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ABSTRACT 
 

Degradation of cultivated soils limits agricultural productivity and soil fertility. In Burkina Faso, the 
effect of soil type variability on cropping systems remains poorly documented, deserving further 
investigation. This study tests the effect of soil variability on sorghum-cowpea cropping system 
agronomic performance, with and without NPK fertilization. Two soil types (Lixisols and Cambisols) 
were tested at two fertilization levels (0 and 100% NPK) in a greenhouse using a split-plot design in 
vegetation pots. The agromorphological parameters of sorghum and cowpea were evaluated. 
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Cambisols improve sorghum and cowpea agronomic performance more than Lixisols. Adding 
100% NPK stimulates cowpea production (+40% and +15% above-ground and root biomass, 
respectively). In sole crop, Cambisols also improve sorghum above-ground biomass compared to 
Lixisols (+13% and +4%, respectively). Our results show that the recommended 100 kg.ha-1 of NPK 
mineral fertilizer dose is not conducive to good cowpea root biomass in our sorghum-cowpea 
intercropping systems, as it is probably too high compared to the starter dose for cowpea in 
Lixisols. Thus, Cambisols could be a more competitive choice to obtain superior agronomic 
performance in terms of yield and crop quality (sorghum-cowpea). 
 

 
Keywords: Soil type; biomass component; cropping system; sorghum; cowpea. 
 

1. INTRODUCTION 
 
Sorghum is among the most cultivated cereals 
crop in Sub-Saharan Africa. In Burkina Faso, 
sorghum is the leading cereal crop in terms of 
national production, accounting for at least 40% 
of the total area devoted to cereal cultivation 
(MAAH, 2020 ; DGESS/MARAH, 2023). 
 
However, despite its importance, sorghum's 
average national yield is less than one ton per 
hectare (Dabat et al., 2012; Ganeme et al., 
2021). This poses a major threat to production 
and food security. Several factors contribute to 
this low yield, including poor farming practices 
(Akpo et al., 2016), irregular rainfall (Sultan and 
Gaetani, 2016; IPCC, 2021), and declining soil 
fertility (Tittonell and Giller, 2013). Indeed, the 
delicate balance of soil ecosystems has been 
disrupted by certain agricultural management 
practices, with the health and resilience of soil 
microbiota being compromised, which can 
undermine the sustainability of agro-ecosystems 
(Das et al., 2025; Topa et al., 2025). Numerous 
studies have shown that most of Burkina Faso's 
agricultural soils are tropical ferruginous soils 
characterized by low organic matter content of 
generally less than 2% (Kissou et al., 2018; 
Bacyé et al., 2019). 
 
These soils are characterized by a low content of 
organic matter, poor exchangeable bases, a 
deficiency of phosphorus and nitrogen, a poor 
absorption complex, and a low capacity to retain 
water (Ilboudo et al., 2025). This results in lower 
agricultural yields (Coulibaly et al., 2020) and the 
gradual disappearance of vegetation. Given the 
importance of the agricultural sector, sustainable 
farming techniques must be adopted, such as 
crop rotation (Koulibaly et al., 2016), introducing 
legumes into rotations (Bado et al., 2012) and 
managing crop residues (Abdou et al., 2016, 
Assogba et al., 2022). Several studies have 
demonstrated the beneficial impact of legume 
cultivation on soil fertility and subsequent cereal 

yields. Legumes enhance crop productivity by 
safeguarding the soil from degradation, 
managing weeds, and enhancing and 
maintaining soil fertility through the fixation of 
atmospheric nitrogen (Bado et al., 2006; Kermah 
et al., 2018, Namatsheve et al., 2021). Despite 
various solutions being implemented to address 
degradation and increase agricultural 
productivity, yields remain unsatisfactory for 
farmers and do not meet population needs. If 
farmers had a good understanding of soil 
properties and characteristics, they would be 
able to take the necessary steps to increase 
yields and restore soil fertility. 
 

Therefore, it is important to understand the 
effects of the specific interactions between soil 
types and cropping systems. The overall 
objective of this study is therefore to determine 
the effect of soil variability, cropping systems and 
fertilization on the agronomic performance of 
sorghum and cowpea in intercropping, compared 
to sorghum grown alone. Specifically, we aim to 
determine the combined effect of soil types and 
fertilization on growth, biomass production, and 
interactions between the sorghum-cowpea 
system, whether intercropped or not.  Assuming 
that soil type and NPK fertilizer input have a 
variable influence on the crop system, the 
following agro-morphological parameters of 
sorghum and cowpea were evaluated: (i) height, 
(ii) diameter and (iii) above-ground and root 
biomass. 
 

2. MATERIALS AND METHODS  
 

2.1 Study Site 
 

The study was conducted in a controlled 
greenhouse environment in Ouagadougou, in the 
Sudano-Sahelian zone of Burkina Faso (Fig. 1). 
This agroecological zone is characterized by two 
seasons: a dry season from November to June 
and a rainy season from July to October. Annual 
rainfall in the area ranges from 600 to 900 mm, 
with an average temperature of 28.1°C. 
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Fig. 1. Location of study area in Ouagadougou (Burkina Faso, West Africa) 
 

2.2 Plant Material 
 

The plant material consisted of sorghum 
(Kapelga variety) and cowpea (Komcalé variety). 
Both are some improved varieties largely used 
by farmers. 
 

2.3 Experimental Design and Crop 
Management 

 

The experimental design was split-plot with four 
replicates. The first factor was fertilization, with 
two treatments: T0, which received no NPK 
application; and T+100, which received the 
recommended NPK dose of 100 kg/ha. The NPK 
formula used contained 14% nitrogen, 23% 
phosphorus and 14% potassium, and was 
labelled 14-23-14. The second factor was the 
cropping system, with two treatments: sole crop 
and intercropping. The third factor was soil type, 
with two levels: Lixisol and Cambisol. These soils 
were chosen because they account for the 
majority of Burkina Faso's agricultural land. The 
chemical characteristics of the soils used are 
shown in Table 1. 

The soil samples taken for testing were sieved 
using a sieve with 2 mm diameter holes. Plastic 
pots with an average volume of 1381 cm³ were 
filled with 4 kg of sieved soil and 49.6 g of 
compost per pot was added. The bottom of each 
pot was pierced to prevent excess water creating 
anaerobic conditions for the roots. The pots were 
moistened to 75% field capacity (approximately 
480 ml for brown soils and 413 ml for tropical 
ferruginous soils) one day before sowing, then 
watered to half field capacity every two days after 
sowing.  
 
For sowing, sorghum was sown on 21 July 2023 
at a rate of six (06) seeds per pot. Cowpeas were 
sown 10 days later (31 July 2023) at a rate of 
four seeds per pot. The sorghum plants were 
thinned to two (2) plants per pot. NPK was 
applied 15 days after sowing (DAS). 
Transplanting took place at 60 DAS. This 
involved tipping the contents of each pot into a 
basin and separating the above-ground biomass 
from the root biomass by cutting at the plant 
collar. 
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Table 1. Original chemical characteristics of the soils used 
 

Soil 
types 

Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

C 
(%) 

Total 
N (%) 

Av P 
(mg/Kg) 

pH Av K 
(mg/Kg)  

CEC 
(méq/100g) 

Cambisol 9.8 23.53 66.67 1.04
3 

0.099 7.38 6.3
4 

20.46 5.44 

Lixisol 5.88 15.69 78.43 0.55
8 

0.047 7.81 5.6
5 

18.55 5.41 

Av P: Available Phosphorus; N: Nitrogen; Av K: Available Potassium 

 

2.4 Data Collection 
 
The vegetative parameters evaluated for both 
plants in the system were height and diameter. 
Diameter at the collar was measured using 
calipers from 28 DAS onwards, every week until 
the end of the experiment. The first height 
measurement was taken at 19 DAS, with 
subsequent measurements taken weekly. 
Measurements were taken from the base of the 
plant to the last point of leaf intersection. 
 
With regard to production parameters, above-
ground and root biomass were assessed after 
harvesting sorghum and cowpea plants. The cut 
roots were first soaked in water and carefully 
rinsed to remove any soil they contained. The 
above-ground and root biomass were dried in an 
oven at 50°C for 48 hours and weighed to obtain 
their dry weight. 
 

2.5 Data Analysis 
 
The data were entered and processed in Excel. A 
comparison of the averages for all sorghum 
parameters was made using a mixed linear 
model with soil type, cropping system and 
fertilization as fixed effects. The block was used 
as a random effect. The same analysis was 
performed on the cowpea parameters, using soil 
type and fertilization as fixed effects. The 
separation of means was performed at a 5% 
threshold. R software version 4.1.2 was used for 
these analyses. 
 

3. RESULTS 
 

3.1 Effect of Soil Type, Cropping System 
and Fertilization on Sorghum Growth 
Parameters 

 
Soil type and cropping system had significant 
effects (p < 0.05) on all growth parameters of 
sorghum plants, except for above-ground and 
root biomass (for soil type and cropping system, 
respectively). Regardless of the soil type 

considered, the greatest height was recorded in 
sole cropping, at an average of 23 cm, compared 
to 19.6 cm in intercropping (Fig. 2a). The largest 
diameter was also recorded in sole cropping on 
Cambisol (10.8 cm on average; Fig. 2b). In 
addition, sole cropping were more productive 
than intercropping, with increases in above-
ground sorghum biomass on cambisol in sole 
cropping of +13%, and 4% on lixisol, compared 
to intercropping.  
 
Cambisol achieved the greatest height, with an 
average of 22.7 cm, compared to 18.2 cm for 
Lixisol. The above-ground biomass of sorghum 
was greater on Cambisol (Fig. 2c), while the root 
biomass of sorghum was greater on Lixisol (Fig. 
2d). 
 
Interaction between soil type and crop system 
was significant. Thus the difference between 
sorghum performances in intercropping and in 
sole cropping is less pronounced on Lixisols than 
on cambisol.  
 
The effect of fertilization was significant for all 
parameters measured except height, while the 
effect of its interaction with the soil is only 
significant for above-ground biomass (Table 2). 
Interactions between cropping systems and 
fertilization had no significant effect on the height 
and diameter growth of sorghum. 
 

3.2 Effect of Soil Type and Fertilization on 
Growth and Production Parameters of 
Cowpea 

 
The highest values for height, diameter, above-
ground biomass and root biomass were recorded 
on Cambisol compared to those on Lixisol (Figs. 
3A, 3B, 3C and 3D). The increases in these 
parameters under T+100 compared to T0 were 
+14%, +6%, 40% and +15% for height, diameter, 
above-ground biomass and root biomass, 
respectively. On the other hand, on Lixisols, it 
was the T0 treatment that showed a favorable 
trend in cowpea growth and root biomass. 
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Fig. 2(A-D). Effect of soil type and fertilization on sorghum parameters according to cropping 
systems 

IC: Inter crop; SC = Sole crop 
 

Table 2. Result of variance analysis on sorghum parameters 
 

  Height Diameter Above-ground 
biomass 

Roots 
biomass 

Soil type 0.0001 *** 0.0000 *** 0.0252* 0.5185 ns 
Crop systems 0.0038 ** 0.0000 *** 0.1061ns 0.0009 *** 
Fertilization 0.8371ns 0.0000 *** 0.0006*** 0.0517 * 
Soil: crop systems 0.0908ns 0.0000 *** 0.0223* 0.4419 ns 
Soil: fertilization 0.1329ns 0.0619ns 0.0547* 0.8860 ns 
Crop systems 
: fertilization 

0.000 *** 0.0000 *** 0.7368ns 0.2148 ns 

***Very highly significant at P = 0.000; **highly significant at P < 0.001; *significant à P < 0.01; significant at P < 
0.05; ns, not significant. 

 

Table 3. Results of the analysis of variance for cowpea parameters 
 

  Height Diameter Above-
ground 
biomass 

Roots biomass 

Soil type   0.0000 *** 0.2873 ** 0.0119 * 0.0202 * 
Fertilization 0.0243* 0.0246 * 0.0030 ** 0.0754 ns 
Soil: fertilization 0.0000*** 0.0642 ns 0.0237 *  0.1164 ns 
***Very highly significant at P = 0.000; **highly significant at P < 0.001; *significant à P < 0.01; significant at P < 

0.05; ns, not significant. 
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Fig. 3(A-D). Effect of soil type and fertilization on cowpea parameters 
 
Soil type and fertilization significantly (p < 0.05) 
influenced cowpea parameters (height, diameter, 
above-ground biomass) in intercropping with 
sorghum (Table 3). The interaction between soil 
type and fertilization significantly influenced 
cowpea height and above-ground biomass. 
 

4. DISCUSSION  
 

4.1 Effects of Soil Type and Crop System 
on the Agronomic Parameters of 
Sorghum 

 

The height and diameter growth of sorghum and 
cowpea plants was better on cambisols. 
Cambisols have low acidity and a fairly high clay 
content. Like tropical ferruginous soils, this 
allows for a very high water and nutrient retention 
capacity, promoting good rooting and growth 
conditions for crops. These results corroborate 
the findings of Sanou et al., (2025) and Ilboudo 
et al., (2025) regarding the agronomic value of 

cambisols. These authors assert that cambisols' 
low acidity is favorable for cereal crop 
development. In terms of number of shoots, the 
biomass results show that cambisols performed 
better than tropical ferruginous soils. These 
results could indicate a deficiency in basic 
mineral elements (N, P, K) in lixisols, which are 
essential for plant growth, hence the low capacity 
of these soils to produce significant biomass. In 
line with our results, Guébré et al. (2024)    
showed that low nitrogen content is a limiting 
factor for cereal yields; similarly, they showed 
that nitrogen deficiency leads to a reduction in 
biomass.  
 
Thus, our results indicate that Cambisols have 
good agricultural potential, even if they require 
moderate fertilizer correction to improve plant 
roots. Their high organic matter, nitrogen                    
and phosphorus content gives them good 
nutrient reserves, particularly suited to 
agriculture, especially sorghum cultivation 
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(Bassole et al., 2023). Indeed, More than 40% of 
soils in the sub Saharan African region are 
nutrient depleted (Barbier and Hochard, 2018; 
Ntinyari et al., 2022, Zongo et al., 2025). 
 
According to Ouedraogo et al. (2022), lixisols 
require targeted interventions to enhance 
productivity. Research conducted in Burkina 
Faso has highlighted the depletion of lixisols, 
revealing a 76.83% decrease in organic carbon 
and an 82.48% decrease in available 
phosphorus after ten years of continuous 
cultivation, as well as a decrease in pH 
(Coulibaly et al., 2020). In the face of these 
challenges, some authors propose management 
practices tailored to the topography and unique 
soil characteristics, which could greatly enhance 
agricultural productivity, including the cultivation 
of sorghum (Blanchard et al., 2014; Seyni et al., 
2019). 
 
Furthermore, the low performances recorded in 
intercropping compared to sole cropping suggest 
competition between crops, which could hinder 
sorghum growth due to the rapid emergence of 
associated cowpea. The negative effect of 
interspecific interaction on intercropped 
performances was shown by several authors (Li 
et al., 2020, Namatsheve et al., 2021). In this 
study, the interspecific competition is less 
pronounced on lixisols. Intercropping could be 
used as a strategy to improved crop productivity 
in this kind of soils. 
 

4.2 Effect of Fertilization on Growth and 
Production Parameters of Cowpea 

 
Cowpea crops grown on Cambisols showed 
greater growth and biomass with the T+100 
treatment. This indicates that mineral fertilizer 
inputs positively impacted cowpea production on 
Cambisols. These results suggest that the initial 
nutrient levels in our soils are insufficient for 
optimal cowpea growth. These findings align with 
those of Guébré (2014) and Zongo et al. (2024), 
who demonstrated the beneficial impact of 
organo-mineral inputs on nodulation and above-
ground and root biomass production in cowpea. 
Indeed, improved above-ground biomass 
production was observed with the application of 
organo-mineral fertilizer. 
 
As reported by Zongo et al. (2021), the low 
availability of mineral elements is a known 
problem in our agrosystems. They showed that 
better biomass production requires the 
application of phosphate fertilizers and compost.  

However, better growth in height and root 
biomass was observed under control conditions 
in lixisols, unlike in cambisols. These results 
suggest that fertilizer inputs negatively influence 
the root activity of cowpea. A dose higher than 
that tolerated by the plant would indeed be 
responsible for the poor results recorded under 
T+100 treatments. It is well known that excessive 
application of mineral fertilizers (NPK) can cause 
soil acidification.  
 
Indeed, inputs above the 'starting dose' (which 
varies depending on soil and climatic conditions) 
generally inhibit nitrogen fixation (Zahran, 1999; 
Zongo et al., 2021). Compaoré et al. (2003) also 
note that phosphorus becomes a limiting factor 
for plant production when Bray I phosphorus 
values are below 10–20 mg/kg of soil. These 
observations corroborate those of Wang et al. 
(2023), who found significant improvements in 
soil phosphorus availability in a residue-free 
maize/soybean intercropping system. 
Furthermore, a reduction in symbiotic nitrogen 
fixation depending on the doses of nitrogen 
applied, especially from mineral fertilizers 
(Salvagiotti et al., 2008; Boudsocq et al., 2022). 
 
Indeed, mineral fertilization alone does not 
ensure the sustainability of agricultural 
production systems (Ibrahima et al., 2009). 
Organo-mineral fertilization is therefore required, 
as it has beneficial effects on lixisols by reducing 
organic matter losses, increasing nitrogen 
content and improving calcium, magnesium and 
potassium content (Lompo, 2009). 
 
This study shows that adding mineral fertilizers to 
lixisols partially immobilizes the root activity of 
cowpea when it is grown alongside sorghum. 
This negatively impacts the stem diameter 
growth and biomass production of cowpea. We 
hypothesize that adding 100 kg ha⁻¹ of NPK 
fertilizer to lixisols promotes cowpea height 
growth, but this remains higher than the starter 
dose likely to be efficiently used by crops. This 
could therefore have a negative influence on the 
root activity of cowpea and thus on its nodulation 
and effective symbiotic fixation. Further research 
into the application of different doses of mineral 
fertilizer and its impact on nodulation in our 
sorghum-cowpea agroecosystems is necessary 
to determine the levels tolerated by the plant. 
 

5. CONCLUSION  
 
The aim of this study was to determine the 
impact of mineral fertilizers in combination with 
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different soil types on two cropping systems 
(mixed and single). Our results showed that, 
when additional mineral fertilizer was applied, the 
single crop exhibited greater growth in height, 
diameter, above-ground biomass and root 
system. These results clearly demonstrate 
nutrient deficiencies in our soils and competition 
between crops, particularly due to the rapid 
emergence of cowpea plants. The best results 
recorded under cambisols are a response to their 
relative chemical fertility compared to lixisols.. 
This demonstrates cambisols' ability to promote 
agricultural production in contexts of nutritional 
deficiency. Furthermore, the recommended                         
dose of 100 kg ha⁻¹ of NPK mineral fertilizer 
appears to be less conducive to the successful 
production of sorghum and cowpeas under 
lixisols in semi-arid environments. Therefore, to 
ensure the long-term sustainability of sorghum-
cowpea production, it is essential to consider soil 
type, fertilizer dosage and cropping system. 
These results should be confirmed in a field             
trial in order to formulate fertilization and 
cropping system recommendations according to 
soil type. 
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