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ABSTRACT 

 

Cereal crops biomass and grain yield generally reduced under trees canopy, are also improved depending 

on trees species and structure in agroforestry parklands suggesting complex interactions in these systems. This 

research investigated the relationship between soil chemical properties and sorghum biomass and grain yield in 

agroforestry parklands for recommendations to maintain or improve sorghum productivity under climate change. 

Studied parklands consisted of Vitellaria paradoxa C. F Gaertn and Parkia biglobosa (Jacq.) Benth in association 

with sorghum in three climatic zones. Soil chemical parameters were measured using the spectrophotometry 

infrared method and sorghum biomass and grain yield were calculated by dividing their weight with the area of 

production. Cation exchange capacity (CEC) and potassium (K) had a positive effect on sorghum biomass and 

grain yield when rainfall decreased suggesting the application of management options improving soil carbon and 

moisture to increase sorghum productivity with reduced rainfall due to climate change. CEC had a negative effect 

on sorghum biomass and in association with P. biglobosa when rainfall increased suggesting the optimisation of 

mineral fertilisers use and tree pruning to increase sorghum productivity when rainfall increased due to climate 

change. Further research is required to assess the effects of these recommended management options. 

© 2024 International Formulae Group. All rights reserved. 
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INTRODUCTION  

Agroforestry parklands systems, widely 

expanded in Burkina Faso (Bayala et al., 2002) 

are farms with crops grown under a 

discontinuous cover of scattered trees (Bayala 

et al., 2014). The products of the trees in 

agroforestry parklands systems are used for 

income generation, for consumption and use of 

households, as fodder, as medicinal products 

and for religious ceremonies (Teklehaimanot, 

2004). Trees in agroforestry parklands systems 

also provide ecological services such as soil 

improvement (Ndiaye et al., 2012; Abdou et 

al., 2013; Aliou et al., 2013). The agroforestry 

parklands systems degradation in the Sahelian 

region was reported through trees density and 

diversify reduction in farms which is mainly 

http://www.ifgdg.org/
https://dx.doi.org/10.4314/ijbcs.v18i4.5
http://ajol.info/index.php/ijbcs
http://indexmedicus.afro.who.int/
mailto:yacoubacoulibaly2002@yahoo.fr


Y. N. COULIBALY and G. ZOMBRE / Int. J. Biol. Chem. Sci. 18(4): 1260-1271, 2024 

 

1261 

caused by lack of tree species regeneration 

(Boffa et al., 2000). 

 Crops can compete with trees or have 

complementary needs in agroforestry 

parklands systems. Teklehaimanot (2004) and 

Zomboubré et al. (2005) reported significant 

crops yields reductions under tree canopy in 

agroforestry parklands systems due to light 

quantity and quality reduced under tree canopy 

(Bazié et al. 2012) despite increased soil 

fertility around the trees (Bayala et al., 2014). 

Trees transpiration in agroforestry parklands 

systems was reported to reduce crop 

performance through increased belowground 

competition to access soil water (Pattanayak, 

2004). However, it was reported that the 

parklands trees increase crop yield depending 

on species composition and structure of the tree 

cover (Bayala et al., 2012).  Also, Kuyah et al. 

(2019) reported that the yields of the staple 

crops were higher in agroforestry compared to 

yields in treeless systems. 

These controversial results show that 

crops productivity in agroforestry parklands 

systems is under the influence of complex 

interactions. It is then relevant to understand 

which soil chemical parameters explain crops 

performance in agroforestry parklands systems 

under different rainfall levels and trees species 

as this could contribute to adaptation and 

reduction of the adverse effects of parklands 

degradation under climate change. However, 

literature review does not identify such 

research carried out in the Sahel region. Yet, 

the Sahel region, and Burkina Faso in 

particular, is subject to climate change, with an 

increase in extreme events such as droughts 

and floods, and more frequent droughts (Traore 

et al., 2013). The agroforestry parklands 

systems productivity in Burkina Faso, largely 

depend to rainfall and are then vulnerable to 

climate change (Laudien et al., 2022).  

This research investigated the 

relationship between different soil chemical 

properties and sorghum biomass and grain 

yield along an increasing rainfall gradient for 

recommendations to maintain or improve 

sorghum productivity in agroforestry parklands 

systems under climate change.  

MATERIALS AND METHODS 

Sites description 

Field experiments were conducted in 

Burkina Faso at three different sites along an 

increasing rainfall gradient: Tougouri (13˚ 18' 

59'' latitude North and -3˚ 12' 1'' longitude 

West) in the Sahelian zone, Nobere (11˚ 33' 29'' 

latitude North and -1˚ 12' 16'' longitude West) 

in the Sudano-Sahelian zone and Sokouraba 

(10˚ 51’ 00’’ latitude North and -5˚ 11’ 00’’ 

longitude West) in the Sudanian zone.  

The soils of the three sites are generally 

poor and have low Nitrogen (N), Organic 

Matter (MO) and Phosphorus (P) contents. In 

addition, they are weakly acidic with low 

Exchange Cation Capacity (CEC) (Table 1). 

The average rainfall and temperature (year 

1980-2013) were 557 mm and 26.6oC in 

Tougouri respectively, 859 mm and 25.7oC in 

Nobere, and 1061 mm and 25.1oC in 

Sokouraba (DGM, 2013). The average rainfall 

totaled 620, 775 and 927 mm, respectively in 

Tougouri, Nobere and Sokouraba during the 

three years (2010, 2011 and 2012) of 

measurement. The soil at all the sites is 

classified tropical ferruginous (INSD, 2022). 

The previous management practices analysis 

showed that before the implementation of this 

research at all the sites, sorghum was the crop 

cultivated and the farmers did not use fertilisers 

and phytosanitary products.   

 

Experimental design 

The studied parklands systems 

consisted of an association of sorghum with 

two native tree species: V. paradoxa and P. 

biglobosa. The sorghum cultivar used in the 

experiments was sariasso 14. The sorghum 

planting density consisted of 80 cm between 

the lines and 40 cm between the plants on the 

lines with only one plant maintained after 

seedlings emergence. Sorghum was planted at 

the same dates in July 2010, 2011 and 2012 at 

all the sites and fertilisers were not used so as 

to be able to appreciate trees contribution in 

improving soil fertility. Two weedings at the 

same dates in all the sites were conducted. 

Phytosanitary products for weeds and plant 
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diseases control were not used before and 

during the experiments.  

Sorghum was cultivated in concentric 

zones from the trunk of each tree. The area 

around each of the sampled trees was split into 

three concentric tree influence zones and a 

control plot which were:  

• Zone A - from tree trunk to half of the 

crown radius of the tree; 

• Zone B - from half of the crown radius of 

the tree up to the edge of the crown; 

• Zone C - from the edge of the tree crown 

up to 3 m away; and 

• Zone H - a control plot for crop in 

monoculture which was an area of 4 x 4 

m situated at least 40 m away from the 

edge of the crown and unshaded by any of 

the surrounding trees at any time during 

the day throughout the cropping season. 

This design was replicated eight times 

for each tree species at each site to give a total 

of sixty-four (= 8 reps x (2 species x 4 zones)) 

tree-by-zone sorghum biomass, grain yield and 

soil chemical properties measurements at 

Sokouraba, Nobere and Tougouri. The 

dendrometric characteristics of sampled tree 

species are presented in Table 2.  

 

Data collection  

The biomass and grain yield of sorghum 

were measured at each zone associated to the 

trees during the three years of experiment 

(2010, 2011 and 2012). This approach allows 

taking into account soil properties, light and 

rainfall variability effects on these parameters 

in agroforestry parklands systems. For the 

biomass measurement, all the stems with 

leaves were harvested each year, dried at the 

sun during one month and weighed using a 

balance. The dry biomass weight obtained in 

tons for each zone was divided by the area of 

the zone to obtain the dry biomass produced 

per unit area in hectare. For the grain yield 

measurement, all the sorghum grains were 

harvested for each zone, dried and weighed 

using a balance. For each zone, the weight of 

the grain in tons was divided by the area of the 

zone to obtain the grain yield produced per unit 

area in hectare.  

The soil chemical properties measured 

were cation exchange capacity (CEC), 

potassium (K), nitrogen (N), total carbon (C) 

and pH. Soil sampling was conducted 

randomly in 2010 during the experiments at 

two points in all the zones associated to each 

tree species at 10 cm interval depth up to 50 cm 

(0-10; 10-20; 20-30; 30-40 and 40-50 cm) 

using an auger of 5 cm diameter with a volume 

of 250 cm3. This method was used to take into 

account soil chemical properties vertical and 

horizontal variability in agroforestry parklands 

systems when determining the average values 

of soil chemical properties per site. The two 

soil samples for the same depth and zone were 

mixed to have a composite sample of 500 cm3 

for soil analysis. The spectrophotometry 

infrared method was used for soil chemical 

properties measurement (Shepherd and Walsh, 

2002; Du and Zhou, 2009) in 2011 at the 

Sotuba laboratory in Bamako (Mali). The 

principle of this method is based on the fact that 

different components of the soil absorb the near 

rays differently according to the level of their 

importance in the sample. The composites soil 

samples were dried at open air, sieved using a 

sieve of 2 mm mesh and scanned at Near 

Infrared (NIR) and middle infrared (MIR) 

using the spectrophotometer « Bruker Fourier-

Transform MultiPurpose Analyzer 

spectrometers (MPA) » (Bruker Optik GmbH, 

Germany) equipped with a software which 

predicts the soil chemical properties measured. 

For the purpose of scanning, soil subsamples of 

about 20 g from each composite dried soil 

samples were taken and put into a petri dish. 

Moreover, 10% of the whole soil samples were 

selected from which the soil chemical 

properties were analyzed using a humid 

chemistry in laboratory. The results from the 

humid chemistry in laboratory were used to 

estimate the accuracy of the results predicted 

by the software integrated in the 

spectrophotometer through calibration.  
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Statistical analysis 

The average values of sorghum biomass 

and grain yield for the three years and the four 

zones associated to each tree species at each 

site were calculated using the Excel software. 

The average values of measured soil chemical 

properties for the five soil layers and four zones 

associated to each tree species at each site were 

calculated using the Excel software. These 

mean values were used for the simple linear 

regression to analyse relationship between soil 

chemical properties and the biomass and grain 

yield of sorghum at each site independently to 

tree species and at each site according to tree 

species.  

The linear regression is a statistical 

method of predicting the value of a response 

variable from a given value of the explanatory 

variable. In this research, CEC, K, P, C, N and 

pH were explanatory variables and the biomass 

and grain yield of sorghum were response 

variables. The following assumptions need to 

be verified to perform a simple linear 

regression: multivariate normality, no or little 

multicollinearity, no auto-correlation and 

homoscedasticity. All these assumptions were 

examined to know if there is any indication for 

nonlinear analysis but no reason was found. 

The linear model strength is generally 

evaluated using R2 that informs about the 

percentage of variability in the response 

variable and it is always between 0 and 1. If the 

R2 is greater than 0.5 then the relation between 

the response and the explanatory variables is 

quite high. The simple linear regression was 

implemented using the software XLSTAT 

2022. 

 

RESULTS  

The simple linear regression results did 

not show significant relation between soil 

chemical properties and the biomass and grain 

yield of sorghum at Nobere. The simple linear 

regression results showed a significant relation 

between CEC and the biomass (P=0.039) and 

grain yield (P=0.021) of sorghum at Tougouri. 

Also, the simple linear regression results 

showed a significant relation between K and 

the biomass (P=0.022) and a very significant 

relation between K and the grain yield 

(P=0.003) of sorghum at Tougouri. There was 

no significant relation between other soil 

chemical properties and the biomass and grain 

yield of sorghum at Tougouri. The equations of 

regression showed a positive relation between 

CEC and the biomass (Figure 1a) and grain 

yield (Figure 1b) of sorghum at Tougouri, 

which meant that the biomass and grain yield 

of sorghum increased with CEC. The R2 

indicated that 27% of sorghum biomass 

variation was explained by CEC (Figure 1a) 

and 32% of sorghum grain yield variation was 

explained by CEC (Figure 1b) at Tougouri. The 

equations of regression showed a negative 

relation between K and the biomass (Figure 2a) 

and grain yield (Figure 2b) of sorghum at 

Tougouri, which meant that the biomass and 

grain yield of sorghum decreased with K. The 

R2 indicated that 32% of sorghum biomass 

variation was explained by K (Figure 2a) and 

49% of sorghum grain yield variation was 

explained by K (Figure 2b) at Tougouri.  

The simple linear regression results 

showed a significant relation between CEC and 

sorghum biomass (P=0.032) at Sokouraba but 

it was not significant between CEC and 

sorghum grain yield at Sokouraba. There was 

no significant relation between other soil 

chemical properties and the biomass and grain 

yield of sorghum at Sokouraba. The equation 

of regression showed a negative relation 

between CEC and the biomass of sorghum at 

Sokouraba (Figure 3a), which meant that the 

biomass of sorghum decreased with CEC. The 

R2 indicated that 29% of the sorghum biomass 

variation was explained by CEC (Figure 3a) at 

Sokouraba.  

The simple linear regression results did 

not show a significant relation between soil 

chemical properties and the biomass and grain 

yield of sorghum in association with P. 

biglobosa and V. paradoxa at Tougouri and 

Nobere. The simple linear regression results 



Y. N. COULIBALY and G. ZOMBRE / Int. J. Biol. Chem. Sci. 18(4): 1260-1271, 2024 

 

1264 

showed a significant relation between CEC and 

the biomass of sorghum in association with P. 

biglobosa at Sokouraba (P= 0.041). There was 

no significant relation between CEC and the 

grain yield of sorghum in association with P. 

biglobosa at Sokouraba. Also, the relation 

between other soil chemical properties and the 

biomass and grain yield of sorghum in 

association with P. biglobosa and V. paradoxa 

at Sokouraba was not significant. The equation 

of regression showed a negative relation 

between CEC and the biomass of sorghum in 

association with P. biglobosa at Sokouraba 

(Figure 3b), which meant that the biomass of 

sorghum decreased with CEC. The R2 

indicated that 53% of sorghum biomass 

variation with P. biglobosa was explained by 

CEC at Sokouraba (Figure 3b).

  

 

Table 1: Soil characteristics at Tougouri (Sahelian zone), Nobere (Sudano-Sahelian zone) and 

Sokouraba (Sudano-Guinean zone) in Burkina Faso (West Africa).  

 

Parameters Tougouri Nobere Sokouraba 

clay (%) 42.6 33.8 56.1 

Silt (%) 25 25.6 23.3 

Sand (%) 32.4 40.6 20.6 

CEC (meq/100 g) 10.13 5.81 9.34 

Organic matter (%) 0.43 0.39 1.05 

N content (%) 0.03 0.02 0.07 

P content (P-Bray) (ppm) 2.2 9.56 5.38 

pH 5.92 6.43 5.71 

The values are the average of top 50 cm soil layer. The soil samples for data analysis were collected during field experiments 

in agroforestry parkland systems. 

 

 

 

Table 2: Dendrometric characteristics of the sampled tree species at Tougouri, Nobere and Sokouraba 

in Burkina Faso (West Africa). The values are the average for all the eight trees. 

 

Sites Species Height (m) Canopy height (m) Canopy diameter (m) 
Trunk diameter 

(cm) 

Tougouri V. paradoxa 9.10±0.20 6.10±0.20 14.05±0.86 83.00±0.04 

 P. biglobosa 10.25±0.75 7.25±0.75 11.00±1.30 38.00±0.02 

Nobere V. paradoxa 9.54±0.37 4.04±0.37 11.84±0.43 53.00±0.02 

 P. biglobosa 
11.03±0.38 

 

5.03±0.37 

 

18.39±1.32 

 

73.00±0.05 

Sokouraba V. paradoxa 7.20±0.60 4.22±0.57 10.00±0.60 30.00±0.04 

 P. biglobosa 7.90±0.50 3.43±0.45 14.40±1.50 50.00±0.02 

 

 

  



Y. N. COULIBALY and G. ZOMBRE / Int. J. Biol. Chem. Sci. 18(4): 1260-1271, 2024 

 

1265 

 

     
 

Figure 1: (a) regression between Cation Exchange Capacity (CEC) and the biomass of sorghum at 

Tougouri and (b) regression between Cation Exchange Capacity (CEC) and the grain yield of sorghum 

at Tougouri. The biomass and grain yield values used for the regression were the average values of the three years 

measurement and the four zones associated to the tree species. The CEC values used for the regression were the average values 

for the four zones and five depths associated to the tree species. The soil samples were collected during the field experiment.  

 

 

     
Figure 2: (a) regression between K and the biomass of sorghum at Tougouri and (b) regression 

between K and the grain yield of sorghum at Tougouri. The biomass and grain yield values used for the regression 

were the average values of the three years measurement and the four zones associated to the tree species. The K values used 

for the regression were the average values for the four zones and five depths associated to the tree species. The soil samples 

were collected during the field experiment.   
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Figure 3: (a) regression between cation exchange capacity (CEC) and the biomass of sorghum at 

Sokouraba and (b) regression between cation exchange capacity (CEC) and the biomass of sorghum 

in association with P. biglobosa at Sokouraba. The biomass and grain yield values used for the regression were the 

average values of the three years measurement and the four zones associated to the tree species. The CEC values used for the 

regression were the average values for the four zones and five depths associated to the tree species. The soil samples were 

collected during the field experiment. 

 

 

DISCUSSION 

The simple linear regression results 

showed that the biomass and grain yield of 

sorghum are dependent to CEC at Tougouri, 

which means that this soil property could be 

used to predict sorghum performance in 

agroforestry parklands systems. The positive 

effect of CEC on sorghum performance in 

agroforestry parklands systems at Tougouri 

could suggest that nutrients are the most 

limiting factors in these systems when rainfall 

decreased. It was reported that soil organic 

matter is the most important contributor to the 

CEC in the soils in the tropics (Oorts et al., 

2003). Previous research assessed the effects of 

P. biglobosa and V. paradoxa on soil total 

carbon in agroforestry parklands systems 

according to an increasing rainfall gradient 

represented by the sites of Tougouri, Nobere 

and Sokouraba by Coulibaly et al. (2020). The 

results revealed that soil total carbon was lower 

at Tougouri, but it was significantly higher in 

soil with V. paradoxa. The lower soil total 

carbon observed at Tougouri was probably due 

to the process of litter decomposition reduction 

because of low rainfall and moisture levels as 

shown by Yahdjian et al. (2006). The higher 

soil total carbon observed with V. paradoxa at 

Tougouri could probably be explained by the 

large size of the measured crown that would 

generate more litter for decomposition as this 

was reported by Roose and Barthes (2001). 

Also, V. paradoxa characterised by an open 

canopy (Bazié et al., 2012) allows more water 

(Zomboudré et al., 2005) and light (Bayala et 

al., 2002) to reach the soil at Tougouri with 

limited rainfall, increasing then the process of 

litter decomposition leading to higher soil total 

carbon under V. paradoxa.  

Improving CEC through increasing soil 

organic carbon at Tougouri in general, and in 

particular with P. biglobosa, could contribute 

to increase sorghum productivity in 

agroforestry parklands systems. Fullen and 

Catt (2004) reported that the higher the CEC of 

a soil, the more nutrients it is likely to hold and 

the higher will be its fertility level. The 

application of crop and soil management that 

improve soil organic carbon could be 

suggested to contribute increasing sorghum 

productivity in agroforestry parklands systems 

with V. paradoxa and P. biglobosa when 

rainfall decreased with climate change. The 

recommended soil and crop management 
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options include but are not limited to the 

reduction of erosion, runoff and leaching 

(Roose and Barthes, 2001), the reduction of 

continuous cultivation of crops although the 

effect of this on soil organic carbon depend on 

management practices such as the choice of the 

cropping system, soil tillage and the 

application of mineral and organic soil 

amendments (Ouédraogo, 2004), the 

application of organic material such as green 

manures, crop residues, compost, or animal 

manure (Peinemann et al., 2000), the 

application of crop rotation (Cuvardic et al., 

2006) and the use of high cover crops (Scavo 

et al., 2022).  

The simple linear regression results 

showed that the biomass and grain yield of 

sorghum are dependent to K at Tougouri, 

which means that it could be used to predict 

sorghum performance in agroforestry 

parklands systems. The negative effect of K on 

the biomass and grain yield of sorghum in 

agroforestry parklands systems at Tougouri 

could suggest that K is not a limiting factor in 

these systems when rainfall decreased. It was 

reported that soil content in clay determines the 

potential of K adsorption and accumulation in 

soil (Raheb and Heidari, 2012). Previous 

research assessed the effects of P. biglobosa 

and V. paradoxa on soil content in clay in 

agroforestry parklands systems according to an 

increasing rainfall gradient represented by the 

sites of Tougouri, Nobere and Sokouraba by 

Coulibaly (2014). The results revealed that 

higher soil content in clay was observed at 

Tougouri and Sokouraba while there was not a 

significant difference of soil content in clay 

between tree species at all the sites. The higher 

soil content in clay gives a greater potential of 

K adsorption and accumulation in soil at 

Tougouri. However, the limited rainfall at this 

site could reduce the sorghum performance due 

to the decrease of K uptake. Similar results 

were reported by Baque et al. (2006) who 

showed that the uptake of K by wheat (Triticum 

aestivum) was lowered by the water stress and 

as a consequence the grain yield was 

significantly reduced. These results could 

suggest that soil content in water is one of the 

most limiting factor that influence the K uptake 

by sorghum in agroforestry parklands systems 

when rainfall decreased.  

The application of soil management that 

improves soil moisture (Oduor et al., 2021) 

including but not limited to the techniques of 

soil and water conservation (Da, 2008) for 

improving sorghum productivity in 

agroforestry parklands systems with V. 

paradoxa and P. biglobosa when rainfall 

decreased with climate change could be 

recommended.  

The biomass of sorghum is dependent to 

CEC at Sokouraba, which means that it could 

be used to predict sorghum performance in 

agroforestry parklands systems. The negative 

effect of CEC on sorghum biomass in 

agroforestry parklands systems at Sokouraba 

and when it was in association with P. 

biglobosa could suggest that light is the most 

limiting factor instead of nutrients in these 

systems when rainfall increased. Previous 

research assessed the effects of P. biglobosa 

and V. paradoxa on soil total carbon in 

agroforestry parklands systems according to an 

increasing rainfall gradient represented by the 

sites of Tougouri, Nobere and Sokouraba by 

Coulibaly et al. (2020). The results showed that 

higher soil total carbon was observed at 

Sokouraba, but the difference was not 

significant between soil with P. biglobosa and 

V. paradoxa. The greater soil total carbon 

observed at Sokouraba was probably due to the 

high rainfall level which led to higher tree 

aboveground biomass as this was reported by 

Coulibaly et al. (2014) and consequently, 

higher litter accumulation and decomposition 

into organic matter was observed (Yahdjian et 

al., 2006).  The higher soil total carbon 

observed at Sokouraba could also be explained 

by the possibility to continue fallow practice 

(Coulibaly, 2014). Also, previous research 

results showed that higher soil content in clay 

was observed at Sokouraba (Coulibaly, 2014). 

The combined effect of higher soil total carbon 

and clay in soil give a greater CEC and soil 

fertility to the soil at Sokouraba. The negative 

effect of CEC on sorghum at Sokouraba under 

P. biglobosa could be explained by its dense 
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canopy which reduces soil evaporation leading 

to more organic matter accumulation 

(Coulibaly, 2014). 

It could be suggested to optimise the use 

of mineral fertilisers and to practice tree 

pruning (Bayala et al., 2002) for increasing 

sorghum productivity in agroforestry parklands 

systems with V. Paradoxa and P. biglobosa 

when rainfall increased with climate change.  

The simple linear regression results 

showed that the variation of the biomass and 

grain yield of sorghum due to CEC and K at 

Tougouri and Sokouraba remains modest, 

suggesting that soil fertility was not the only 

factor that explains sorghum performance in 

the studied agroforestry parklands systems, but 

that it is under the influence of several 

biophysical factors. In fact, the reduction of 

crops yields under trees crown in agroforestry 

parklands systems was attributed to reduced 

light quantity and quality under trees crown 

(Bazié et al., 2012). The reduction of sorghum 

performance in agroforestry parklands systems 

was attributed to tree and crop belowground 

competition to access water and nutrients in 

soil (Bayala et al., 2004). Crop performance 

was also under the influence of tree and crop 

roots distribution in soil layers in agroforestry 

parklands systems as this affects belowground 

competition (Bayala et al., 2008; Coulibaly, 

2014). Different sorghum yields were observed 

under V. paradoxa according to the crown 

architecture which has influence on soil 

moisture (Zomboudré et al., 2005).  

There was no significant relationship 

between other soil chemical properties and the 

biomass and grain yield of sorghum at each site 

as well as between other soil chemical 

properties and the biomass and grain yield of 

sorghum in association with the two studied 

tree species at each site, probably due to high 

variability of measured soil chemical 

properties because of the method used for soil 

analysis.  

 

Conclusion 

CEC and K had an effect on the biomass 

and grain yield of sorghum in agroforestry 

parklands systems when rainfall decreased 

suggesting that soil content in nutrients and in 

water were probably the most limiting factors 

of sorghum performance. The application of 

crop and soil management that improve soil 

organic carbon and moisture could be 

suggested for increasing sorghum productivity 

in agroforestry parklands systems with V. 

paradoxa and P. biglobosa when rainfall 

decreased due to climate change. CEC had an 

effect on the biomass of sorghum at Sokouraba 

and when it was in association with P. 

biglobosa in agroforestry parklands systems 

suggesting that the most limiting factor of 

sorghum performance was probably light 

instead of nutrients. The optimisation of the 

mineral fertilisers use and tree pruning could be 

recommended to increase sorghum 

productivity in agroforestry parklands systems 

with V. Paradoxa and P. biglobosa when 

rainfall increased due to climate change. CEC 

and K could be used for planning agricultural 

production with climate change. However, it is 

suggested further research to study the effects 

of the recommended management options on 

sorghum productivity in agroforestry parklands 

systems with V. paradoxa and P. biglobosa 

along an increasing rainfall gradient. 
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