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Abstract 

The study examined the extent to which plant nutrients can influence the physiognomy of 

Colophospermum mopane woodlands. C. mopane is an important ecosystem component 

and food source of the African elephant (Loxodonta loxodonta africana). C. mopane is 

dominant species in the two sites. Survey blocks were selected randomly inside monotypic 

C. mopane woodlands. In each block a 1 km transect and ten 20 x 20 m plots were 

systematically placed at 100 m intervals. Plant leaves were collected from the twenty plots 

in the two sites. ANOVA for equality of means was performed using SPSS version 20 to leaf 

parameters across dwarf and tall mopane woodlands. A result yielding a p value of <0.05 

was considered statistically significant. Investigations were made on estimation of 

phosphorous, nitrogen, potassium, calcium and sodium in plant tissues. In this study, dwarf 

C. mopane woodland stand was associated with low magnesium content. Plants respond to 

magnesium deficiency by accumulating carbohydrates in source leaves whereas root 

growth is reduced due to limited supply of carbohydrates to the roots. The implications are 

that management needs to pay particular attention to elephant population increase in 

coppiced mopane vegetation and monitoring growth rates of saplings of coppiced mopane 

to monitor habitat change. 
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Introduction 

Nutrients are important for healthy 

growth and development of browsers 

(Makhado et al., 2016). Browsers are 

attracted to mopane woodland due to 

presence of leaf protein, calcium and 

phosphorous (Cooper et al., 1988). 

Further, browsers select leaves containing 

elevated levels of energy, which is 

important in their diet (Styles and Skinner, 

1997). In addition to elevated levels of 

protein and minerals, elephants select 

woody species with low levels of fibre and 

condensed tannins (Cooper et al., 1988).  

Jachmann and Bell (1985) and 

Prajapati (2008) indicated that elephant 
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food selection is influenced by leaf 

factors. In Kasungu National Park, 

Malawi, elephant feeding selection of 

species was associated with leaf sodium, 

magnesium and crude protein (Jachmann 

and Bell, 1985). In addition, there was 

association between elephant utilisation of 

vegetation and sugar content, while 

elephants appeared not to utilise tree 

species high in total secondary 

metabolites (Jachmann, 1989). Research 

on Acacia trees revealed elevated nutrient 

content (Fornara and du Toit, 2007).  

Little is known about whether leaf 

nutritional factors influence the 

physiognomy of Colophospermum 

mopane. Knowledge of influence of the 

possible environmental factors can help to 

understand the role of leaf nutrients in 

altered physiognomy of C. mopane and 

elephant selection of the tree species for 

browse.  This study therefore provides an 

insight on possible environmental factors 

influencing physiognomy of C. mopane 

and affecting elephant food selection in 

relation to leaf nutrients. In addition, it 

aims to promote conservation 

understanding and habitat management 

for decision makers in protected areas. 
 

Materials and Methods 

Study Area 
The present study was conducted 

between June and July 2016. The study 

sites were Chichele in the national park 

and Kakumbi in the game management 

area in the Luangwa Valley, Zambia 

(Figure 1). The Luangwa Valley is a 

trough lying below the Muchinga 

Escarpment to the north and forms the 

Luangwa River catchment area. It 

stretches between 9o 35′ S to 15o 41′ S and 

28o 21′ E to 33o 44′ E (Phiri, 1989). The 

Valley is 40,000 km2 in extent, 

approximately 700 km in length and 90 

km at its widest point, stretching through 

Muchinga escarpment hill floor, covering 

part of Eastern, Central and Lusaka 

Provinces of Zambia (Smith, 1997; Phiri, 

1989; Phiri, 1994). 

South Luangwa National Park is 

situated is about 9050 km2 in extent 

(Smith, 1977). The national park lies 

between 12o 17′ - 13o 45′ S and 31o 00′- 

32o 08′ E of which it is integral to the 

Great Rift Valley where the rift divides 

into the eastern arm encompassing Lake 

Malawi and the western arm forming the 

Luangwa Valley stretching north for some 

700 km (Smith, 1977; Phiri, 1989). 

Lupande Game Management Area was 

established to buffer the national park to 

the east. The game management area is 

4,840 km2 in size and lies between 13o 30′ 

S and 14o 45′ E at 350 m to 640 m above 

sea level (Phiri, 1989). The Muchinga 

Escarpment to the north of the national 

park rises to 1,200 m above sea level 

(Astle et al., 1969).  

The valley experiences three distinct 

seasons namely:  hot rainy season (from 

late November to April); cool-dry season 

(from May-August); and a hot dry season 

(from September to early November). The 

average daily maximum temperature 

ranges from 32 to 36oC. The average 

minimum temperatures are about 15oC 

during months of June and July.  The 

average annual rainfall ranges from 832 to 

889 mm, although rainfall episodes of up 

to 1000 mm have been recorded in some 

parts of the valley (Phiri, 1989).      
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Fig. 1: Map of the study area showing the national park and the game management area in 

the South Luangwa Ecosystem. Chichele and Kakumbi study sites are also shown. 

 

Data Collection 
To study the influence of leaf nutrients 

on the physiognomy of Colophospermum 

mopane, a reconnaissance survey which 

included traversing the study area to have 

a general idea of the structure of C. 

mopane, identify areas favoured by 

elephants and evidence of utilisation by 

elephants was conducted prior to the 

study. Elephants moved freely across the 

national park into the game management 

area of similar habitat. Elephant feeding 

pattern is distinctive and therefore easy to 

distinguish from utilisation due to other 

herbivores, fire and frost (Jachmann and 

Bell, 1985). Elephant utilisation of woody 

trees rips off entire branches using trunks, 

leaving unmistakable characteristic scars 

on sides and ends of damaged stems 

(Holdo, 2003).  

Within each plot, the plant species, 

elephant occupancy, height classes and 

circumference were observed for each 

individual tree. However, for the purpose 

of this study the presence of elephant type 

of utilisation was adequate to classify a 

tree as used by elephant and only ≥ 1 m 

tall trees were estimated during the survey 

(Holdo, 2003).   

Mopane dominated vegetation was 

stratified into blocks of dwarf mopane 

woodlands of the national park and tall 

mopane woodland of the game 

management area. In each stratum, a block 

was randomly selected. Loop roads served 

as landmarks for starting points for plot 
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placement in the national park and game 

management area. In this study, 

systematic sampling procedure was 

adopted for data collection (Simbarashe 

and Farai, 2015; Prajapati, 2008). One 

kilometer transects were marked along 

loop roads in each site and ten 20 x 20 m 

plots were systematically located at every 

100 m interval of each transect line (1 

transect; total length = 1 km in each 

block). The plots were placed along each 

of these transects more than 20 m from the 

nearest loop road. Plots were not set up 

less than 10 m from loop roads because of 

edge effects caused by the presence of the 

loop roads (Holdo, 2003). The extent of 

the survey reflected monotypic 

Colophospermum mopane stands and 

elephant occupancy of dwarf and tall 

mopane woodlands in the national park 

and the game management area 

respectively.  

The first site with dwarf monotypic 

Colophospermum mopane stand of the 

national park was delineated in the 

Chichele block. Plots were placed at more 

than 2 km from the Luangwa River. The 

frequently browsed Chichele site was 

vegetated with a monotypic 

Colophospermum mopane stand of dwarf 

mopane trees. Three focal trees were 

randomly selected from four corners / 

edges and centre of each 20 x 20 m plot. 

Three focal tree chosen for collecting leaf 

samples were tagged. 

A second site was marked in Kakumbi 

block of the game management area in a 

monotypic Colophospermum mopane 

stand with tall mature trees. Plots in tall 

Colophospermum mopane were placed at 

more than 2.5 km from the Luangwa 

River. Here too, three focal trees were 

chosen at random and tagged in the same 

way: same size of block and same number 

of-and size of plots as at the Chichele site 

of South Luangwa National Park. 

From each focal tree 50 leaves were 

collected per sample. Each focal tree had 

one zone of influence - leaves from the 

crown of each tree. From each site, 

mopane had one treatment for each of the 

3 focal trees in a plot that was 50 leaves. 

A total of 30 leaf samples were collected 

from the 10 plots in each site.  

A sample was created from each focal 

tree by combining the samples from 

branches of a particular tree in the plot 

giving three samples per plot and thirty 

samples for ten plots and site. Surgical 

gloves were used for sample collections to 

minimize sodium contamination (Weeks 

and Kirkpatrick, 1976). Leaf samples 

were kept in well ventilated room at 

Chinzombo Research Station prior to 

transport to Food and Nutrition 

Laboratory of the University of Zambia.  

Leaf samples from Chichele site of 

South Luangwa National Park and leaf 

samples from Lupande Game 

Management Area were collected in a 

space of two days for nitrogen, 

phosphorus, potassium, calcium, 

magnesium and sodium content test. 

Data Analysis  
In comparing means, an assumption of 

equal variance was made. A two way 

ANOVA in IBM SPSS statistics version 

20.0 was used in the analysis. A result 

yielding a p value of <0.05 was considered 

statistically significant. Phosphorous, 

potassium, calcium, magnesium and 

sodium data failed the normality test. 

Since they were not normally distributed, 

the Mann-Whitney non-parametric test for 

independent pairs of samples was used to 

compare distributions of these parameters 

in coppiced and tall mopane. Nitrogen and 

protein content met the test for normally 

distributed data.  
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Results 

Altogether 13 different nutrient 

variables were analysed in leaves of 

elephant food trees of coppiced mopane 

woodland of South Luangwa National 

Park and tall mopane woodland of 

Lupande Game Management Area. 

Nitrogen analysis showed that there 

was no evidence for a significant 

difference in content between coppiced 

mopane and tall mopane in % (p>0.05). 

Phosphorous analysis revealed that there 

was no significant difference in content 

between coppiced mopane in % and tall 

mopane (p>0.05).  

Potassium analysis showed very 

strong evidence that there was a 

significant difference in potassium 

content between dwarf mopane with 

mean12.51 (SD 12.505) in % and tall 

mopane with mean 8.87 (SD 2.097) in % 

(p<0.01) as shown in Tables 1a; 1b).   

 

Table 1a: Analysis of Variance table for Potassium 

Source                  Type l Sum of Squares df Mean Square   F  Sig. 

Mopane type 198.598  1 198.598  47.96           <0.01 

Plot   32.223  9 3.580  0.865         0.562 

Error   202.904  49  4.141 

 

Table 1b: Distribution of means of Potassium by type 

Mopane type    Mean   95% Confidence Interval 

                 ______________________________ 

     Lower Bound  Upper Bound 

Coppiced    12.51   12   13  

Tall   8.87   8   10 

 

Calcium content was significantly higher (p<0.01) in tall mopane with mean 1.373 (SD 

0.336) than in dwarf mopane with mean 1.054 (SD 0.283) in % woodland trees as shown 

in Tables 2a; 2b.  

 

Table 2a: Distribution of means of Calcium by type 

Source                   Type l Sum of Squares df Mean Square F Sig. 

Mopane type                 1.530   1 1.530  17.421 <0.01  

Plot                               1.288   9 0.143  1.630 0.133 

Error                             4.302   49 0.088 

 

Table 2b: Distribution of means of Calcium by type 

Mopane type   Mean   95% Confidence Interval  

     _______________________________ 

     Lower Bound  Upper Bound 

Coppiced   1.054    0.945  1.162 

Tall  1.373    1.264  1.482  
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Magnesium content in leaves was significantly difference between coppiced mopane 

with mean 0.241(0.046) in % and tall mopane with mean 0.325 (SD 0.038%) in % (p<0.001) 

as shown in Tables 3a; 3b.  

 

Table 3a: Analysis of Variance table for Magnesium  

Source                 Type l Sum of Squares  df Mean Square F Sig. 

                                

Mopane type           4.805  1 4.805  62.078 < 0.001  

Plot                          1.288  9 0.143  1.630   0.133 

Error                        4.302  49 0.088 

 

Table 3b: Distribution of means of Magnesium by type 

Mopane type  Mean   95% Confidence  

    ______________________________ 

    Lower Bound  Upper Bound 

Coppiced  0.241   0.225   0.256 

Tall 0.325   0.310   0.341  

 

Sodium analysis showed a significant difference in content between coppiced mopane 

with mean 0.292 (SD 0.104) in % and tall mopane with mean 0.590 (SD 0.144) in % (p<0.01) 

as shown in Tables 4a; 4b.   

 

Table 4a: Analysis of Variance table for Sodium  

Source                        Type l Sum of Squares df Mean Square F         Sig. 

Mopane type                 1.326   1 1.328  84.819           0.01 

Plot                               0.148   9 0.16  1.054         0.413 

Error                             0.766   49 0.016 

 

Table 4b: Distribution of means of Sodium by type 

Mopane type   Mean   95% Confidence Interval 

____________________________ 

     Lower Bound  Upper Bound 

Coppiced   0.292   0.246   0.338 

Tall  0.590   0.544   0.636  

 

Discussion 

Results on nutritional patterns across 

the two mopane woodlands suggested an 

association between mopane habitat type 

and possible leaf nutrient content 

influencing the physiognomy of 

Colophospermum mopane woodland.   

The findings of this work showed that 

nitrogen might not be one of the nutrients 

that influence elephant selection of 
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coppiced mopane woodland. Nitrogen 

content in coppiced mopane and tall 

mopane were not statistically different 

implying that nitrogen content may not be 

a contributing factor towards influencing 

the physiognomy of C. mopane through 

elephant selection of coppiced mopane 

woodland compared to tall mopane 

woodland. 

Ruminant species have a large intake 

of potassium required for digestion of a 

large mass of low energy food and wild 

ruminants live on diets high in potassium 

but low in sodium (Ward, 1966). While it 

is also required for cellulose digestion in 

an in vitro system (Hubbert, et al., 1958). 

The findings of this study showed very 

strong evidence that the difference in 

potassium content was significant. 

Potassium content in dwarf mopane and 

tall mopane in % were different. 

Potassium content was higher in dwarf 

mopane woodland than tall mopane 

woodland trees. Potassium appears to be a 

contributing factor the altered 

physiognomy of C. mopane. 

Calcium acts as a multifunctional 

nutrient in the physiology of plants and in 

its soluble form it influences availability 

and uptake of other nutrients (Easterwood, 

2002). Calcium is also essential for 

increased cell wall strength and thickness 

and it is a critical part of the cell wall that 

produces strong structural rigidity 

(Easterwood, 2002). Calcium content was 

significantly higher in tall mopane 

woodland than dwarf mopane woodland. 

Thus, the role that calcium plays in plants 

could not explain the altered physiognomy 

of C. mopane. 

According to Jachmann and Bell 

(1985), elephants select tree species with 

high sodium levels in the habitat. Sodium 

concentration was higher in tall mopane 

woodland than in dwarf mopane 

woodland trees of the national park. The 

level of sodium concentration may 

influence the physiognomy in a different 

direction.  

Magnesium content was significantly 

higher in tall mopane woodland than 

coppiced mopane woodland habitat type 

in the current study. Findings of this 

research appeared to denote that 

magnesium might be influencing the 

physiognomy of C. mopane.  

From the findings of this present study, 

magnesium deficiency was associated 

with dwarf C. mopane woodland of the 

national park. Plants respond to 

magnesium deficiency by accumulating 

carbohydrates in source leaves whereas 

root growth is reduced due to limited 

supply of carbohydrates to the roots 

(Cakmak and Yazici, 2010). Therefore, it 

is suggested that disturbance in metabolite 

(carbohydrates and amino acids) 

partitioning under magnesium deficiency 

leads to diminished phloem storage of 

metabolites (Gerendas and Fuhrs, 2013) 

and reduced vertical and horizontal 

structure of trees. Thus, it was assumed 

that magnesium deficiency in dwarf 

mopane woodland might be a possible 

environmental factor influencing the 

physiognomy C. mopane in the national 

park.  

 

Conclusion  

The chemical analysis of mopane 

leaves obtained from Chichele Lodge and 

Kakumbi Salt-pan areas offered some clue 

to the altered physiognomy of 

Colophospermum mopane woodland. 

First, it is suggested that magnesium 

deficiency is a possible factor influencing 

the physiognomy of C. mopane since its 

deficiency can reduce plant growth. 

Second, mopane leaves are nutritious and 

are important browse for herbivores. The 
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content of potassium in mopane vary 

significantly between coppiced and tall 

mopane woodlands. Potassium may be 

one of the attractants in quality mopane 

leaves to elephants which have the ability 

to modify the structure of plant 

communities. The findings of this present 

study suggest that elephants can feed 

selectively between habitats based 

vegetation quality. In addition, elephant 

patterns of habitat utilisation is mediated 

by effects of leaf nutrients on plant 

structure. Management should allow 

research including experiments of 

magnesium application to holes close to 

mopane tree boles.   
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