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ABSTRACT 

Field experiments were carried out during the 2017 and 2018 cropping seasons to assess the 

productivity of selected upland soils using soil productivity models in Southern Guinea Savanna zone 

of Nigeria. Four locations within Southern Guinea Savanna zone of Nigeria namely Abuja (Latitude 

9.0764785’N and longitude: 7.398574’E), Minna (Latitude 9.5035546’N and longitude 6.5463156’E), 

Lafia (Latitude 8.502676’N and longitude 8.522670’E) and Makurdi (Latitude 7o46’ – 7o50’N and 

Longitude 8o36’ – 8o40’E) were used for the experiment. Soil productivity models considered were: 

Productivity Index (PI) model, Modified Productivity Index (PIm) model and Riquier index (RI) 

model. The experimental design was Randomized Complete Block Design (RCBD) with four (4) 

locations as the main factor. Regression and correlation analyses using IBM SPSS version 20 were 

performed to show the relationship between the productivity models and grain yield of maize. The 

results of the computation of the PI, PIm and RI based on ascribed sufficiencies of the different soil 

properties for the four (4) locations indicated that higher PI, PIm and RI values respectively were 

obtained for Makurdi (0.80, 0.50, 0.44) follow by Lafia (0.76,0.47,0.28), Abuja (0.72, 0.45,0.27) and 

Minna (0.59, 0.36, 0.24). These results show that the soil of Makurdi area is more productive than 

those of other locations. The RI values of Abuja, Minna and Lafia fall under productivity class 3 and 

rated as ‘average productivity’ while Makurdi value falls under productivity class 2and rated as ‘good 

productivity’. The regression analyses between grain yields of maize and productivity indices with 

respect to locations were significant at P<0.05. This shows that all the models could be used 

effectively in assessing soil productivity in the Southern Guinea Savanna zone of Nigeria. 

Keywords: Productivity, models, upland soils, index, grain yield 

 

INTRODUCTION 

Soil is the most important resource required for Agricultural production (Khanif, 2010). Soil 

productivity is a major concern of the world, including Nigeria which is the most populous African 

country. Soil productivity is the capacity of a soil in its natural environment to produce certain amount 

of crops per hectare per annum. It is the capacity of a soil in its natural environment for producing a 

specific plant or sequence of plants under specific systems of management inputs. Soil productivity 

could be affected by soil physical and chemical properties such as bulk density, available water 

capacity, total porosity, pore size distribution, soil pH and nutrients storage (Nwite and Nnoke, 2005). 

Recent interest in evaluating the productivity of our soil resource has therefore, been simulated by 

increasing awareness that soil is critically important component of the earth’s biosphere, functioning 

not only in the production of food and fibre, but also in the maintenance of local, regional, and 

worldwide environmental quality (Negassa, 2001). Accurate estimate of soil productivity are essential 

in making agricultural policy decisions. Various approaches are being developed which attempt to 

quantitatively and qualitatively use to assess soil productivity. Numerous models currently exist, 

which are used to assess soil productivity, ranging from single to complex: these include Riquier 
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index, Neill index, and cook index (Gantzer and Mc Carty, 1987). Anikwe et al. (2000) evaluated 

efficiencies of some models on soil productivity in south-east Nigeria. Agber (2011) evaluated the 

effectiveness of some models in Makurdi.  

There is however, inadequate information on the use of these models in assessing the productivity of 

soil of Southern Guinea Savanna zone of Nigeria, hence, the need for this research work. This work 

was therefore; design to assess the productivity of selected upland soils using soil productivity models 

in Southern Guinea Savanna zone of Nigeria. 

 

MATERIALS AND METHODS 

Description of the Experimental Sites 

The experiment was carried out in four different locations in the Southern Guinea Savanna zone of 

Nigeria. The locations include Abuja (Latitude 9.0764785’N and longitude: 7.398574’E), Minna 

(Latitude 9.5035546’N and longitude 6.5463156’E), Lafia (Latitude 8.502676’N and longitude 

8.522670’E) and Makurdi (Latitude 7o46’ – 7o50’N and Longitude 8o36’ – 8o40’E).  

The maximum elevation of Abuja study area is 395 m above mean sea level (a.m.s.l). Minna relief is 

249 m above mean sea level, Lafia relief is 205 m above mean sea level and Makurdi 97m above 

mean sea level. The study areas are undulating plains. The climate of the study areas is tropical 

savanna. The minimum temperature is 210C and maximum is 33.50C. The mean monthly temperature 

is 27.30C. The experimental areas are characterized by warm tropical climate with distinct wet and dry 

seasons. The wet season starts from April to October with different annual rainfall although the 

amount and duration vary annually. 

The total annual rainfall and humidity varies about 1290 mm and 21-87% respectively in Abuja, 1204 

mm and 70-83% in Minna, 1645 mm and 80% in Lafia, and Makurdi varies between 900 and 

1250mm with humidity of 70-85%. The rainfall depends on the movement of the Intertropical 

Convergence Zone (ITCZ). The Intertropical Convergence Zone (ITCZ) is the boundary between the 

moisture, laden maritime wind and dry North-East wind (harmattan). The vegetation in the study 

areas is Guinea Savannah type, characterized by grasses with few scattered shrubs and trees. 

The land in the study areas is used for cultivation of crops such as yam, cassava,  guinea  corn, maize, 

millet, groundnut, soybean, benniseed, rice, melon, and other vegetable crops. Trees crops such as 

mango, palm trees, citrus, cashew and other economic trees are also found in the  areas. 

All observations across the locations were done with a hand-held GPS. Available roads and footpaths 

were used as traverses. The rock outcrops were observed and described megascopically. The study 

areas are underlain by the rock units of the undifferentiated basement complex. The following rocks 

units were also observed; magnetite, igneous rock and complex basement in Abuja. Complex 

basement and metamorphic rock are found in Minna, granite, igneous and basement complex rocks in 

Lafia, whereas sandstone and alluvium are dominant in Makurrdi.  

Experimental Treatments and Design 

The experimental design was Randomized Complete block design (RCBD) with four (4) locations as 

the main factor. In each location, the experimental field was divided into three plots (Replicates) with 

one (1) meter alley between plots resulting in total of twelve plots. Each plot measured 10 m x 10 m 

(100 m2). NPK fertilizer was applied at the rate of 300 kg ha-1 because of the low fertility status of the 

soils of the areas before planting of maize. All the cropped plots received equal amount of the 

fertilizer. 

Soil Sampling and Analysis 

Random sampling technique was used to collect soil samples in each location. A total of nine 

composite auger samples were collected at three depths, viz: 0 – 15 cm, 15 – 30 cm and 30 – 45 cm 

(thirty six soil samples in four locations). Three (3) samples collected from each plot were bulked, air-

dried and ground to pass through a 2 mm sieve before taken for analysis at the NICANSOL laboratory 

of the University of Agriculture, Makurdi using standard procedures (Udo et al., 2009). Undisturbed 

core samples were also taken and used to determine dry bulk density, total porosity and hydraulic 

conductivity using standard procedures (Udo et al., 2009). 

Application of Productivity Index (PI) and Modified Neill productivity Index (PIm)  Models 

The modified equation for PI developed by Pierce et al. (1983) is given in equation (1) based on soil 

properties (soil productivity) indicators. The soil productivity indicators used in the study include 

available water content, pH, bulk density, clay content, land slope, organic matter content, root 
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weighting factor and phosphorus. Other researchers (Gale and Grigal, 1990; Gale et al., 1991; 

Camacho - Mora, 1991; Agber, 2011), however, pointed out-that the number or soil site properties 

was expandable, depending on the ability to quantify their effect on growth and the availability of data 

that quantified this response. In this study, the PI model developed by Pierce et al. (1983) was 

expanded to capture the influence of phosphorus. The modified equation for PI developed by Pierce et 

al. (1983) and expanded by Agber, (2011) is given as: 

                

   n 

  PIm = ∑ Ai x Ci x Di x Fi x Li x Ji x Wfi x Pi ……….. (1)  

                                   n=i 

 

  Where; PIm = modified Neill Productivity Index, 

  Ai = sufficiency for available water capacity for the ith soil depth 

  Ci = sufficiency for pH for the ith soil depth  

  Di = sufficiency for bulk density for the ith soil depth 

  Fi = sufficiency for clay content for the ith soil depth 

  Li = sufficiency for land slope for the ith soil depth 

  Ji = sufficiency for organic matter content for the ith soil depth 

  Wfi = root weighting factor (based on depth of root zone) 

  Pi = sufficiency for phosphorus content for the ith soil depth 

  n = number of depths in the rooting zone (0 – 45 cm soil depth), and 

  i = 0 – 45 cm 

 

In this research, PIm sufficiency rates are assigned to soil properties (soil productivity indicators) 

based on the soil depth of 0 – 15 cm, 15 – 30 cm and 30 – 45 cm. These sufficiencies are scored from 

zero (complete inhibition of root growth) to one (no  inhibition of root growth) based on a 

response function for each property. Ascribed sufficiencies for soil properties in each soil 

management practice (treatment) were  multiplied and summed to estimate the PI. The sufficiencies 

for the soil properties were adapted and used as described by Pierce et al. (1983), Nwite and Nnoke 

(2005), and Agber (2011). The higher the PI, the higher the productivity of the soil and vice versa. 

 

Application of Riquire Productivity Index (RI) Model 

Riquire productivity index (RI) (Riquire, 1970) put forward a formula for expressing productivity as a 

resultant of various factors at play. This productivity index is concerned basically with soil characters 

that govern its utilization and productive capacity. This considers only intrinsic factors such as slope 

and erosion. Riquire productivity index is given as: 

  Pa = H x D x P x T x Fa ………………… (2) 

   

 Where: 

  Pa = Soil Productivity 

  H = Soil moisture based on number of wet/dry months. 

  D = Drainage 

  T = Soil texture/structure 

  Fa = Actual fertility index consisting of several factors such as  

  (i) = Organic matter 

  (ii) = pH 

  (iii) = Base saturation 

  (iv) = Exchangeable capacity of clay Cmol(+) Kg-1 

  (v) = Total soluble salts (s) 

 

Actual Fa was calculated separately using equation 3 and the final factor  incorporated into equation 2 

(Pa). 

 Fa = O x pH x N x C x S ……………………… (3) 

  Where 

  O = Organic matter 
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  pH = Soil reaction (pH) 

  N = Base saturation 

  C = Nature of clay taken as (EC Kg Clay) 

  S = Soluble Salt content. 

 

Each factor is rated on a scale from 0 – 100, the actual percentages being multiplied each other. The 

resultant index of productivity also lying between 0 and 100 is set against a scale placing the soils in 

one of the five productivity classes. Soil characteristics used to determine Riquire productivity index 

and their ratings for crop production are presented in Table 1. 

 

Table 1: Scale of Productivity (P), Rating, RI – Range and Potentiality (Pi) 

P Rating RI – Range Pi 

1 Excellent 65–100 I 

2 Good  35–64 Ii 

3 Average  20–34 Iii 

4 Poor  8–19 Iv 

5 Extremely poor to Nil 0–7 V 

Source: Riquier et al. (1970)  

 

Data Analysis 
Regression and correlation analyses using IBM SPSS version 20 were performed to show the 

relationship between the productivity models and grain yield of maize under various locations. 

 

RESULTS AND DISCUSSION 

Soil Productivity Assessment using Productivity Index (PI) and Modified Productivity Index 

(PIm) 

Soil properties, ascribed sufficiencies and calculated productivity index (PI) and modified Neill 

productivity index (PIm) are presented in Tables 2, 3, 4 and 5 for Abuja,  Minna, Lafia and Makurdi 

respectively. The soil properties and their individuals sufficiency of a particular soil property/indicator 

was based on a response curve relating  the measured value for that indicator to a dimensionless 

sufficiency for each depth was  multiplied and summed to the number of depth increments (n), where 

0.0 meant an absolutely limiting level of the soil property and a value of 1.0 indicates optimum level 

(Kiniry et al., 1983). 

Generally, the values of soil properties decreased with increase in soil depth except AWC that 

increased with increase in depth of the soil across the locations. The decrease of soil properties down 

the depth could be as a result of slow decomposition of organic matter and less leaching of soil 

materials. The soils experienced moderate infiltration and percolation as more water contents were 

found in the lower depths of the soils of the sites. The sufficiency for pH was higher (1.0) in Makurdi 

than all the other locations. This indicates that there could be optimum level of nutrient uptake in 

Makurdi than the other locations. The sufficiency curves for pH were based on the effect that pH 

influences nutrient up take of plants and thus, will affect yield of crops across the locations. The soils 

of the study sites had 0.4 – 0.8 values of sufficiency for bulk density. The soil bulk density across the 

locations was in the order: Minna>Makurdi>Abuja >Lafia. This implies that maize roots resistance to 

penetration will be less in Lafia, follow by Abuja, Makurdi and higher in Minna area. This further 

implies that roots could encounter less resistance in areas with low bulk density and therefore, could 

explore wider rhizospheric area for nutrients and water. The soils of the study sites had moderate 

values of CEC with a sufficiency value of 0.8. This could be as a result of moderate soil exchangeable 

cations and less leaching of soil minerals. The slope of all the study sites were found to be on 0 – 2 % 

slope gradient with a sufficiency for land slope as 1.0 and thus indicating good slope for crop farming. 

The sufficiency value for root weighting factor for the four study sites was 0.8. This implies that the 

sites had little soil depth limitation for maize productivity. Deep soils without limitation promote root 

proliferation and as such plant roots can explore more area for nutrients and water. Sufficiency for 

phosphorus of the soils of the study sites was moderate in all the depths. 

The results of the computation of the PI based on ascribed sufficiencies of the different soil properties 

for the four (4) locations indicated that higher PI value was obtained for Makurdi (0.80) follow by 

Oyetola et al….. Int. J. Innovative Food, Nut. & Sust. Agric. 9(4):11-20, 2021 

 



15 
 

Lafia (0.76), Abuja (0.72) and Minna (0.59). These results show that the soil of Makurdi area is more 

productive than those of other locations. 

The Phosphorus contents of the four (4) locations were low. Their sufficiency values were 0.50 for 

Makurdi, 0.457 for Lafia, Abuja (0.45) and 0.35 for Minna. Similarly, the sufficiency values for 

aluminium oxide were 0.60 (Makurdi), 0.50 (Lafia), 0.45 (Abuja) and 0.40 for Minna. The sufficiency 

value for iron oxide was 0.80 for all the four (4) locations. However, this was not sufficient to 

mitigate the effects of P and aluminium oxide on the overall productivity of the soils. The inclusions 

of P, aluminium oxide and iron oxide in the PI reflected the true fertility status of the soils and hence 

their productivity.  This therefore, increases the precision of the PI model.  This agree with the 

findings of Agber (2011) who reported similar effects of P, aluminium oxide and iron oxide on the 

accuracy of the PI model .The results also agree with that of Ajon et al. (2018) who concluded that 

soil properties of PI and PIm are good indicators for assessing the productivity of the soils within the 

sub humid zone since they influenced soil productivity status. Similarly, higher PIm value of 0.50 was 

computed for Makurdi followed by Lafia (0.47) Abuja (0.45) and Minna with the lowest PIm 

computed value of 0.36. These results further showed that the soils of Makurdi location are more 

productive than those of Lafia, Abuja and Minna locations. 

  

Table 2: Soil Properties, Ascribed Sufficiency, Productivity Index (PI) and Modified Productivity 

Index (PIm) for Abuja 

 Soil Depth (cm) Ascribed Sufficiency  

Soil Properties  0-15 15-30 30-45 0-15 15-30 30-45 

AWC (%)  18.63 23.5 29.8 0.80 0.80 1.0 

Soil pH (H2O) 4.87 4.87 4.76 0.85 0.85 0.85 

BD (Mg/cm3) 1.39 1.45 1.44 0.80 0.60 0.60 

CEC (Cmol/kg) 12.03 9.00 11.68 0.80 0.80 0.80 

Land slope 2 2 2 1.0 1.0 1.0 

O.M (%) 5.64 3.99 2,62 1.0 1.0 0.9 

RWF 90 90 90 0.80 0.80 0.80 

Phosphorus (%) 1.03 0.70 0.53 0.50 0.50 0.50 

PI     0.72  

(PI)m     0.45  

 

  

Table 3: Soil Properties, Ascribed Sufficiency, Productivity Index (PI) and Productivity Index 

Modified (PIm) for Minna 

 Soil Depth (cm) Ascribed Sufficiency  

Soil Properties  0-15 15-30 30-45 0-15 15-30 30-45 

AWC (%)  21.6 26.5 32.8 0.80 0.80 1.0 

Soil pH (H2O) 4.49 4.51 4.34 0.85 0.85 0.85 

BD (Mg/cm3) 1.62 1.58 1.52 0.40 0.40 0.40 

CEC (Cmol/kg) 13.77 17.65 21.21 0.80 0.80 0.80 

Land slope 2 2 2 1.0 1.0 1.0 

O.M (%) 5.92 4.08 2,09 1.0 1.0 1.0 

RWF 90 90 90 0.80 0.80 0.80 

Phosphorus (%) 1.79 1.67 1.56 0.50 0.50 0.50 

PI     0.59  

(PI)m     0.35  
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Table 4: Soil Properties, Ascribed Sufficiency, Productivity Index (PI) and Modified Productivity 

Index (PIm) for Lafia 

 Soil Depth (cm) Ascribed Sufficiency  

Soil Properties  0-15 15-30 30-45 0-15 15-30 30-45 

AWC (%)  20.6 25.5 31.8 0.80 1.0 1.0 

Soil pH (H2O) 5.07 4.47 4.12 1.0 0.85 0.85 

BD (Mg/cm3) 1.49 1.32 1.32 0.60 0.80 0.80 

CEC (Cmol/kg) 18.13 13.76 14.78 0.80 0.80 0.80 

Land slope 2 2 2 1.0 1.0 1.0 

O.M (%) 4.35 2.67 1.24 1.0 0.90 0.55 

RWF 90 90 90 0.80 0.80 0.80 

Phosphorus (%) 1.60 1.32 1.19 0.50 0.50 0.50 

PI     0.76  

(PI)m     0.47  

 

 Table 5: Soil Properties, Ascribed Sufficiency, Productivity Index (PI) and Modified 

Productivity Index (PIm) for  Makurdi 

 Soil Depth (cm) Ascribed Sufficiency  

Soil Properties  0-15 15-30 30-45 0-15 15-30 30-45 

AWC (%)  21.23 19.63 21.60 0.80 0.80 0.80 

Soil pH (H2O) 6.5 6.3 6.1 1.0 1.0 1.0 

BD (Mg/cm3) 1.46 1.50 1.54 0.60 0.60 0.60 

CEC (Cmol/kg) 7.2 9.5 14.1 0.80 0.80 0.80 

Land slope 2 2 2 1.0 1.0 1.0 

O.M (%) 1.74 0.89 0.51 1.0 0.9 0.8 

RWF 90 90 90 0.80 0.80 0.80 

Phosphorus (%) 4.7 3.9 3.4 0.60 0.60 0.60 

PI     0.80  

(PI)m     0.50  

  

Soil Productivity Assessment using Riquier Productivity Index (RI) 

Soil properties, ascribed sufficiencies for the soil of the study sites and their calculated Riquier 

Productivity Index (RI) are shown in Tables 6, 7, 8 and 9 for Abuja, Minna, Lafia and Makurdi 

respectively. The site parameters and their respective ratings of RI indicate that all the locations had 

well drained characteristics where the water table was sufficiently low enough not to impede crop 

growth in the areas. The soil depth ratings show that the soils were deep enough without limitations to 

enhance roots proliferation of maize. The rating for organic matter in Makurdi location was higher 

than in all the other locations. This could have influenced the grain yield of maize and other growth 

parameters in Makurdi positively than in the other locations. Soil properties, ascribed sufficiencies 

and their calculated Riquier Productivity Index (RI) for the study sites as presented in Tables 6 – 9 

shows that the calculated Actual Productivity values of the soils were 0.44 for Makurdi, 0.28 for 

Lafia, Abuja (0.27) and 0.24 for Minna. The RI values of Abuja, Minna and Lafia fall under 

productivity class 3 and rated as ‘average productivity’ while Makurdi value falls under productivity 

class 2and rated as ‘good productivity’. The actual productivity results particularly that of Makurdi 

show that this land might have been used with maximum management practices for some few years. 

Higher RI values obtained in Makurdi further show that the soils of Makurdi location are more 

productive than those of Lafia, Abuja and Minna locations. 
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Table 6: Soil Properties, Ascribed Sufficiency and Riquier Productivity Index (RI) for Abuja 

 Soil Depth (cm) Ascribed Sufficiency  

Soil Properties  0-15 15-30 30-45 0-15 15-30 30-45 

Soil Moisture  5 months 5 months 5 months 0.80 0.80 0.80 

Drainage  Well 

drained 

Well 

drained 

Well 

drained 

0.95 0.95 0.95 

Soil Depth  90 90 90 1.00 1.00 1.00 

Soil Texture  Sandy 

Loam 

Sandy 

Loam 

Sandy 

Loam 

0.50 0.5 0.5 

Organic Matter  1.62 1.55 1.45 0.9 0.8 0.8 

Soil pH 4.49 4.51 4.34 0.6 0.6 0.6 

CEC  13.77 17.65 21.21 0.9 0.9 0.95 

Base Saturation 11.19 15.10 18.21 0.4 0.5 0.5 

R.I      0.27  

 

Table 7: Soil Properties, Ascribed Sufficiency and Riquier Productivity Index (RI) for Minna 

 Soil Depth (cm) Ascribed Sufficiency  

Soil Properties  0-15 15-30 30-45 0-15 15-30 30-45 

Soil Moisture  5 months 5 months 5 months 0.80 0.80 0.80 

Drainage  Well 

drained 

Well 

drained 

Well 

drained 

0.95 0.95 0.95 

Soil Depth  90 90 90 1.00 1.00 1.00 

Soil Texture  Sandy 

Loam 

Sandy 

Loam 

Sandy 

Loam 

0.5 0.5 0.5 

Organic Matter  1.64 1.49 1.35 0.9 0.8 0.8 

Soil pH 4.87 4.81 4.76 0.6 0.6 0.6 

CEC  12.03 9.00 11.68 0.9 0.9 0.9 

Base Saturation 10.21 7.14 9.85 0.4 0.4 0.4 

R.I      0.24  

 

Table 8: Soil Properties, Ascribed Sufficiency and Riquier Productivity Index (RI) for Lafia 

 Soil Depth (cm) Ascribed Sufficiency  

Soil Properties  0-15 15-30 30-45 0-15 15-30 30-45 

Soil Moisture  5months 5 months 5 months 0.80 0.80 0.80 

Drainage  Well 

drained 

Well 

drained 

Well 

drained 

0.95 0.95 0.95 

Soil Depth  90 90 90 1.00 1.00 1.00 

Soil Texture  Sandy 

Loam 

Sandy 

Loam 

Sandy 

Loam 

0.50 0.50 0.50 

Organic Matter  1.65     1.37 1.24 0.9 0.80 0.80 

Soil pH 5.07 4.47 4.12 0.80 0.60 0.60 

CEC  18.13 13.76 14.78 0.90 0.90 0.90 

Base Saturation 15.48 11.79 12.04 0.50 0.4 0.4 

R.I      0.28  
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Table 9: Soil Properties, Ascribed Sufficiency and Riquier Productivity Index (RI) for Makurdi 

 Soil Depth (cm) Ascribed Sufficiency  

Soil Properties  0-15 15-30 30-45 0-15 15-30 30-45 

Soil Moisture  5 months 5 months 5 months 0.80 0.80 0.80 

Drainage  Well 

drained 

Well 

drained 

Well 

drained 

0.95 0.95 0.95 

Soil Depth  90 90 90 1.00 1.00 1.00 

Soil Texture  Sandy 

Loam 

Sandy 

Loam 

Sandy 

Loam 

0.50 0.50 0.50 

Organic Matter  1.74 0.89 0.51 0.90 0.85 0.85 

Soil pH 6.5 6.3 6.1 1.0 1.0 1.0 

CEC  7.2 9.5 14.1 0.90 0.90 0.90 

Base Saturation 22.38 21.73 25.40 0.50 0.5 0.5 

R.I      0.43  

  

Relationship between Grain Yield of Maize and Productivity Indices 

Results of all the calculated indices (PI, PIm, RI) and seed of maize (t/ha) are presented in Table 10. 

The results indicated that the values of the maize grain yields increased with increase productivity 

models across all locations in both cropping seasons. Results on grain yield (t/ha) show that higher 

seed yields were obtained in locations with higher calculated indices (PI, PIm, RI). Further 

comparison indicates higher correlation between seed yields and the models in Lafia than Makurdi, 

Abuja and Minna locations. The results imply that differences in locations as influenced by soil 

characteristics could affect soil productivity and eventually grain yield of maize. These findings are in 

agreement with reports by Agber (2011) and Ajon et al. (2018). 

The regression analyses between grain yield of maize and productivity indices  with respect to 

location are presented in Table 11. The regression analyses between grain yield of maize and 

productivity indices with respect to location were significant at P<0.05. Regression fits the data as 

coefficients of determination (R2) were highly significant (P<0.01) at Minna, Lafia and Makurdi sites 

(R2 = 0.892), (R2 = 0.931) and (R2= 0.921) for Minna, Lafia and Makurdi respectively. Similarly, 

varied coefficients of determination (R2) were significant (P<0.05) at Abuja sites with (R2 = 0.776) for 

PI and  PIm, and (R2 = 0.679) for RI model. These results show that PI model could explain 92 % of 

the maize seed variation in Makurdi, 93 % in Lafia, 89 % in Minna and 77 % in Abuja. The PIm show 

that 92 % variation could be explained in Makurdi, 93 % in Lafia, 90 % in Minna and 77 % in Abuja. 

For the RI model, the results show 92 % variation in Makurdi, 93 % in Lafia, 89 % in Minna and 65 

% in Abuja. 

This implies that the PIm could explain to greater extent yield variation between  different sites than 

the original PI model by Pierce et al. (1983). The PIm therefore, promises to be an improvement over 

the PI model. It is also an indication that this model (PIm) could give reliable results than PI in the 

Southern Guinea Savanna. Higher relationship between seed yields of maize and PIm further show 

that it could explain to a greater extent, than PI and RI how differences in soil characteristics could 

affects seed yield of maize. Based on the results obtained, the productivity models could be 

efficiently, ranked as PIm> PI > RI. The significant correlations which existed between seed yield and 

all the indices (PI, PIm, RI) further indicate that the models could be used effectively in assessing soil 

productivity in the Southern Guinea Savanna zone of Nigeria.  

 

  Table 10: Productivity Models and Grain Yield (t/ha) of Maize  

S/N Location Productivity Models Grain Yield (t/ha) 

  PI                 PIm                 RI   2017                        2018 

1 Abuja 0.72              0.45                0.27 2.23                         2.40 

2 Minna 0.59              0.35                0.24 1.70                         1.94 

3 Lafia 0.76              0.47                0.28 2.45                         2.96 

4 Makurdi 0.80              0.50                0.43 2.86                         3.54 

 Productivity index (PI), modified productivity index (PIm) and Riquier productivity index 

(RI) 
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 Table 11: Regression Model and Coefficient of Determination (R2) Between Grain Yield  of 

Maize and Productivity Indices 

S/N Location Productivity 

Index vs 

Grain Yield 

Regression Model 

 

 (R2) 

1 Abuja PI vs yield Y = 54.01 X – 36.30 0.776* 

  PIm vs yield Y = 54.01 X – 21.18 0.776* 

  RI vs yield Y = 57.02 X – 12.73 0.649* 

2 Minna PI vs yield Y = 18.45 X – 8.508 0.892** 

  PIm vs yield Y = 16 X – 3.25 0.895** 

  RI vs yield Y = 18.457 X – 2.225 0.892** 

3 Lafia PI vs yield Y = 21.97 X – 14.41 0.931** 

  PIm vs yield Y = 21.97 X – 8.045 0.931** 

  RI vs yield Y = 21.97 X – 3.87 0.931** 

4 Makurdi PI vs yield Y = 3.714 X – 0.08 0.921** 

  PIm vs yield Y = 3.714 X – 0.034 0.921** 

  RI vs yield Y = 3.714 X + 1.294 0.921** 

 * = Significant at (P=0.05), ** = Significant at (P=0.01). Productivity index (PI), modified 

productivity index (PIm) and Riquier productivity index (RI) 

 

CONCLUSION 

The study revealed that the results of the computation of the PI, PIm and RI based on ascribed 

sufficiencies of the different soil properties for the four (4) locations indicated that higher PI, PIm and 

RI values respectively were obtained for Makurdi (0.80, 0.50, 0.44) followed by Lafia 

(0.76,0.47,0.28), Abuja (0.72, 0.45,0.27) and Minna (0.59, 0.36, 0.24). These results show that the soil 

of Makurdi area is more productive than those of other locations. The inclusions of P, aluminium 

oxide and iron oxide in the PI reflected the true fertility status of the soils and hence their 

productivity.  This therefore, increases the precision of the PI model. The PIm, promises to be an 

improvement over the PI model. It is also an indication that this model (PIm) could give reliable 

results than PI in the Southern Guinea Savanna. Soil properties of PI, PIm and RI are good indicators 

for assessing the productivity of the soils within the sub humid zone since they influenced soil 

productivity status. The productivity models could be efficiently, ranked as PIm> PI > RI.  

The relationship between grain yield of maize and productivity indices indicated  that the values of 

the maize grain yields increased with increase productivity models across all locations in both 

cropping seasons. Higher seed yields (t/ha) were obtained in locations with higher calculated indices 

(PI, PIm, RI). Higher relationship between seed yields of maize and PIm showed that it could explain 

to a greater extent, than PI and RI however, differences in soil characteristics could affect grain yield 

of maize.  

The regression analyses between grain yields of maize and productivity indices with respect to 

locations were significant at P<0.05.This shows that all the models could be used effectively in 

assessing soil productivity in the Southern Guinea Savanna zone of Nigeria. 
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