 
bars are SE; histograms in the same soil depth, surmounted by different letter 
are significantly different at p < 0.01. nM: no Manure (control); cM: cattle manure; 
pM: poultry manure. 
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Figure 4. Responses in soil cation exchange capacity at 0 - 22 
and 22 - 55 cm soil layers in the sandy soil under cassava 
cultivation at 15 months after planting, according to fertilization 
mode during the 2 consecutives crop years, in the ferrallitic soil 
of the Toumodi area, Côte d’Ivoire. Errors bars are SE; 
histograms in the same soil depth, surmounted by different 
letter are significantly different at p < 0.01. nM: no Manure 
(control); cM: cattle manure; pM: poultry manure. 
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Figure 5. Responses in soil bases saturation content at 0 - 22 
and 22 -55 cm soil layers in the sandy soil under cassava 
cultivation at 15 months after planting, according to fertilisation 
mode during the 2 consecutives cropping years, in the ferrallitic 
soil of the Toumodi area, Côte d’Ivoire. Errors bars are SE; his-
tograms in the same soil depth, surmounted by different letter 
are significantly different at p < 0.01. nM: no Manure (control); 
cM: cattle manure; pM: poultry manure. 
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DISCUSSION 
 
In this research, the aims were to study the organic 
fertilization effects on the status of a sandy soil and its 
relationships to other edaphic characteristics (physical, 
chemical and biological). 

Concerning the manures analysis, the average carbon 
content ranged from 26.52 to 30.93%, with, statistically, 
the poultry and cattle manures having highest and lowest 
carbon concentration, respectively. However, all the ma-
nures had carbon contents higher than the limit set by the 
Spanish legislation for organic fertiliser (18% C) (BOE, 
1998). The N concentration ranged from 0.92 to 2.09%, 
with only the poultry manure showing a value of this para-
meter above the limit set for organic fertiliser (2% N) 
(BOE, 1998). The organic amendment quality and their 
capacity to provide nitrogen are generally evaluated by 
the C:N ratio (Stevenson, 1984). The poultry manure had 
significantly the lowest C:N ratio value (14.8) compared 
to cattle manure (the C:N ratio value was 28.83). This low 
value was due to its N content being the highest. All the 
manures showed a C:N ratio greater than the range of 
values for organic fertilisers (C:N = 3 - 15) (BOE, 1998). 
The carbon of these manures might have started its bio-
degradation process during the storage in heaps at the 
margins of the farms. In all manures, the C:N ratio was 
over 12, which is the maximum value for mature com-
posts prepared with a wide range of organic wastes 
(Bernal et al., 1998). 

When litter with a high C:N ratio (approximately 30/1 or 
higher) is added to soil, net immobilisation may occur for 
a period of time (days to weeks) which is dependent on 
the prevailing soil moisture and temperature. After a pro-
portion of C from the litter source has been consumed by 
organisms and respired (significantly reducing the overall 
C/N ratio of the substrate) net mineralization may occur 
(Peter and Sinclair, 2001). 

The manures influenced the soil infection by the earth-
worms. It is besides a good indicator of the soil fertility 
because the worms’ casts have a strong assimilable ni-
trogen content, trace elements, organic matter, phospho-
rus and potassium (Flückiger et al., 1998). The worms dig 
galleries; also take part in the ventilation of the soil and 
its drainage, hence more water would be available for 
root growth. The higher number of earthworms with the 
poultry litter would be explained by the fact that the 
organic matter content is the highest. 

The organic fertilization allowed significant increases in 
the soil organic matter contents in the 0 - 22 cm layer. 
That is due to the fact that the manure amendments on 
soil provide the nutritive elements by mineralization (Fan 
et al., 2004; Wuest et al., 2005). These results are similar 
to those of  Wang  et  al.  (2006)  who  observed  that  the  

 
 
 
 
cattle manure increased significantly the concentrations 
of the organic matter. The increase in the organic matter 
induced by the amendment is due to the manures which 
has three roles of organic matter sources, of protection of 
the soil against erosion and of increase in the activity of 
earthworms which reduce water runoff (Hole et al., 2005; 
Parfitt et al., 2005). In accordance with our results and 
with those of Hao and Chang (2002), the cattle manure 
involved an increase in the sum of the exchangeable 
bases cations (Ca2+, Mg2+, K+, Na+) and the cation ex-
change capacity (Ca2+, Mg2+, K+, Na+, H+, Al3+). This ten-
dency was accentuated with the poultry litter. Under the 
climatic conditions where the temperature and moisture 
are high, the mineralization processes of the organic mat-
ter of the soil are intense (Thuriès et al., 2000). This trend 
is observed because of the usual greater microbial activi-
ties associated due to organic matter accumulation. 

The manures significantly increased in the same 
occasion the content of saturation in bases (V=S:CEC). 
The amended soils were more fertile than the control, 
and this is reflected by the significant difference between 
the bases saturation contents obtained at both 
treatments. These results are in agreement with the con-
clusions of other researchers (Thuriès et al., 2000) who 
observed that the manure allowed significant increases in 
C, N and CEC soil contents. Indeed, the fast mineraliza-
tion of the organic matter provides the nutritive elements 
which constitute a surplus compared to the initial soil 
(Oehl et al., 2004). Similar results were obtained by Bado 
(2002), when he applied manure to soil of Farakô-Ba in 
Burkina-Faso. 
 
 
Conclusion 
 
In a system integrating farming and breeding, the use of 
the animal manure makes it possible to improve the soil 
properties, due to their very high organic matter contents. 
At the field, the manures improve the soil fertility. Such a 
system will allow a recycling of the nutritive elements 
ensuring a sustainable management of the soil fertility. 
Better than the practice of the fallow which is less and 
less possible with the strong pressure on the cultivable 
soils, the manures offer alternatives more interesting for a 
continuous and long-term exploitation of the fertility of the 
soils. 
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