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Plants require 100 mg kg of Fe (Larcher 2001). The levels of Fe within the leaves of 

Salix sp. and Acacia mearnsii increased to well above the requirement level, particularly 

at the last four sites. In Figure 3.4.3. (b) site 7 displayed an increase that is six times 

higher than the required amount, showing that a significant input of Fe occurred. In the 

study conducted by Demirezen and Askoy (2006), the authors compared Fe 

concentrations in water, sediment and plants and concluded that plants accumulated 

more Fe than found in the water and sediment. This correlates with the Berg River 

results as shown in Figure 3.2.1. (c), Table 3.3.1 and Figure 3.4.3 (b). 

When comparing the Fe concentrations of the leaves of the three species it can be seen 

that Salix sp. accumulated more Fe than the other two species. 

 

Calcium is required in large quantities by plants. The concentrations of Ca found within 

the leaves of the three species are lower than what plants normally require (between 

3000-15000 mg kg- Larcher 2001) and are generally in the same range of 

concentrations (Figure 3.4.3. (b)). The downstream increase of Ca also occurred in the 

water (Figure 3.2.3. (g)). The concentrations of Ca were higher in Salix sp. than Acacia 

mearnsii and Brabejum stellatifolium. 

 

 

 

 

 

 

 

 

 

 



111 

 

Plant results over the sampling period: 

4.4 (D) No significant differences over the sampling period: 

The Fe concentrations showed minimal variation, where maximum concentrations within 

the leaves were highest during the first month of sampling and then decreased (Figure 

3.4.4.). Plants require 100 mg kg of Fe and in the first month of sampling the Fe 

concentrations within the leaves exceeded this in Salix sp. and Acacia mearnsii. The 

concentrations of Fe were acceptable in Brabejum stellatifolium. In the study done by 

Adams (2011), the same pattern was seen within the leaves of the three species along 

the Franschhoek River.  

 

4.4 (E) A random pattern over the sampling period: 

According to Peralta-Videa et al. (2009) Pb is known to have a low solubility and 

availability for plant absorption due to the fact that it can precipitate as phosphates. This 

may be the reason as to why Pb concentrations were low within the plants over the 

sampling period (Figure 3.4.5. (a)). In a study conducted by Bidar et al. (2009) the 

authors found that low concentrations of metals were found during spring months within 

the leaves where most of the metals were found within the roots of the plants. As the 

months passed, the metal concentration increased within the leaves, which 

corresponded with the decrease of metal concentration in the roots. Although root metal 

concentration was not analysed during this study, Pb within the leaves displayed similar 

increases and decreases during the autumn and spring months respectively. 
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Zn and Na show a similar pattern over the year with one random increase occurring 

within Brabejum stellatifolium and Acacia mearnsii (Figure 3.4.5. (b and c)). Zn is 

required in small quantities ranging between 10 – 50 mg kg (Larcher 2001) and the 

levels within the plants exceeded these values. The higher levels within the plants show 

an influx of Zn for most part of the year (Figure 3.4.5. (b)). 

 

 

4.4 (F) A cool season trough: 

Most of the elements (N, Cd, Cu, K, Ca, Mg and P) were generally higher in the warmer 

seasons (Figure 3.4.6.).  Bidar et al. (2009) state that many other studies have shown a 

decrease of element concentrations in the growing season compared with autumn. The 

inverse pattern can be seen in this study. The increase in N, Cd, Cu, K, Ca, Mg and P 

concentrations during the growing season corresponds with work done by Richardson 

and Marshall (1986) where highest accumulation of P occurred during the growing 

season. In a study done by Fife et al. (2008) the concentrations of N, P and K in older 

leaves decreased steadily from August to April months and found that  Acacia mearnsii 

showed much more variation than other species anaylsed. A. mearnsii was also the 

highest accumulator of N in this study (Figure 3.4.6. (a)). 

 

Decreases in concentrations of elements occurred at the time of plant senescence (Fife 

et al. 2008). Kabata- Pendias (2010) states that during the winter season, vegetation 

may have low concentrations of various trace elements. The elements in Figure 3.4.6 all 

portray similar patterns of being lower during the winter season. According to Dosskey 
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et al. (2010) the vegetation demand for P, K, Ca and Mg is smaller than that of N. 

Therefore when plants take up nutrients, their uptake highest during the growing 

season. When the plants mature the growth of leaves slows down and the uptake of 

elements decreases (Dosskey et al. 2010). 

 

 

When looking at the water results in Figure 3.2.3 the concentrations of the elements 

increased significantly during the winter time. It is speculated that the plants 

accumulated these high levels of elements during their growing season. The results for 

Figure 3.2.3 correspond with the increase of concentrations seen in the plants in Figure 

3.4.6. 
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CONCLUSION  

The spatial results revealed that there was an increase in several parameters 

downstream. The concentrations of the N, Fe and Ca tested within the leaves of the 

three species displayed significant variation and the Ca concentrations correlates with 

the Ca levels that increased in the water.  

 

Seasonal trends of N, Cd, Cu, Zn, K, Na Ca and Mg displayed higher concentrations 

during the plants growing season. When comparing this to the water data, it is evident 

that these same parameters were much higher during the wet season as discussed 

before. The plants show an increase in concentrations just after the wet season. Plants 

tend to accumulate more elements during the growing season (Dosskey et al. 2010).  

 

When comparing the three species to one another in terms of bioaccumulation, it is 

evident that, overall, Salix sp. was the better accumulator of the three species. 

However, Acacia mearnsii also displayed higher accumulation of some elements at 

times. Brabejum stellatifolium generally displayed much lower element concentrations.  
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CHAPTER 5 

 

Summary and Recommendations 
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5.1 SUMMARY 

Riparian trees were used as bioindicators to provide knowledge about the pollution 

status of the upper Berg River system. This study was undertaken in part because of 

the new Berg River dam. The river’s health was determined by using both biotic 

(riparian vegetation) and abiotic factors (water and sediment).  

 

5.1.1 Water 

Surface water results revealed that spatially, site 1 in the headwaters had the lowest 

values for EC, pH, nitrate, K, Ca and Mg. It was expected that the outcome for many of 

the factors examined would be that the least impacted site would show the lowest 

concentrations. Ammonium, nitrite, Cd, Zn and P showed no significant differences 

across the sampling sites. Electrical conductivity, pH and concentrations of nitrate, K, 

Na, Ca and Mg increased downstream, possibly due to input of pollution by the rivers’ 

tributaries, whereas water temperature and lead decreased downstream. The major 

sources of pollution that occur along the Berg River that may have contributed to the 

deterioration of water quality are agricultural runoff and urban runoff as well as inputs 

from tributaries.  

 

 Seasonally, the colder season (winter) displayed the highest concentrations of 

elements over the study period. These high concentrations of water quality factors 

experienced in the colder seasons were probably due to the initial runoff caused by the 

high rainfall experienced (Adams 2011, Struyf et al. 2012) during the sampling period. 

Other variables such as water temperature, ammonium and lead decreased during the 
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colder months. Lower temperatures obviously occur in the colder months and dilution or 

flushing out of concentrations of the elements within the river appeared to occur after 

the initial increase. 

 

5.1.2 Sediment 

Copper and magnesium concentrations in the sediment were both higher in the wet 

season, showing that the levels of Cu and Mg increased with the amount of rainfall that 

entered the system. Nitrogen was absent in sediment and this suggests that an error in 

the methodology may have occurred. Phosphorus concentrations remained constant at 

1 mg kg -1 in both the dry and wet season. All other elements, as well as physico- 

chemical properties showed no significant differences in seasonality. 

 

5.1.3 Plants 

The trees showed no visible differences between the sampling sites. Cadmium, lead 

and zinc showed no significant variation between sites. Spatially, some elements 

(copper, sodium, magnesium and phosphorus) showed a random pattern across the 

sites. The levels of nitrogen and iron in the leaves of the trees increased towards the 

downstream area of the river.   

 

Seasonally, only iron remained constant within the three species and displayed no 

significant differences over the duration of the sampling period. Lead, zinc and sodium 

had random patterns that occurred throughout the year. There was a distinct increase in 

the levels of many of the elements in the leaves during the warmer seasons over the 
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year of sampling.  The summer months are the growing season for the plants and the 

leaves tended to accumulate higher concentrations of elements.  

 

Of the three riparian species analyzed, Salix sp. displayed the highest accumulation of 

heavy metals over the sampling period. According to Ladislas et al. (2012) an ideal 

bioindicator is expected to show certain traits. These include the fact that the organism 

must be able to accumulate high concentrations of heavy metals without dying and to 

be sessile- therefore representing the pollution within the surrounding environment. The 

organism must also be widely distributed in the sampling area, for scientific repetition 

and to survive for a long period of time. Although Salix sp. was not found at all the 

sampling sites, it did accumulate the highest concentrations of metals and also showed 

more variation than the other two species. If one takes the traits given by Ladislas et al. 

(2012) into regard, then Acacia mearnsii and Salix sp. are the better two species for 

bioaccumulation.  Due to the fact that Brabejum stellatifolium has sclerophyllous leaves, 

it generally accumulates lower concentrations of elements (Marschner 1995) than the 

other two species and therefore would not be as effective for riverine pollution 

biomonitoring. However, if the vegetation along the river is well managed, it may 

become the species with the evident distribution.  
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5.2 RECOMMENDATIONS 

Two of the three species of plants investigated in this study can be used as viable 

indicators of pollution; however, they are invasive species. Acacia mearnsii grows 

rapidly and absorbs much more water and nutrients from the system, causing 

indigenous species to suffer. Although management of these species has been put into 

place, it was evident during the period of investigation that mismanagement of the 

removal of the alien species was occurring. Many of the indigenous species were 

removed together with the alien species, therefore it is recommended that proper 

management and education must be extended to all parties involved in removing alien 

species.  

 

If this study were to be repeated, the species used in this study may not be present 

along the river in the future due to their removal. It would be ideal to use a species that 

is found across all the sites, however no such plants presently occur, as many of the 

Acacia’s were being removed by Working for Water. 

 

 

Many farms are found adjacent to the river and use the river as a source of irrigation. 

Conversely, it may be in part because of agricultural runoff that water quality has 

deteriorated. Agricultural inputs have caused heavy metal accumulation elsewhere in 

the Berg River Management area (Meerkotter 2012). Thus monitoring of not only 

surface water and water-interface sediment of rivers, but also crop soils and crops is 

recommended. 
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As runoff is a source of pollution, it may be reduced by the use of wetlands both artificial 

and natural. Areas that produce higher runoff input may possibly use restricted areas 

into which the runoff can be drained, or riparian vegetation can be encouraged to help 

filter excessive nutrients. 

 

This study provided seasonal information of sediment analysis. Monthly sampling of 

river sediment may offer more insight into the accumulation of nutrients and heavy 

metals into the sediment from the rivers, which in turn may provide more information 

into the accumulation of these nutrients and heavy metals in the plants at specific sites.  

 

The Berg River has many tributaries that contribute to the pollution of the river.  

Future studies could quantify the amount of pollution that is released via these 

tributaries.  
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5.3 CONCLUSION 
 
This study adds to the body of evidence (de Villiers 2007, Ruiters 2008, Struyf et al. 

2012) for deteriorating water quality downstream in the upper Berg River. It did not 

indicate any lasting negative effects (that were investigated in this study ) due to the 

construction of the Berg River dam. 

 

Monitoring with trees has been shown to be an option, but the alien species will 

hopefully continue to be removed, allowing for re-establishment of indigenous species.  

 

There is a need to watch the pollution from the tributaries (Knight 2009, Adams 2011) 

and other sources, especially during low flow (de Villiers 2007). This points to the 

requirement for continued research into the effects of pollution caused by smaller 

tributaries in to the Berg River. 
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