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1 Introduction  

Crop plants need essential nutrients in certain amounts and proportions taken up from the soil to grow and ultimately 

to produce their economic yield. If these requirements are not fulfilled, growth and yield will be poor. The required 

amounts may be present in the soil but not readily available in sufficient quantities for the crop. Under these conditions, 

plants may satisfy their needs for instance through nutrient acquisition mechanisms such as root exudation, whereby 

nutrients in the soil are made more soluble. Nutrient shortages can also be overcome through mutualistic nutrient 

acquisition mechanisms with soil biota: mycorrhiza, for instance, can make nutrients available in exchange for plant 

assimilates. Despite these and various other nutrient acquisition strategies, one or more nutrients may still be 

insufficiently present in the soil. In such cases, appropriate fertilizer application is likely to generate a substantial yield 

increase. 

 

Impactful fertilizer interventions are those that achieve substantial yield improvement at low doses. Theoretical 

considerations suggest that such interventions would have to consist of only the most limiting nutrients at low doses to 

avoid decreasing marginal returns. Low-dose fertilizer technologies have the added advantage of being more 

affordable for poor farmers. Additional benefits of such technologies include improved food quality due to higher 

densities of the most limiting nutrients in the food. This combination of characteristics is particularly important for sub-

Saharan Africa, the main scope of this paper. 

 

Sub-Saharan Africa presents a peculiar situation when compared to agriculture practiced in other tropical areas. For 

instance, ample use is made of inorganic fertilizers in South America and India, even under smallholder conditions. In 

Africa, however, the use of such fertilizers currently is still very limited. Production increases have mainly been obtained 

by area expansion and also by yield increases to a modest extent, supposedly through better crop and land husbandry 

practices. In the past, soil fertility was restored through the application of fallow periods, which, due to population 

pressure became increasingly shorter, result in lower soil fertility levels. Consequently, new land must be taken into 

use, which is likely to be more marginal in terms of nutrient deficiencies and other characteristics like low or variable 

rainfall. This situation urgently calls for increasing fertilizer use in Africa to boost yield levels on current agricultural 

lands.  

 

It is, however, evident from agronomic research that past experiences with fertilizers in Africa are not very promising. 

It has long been known that nutrients other than nitrogen (N) and phosphorus (P) can be the most limiting ones in 

tropical soils including in Sub-Saharan Africa (e.g., Rodel and Hopley, 1973; Sillanpää, 1982; Kang and Osiname, 

1985; Davies, 1997; Singh, 2009), which is entirely in accordance with theoretical expectation. Nevertheless, most of 

the fertilizer research conducted in Africa has concentrated on N and P fertilizers, the two plant nutrients that were 

instrumental in achieving a Green Revolution in Asia. In Africa, though, application of these two nutrients may 

sometimes result in sizeable yield increases. More frequently, fertilizer impacts are modest, and yields may even 

decrease. Other research shows reasonable yield increases at low levels of application up to about 40 kg of N or P 

per hectare, with steady or declining yields at higher application levels. Voortman (2010) hypothesizes on these findings 

that in Africa nutrients other than N or P are likely the most limiting nutrients, or do become so at low doses of N and 

P. Supporting evidence for the proposition that other essential plant nutrients might be deficient is derived from medical 

research showing that half of the global deaths due to zinc deficiency in under-5 children, or about 400,000 per year, 

occur in sub-Saharan Africa (Caulfield et al., 2006). The high death toll in children in sub-Saharan Africa is presumably 

related to the monotonous diets of locally produced zinc-deficient crops. The emanating message would be to consider 

a broader spectrum of essential plant nutrients than N and P alone in the research agenda, to address soil nutrient 

deficiencies in sub-Saharan Africa.  
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The variability of crop yield response to N and P fertilizers, from positive to negative, also suggests that soils and, 

consequently, native soil fertility vary considerably in space. This is also evident from the results of control experiments, 

where no fertilizer is applied. For instance, Hikwa et al. (1998) present data from Zimbabwe and show that, within small 

areas, velvet bean biomass under unfertilized conditions varies from 317 kg haï1 to 7240 kg haï1. The same research 

also shows the large variability of yield response to P fertilizer, and this variability is also unrelated to control yield 

levels. Similar conclusions can be drawn from fertilizer trials with N and P in Kenya (Smaling and Janssen, 1993). 

Impactful fertilizer interventions will therefore have to be site-specific with respect to nutrient dose and composition. 

This paper will, therefore, consider the factors governing the ecological diversity of African soils and its spatial patterns 

in terms of the native soil chemical conditions. Matching site-specific soil chemical conditions with fine-tuned fertilizer 

technologies, yet to be developed, seems a viable way to achieve the sizeable crop yield increments that are urgently 

required in sub-Saharan Africa. 

 

Against this background, the Virtual Fertilizer Research Centre (VFRC) has indicated its interest to verify whether the 

use of essential nutrients beyond N and P ï specifically Ca, K, Mg, S and micronutrients (B, Cu, Fe, Mn, Mo, Ni and 

Zn) ï possibly provide for the urgently needed impactful fertilizer interventions. If this were the case, it could lead to 

the development of a new generation of effective fertilizer technologies. It appears, however, that the data available 

are too sparse to warrant deep statistical analysis on the combined impacts of various nutrients under the prevailing 

soil and climatic conditions. We, therefore, limit ourselves to capitalizing on the data sets available in a selected number 

of case studies, each with data limitations of its own regarding coverage and size. The case studies considered are 

data-rich in terms of agro-ecology and soil chemistry, and it appears that, together, they provide a consistent (albeit 

incomplete) picture of nutrient deficiencies beyond N and P. They further suggest more general conclusions about the 

key factors that govern the spatial variability of soils and that need to be addressed in the development of a new 

generation of fertilizer technologies. 

 

This paper concentrates on the Miombo woodland biome that covers large parts of Central-South Africa. First, we 

present data on a land use and land resource ecology study from Mozambique and discuss soil fertility of Miombo in 

general as well the key soil chemistry factors that govern the spatial distribution of ecosystems (and land use) and their 

functioning (Section 2). The data of this case study consist of the commonly analyzed soil chemical properties, including 

Ca, Mg and K, and also the micronutrients Cu, Fe and Zn. Section 3 reports on agronomic research conducted in 

Miombo in Malawi, and Section 4 presents the results of micronutrient trials in the Miombo of Zimbabwe. In both cases, 

the objective is to verify if the earlier identified key factors are also important in terms of crop yield. The trials in Malawi 

include experiments with lime, S, B and Zn and also provide information on soil content of Cu, Fe and Mn. The 

Zimbabwe case deals with the yield impact of B, Zn and dolomitic lime if added to NPK applications. Finally, we review 

the successes in advancing agricultural productivity in Brazil on soils deriving from parent rock material similar to those 

on which most of the African agriculture takes place (Section 5) and discuss the research agenda for plant nutrients 

beyond N, P and K and how this was brought into practice. We propose a similar research approach for sub-Saharan 

Africa to identify key nutrient deficiencies and to develop appropriate fertilizer technologies. Section 6 concludes. 
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2 Land resource ecology in the Miombo biome on 

basement complex in Central -South Africa  

Miombo woodland vegetation is dominated by two tree genera: Brachystegia and Julbernardia (Fabaceae, Subfamily 

Caesalpinioideae). It covers large parts of Tanzania, Malawi, Zambia, Zimbabwe, Mozambique and Angola (Fig. 1). 

The Miombo biome was only sparsely populated until about four decades ago, which is generally attributed to prevailing 

low soil fertility (Frost, 1996; Desanker et al., 1997). Dispersed, densely cultivated pockets occurred within the Miombo 

range but always on different soils that also support non-Miombo vegetation types. Currently, though, large parts of 

the Miombo have and are being taken into use due to population pressure. This situation calls for the development of 

fertilizer technologies that are appropriate for the Miombo soils. 

 

The two genera that dominate Miombo together comprise about 40 species. Consequently, these make up a variety of 

woodland types, the species composition of which varies with the factors of soil formation: the mineralogy of parent 

rock, climate, soil age, relief and organisms. Yet because of the dominance of two genera only, Miombo soils may 

have certain similarities that are relevant for the development of impactful fertilizer technologies. Therefore, in this 

section we summarize soil fertility data as observed in the Miombo biome with the objective to identify the key soil 

chemical properties that are relevant for the development of such fertilizer technologies.  

 

 

 

Figure 1. The spatial distribution of Miombo woodland formations (green) 
(red rectangle is the location the Angonia district). 

 

First, we discuss and illustrate the sources of soil spatial variability in these woodlands (Section 2.1). Then, based on 

mean data from various countries, it will be verified if the soils under Miombo share common soil chemical properties 

and assess if these confirm that soil fertility is low. In order to obtain a proper perspective on the soil fertility status in 

this part of Africa, the soil chemical data will be compared with those obtained in the Brazilian Cerrados. The soils 

supporting Cerrado vegetation initially were thought to be of too low fertility for agricultural use but have been largely 
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reclaimed by now with adapted fertilizer technologies (Section 2.2). Next, the findings of a land use and land resource 

ecology study in the Angonia district in Mozambique will be summarized. This district is located in the Miombo range 

(Fig. 1) and is largely covered by Miombo woodland, which was not cultivated four decades ago. But the district also 

has sizeable tracts of land with deviating soils and vegetation, and these types of land are preferred for cultivation. 

This section reports on what soil chemical properties were found to be the key factors governing the ecological diversity 

of these African soils and their spatial patterns (Section 2.3). In Section 2.4, individual observations with detailed soil 

chemical properties in the Miombo of Zambia, Malawi and Zimbabwe will be used to verify whether these share the 

same key ecological factors (Section 2.4). This being the case could then lead to guiding principles for the development 

of appropriate fertilizer technologies for the entire Miombo biome. 

 

2.1 Sources of spatial  variability of soils  

The two principle factors of soil formation that cause spatial variability in soils are parent material and climate. With 

respect to the latter, in the entire Miombo range the Length of the Growing Period (LGP, calculated with a water balance 

model) varies from 90 days in Southern Zambia to 240 days in Shaba, Congo (Fischer et al., 2000), for example. In 

Northern Angola and the Zambezia province of Mozambique, Miombo even extends into the 270-300 LGP zone. These 

large variations in climate are likely to find reflection in soil chemical properties and species composition of the 

woodlands. However, the observed large variation in climatic conditions rule out the possibility that particular climatic 

circumstances are the common denominator for the occurrence of Miombo woodland. With respect to parent material, 

albeit with minor exceptions in Southern Mozambique and Western Zambia, the Miombo woodlands are underlain by 

Precambrian Basement Complex (Bederke and Wunderlich, 1968). However, this geological formation is merely a 

classification based on the era in which it was formed and does not include a definition in terms of lithology/mineralogy, 

which at local levels is the most fundamental factor of soil formation, certainly where soil chemistry is concerned. The 

Basement parent material has in common, though, that it consists of crystalline rock. Due to its formation history, the 

lithology/mineralogy of this geological formation can show large variations, sometimes even at very local scales 

(Figures 2 and 3). Because of such abrupt geological boundaries, unlike climate, variations in parent material can result 

in an entirely different assembly of soil chemical properties in very short distances (Voortman et al., 2000). 

Consequently, soil nutrient deficiencies may be very different as well, thus calling for locally adapted fertilizer 

technologies.  

 

2.2 Soil chemical d ata of Miombo and a comparison with Brazilian Cerrado soils  

In this section, we depart from general notions on soil fertility in the Miombo biome and then provide actual data 

obtained from various locations in the Miombo range. What follows is a comparison with soil fertility levels data for 

various Cerrado formations. Lastly, the soil micronutrient content of Miombo and Cerrado are also compared. 

 

The most recent reviews of Miombo generally emphasize its low soil fertility, typically being acid, low in P and N, low 

levels of Total Exchangeable Bases (TEB) and P-sorbing properties (Frost, 1996; Desanker et al., 1997). However, 

such generalizations on tropical soil properties have been seriously contested (Eswaran et al., 1992; Sanchez and 

Logan, 1992) and, as will be shown, these generalizations are not consistently supported by the three available data 

sets (Table 1). 
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Figure 2. Sharp soil boundary due to differences in the mineralogy of parent rock, as evident in track at the foreground 
with reddish brown fertile soil with remnants of tall grasses (burned at end of dry season) and in the 
background pale sandy soil of low fertility with Miombo woodland vegetation, Angonia district, Mozambique 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Sharp soil boundary due to differences in the mineralogy of parent rock; in the middle a tilted structural ridge 
with on the left a red soil with modest levels of organic matter (Ferric Luvisol) and on the right a brown soil 
very high in organic matter (Luvic Phaeozem), Angonia district, Mozambique 
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Table 1. A comparison of average soil chemical properties of Miombo woodlands in Zambia and Zimbabwe 

(Frost, 1996; 34-84 observations depending on variable and depth of sample [34 for subsoil P and 84 for 
topsoil Ca, Mg and K]), the Angonia district in Mozambique (Voortman and Spiers, 1986; 32 complete 
observations for upland Miombo from a total of 145) and Dedza Hills in Malawi (Wendt and Rijpma, 1997; 
8 topsoil observations). The range of the observed values is given in brackets. 

TEB: Total Exchangeable Bases (sum of Ca, Mg, K and Na); BS: Base Saturation; N.A.: Not Available. 

 

Average topsoil organic carbon and N levels are indeed particularly low in Miombo and remarkably similar in all three 

data sets. The levels of these variables also decrease rapidly below the shallow topsoil. The mean pH values of the 

three data sets are also similar and indicate that Miombo soils are not excessively acidic. From this, it can be inferred 

that they do not share high aluminum toxicity levels, while high sorption properties are equally unlikely. The average 

available P levels under Miombo in Zambia and Zimbabwe are substantially lower than in Angonia, but these values 

are not particularly low by themselves, using the criteria presented in Landon (1991; Table 7.16), with even higher P 

levels in Malawi. Hence, Miombo soils also do not have systematically low levels of soil phosphorus in common. This 

point is further corroborated by data from Malawi that is largely covered by Miombo (Wild and Grandvaux Barbosa, 

1967), where the average available P level for 395 soil samples taken throughout the country was 35 ppm (Wendt and 

Rijpma, 1997).  

 

Total Exchangeable Bases (TEB) is also not low on average. In Angonia, the topsoil levels are well above the lower 

limit of medium (TEB = 5; Source: Ministère de la Coopération, 1980). Miombo soils in Zambia and Zimbabwe appear 

to be lower in Base Saturation and TEB, if compared with Angonia, while in Malawi TEB is lower, but base saturation 

is higher. A possible reason for the lower base saturation and TEB in Zambia and Zimbabwe is that a considerable 

portion of the observations derives from higher rainfall conditions in combination with flatter topography (i.e., old-age 

surfaces) in Northern Zambia. But also under these conditions, by themselves the average TEB values approximate 

the lower limit of medium levels (5 cmol kg-1) and are certainly not very low (<2 cmol kg-1; Source: Ministère de la 

Coopération, 1980). Therefore, in combination with the observations from Angonia, it must be concluded that Miombo 

soils do not share a low level of exchangeable bases (TEB). From the mean values, it is further evident that the Mg 

content is generally high, relative to exchangeable Ca, and that subsoil K is rather low, relative to Mg. This observation 

may be taken as a first indication that Miombo has relative high Mg in common, a possible cause of Ca and K deficiency 

(see Text Box 2). In any case, the above generalizations about the low soil fertility in the Miombo are not supported by 

the average data. 

 

Location  

Zambia & 

Zimbabwe 

Zambia & 

Zimbabwe 

Angonia 

Mozambique 

Angonia 

Mozambique 

Dedza Hills 

Malawi 

Depth  0-0.2 m 0.2-0.5 m 0-0.2 m 0.2-0.5 m 0-0.2 m 

Variable Dimension      

Org. C % 1.40 (0.3-3.8) 0.58 (0.3-1.3) 1.32 (0.36-2.47) 0.44 (0.08-1.44) 1.44 (1.0-2.16) 

N % 0.10 (0.02-0.62) 0.04 (0.0-0.13 0.11 (0.03-0.21) 0.04 (0.01-0.12) N.A. 

P-avail. ppm 13.40 (0.0-54.0) 7.00 (0.0-25.0) 30.64 (0.05-89.0) 22.64 (0.0-192.0) 53.43 (15-105) 

pH  - 5.60 (4.2-6.9) 5.30 (4.2-6.9) 5.90 (4.9-6.3) 5.88 (4.5-6.6) 5.36 (4.5-5.6) 

Ca cmol kgï1  2.72 (0.0-15.0) 1.74 (0.05-11.8) 3.52 (0.05-10.6) 2.97 (0.05-9.0) 2.92 (0.80-4.27) 

Mg cmol kgï1 1.46 (0.0-8.4) 1.35 (0.0-16.3) 1.98 (0.05-6.4) 2.26 (0.05-16.2) 1.00 (0.38-2.39) 

K cmol kgï1 0.32 (0.0-2.3) 0.20 (0.02-0.63) 0.59 (0.32-1.02) 0.52 (0.18-0.84) 0.45 (0.14-0.70) 

Na cmol kgï1 0.06 (0.0-0.48) 0.05 (0.01-0.20) 0.06 (0.03-0.16) 0.06 (0.03-0.12) N.A. 

TEB cmol kgï1 4.74 (0.35-20.8) 3.43 (0.10-27.0) 6.14 (0.73-14.7) 5.81 (0.46-19.6) 4.37 (2.19-6.08) 

BS % 57.60 (3.0-100) 46.40 (3.4-100) 76.35 (20.9-91.0) 74.79 (13.7-94.2) 93.35 (60.8-100) 
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If we look at the spread in the data, it is obvious that the variation in the soil chemical properties in Miombo is large. N 

and P can be very low but also high; in the case of P, it could even be excessively present (a value of 13 for available 

P is considered adequate and >25 as being rich in P [Landon 1991; Table 7.18]). The range of pH values is not very 

large, but due to its logarithmic scale, the difference between the higher and lower values may be highly relevant for 

plant growth and agriculture. The basic cation levels (Ca, Mg and K) in Miombo, just like N and P, vary from not 

measurable to very high levels, which are also obviously reflected in the broad range of TEB levels. Part of this variation 

can be attributed to differences in mean annual rainfall (Figure 4)1. Furthermore, it can be observed that in both datasets 

where subsoil data are available, subsoil Mg can have values that are higher than the highest subsoil Ca level. 

Moreover, the highest Mg level is 20 or more times the highest level of K. Both observations are a further signal that 

unbalanced cation ratios indeed may be at play in the Miombo biome (Boyer, 1978; Ministère de la Coopération, 1980; 

see also Text Box 2). This possibility will be verified later in this paper with complete data from individual observations. 

 

 

Figure 4. Subsoil TEB (cmol kg-1) as a function of mean annual rainfall (mm) for Miombo woodlands in the Angonia 
district (Mozambique) 

 

To put Miombo soil fertility in proper perspective, Table 2 provides average topsoil values for a large sample of various 

forms of Cerrado vegetation in Brazil. These data show that, compared to the Cerrado, the Miombo soils are of rather 

high fertility. Cerrado appears to have similar organic carbon content, but pH and base saturation are lower. Moreover, 

Cerrado soils are practically devoid of P and basic cations on average. As is commonly the case, other data sources 

confirm that Cerrado subsoil chemistry values are even substantially lower than those of the Cerrado topsoils. (e.g., 

Amorim and Batalha, 2006). 

 

                                                           
1 Lower rainfall in Angonia coincides with lower altitudes and rainshadow areas (Voortman and Spiers, 1986; Volume 

5: óClimate, agro-climatic zones and agro-climatic suitabilityô. At lower altitudes soils are also of younger age, because 

of headward incision of streams due to natural (geologic) erosion. Soils of younger age generally are less leached and 

contain more weatherable minerals. 
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Table 2. Topsoil properties of various forms of Cerrado and forest in Brazil 

(Source: Lopes and Cox, 1977) 

Cerrado type  

Campo 

limpo 

Campo 

cerrado Cerrado Cerradão Forest 

n  64 148 245 45 16 

Variable Dimension      

Org. C* % 1.3 1.4 1.4 1.4 1.8 

P-available ppm 0.5 0.5 0.9 2.1 1.4 

pH  - 4.87 4.94 5.00 5.14 5.28 

Ca cmol kgï1 0.20 0.33 0.45 0.69 1.50 

Mg cmol kgï1 0.06 0.13 0.21 0.38 0.55 

K cmol kgï1 0.08 0.10 0.11 0.13 0.17 

Al cmol kgï1 0.74 0.63 0.66 0.61 0.78 

TEB cmol kgï1 0.34 0.56 0.72 1.30 2.22 

BS % 34.0 42.0 46.0 56.0 60.0 

*The original table indicates Organic Matter (%) but in the references it seems that reference is made to a method to 

determine Organic Carbon (%).The figure has been corrected on the basis of OC being about 58% of OM) 

 

 

 

 

 

Micronutrients 

Table 3 shows the micronutrient topsoil values for Angonia and the various Cerrado formations. For Cu, the mean 

values for Cerradão are similar to the Miombo of Angonia, while in the more open vegetation types Cu is substantially 

lower and decreases with decreasing woody vegetation. The soil Zn content of all Cerrado types stands at about 

50 percent of the Miombo soils. Fe is systematically much higher in Cerrado, and soil Fe content decreases among 

the Cerrado types with increasing cover of woody plants.  

 

In summary, it is commonly suggested in the literature that Miombo soils have low fertility in common. Yet more detailed 

inspection of actual soil data shows this proves to be the case only for organic carbon and nitrogen levels, which also 

appear to be concentrated in a shallow topsoil. Low soil fertility is not supported by the average data on pH, TEB, BS 

and the absolute level of individual plant nutrients present in the soil, including P and micronutrients. Miombo soil 

fertility is even high if compared to Brazilian Cerrado. Nevertheless, the spread in the soil chemical properties is large 

to the extent that some Miombo soils are very poor indeed. On the other hand, a portion of Miombo soils can be 

Text Box 1. Vegetation structure of Cerrado as an indicator for soil chemistry 

The data presented in Table 2 illustrate how vegetation (density of woody species in this case) can be 

used as an indicator for soil chemical properties. Cerrado generally consists of contorted trees, but the 

tree density may vary. From Campo limpo to Cerradão, there is a gradient from no tree species at all to 

a rather dense cover of trees and shrubs. This gradient is correlated with a steady increase in available 

P, pH and TEB. But also the nature of the cation exchange complex changes. For instance, the ratio of 

Mg/K gradually changes from less than 1 in campo limpo to about 3 in Cerradão. The ratio of Ca/Mg 

also increases but less systematically so. Table 3 further shows that along the gradient Cu and Zn 

increase gradually while Fe decreases. Thus, along this vegetation gradient, almost all soil chemistry 

values change in their level. 
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considered rich. Based on the evidence provided, while excluding the very poor Miombo soils, the observed soil nutrient 

levels suggest that it may be expected that crops planted in most of the Miombo will be responsive to fertilizer 

applications, provided that composition and dose are finely tuned to the site-specific soil chemical properties. In short, 

the question is not if fertilizers will produce substantial yield improvement but which nutrient deficiencies need to be 

addressed with fertilizers. 

 

Table 3. Available Cu, Zn and Fe in the topsoil of Miombo soils in Angonia district, Mozambique, compared with 
various forms of Cerrado, Brazil (values in ppm; topsoil 0-20 cm) 

(Sources: Voortman and Spiers, unpublished data, and Lopes and Cox, 1977) 

 Variable n Mean (ppm) Range 

Miombo (Ang) Cu 32 1.17 (0.08-4.20) 

Miombo (Ang) Zn 32 1.05 (0.40-2.40) 

Miombo (Ang) Fe 32 2.67 (0.90-7.40) 

Campo limpo Cu 64 0.60 (N.A.) 

Campo limpo Zn 64 0.58 (N.A.) 

Campo limpo Fe 64 35.7 (N.A.) 

Campo sujo Cu 148 0.79 (N.A.) 

Campo sujo Zn 148 0.61 (N.A.) 

Campo sujo Fe 148 33.9 (N.A.) 

Cerrado Cu 245 0.94 (N.A.) 

Cerrado Zn 245 0.66 (N.A.) 

Cerrado Fe 245 33.0 (N.A.) 

Cerradão Cu 45 1.32 (N.A.) 

Cerradão Zn 45 0.67 (N.A.) 

Cerradão Fe 45 27.1 (N.A.) 

Forest Cu 16 0.95 (N.A.) 

Forest Zn 16 1.11 (N.A.) 

Forest Fe 16 37.2 (N.A.) 

 

 

2.3 Key soil chemistry variables associated with the spatial variability of soils : the 

case of Angonia  District , Mozambique  

In the previous section, it was established that low soil fertility can occur in Miombo, but it certainly is not a common 

property. In the present section we, therefore, identify the key ecological factors, notably soil chemistry, that govern 

the diversity and spatial distribution of ecosystems in the Miombo biome (Voortman and Spiers, 2010 a/b). These 

studies are based on the findings of a landscape-ecological survey conducted in the Angonia district in Mozambique 

(Voortman and Spiers, 1986) that, to a large extent, is covered with Miombo woodland. The location of the study area 

is shown in Figure 1. The district is underlain by tilted Precambrian Basement Complex rock with different kinds of 

mineralogy in short distances. Apart from that, there is also a large variation in altitude (700-1600 m), rainfall (900- mm 

to 1400+ mm) and growing season length (150- days to 210+ days). Hence, the district is ideally suited for research 

on environmental variation. The landscape-ecological survey resulted in a map of land units, each of which was 
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defined, according to the concept of land2 (Voortman, 1985), in terms of the factors of soil formation: climate, the 

lithology of parent rock, geomorphology/relief, soils and vegetation/land use. In total, 613 observations were made, of 

which 145 detailed soil profile descriptions from soil pits with each horizon sampled for textural and chemical analysis. 

At these sites complete vegetation relevées (i.e., a landscape sampling method for natural vegetation) were also made 

in terms of species composition, cover/abundance of each species as well as vegetation structure (physiognomy). The 

landscape-ecological survey has resulted in a map at scale 1:50,000 with about 140 individual land units 

(soil/vegetation types), grouped in 40 landscapes, and comprising different combinations of land units (Figure 5). To 

avoid influences of soil drainage class and to emphasize the impact of soil chemical properties in the following, only 

soils with a drainage class better than imperfect were used, thus resulting in about 121 observations. 

 

 

Figure 5. Compilation of photographs of nine map sheets of the land unit map of Angonia district, Mozambique 

Nguni land in brown colors and Miombo woodland in green and yellow colors. The black line separates the 
geological formation called Tete-Chipata Belt, West Gondwana, with more felsic parent materials in the 
West and South and the formation of the Angonia group, East Gondwana, with more mafic parent material 
in the North-East with higher spatial variability (area size about 100 km North-South and 60 km East-West).  

 

Most of the district is covered with Miombo woodlands that were generally uncultivated (32 observations). But, other 

land types with different soils/vegetation also do occur and are related to presence of different types of soil parent 

material. An example of this is the so-called Nguni vegetation, physiognomically a wooded grassland with a dense and 

tall grass-layer. As far as woody species are concerned, it entirely lacks the typical Miombo species and is 

characterized by the genera such as Acacia, Pterocarpus, Combretum, Pericopsis, Erythrina, Ficus, Albizzia and 

                                                           
2 "A tract of land is defined geographically as a specific area of the earth's surface: its characteristics embrace all reasonably stable, 
or predictably cyclic attributes of the biosphere vertically above and below this area including those of the atmosphere, the soil 
and underlying rocks, the topography, the hydrology, the plant and animal populations and the result of past and present human 
activity to the extent that these attributes exert a significant influence on present and future uses of the land by man" (adapted 
from Vink, 1975; Brinkman and Smyth, 1973; and Christian and Stewart in Rey et al., 1968).  
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Piliostigma, with a large part of the observed species being nodulating legumes. This type of land was highly preferred 

for cultivation (44 observations). Another 45 observations include various soil/vegetation types such as montane 

grasslands, leached poor soils in high-rainfall zones and grasslands on mafic parent materials. All these were not 

cultivated. With respect to these rather clear-cut soil preferences where cultivation is concerned, it has been observed 

that much local knowledge on soils exists in sub-Saharan Africa. Apparently, such tacit knowledge has been 

transmitted from one generation to the next. Indeed, it has been argued that no African community would have survived 

for long if site selection for cultivation would take place in a haphazard manner (Allen, 1965). Systems of local 

knowledge on land quality are obviously not based on knowledge of soil chemical properties but rather on properties 

that are observable at the surface, notably vegetation (in fact, using the basic axiom of landscape ecology on bio-

indication). Both local ecological knowledge and the possible use of vegetation as an indicator for site conditions can 

be instrumental for the development of appropriate fertilizers and their dissemination. Therefore, we have used the soil 

profile chemical data in combination with vegetation/land use data to identify the following: 

¶ Which soil chemical variables explain the degree to which the land units have been taken into use for cultivation 

(percentage of land cultivated)? 

¶ Which soil chemical properties explain the occurrence of different vegetation types? 

 

The method used to explain cultivation density is Ordinary Least Squares regression (OLS, normal and step-wise). 

First, an attempt was made to find an explanation on the basis of conventional soil fertility characteristics, including N, 

P and K. The data used derive from three soil depths (topsoil, subsoil and deeper subsoils). With respect to the 

essential plant nutrients N, P and K, the departure was a full quadratic formulation including their square values and 

multiplications for each combination. Next, we consider a broader spectrum of nutrients, including nutrient ratios that 

represent antagonistic mechanisms where nutrient uptake by plants is concerned. The results for N, P and K and 

commonly used soil fertility indicators are presented in Table 4. 

 

Cultivation density can be explained by a linear formulation of topsoil N and P only (Table 4, Equation 1). Cultivation 

density increases as soil N increases. It unexpectedly decreases with increasing levels of P, and overall explanatory 

power is low (adjusted R2 = 0.28 only). The same formulation was tested for the subsoil and deeper subsoil. For the 

subsoil, only N is significant and a linear relationship explains 54 percent of the differences in cultivation density (Table 

4, Equation 2). For the deeper subsoil, it is again only N in a linear specification that is significant with an adjusted R2 

of 0.55. A possible explanation for the higher diagnostic value of subsoil N, rather than topsoil N, is that in all 

ecosystems organic matter and N accumulate in the topsoil but that the depth to which accumulation takes place is 

substantially different in preferred and avoided soils. The use of topsoil values only, when characterizing and comparing 

soils, may thus conceal important differences between soils. Another problem of the high explanatory power of subsoil 

N is that N does not commonly occur in soil parent material and, therefore, is the most endogenous of all soil chemical 

properties, a potential cause for circular reasoning. Therefore, we purposely also exclude N from the equations in the 

following to identify the possible underlying and deeper causes of high N accumulation. 
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Table 4. Cultivation density as a function of N, P and K levels from the topsoil, subsoil and deeper subsoil (Initia lly tested with a 

full quadratic equation) and in combination with soil texture, TEB, BS and pH.  

The dependent variable cultivation density is a field-based estimate with classes of 0, 30, 50, 80 and 100 percent. Soil 
depth 10 cm refers to 0-20 cm, 30 cm to 20-50 cm, 70 cm to 50-90 cm (Source: Voortman and Spiers, 2010a) 

Equation 1 2 3 4 5 6 7 8 9 

Soil depth 10 cm 30 cm 70 cm 10 cm 10 cm 10 cm 30 cm 30 cm 30 cm 

Intercept -0.14 -1.43 -1.33 -6.63 -2.32 2.40 -12.29 -7.41 -12.93 

p 0.8804 0.0025 0.0099 0.0002 0.0238 0.2482 0.0006 0.1102 0.0053 

N 29.93 59.04 120.76 16.75   48.33   

p <.0001 <.0001 <.0001 0.0056   <.0001   

P-available -0.037   -0.041 -0.037 -0.050  -0.022 -0.024 

p 0.0097   0.0038 0.0048 0.0005  0.0485 0.0396 

Clay    0.080 0.077     

p    0.0038 0.0025     

BS    0.083  0.10    

p    0.0003  <.0001    

TEB     0.67   0.36  

p     <.0001   0.0006  

Sand      -0.095 -0.038 -0.087 -0.099 

p      <.0001 0.0246 <.0001 <.0001 

pH       2.69 2.70 4.12 

p       <.0001 0.0021 <.0001 

K       -4.54 -6.36 -6.27 

p       0.0015 0.0003 0.0007 

Adj. R2 0.28 0.54 0.55 0.38 0.41 0.34 0.62 0.42 0.36 

n 121 119 103 121 121 121 119 119 119 

 

 

We proceed our study on the relationship between cultivation density and soil chemistry by considering other commonly 

used indicators of soil fertility and land suitability, such as soil texture, pH, base saturation (BS) and total exchangeable 

bases (TEB). Regressions for the topsoil (Table 4: Equations 4-6) show that, of the macronutrients, again only topsoil 

N and P are significant and that various expressions for texture and the exchange complex (BS and TEB) considerably 

improve explanatory power (as compared to Equation 1). In all three equations, response to P remains consistently 

negative, but for all other variables the response conforms to expectations: positive for clay content, BS and TEB and 

negative for sand content. Equation 5, in which N is excluded, is more parsimonious than equation 4, in which N has 

been maintained. It has the highest explanatory power of the topsoil equations (R2=0.41). Apparently, TEB alone 

discriminates better between cultivation densities than the combination of topsoil N and BS. It might be argued that 

apparently TEB stands in for Organic Matter (and consequently N) based on the common assumption that both are 

closely related. Regression analysis indeed confirms the positive relationship between TEB and OM content, but OM 

levels explain only 30 percent of the variation in TEB (P <.0001; not shown). Another common assumption is also not 

confirmed by equation 5, being that TEB would be closely related to the soil clay content: both in combination explain 

cultivation density with high significance levels. Indeed, topsoil TEB proved to be entirely unrelated to clay content (P 

= 0.9237; not shown). It might further be argued that TEB possibly stands in for BS because there is obviously some 

relationship, merely by definition. However, maintaining P and texture and substitution of BS for TEB produces 

substantial loss of explanatory power (Table 4: Equation 6). These results cast some doubt on commonly made 

assumptions on the relationships between soil chemical properties, which may not be as universally valid as sometimes 

expected. It has thus been convincingly shown that TEB has an explanatory power in its own right. At this point, we 

tentatively conclude that the relative independence of TEB from clay content and organic matter levels is possibly 

related to parent material characteristics. In any case, the findings indicate that TEB is an important discriminator 

between cultivated and avoided land types. 
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The subsoil equations (Table 4: Equations 7-9) show that, with N maintained, only rather modest improvement of 

explanatory power can be realized (compared to Equation 2). Without N, the R2 values drop considerably, but the best 

performing equation again includes both texture and TEB with high significance levels. The positive signs of TEB and 

pH are as expected, and so is the negative sign for sand content. The negative relationship between cultivation density 

and soil P levels is further confirmed by the subsoil values. Non-linear specifications and combinations of topsoil and 

subsoil properties have also been tested, but these did not improve on the explanation of cultivation density.  

 

We conclude that the soil fertility indicators used here (TEB, pH, BS) in addition to soil macronutrient levels provide for 

modest increases of explanatory power only. Without the endogenous N, such soil fertility indicators explain about 

40 percent of the differences in cultivation density. When using these indicators, the positive correlation of N and the 

negative correlation of P with cultivation density are confirmed, and the latter also appears to apply for the subsoil. The 

above findings may be interesting in their own right in that they confirm earlier findings (Voortman and Brouwer, 2003; 

Voortman et al., 2004). Apparently, macronutrients and other commonly used indicators of soil fertility only tell part of 

the story of African land and production ecology. Moreover, the equations obtained are not very meaningful for the 

practical purpose of developing effective fertilizer technologies, except for the role of N and P ï firstly because soil 

texture is difficult to change and secondly because pH, BS and TEB cannot be readily linked to deficiencies of individual 

plant nutrients.  

 

The results obtained while using a broader spectrum of nutrients, including nutrient ratios, are shown in Table 5. While 

excluding the equations that include N, it appears that cultivated soils in the topsoil are associated with low P and high 

Ca, but Ca can also become too high (Ca2), low Fe or low Fe/Zn and low Exchangeable Sodium Percentage (ESP). 

The subsoil properties of cultivated soils are high in the ratio (Ca+Mg)/K in combination with high Ca and low K, or high 

in the ratio (Ca+Mg)/K, in combination with high Ca and Cu, and low Mg/K. The cultivated subsoils further have a low 

P/Fe ratio. Equation 7 also shows that cultivated soils are low in P and Mg/K (as reflected in the multiplication; P*Mg/K), 

but if the P level is somewhat high, it may still be cultivated if the Mg/K ratio is sufficiently low. Similarly, a somewhat 

lower (Ca+Mg)/K ratio in cultivated land may be compensated for, if the level of Cu is sufficiently high. Thus, it appears 

that P, the basic cations and micronutrients and their interrelations as expressed in ratios, which are known to represent 

nutrient antagonisms, explain land use better than the commonly used soil fertility indicators. Yet the explanatory 

powers (R2) are still not high, supposedly due to the heterogeneity of the group of uncultivated land. Nevertheless, 

these findings allow interpretation in terms of individual plant nutrients that are deficient or in excess in cultivated and 

unused land with possible direct implications for fertilizer technologies that obviously require testing. Next, we will seek 

to improve on performance by analyzing two more homogeneous vegetation types. 
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Table 5. Cultivation density as a function of individual elements and their ratioôs (with and without subsoil N) 

(Source: Voortman and Spiers, 2010a) 

Equation 1 2 3 4 5 6 7 

Intercept -0.80 -0.43 2.62 0.97 3.51 2.85 -0.31 

p 0.3256 0.5316 0.0152 0.2567 <.0001 0.0006 0.7690 

N (30) 44.79 46.74      

p <.0001 <.0001      

(Ca+Mg)/K (30) 0.066 0.071  0.18 0.27 0.28  

p 0.0020 0.0011  0.0005 <.0001 <.0001  

Fe (10) -0.66  -0.83 -0.82   -0.70 

p 0.0014  0.0001 0.0002   0.0020 

Zn (10) 1.06       

p 0.0516       

Fe/Zn (10)  -0.37   -0.50   

p  0.0054   0.0023   

Ca (30)   0.53     

p   0.0074     

K (30)   -4.49     

p   0.0027     

Ca (10)   0.48 0.48   1.81 

p   0.0177 0.0099   <.0001 

Cu (30)   0.63 0.73    

p   0.0304 0.0080    

Mg/K (30)    -0.27 -0.40 -0.42  

p    0.0132 0.0005 0.0003  

ESP (10)     -0.55 -0.74  

p     0.0600 0.0128  

P/Fe (30)     -0.024   

p     0.0545   

P-available (10)      -0.035  

p      0.0078  

P x Mg/K (10)       -0.005 

p       0.0428 

Ca2 (10)       -0.12 

p       0.0114 

(Ca+Mg)/K x Cu (30)       0.036 

p       <.0001 

Adj. R2 0.62 0.61 0.52 0.52 0.43 0.40 0.53 

n 118 118 118 118 118 118 118 
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Table 6. Binary logistic regression: Nguni versus true Miombo woodland 

(Source: Voortman and Spiers, 2010a) 

Equation Nr. 1 2 3 4 5 6 

Intercept -12.59 -16.80 -18.58 -15.23 6.13 6.68 

p 0.0870 0.0090 0.0159 0.0114 0.0002 0.0001 

N (30) 229.7      

p 0.0837      

eɓ >999      

P-available(10)  -0.11  -0.05  -0.06 

P  0.0044  0.1234  0.0006 

eɓ  0.89  0.96  0.97 

K (10)  27.43 14.32 14.84   

P  0.0085 0.0342 0.267   

eɓ  >999 >999 >999   

(Ca+Mg)/K (30)  0.32     

p  0.0035     

eɓ  1.38     

Clay (10)   0.036 0.23   

p   0.0300 0.0230   

eɓ   1.43 1.25   

Ca (30)   1.01 0.67   

p   0.0420 0.0766   

eɓ   2.74 1.95   

ESP (10)     -2.78 -2.45 

P     0.0186 0.0134 

eɓ     0.062 0.087 

Fe/Cu (10)   -1.14    

p   0.0393    

eɓ   0.32    

P/Cu (10)     -0.11  

p     0.0009  

eɓ     0.90  

Zn/Cu (10)      -1.22 

p      0.0323 

eɓ      0.29 

LR, p <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

Score, p <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

Wald, p 0.0837 0.0267 0.1217 0.0331 0.0012 0.0018 

R2 0.95 0.86 0.87 0.85 0.78 0.72 

Conc. % 99.6 98.4 98.4 98.2 95.1 93.7 

H&L, p 0.9980 0.9500 0.5594 0.9935 0.2194 0.1001 

Hit ratio 96.8 91.8 93.4 90.3 91.8 90.0 

Sensitivity 97.7 95.2 95.2 93.0 95.2 93.0 

Specificity 94.7 84.2 89.5 84.2 84.2 82.4 

 

 

A basic axiom of landscape ecology is that vegetation species composition is an indicator for environmental conditions, 

including its soil chemical properties. A study on the relationship between different vegetation types and soil chemical 

properties can, therefore, serve the objective to identify which soil chemical properties are the key factors governing 
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the ecological diversity of soils and its spatial patterns. For this purpose, we exclude the 45 observations in 

miscellaneous land types and concentrate on Miombo and Nguni vegetation that can easily be distinguished in the 

field. There is only minor overlap between these two types: Nguni with some Miombo species present at low 

cover/abundance ratings (seven observations) and Miombo with some Nguni species (three observations). The limited 

number of observations of these intermediate vegetation types does not allow meaningful statistical analysis. Hence, 

we concentrated on pure Nguni (44 observations) and pure Miombo (32 observations). The Miombo was sub-divided 

into two groups that occur in spatially distinct areas as related to geological formation. Miombo with true woodland 

stature (20 observations) occur in the western and southern part of the district (see Figure 5), coinciding with Tete-

Chipata Belt, West Gondwana, with more felsic parent materials (Westerhof et al., 2008; ING, 1987). The other group 

of Miombo consists of bushlands and shrublands (12 observations). These occur in association with cultivated land 

and were used for fuel, which in an undisturbed state could once have been woodlands. The latter group is located in 

the geological formation called the Angonia group, East Gondwana, with more mafic parent material (Westerhof et al., 

2008; ING, 1987). The chemical properties of both Miombo groups were analyzed in relation to the Nguni data. Binary 

logistic regression was applied to these pairs of vegetation classes. The program searches for the most significant soil 

chemistry variables that explain the different vegetation types. The performance of the obtained equation can be judged 

on an R2 and the hit ratio, being the percentage of the observations that are properly classified, while using the soil 

chemical properties identified. The results obtained for the binary logistic regression for pure Nguni and true Miombo 

woodland are presented in Table 6. The comparison and classification of the two vegetation types perform well, with 

R2s of about 0.85 and hit ratios above 90 percent. From Table 6, it is clear that the types of variables that discriminate 

best between the two vegetation types are similar to those that explained cultivation density. The results for pure Nguni 

and the Miombo bushland types are presented in Table 7. As might have been expected, due to greater similarity of 

parent material, R2s at around 40 are rather modest. The hit ratio, at around 85, seems fine but is misleading. It mainly 

derives from the good classification of the Nguni observations (sensitivity), while the portion of Miombo bushlands that 

is properly classified is well below 50 percent (specificity). These modest results may be due to the large difference in  

the number of observations between the two land types, but the main difference between the two types is possibly 

related to plant nutrients that have not been analyzed. This calls for further research. In any case, the type of variables 

involved is again of a similar nature. 

 

These examples and other analyses reported in Voortman and Spiers (2010a) suggest that a consistent set of soil 

chemical variables explains both the differences in cultivation density and the differences between soil/vegetation 

types. This set of soil chemistry variables, as identified in the case study, can be summarized as follows: 

¶ individual cations, their sum and their ratios:  

Ca, Mg, K, TEB, (Ca+Mg)/K, Ca/Mg, Mg/K, ESP (Exchangeable Sodium Percentage) 

¶ individual micronutrients and their ratios:  

Cu, Fe, Zn, Fe/Zn, Fe/Cu, Zn/Cu  

¶ phosphorus levels and ratios of P with micronutrients:  

P, P/Fe, P/Cu, P/Zn 

¶ interactions of cation ratios with P and micronutrients:  

P*(Mg/K), ((Ca+Mg)/K)*Cu 
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Table 7. Binary logistic regression: Nguni versus Miombo bushlands 

(Source: Voortman and Spiers, 2010a) 

Equation Nr. 1 2 3 4 5 

Intercept -3.32 -1.97 -1.92 -3.82 -0.41  

p 0.0231 0.3078 0.2503 0.0467 0.7576 

N (30) 53.54     

p 0.0022     

eɓ >999     

TEB (10)  0.93    

p  0.0156    

eɓ  2.54    

Mg (30)  -1.31 -1.18   

p  0.0126 0.224   

eɓ  0.27 0.31   

Ca (10)    1.51   

P   0.0077   

eɓ   4.55   

Ca/Mg (10)    2.87  

p    0.0116  

eɓ    17.68  

Ca/Mg (30)     1.46 

p     0.0257 

eɓ     4.29 

Zn/Cu (30)     -1.91 

p     0.0987 

eɓ     0.15 

LR, p <.0001 0.0014 0.0002 0.0002 0.0031 

Score, p <.0001 0.0021 0.0009 0.0013 0.0093 

Wald, p 0.0022 0.0295 0.0220 0.0116 0.0440 

R2 0.56 0.39 0.49 0.40 0.35 

Conc. % 90.5 82.8 87.8 86.9 83.7 

H&L, p 0.9048 0.6658 0.2298 0.8302 0.5916 

Hit ratio 86.0 86.3 86.0 84.0 84.3 

Sensitivity 92.9 95.3 95.2 95.2 97.7 

Specificity 50.0 37.5 37.5 25.0 12.5 

 

 

We now translate the findings into possible nutrient deficiencies and research agenda for the three land types 

considered: the land preferred for cultivation, true Miombo woodland and the Miombo bushlands. The analysis revealed 

that the land types preferred for cultivation are those that are low in topsoil and subsoil P as well as in subsoil K. It is 

very likely that P fertilizer is effective here, and small doses of K are worth trying. These lands also have heavier 

textured topsoils and a higher topsoil and subsoil TEB. Topsoil Cu and Fe also added to the explanation, with Cu being 

higher and Fe being lower, hence their ratio being higher. In these cultivated lands, topsoil and subsoil Ca and the 

subsoil (Ca+Mg)/K ratio were higher, while the Mg/K ratio is lower, suggesting that intricacies at the exchange complex 

have an important impact on the decision to select land. The same types of soil chemical properties also determine 
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the spatial distribution of different vegetation types and govern the ecological diversity of these African soils and its 

spatial patterns. 

 

With respect to the true Miombo woodlands, the binary logistic regression indicates that the soil P level is generally 

high. However, the spread is large, and very low levels occur as well (Table 1). Further research is required to locate 

and identify the environmental conditions (geology, climate) from which such differences derive. The regressions in 

combination with the mean data (not shown) further suggest that N and Cu may be deficient in large parts of this type 

of Miombo, while the Ca/Mg and (Ca+Mg)/K ratios are unbalanced due to low Ca. The results for the Miombo bushlands 

on the Angonia group formation show that P levels are higher than in Nguni, but P application is still worth trying. Other 

likely deficiencies refer to N, Cu and Ca but are possibly less severe than in the true woodlands on the Tete-Chipata 

Belt. However, here the Ca requirement does not only derive from low Ca levels but also from high Mg levels in part of 

the observations. Because of that, K application is also likely to benefit crop yield. Thus, based on the results of the 

binary logistic regressions and the mean values of soil chemical properties, a well-targeted agronomic research agenda 

has been developed for each of the three land types considered here as follows (Voortman and Spiers, 2010a): 

¶ Nguni land: no N, P, small doses of K and possibly Fe and Zn 

¶ Miombo woodland: no P, N, Ca at non-liming rates, Cu and possibly Zn 

¶ Miombo bushland: N, P, Ca at non liming rates, K, Cu and possibly Zn 

 

In summary, Figures 6 and 7 illustrate the different types of ecosystems that can occur on both sides of a sharp soil 

boundary, as shown in Figure 2. The Miombo was not used for cultivation but does serve as a source of fuel. Pole 

wood, fiber, honey and mushrooms (mycorrhizeae) are collected as well. Figure 7 shows the cultivation steppe of 

Nguni vegetation. The grasses are taller than humans, and the land is fully cultivated with scattered mango and acacia 

trees in the field. Our analyses have shown that among the key soil chemistry factors that govern the diversity and 

spatial distribution of natural vegetation type and land-use density, the properties of the exchange complex and 

micronutrients figure prominently. Nutrient ratios, reflecting well-known antagonisms where nutrient uptake is 

concerned, have shown to provide higher explanatory power than the absolute levels of individual nutrients present in 

the soil. Table 8 summarizes the findings in terms of soil chemical properties. In addition, particularities of mechanisms 

of indirect nutrient acquisition are presented, as well as the prevalence of functional groups of termites. The indirect 

nutrient acquisition strategies ï referring to the prevalent type of mycorrhizeae and presence of nodulating legumes 

that can fix nitrogen (BNF) ï can be derived from the species composition of the vegetation. The presence/absence of 

termites with different feeding habits is based on field observations. Table 8 indicates that the soil chemical properties 

identified as making the difference between Miombo and Nguni land are rather fundamental ones and find expression 

even in the type of mycorrhizeae, presence of BNF and termite feeding strategies. The observed differences in soil 

chemistry thus appear to be related to entirely different ecosystems and ecosystem functioning.  
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Figure 6. Typical Miombo woodland (uncultivated) on shallowish and sandy soil 

Picture taken in the early wet season (Photography: R.L. Voortman) 

 

 

Figure 7. Typical Nguni land: Cultivated land showing tall grasses and óchocolate brownô soils with the small Angoni 
breed cattle stubble grazing 

Picture taken during the dry season (Photography: R.L. Voortman). 

 






















































