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Agricultural land management is one of the issues facing farmers in the semi-
arid zones of West Africa. This study conducted in Burkina Faso aims at 
characterizing the physical properties of Ferric Lixisol under the influence of 
plowing, manure fertilization and sorghum monoculture. For this purpose, 
experimental designs of different ages were used at the agricultural 
Research Station of Saria and in farm plots located, on Ferric Lixisol. The 
cropping practices tested combined plowing with different rates of farmyard 
manure. Soil physical properties analysis showed that the annual plowing 
with farmyard manure application resulted in a 1.6-point decrease in 
structural porosity and a 57% decrease in fine silt content after 33 years of 
cultivation, compared to soils under farm plots. Steady-state infiltration was 
reduced by 58% compared to that measured under natural fallow. These 
changes were much linked to the plowing intensity than to the organic 
fertilizer rates. On the other hand, after 33 years of cultivation, the biennial 
plowing of 40 t ha-1 of manure resulted in a loss of more than 50% of the 
soil's clay and iron oxy-hydroxide contents of the soil compared to plots 
without manure and those of the farmers. In conclusion, unjustified 
intensification of cultivation practices can lead to a degradation of soil 
physical properties.  
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INTRODUCTION  
 
Sustainable management of agricultural land is one of the 
issues facing farmers in the semi-arid areas of West Africa. 
It is the major practice for maintaining soil physical, 
chemical and biological fertilities (Tahat et al., 2020). 
According to Xie et al. (2019), it is a best way to produce 
higher agricultural outputs with less impact on the 
environment. Sustainable management in agriculture 
includes improving productivity by adopting 
environmentally friendly farming practices such as: 
application of organic fertilizers, soil and water 
conservation techniques, tillage systems, legumes included 
in the crop rotations, growing new varieties adapted to new 

conditions, integrated weed, disease and pest management, 
etc. This intensification system is still attracting worldwide 
attentions. However, the Food and Agriculture Organization 
(FAO), in 2017 stated that any management practice 
imposed on the soil can have positive or negative 
consequences. As negative consequences related to 
inappropriate management practices, they led to the 
degradation of soil health, the destruction of soil structure, 
the acceleration of erosion, the loss of soil fertility, the 
disruption of water cycles, the decrease in water, in quality 
of carbon, and the decrease in plant nutrients (Mehra et al., 
2018). According  to  Manik et al.  (2019),  it  affected  about  
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Table 1. Experiment design: Manure and ages of trials  
 

 Age (years) Rates of manure 
(t ha-1) 

Rates of NPK 
fertilizer (kg ha-1) 

Number of 
samples 

Trial based on physical study 3    
Plowing+manure  10 37-23-14 10 
Trial based on the comparative 
study of organic amendements 

13    

Plowing+manure  10 60-30-30 12 
Trial based on soil fertility 
conservation 

33    

Plowing  0 0 8 
Plowing+manure  40 (per 2 years) 60-23-44 8 
On-farm     
Zero Plowing +Zero manure input > 45 none none 8 

 
Source: Ouattara et al., 1998 

 
 
 
65% of Africa’s land, leading to the decline in its 
productivity in terms of both food and other natural 
resources and services. As positive consequences which are 
related to minimum tillage, it improves soil physical, 
chemical and biological properties (Lal, 2015). In addition, 
it influences the distribution pattern of soil organic carbon 
(Khorami et al., 2018) and is therefore, one of the most 
important factors improving crop production. 

For the specific case of Burkina Faso, the agricultural 
intensification includes plowing practices with the adoption 
of modern inputs such as mineral and organic fertilizers 
(Dahlin and Rusinamhodzi, 2019). Plowing has been a 
major element in the evolution of agriculture. It has created 
favorable conditions for plant growth, stimulated the 
mineralization activity of crop residues and organic matter 
(Jezaari et al., 2021). Some findings reported by Garane et 
al. (2018) and Bandao et al. (2020) indicated that minimum 
tillage combined with reasonable amount of organic and 
inorganic fertilizers reduced the loss of soil carbon, 
improve crop production and increase soil nutrients 
contents. 

However, plowing remains time, labor, and energy 
consuming. Moreover, it has affected soil structure 
(crumbling, soil compaction, reduction of soil porosity, 
insufficient circulation of oxygen (Shtewy et al., 2020)). It 
has also depleted soil organic matter. Therefore, as 
Bünemann et al. (2018), it has been noted that the 
intensification of agricultural practices leads to negative 
impacts on soil quality including assessment of soil 
properties and processes. There is the need to characterize 
the physical state of Saria soil subjected to long term 
farmyard manure plowing under sorghum monoculture. 
This study aims specifically to (1) evaluate the effect of 
tillage practices incorporating or not farmyard manures on 
soil physico-chemical parameters, (2) assess the effects of 
these practices on soil organic status and structural 
porosity and (3) determine their effect on the infiltration 
soil regime. Results of this study could then help identify 
the best management systems which maintain soil 
structure and increase soil organic carbon content. 

MATERIALS AND METHODS 
 
The study was led out at Saria Agricultural Research Station 
located in the central plateau region of Burkina Faso. This 
station is under semi-arid tropical climate with means 
rainfall and temperature of respectively 800 mm and 22 to 
23 °C. This study used three experiment designs set up in 
1960, 1980 and 1990 for sorghum production. The 
treatments applied were plowing practices combined with 
several rates and types of mineral fertilizer and organic 
resources (Table 1). For this study, were used only plowing 
with incorporating or not incorporating manure plowing. 

The experiments based on soil fertility maintenance, on 
the comparative study of organic amendments and on the 
physical study were plowed at about 15 - 20 cm depth. 
Manure applications are done annually on the comparative 
and the physical study trials at 10 t ha-1 and biennially on 
soil fertility conservation trial at 40 t ha-1. The trials are all 
set up on the same soil topo-sequence but spaced 50 m 
between each other. Their results are compared with that 
of a natural fallow land stands at their nearer, where 
Andropogon gayanus species are dominantly grown. The 
rates and types of fertilizer and the ages of trials are 
presented in Table 1. 

According to Sedogo (1981) soils are tropical ferruginous 
with granite rock as parent material. The World Base 
Reference (WBR) states that the soils are Ferric Lixisol 
(FAO, 2006). These soils have upper horizons textures of 
sandy loam to sandy clay and generally a continuous and 
massive structure with low level of fertility (Table 2). 

The characterization of soil porosity status under the 
induced effects of agricultural practices was done through 
structural porosity quantification and soil infiltration rate. 

The structural porosity (ns) or macro-porosity resulted 
from the combined action of external factors (climatic, 
mechanical and biological). It derived from dried bulk 
density measurement (Da) carried out in situ using balloon 
densitometer on the 0-15 cm horizon. It resulted also from 
textural density (Dt) led in the laboratory on soil textural 
cakes (Ouattara et al. 1998) 64 according to  the  following 

https://www.sciencedirect.com/topics/social-sciences/fertilizers
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Table 2. The soil physico-chemical properties at 0-20 
cm depth 

 
Granulometry (%)  
Sand 53 
Silt 36 
Clay 11 
Total Carbon (g kg-1) 3.9 
Total Nitrogen (g kg-1) 0.3 
Exchangeable bases (Cmol (+)/kg-sol  
Ca++ 1.99 
Mg++ 0.67 
Na+ 0 
K+ 0.09 
Sum of bases (S) 2.75 
Cation exchange capacity (T) 4.96 
Saturation (S/T x 100) 55.44 
pH 6.4 

 

Source: Ouattara et al., 1998 

 
 

Table 3. Effects of cropping practices on some soil physico-chemical properties of the 33 years trial 
 

Treatment Fine silt 
(%) 

Clay 
(%) 

Csand 

(g kg-1) 
Csilt 
(g kg-1) 

Cclay 

(g kg-1) 
Ctot  
(g kg-1) 

FeCBD 

(%) 
Ag1H 
(%) 

On-farm plot 11.7 a 10.3 b 0.3 b 2.1 a 2.1 ab 5.2 b 12.9 a 6.8 
Manure+plowing 4.9 b 8.2 ab 2.1 a 0.4 b 2.6 a 7.2 a 6.3 bc 4.5 
plowing 5.2 b 12.3 a 0.4 b 0.1 c 1.7 b 2.5 c 8.7 ab 4.3 
Probability 0.001 0.012 < 0.001 < 0.001 0.003 0.001 0.038 0.260 
Significance  HS S HS HS HS HS S NS 
CV (%) 32.60 23.80 35.2 58.2 20.00 28.00 52.60 63.30 
Standard Error 2.4 2.4 0.2 0.2 0.4 1.4 4.9 3.30 

 

C : carbon ; Ctot : total carbon ; Fe : iron ; HS : highly significant ; S : significant ; NS : no significant; Ag1H: soil aggregates; means with same letters in 
the same columns are not significantly different. 

 
 
 

formula: )
Dt

Da
-(1 100 (%) ns       (1) (Ouattara et al., 1998) 

Müntz design (double ring having respectively 57 and 32 
cm of diameter) was used to carry out this infiltration 
experiment by keeping constant water load of 4 cm on soil 
surface. The watering was done using a graduated barrel 
equipped with a tap (Audry and Humbel, 1973). 

The infiltration measurements were performed in dry 
season. Each experiment watering was restricted at 100 cm 
to characterize soil rooting zone infiltration rate, generally 
limited by ferruginous indurations at 80 to 100 cm depth. 

A cultural profile diagnostic was performed during the 
dry season and allowed to reveal the existence of plowing 
soles. Soil samples were taken on 0-20 cm depth above, 
below and in plowing soles zone. 

Soil analyses were done in Nancy CNRS/CPB laboratory 
(France). The five granulometric fractions analysis was 
performed using Robinson Khöln method. This was done on 
a 2000 µm- sieved soil, after destroying the organic matter 
by oxygenated water.  

The organic matter was fractionated using a sodic resin 
(Amberlite IRN77 (H+)) and the ultrasounds were applied 
to the 0-50 µm suspension according to Feller et al. (1991). 

Soil organic carbon contents were determined through CHN 
Carlo-Erba – Mod. 1106 analyzer. 

Soil structural stability (aggregates sizes > 200 µm) was 
determined through Bloin et al. (1990) method. This is an 
adapted technique for sandy soils.  

Iron oxy-hydroxides were extracted with citrate-
bicarbonate-dithionite (Fan et al., 2016) and elements were 
analyzed with an atomic absorption spectrometer. 

Microsoft Excel software was used to keyboard data and 
construct some graphes. These data were then subjected to 
an analysis of variance (ANOVA) using GenStat version 
2010 software. The means were separated with the 
Student-Newman-Keuls Test at 5% of probability.  
 

 
RESULTS AND DISCUSSION 

 
Effects of manure inputs on soil physico-chemical 
properties 

 
The experimental design used during 33 years, contributed 
to highlight the effects of the biennial incorporation of 40 t 
ha-1 of  manure on  soil  physico-chemical  properties (Table  
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Figure 1: Effects of cropping practices on soil structural porosity and organic status 
 

Source: Ouattara et al., 1998 

 
 
 
3).  

Some significant decrease in soil clay and iron oxy-
hydroxides contents were noted on the topsoil where 
manure + plowing were applied compared to plowing alone 
and on-farm plots which had higher iron oxy-hydroxides 
contents. After 33 years of cultivation, the biennial plowing- 
in of 40 t ha-1 of manure resulted in a loss of more than 50% 
of the soil's clay and iron oxy-hydroxide contents compared 
to plots with no manure and to farm plots. These plots are 
manually tilled without any application of manure or 
mineral fertilizer. The decrease in clay and in iron oxy-
hydroxides contents noted in this experiment resulted from 
the alteration and the loss of the topsoil clay.  

Regarding the long-term trial (EEF), the decrease noted 
in clay content due to the biennial plowing of 40 t ha-1 of 
manure was also found all along soil cultural profile. This 
study also found that loss of clay is more pronounced on the 
top soil. No difference was reported among clay contents in 
the horizons underlying plowing pan. Plowing pan depths 
varied between treatments. These were 15 - 20 cm and 10 - 
14 cm on the plots plowed with and without manure input 
respectively. 
 
Effect of tillage on soil organic status and on soil 
porosity 
 
Considering the long term trials based on plowing of 
manure set-up in Saria Research Station, a slight increase 
was noted in soil organic status during the first 13 cropping 
years under the annual incorporation of 10 t ha-1 of 
manure. This increase was significantly higher under the 
biennial plowing of 40 t ha-1 of manure (Figure 1). 

Only trials based on plowing of 40 t ha-1 of manure had 
organic carbon contents significantly higher compared to 

that of on-farm plots (Table 3). However, the plowed plots 
showed significant decreases in fine silt soil content 
compared to those in on-farm plots. Figure 2 indicated the 
contribution of different soil particles size fractions carbon 
to the total soil carbon, confirmed some losses of the clay 
and silt contents. This figure also showed the breakdown of 
soil organic carbon into size fractions. Compared to on-farm 
plots, the distribution of soil C-fractions was bimodal on 
plowed plots with two different compartments, that of clay 
and sand. Soil clay fraction is containing the highest soil 
organic carbon content. However, the experiment showed 
that this organic carbon of the clay fraction significantly 
decreased under the biennial plowing of 40 t ha-1 of manure 
compared to those from simple plowed and on-farm plots. 
It was observed that these simples plowed and on-farm 
plots had the highest fine silt content (Table 3 and Figure. 
2). 

Regarding soil porosity, Figures 1 and 2 highlighted the 
negative effect of plowing-in of manure intensity on soil 
porosity (1.6-point decrease) and infiltration rate (57% of 
decrease). Figure 1 reported a slight increase in soil macro-
porosity correlated to soil organic status the first 13 years 
of cropping. However, at long term, a decrease of 58% was 
noted in soil porosity and infiltration rate despite the high 
content of soil organic matter. On the other hand, Figure 3 
showed in the plowed plots of the three long term trials, 
significant decreases in soil infiltration rate along cropping 
years despite manure incorporation. Then, this fact led to 
soil infiltration rate decrease in the biennal plowing of 40 t 
ha-1 of manure, even though their soil organic carbon 
content was the highest. The natural fallow plot, adjacent to 
the three long term trials, indicated the highest water 
permeability.  

Finally, this study found that the biennial plowings of 40 t 
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Figure 2 : Distribution of organic carbon in different soil granulometric fractions  
 

Source: Ouattara et al., 1998 

 
 

 
 

Figure 3 : Infiltration regime according to the duration of plowing-in  
 

Source: Ouattara et al., 1998 

 
 
 
ha-1 of manure did not influence significantly soil water 
stable macro-aggregates (Table 3). On the other hand, soil 
on-farm plots were the most aggregated. 
 
 
DISCUSSION  
 
Long time ago, plowings of manure were considered as the 

best techniques for saving water at plot level (Nicou et al., 
1993) and for the sustainable maintenance of tropical soil 
fertility in Sub-Saharan areas (Ouandaogo et al., 2016). 
Indeed, Nicou et al. (1993) recommended plowing for 
seedbeds preparation on ferruginous soils in semi-arid 
areas of West Africa. This, to loosen these soils rich 
sesquioxides in iron and aluminium, but poor in swelling 
clays  (Nicou, 1974). This,  plowing  by  loosening soil would  
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allow a rapid development of root, with an efficient use of 
infiltrated water leading to better agricultural productivity. 
These results showed that compared to on-farm plots, 
plowing contributed to improve soil porosity at short term. 
This is in agreement with the findings reported by Sadiq et 
al. (2021). Later, comparing this improvement in soil 
porosity to that of unplowed soil, researchers such as 
Ouattara et al. (2008) linked this to the creation of an 
enlarged range of reduced functional pores size (20-30 µm 
diameter) due to ploughshare which cut and turned soil. 
Moreover, at long term and despite significant application 
of manure, the intensive soil plowing affected soil physical 
properties negatively. A decrease was observed in its 
structural porosity, infiltration regime and its rate of water-
stable aggregates. This appeared like soil ploughed, 
characterized by intensive processes of organic matter 
mineralization, led at long term to their architecture 
collapse. These plowings created some macro-porosities 
which have closed quickly because of the significant 
decrease in clays, iron oxy-hydroxides and organic matter 
content.  

Lots of researches highlighted the negative effects of 
plowings that create within macro aggregates (>250 µm), 
some disruption planes exposing organic matter to 
mineralization. Sédogo et al. (1994) reported an annual 
decrease of 3.3% in the organic status resulted from 
plowings in the ferruginous soils of the Central Plateau of 
Burkina Faso. However, organic matter was known to 
contribute to the formation and   stabilization of soils 
aggregates (Zhao et al., 2017,). This was not the case in the 
biennial plowings of manure despite their high organic 
status. Without soil plowing and incorporation of organic 
matter, no significant difference was noted between soil 
organic status and stable aggregates in trials and in on-farm 
plots used as control. In these ploughed plots, soil organic 
carbon partitioning in the granulometric fractions was 
bimodal with two distinct compartments. The first one was 
that of clay fraction, called “organic carbon storage 
compartment” with organic matter well humidified and 
strongly combined with mineral colloids. The second one 
was that of sand and called “organic matter input 
compartment” where are located none decomposed plant 
and manure debris (Ouandaogo et al., 2016). In the no-tilled 
soil of on-farm plots, the soil humification was progressive. 
The low contribution found in the silt size organic carbon to 
the overall organic status could be due to a runoff where 
fine silt elements were lost. Indeed, annual plowings expose 
silt and soil fine organic matter to removal due to the 
"splash effect" and the sheet runoff displacement. Because 
of the perpetual disturbance of the top soil, there is a 
depletion of fine soil elements from the cultural profile at 
long term. Finally, it should be important to consider also 
the arsenal effect of mechanical constraints (hardpan 
formed by compaction from repeated plowing, heavy 
traffic, etc.) on soil structure degradation. This was the case 
of compacted areas diagnosed during cultural profiles 
observation. These results corroborated those of Bogunovic 
et al. (2018)  who  showed  that  soil  conventional  plowing  

 
 
 
 
lead to improvement of soil dry bulk density over 6%. In 
addition to soil silt loss, there were “declaying and 
deferruginization” of crop profiles in plots plowed with a 
lot of manure. This loss could be linked to clays leaching or 
to kaolinite destruction by transitory products resulted 
from soil organic matter decomposition or to 
microorganism’s activity (fulvic, humic, phenolic acids, etc.) 
as reported by Totsche et al. (2018). Kaolinite is the most 
dominant sort of clay in these Ferric Lixisol However, 
hypothesis according to which soil clay was leached was 
not credible because no clayey horizon was found beyond 
soil ploughed section. Many authors, such as Zhu et al. 
(2016) studied kaolinite destruction by acidic reagents. 
They indicated that kaolinite system disaggregation lead to 
a breaking of oxygen and hydroxyl bonds to form water. 
The released aluminum reacted with water or silica to form 
new minerals. A synergistic action of plowing and massive 
manure inputs could be the cause of cultural profile 
“declaying”. The mechanical disaggregation of soil 
aggregates under annual plowing could expose soil organic 
carbon to intensive mineralization (Chaplot and Cooper, 
2015) and to the destruction by organic acids (Zhu et al., 
2016). It should be noted that the release and leaching of 
iron oxy-hydroxides deep into the soil were due to clay 
mineral    destruction. This would explain the low ploughed 
soil aggregation of trials compared to that of on-farm plots 
containing high iron oxy-hydroxides content. Indeed, it is 
known that organic matter combined to clays, iron oxy-
hydroxides and other poly-cations lead to clay-humus 
plasma formation that would cover the skeleton and would 
be responsible of soil micro aggregation (Ouattara et al., 
2017; Zhao et al., 2017). Among the negative impacts of 
plowings on soil physical properties, the “declaying” and 
“deferruginization” of cultural profile have to be 
particularly considered with regards to their irreversible 
nature. Therefore, as corrective measures are difficult to be 
found, it should be necessary to identify the preventive 
ones to sustain soil fertility management. 
 
 
CONCLUSION 
 
Organic matter and clays contribute greatly to cultivated 
soil fertility potential. They are the major soil physico-
chemical and biological properties maintaining and 
improving cultivated soil productive capacity. Any 
inappropriate cropping practice leading to soil fertility 
decline should be then avoided. This is the case of soil 
plowings practiced for long time, and was found nowadays 
to be the main accelerating cultivated soil degradation, 
especially when these practices are note combined with 
organic fertilizers. This study showed that annual plowings 
led to soil architecture collapse even though they are 
associated with important amount of manure. Moreover, 
they are catalyst in cultural profile “declaying” and 
“deferruginization” due to some transient products 
generated by lots of manure inputs decomposition (40 t ha-

1 every 2 years). These  results  noted  in this study resulted  

https://en.wikipedia.org/wiki/Plow


 
 
 
 
from the three long trials set up at the Saria Research 
Station. These trials are 60, 40 and 30 years old 
respectively. They are very important but are not yet 
sufficiently exploited. As perspective, researches should be 
clarified the role of organic matter supply and/or annual 
plowing on soil “declaying” and “deferruginization”. 
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