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Abstract. Contaminants from various anthropogenic activities such as agriculture, mining, and recreation 

negatively affect wetland water quality and vegetation health and composition. Phytoremediation is an 

effective, sustainable  and eco-friendly pollution abatement method using green plants. Arundo donax L. 

and Phragmites australis (Cav.) Trin. ex Steud. are two morphologically similar reeds commonly used 

for phytoremediation in wetlands of South Africa. Arundo donax is however, a declared category ’1b’ 

weed under the National Environmental Management: Biodiversity Act (NEM:BA, Act No. 10 of 2004), 

requiring its immediate removal. Thus, determining the phytoremediation efficiency of the two reeds 

could help making the right choice between them for potential use in wetlands. Furthermore, the 

effeciency of wetlands depends on a robust monitoring system for phytoremediating plants to determine 

the appropriate time for biomass harvest before they die and release contaminants taken up in plant 

tissues back into the source through decomposition. Remote sensing can be used for mapping and 

monitoring of such aquatic macrophytes at species level effectively. Satellites imageries with high spatial 

and spectral resolutions not only are capable of detecting heavy metal-induced plant stresses, but also can 

effectively discriminate between morphologically similar species like A. donax and P. Australis and 

facilitate wetland managment. 
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Introduction 

Phytoremediation is a relatively low-cost and environmentally friendly method of 

reducing environmental pollutants to harmless levels using green plants (Emmanuel et 

al., 2014; Kaewtubtim et al., 2016; Newete and Byrne, 2016). Based on the plant tissues 

involved in removal of pollutants and their specific sites of accumulation in the plants, 

phytoremediation is sub-categorized as phytoextraction, rhizofiltration, 

phytovolotalization, phytostabilization, phytodegradation, and rhizodegradation (Pilon-

Smits, 2005; Newete and Byrne, 2016). Phytostabilisation refers to the process of plants 

stabilising pollutants in the soil to harmless levels; phytoextraction is when pollutants 

are transported and concentrated in the above ground plant tissues and involves 

subsequent harvest of aerial plant biomass; rhizofiltration is when plants, or 
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microorganisms associated with the rhizosphere, remove contaminants from water; 

phytodegradation occurs when plant enzymes break down pollutants inside their tissues 

and convert them into harmless compounds; phytovolatilisation involves extraction of 

volatile compounds by plants which are released as volatile compounds through the 

leaves (Raskin, 1997; Wong, 2003). Phytoremediation can occur in both dry and wet 

environments. Phytoextraction is commonly used for cleaning contaminants from soil, 

rhizofiltration to clean contaminants from water medium, while phytostabilization, 

phytovolatilization and phytodegradation can be used to clean either from soil or water 

mediums (Frick et al., 1999; Wong, 2003; Yang et al., 2005). The degree of pollutant 

accumulation by plants tends to increase with the wetness of the environment (Aryal et 

al., 2016). Compared to conventional or engineering methods of cleaning polluted 

environments, phytoremediation is potentially cheaper, environmentally friendly, 

sustainable, and has the possibility of bio-recovering heavy metals (Yang et al., 2005). 

According to Ramsar Convention Secretariat (2016) wetlands are “areas of marsh, 

fen, peatland or water, whether natural or artificial, permanent or temporary, with water 

that is static or flowing, fresh, brackish or salt, including areas of marine water the 

depth of which at low tide does not exceed six metres”. Wetlands are essential to both 

humans and the ecological environment, and once their health and functions are 

disturbed, the effects are detrimental on all life forms supported by wetlands. Their 

functions include nutrient removal from water, trapping of sediments, pollutant 

trapping, control of erosion, stream flow augmentation, provision of habitat for wildlife, 

and recreational benefits (Bruneau, 2017; Luo et al., 2017). According to Zedler and 

Kercher (2004), wetlands account for approximately 6% of the world’s land surface. 

Depending on their positioning, wetlands are subjected to impacts from human 

activities such as agriculture, mining and urban development. Impacts of mining on 

wetlands include water pollution from Acid Mine Drainage (AMD) and heavy metals, 

land degradation, vegetation biodiversity degradation, and destruction of a wide range 

of habitat for wetland wildlife (Gupta and Nikhil, 2016). From these, the major effect of 

mining activities on wetlands is AMD pollution, which emanates from seepage of both 

active and abandoned mining areas near wetlands (Newete and Byrne, 2016). Acid mine 

drainage is the outflow of acidic water from mining sites, and this is mainly due to the 

oxidation of iron pyrites (FeS2) (Akcil and Koldas, 2006; Ochieng et al., 2010). Due to 

its low pH of usually 2 - 3, AMD dissolves mining ores, and thus contains, high 

concentrations of metals which include manganese, aluminum, iron, nickel, zinc, cobalt, 

copper, and cadmium (Bell et al., 2001; Coetzee et al., 2006). AMD pollution from 

wetlands can also end up in streams, rivers and dams, which supply potable water for 

humans (McCarthy and Humphries, 2013). This makes the water quality unsuitable for 

human consumption and adds a toll to the costs of water purification. Research has 

shown that low pH and high concentrations of heavy metals negatively affect wetland 

species composition (Ochieng et al., 2010). Destruction of wetland vegetation or 

alteration of vegetation composition will also affect wild animals which use the plants 

as habitats. However, some aquatic plant species have adapted mechanisms to survive 

in such conditions (Deng et al., 2004; Papazoglou et al., 2005; Vymazal and Březinová, 

2015), thus, they can be used as bio-indicators to evaluate the presence and amount of 

heavy metal contaminants in wetlands. These plants have an extensive root system and 

root surface area that enhances contaminant uptake by adsorption of metal cations onto 

the negatively charged root surfaces (Newete et al., 2016; Newete and Byrne, 2016). 

The subsequent harvest of the phytoremediating plants with a cocktail of organic and 
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inorganic contaminants from polluted wetlands means an improvement of the existing 

water quality. Thus, many artificial wetlands are constructed for treatment of 

wastewater using green plants (Liu et al., 2007; Vymazal and Březinová, 2015). Among 

the common emergent macropytes used in wetlands are Phragmites australis (Cav.) 

Trin. ex Steud. (Vymazal and Brezinova, 2016), Arundo donax L. (Elhawat et al., 

2014), Phalaris arundinacea Scirpus spp. and Typha spp. (Papazoglou et al., 2005; 

Newete and Byrne, 2016). From these, P. australis is the most commonly used and 

studied plant species (Vymazal and Brezinova, 2016). This could be because it is a 

cosmopolitan plant species which is widely distributed across the world (Adams and 

Bate, 1999). Arundo donax L., which is morphologically similar to P. australis, is 

another such species with wide geographical distribution in many polluted wetland 

systems of South Africa outside its natural habitat (Rouget et al., 2004). Phragmites 

australis also known as common reed, is native to South Africa (Adams and Bate, 

1999), while A. donax, known as the Spanish or the giant reed, is a declared Category 

1b weed in South Africa (Henderson, 2001; Department of Environmental Affairs, 

2016). Although the two reeds have proved to be effective as tools of phytoremediation 

in wetlands, their capacities to uptake heavy metals have not been compared under 

similar and controlled conditions. 

Although the efficiency of metal uptake by phytoremediating plants depends on plant 

species, size of plant biomass particularly large root surface area in aquatic 

macrophytes, type and amount of elements targeted for removal (Newete and Byrne, 

2016), it is equally important to monitor the level of such pollutants' removal from the 

polluted environment and accumulation in the plant tissues. This is because it allows 

subsequent management of the phytoremediating plants by determining the appropriate 

time for harvest of plant biomass and safe disposal (Carson et al., 2018). The 

conventional method of determining metal accumulation in plant tissue in the laboratory 

is often expensive, destructive and labour intensive (Van Deventer and Cho, 2014). 

Thus, there is a need for effective and non-destructive method to monitor heavy metal 

uptake by various wetland plants. Remote sensing has the potential to be that method. 

This is because the spectral reflectance by green vegetation depends, inter alia, on the 

amount of specific biochemical in plant leaves (Gates et al., 1965; Zwiggelaar, 1998). 

Remote sensing has extensively been used to monitor the effect of individual metal 

pollutants on plants using their effects on chlorophyll and net photosynthesis (Sridhar et 

al., 2007). 

There is a large number of literature reviews on phytoremediation (Raskin et al., 

1997; Pilon-Smits, 2005; Laghlimi et al., 2015; Rizwan et al., 2017) and for wetlands 

(Matagi et al., 1998; Usharani and Vasudevan, 2016; Newete and Byrne, 2016; 

Leguizamo et al., 2017). However, only few of them focused on wetland 

phytoremediating plants. This study will therefore, review the efficiency of 

phytoremediation by emergent aquatic macrophytes in wetlands with specific reference 

to two morphologically similar reeds, P. australis and A. donax, in South Africa. It will 

also investigate the potential of remote sensing technique in monitoring heavy metal 

accumulation by the plants effectively. 
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Reeds in South Africa 

Reed is the general botanical term used for tall, grass-like plants that grow in wet 

places. They occur in reed beds. They are all members of the order Poales, but under 

different families. Table 1 gives a list of some of the commonly known reeds. 

 
Table 1. Some of commonly known reeds in the world 

Family Reed’s common name and species name 

Poaceae grass 

Common reed (Phragmites australis (Cav.) Trin. ex Steud.) 

Giant reed (Arundo donax L.) 

Burma reed (Neyraudia reynaudiana) 

Reed canary-grass (Phalaris arundinacea) 

Reed sweet-grass (Glyceria maxima) 

Small-reed (Calamagrostis species) 

Cyperaceae (sedge) Paper reed or papyrus (Cyperus papyrus) 

Sparganiaceae Bur-reed (Sparganium species) 

Typhaceae Reed-mace (Typha species) 

Restionaceae 
Cape thatching reed (Elegia tectorum) 

Thatching reed (Thamnochortus insignis) 

 

 

From the list in Table 1, Cyperus papyrus, A. donax, Calamagrostis species, P. 

australis  and Typha species were identified in wetlands of South Africa (De Villiers et 

al., 2011). Cyperus papyrus is a tall perennial grass-like emergent plant. It is naturally 

found in KwaZulu-Natal, Mpumalanga and Limpopo provinces. It grows along the 

edges of rivers, seasonal or permanent pools, or swamps. The reed is unpalatable and 

has low forage quality, and thus does not support many plantivores (De Villiers et al., 

2011). Calamagrostis is a perennial grass which inhabits vleis and marshes. It is 

sparsely distributed in Eastern Cape, Mpumalanga, Gauteng, North West and Northern 

Cape provinces of South Africa (De Villiers et al., 2011). Typha species is widely 

distributed in South Africa and it grows in wetlands and all aquatic habitats (Masoko et 

al., 2008; Ilfergane, 2016). The species forms large dense and dominant stands. Arundo 

donax and P. australis are tall, robust and perennial grass-like plants with hollow stems, 

and are widely distributed in Western Cape, Eastern Cape, KwaZulu-Natal, 

Mpumalanga and Gauteng provinces of South Africa (De Villiers et al., 2011). 

Morphologically the two reeds resemble each other. They are both aggressive invaders 

outside their native ranges (Lambert et al., 2010). The slight differences between them 

are shown in Table 2, extracted from Lusweti (2011). Images for A. donax (Fig. 1) and 

P. australis (Fig. 2) in Johannesburg, South Africa, extracted from google earth, are 

also shown below. 

 
Table 2. Morphological differences between Phragmites australis (Cav.) Trin. ex Steud. and 

Arundo donax L. 

Arundo donax L. Phragmites australis (Cav.) Trin. ex Steud. 

Very tall grass, 2 – 7 m tall relatively tall grass, 1.5 – 3m tall 

Relatively broad leaves, 10 – 80 mm wide relatively narrow leaves 10 – 35 mm wide 

 

 

Arundo donax L. is native to the Mediterranean Basin and the middle east in Asia, 

and some parts of Africa and southern Arabian Peninsula, while P. australis is a 

cosmopolitan species with wide distribution spanning the five continents (excluding the 

polar continents) of the world, and it is also known as native to South Africa 
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(Henderson and Cillier, 2004). Arundo donax L. is a naturalised alien species in South 

Africa (Milton, 2004), and was introduced in the late 1700s for soil erosion control. It 

invades riparian areas across South Africa and its spread is facilitated by human 

activities such as building of dams and soil stabilisation (Canavan et al., 2017). Alien 

invasive plant species have negative impacts on indigenous plant ecosystems. They 

form dense stands which reduce biodiversity of indigenous communities, affect food-

webs, and hence change ecosystem processes (Milton, 2004). Arundo donax L. is highly 

flammable and can alter fire regimes in invaded areas, thus changing the communities 

of native plants into a dense mono stand of A. donax (Lusweti, 2011). To address the 

invasive potential and negative impacts of A. donax in South Africa, biological control 

methods are being considered (Canavan et al., 2017). 

 

Figure 1. Image of the giant reed (Arundo donax). Source: US Department of State 

Geographer, Google earth, 2018. 

 

 

Figure 2. Image of the common reed (Phragmites australis). Source: US Department of State 

Geographer, Google earth, 2018. 

 

 

Both A. donax and P. australis can adapt well in both dry and damp or wet areas, as 

well as in heavily polluted areas. As such, they are common in most wetlands. Their 

dense stands often crowds or shade other wetland vegetation. Their ability to uptake and 

accumulate nutrients and other pollutants makes them the most suitable macrophytes for 

phytoremediation in polluted wetlands (Bonanno, 2012; Aminsharei et al., 2017; Bello 

et al., 2018). As such the two plants have been used for phytoremediation in constructed 

and natural wetlands. 
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Phytoremediation by aquatic plants 

Wetland vegetation is an important part of the wetland ecosystem, as it plays a major 

role in environmental sustainability (Adam et al., 2010). Naturally wetlands are sinks for 

many contaminants, and as such they accumulate materials resulting from both terrestrial 

and wetland disturbances like sediments, nutrients, salts, heavy metals and other 

contaminants (Kaplan et al., 2017). According to De Villier et al. (2011), 50% of 

wetlands in South Africa have already been destroyed due to anthropogenic activities 

such as agriculture, mining, and urban development. Disturbances from these activities 

negatively affect the native wetland ecosystems. As a result of this, wetlands are 

vulnerable to invasion, and presence of particular invasive macrophytes in a wetland may 

be an indicator of the status of the wetland medium and system (Zedler and Kercher, 

2004). Most invasive macrophytes are hyper-accumulators and have the ability to absorb 

harmful substances and pollutants from the wetland medium into their plant tissues 

(Zedler and Kercher, 2004). High concentration of pollutants in plant tissues is an 

important indicator of water quality status in wetlands and other water systems (Deng et 

al., 2004; Allende et al., 2011). All forms of aquatic plants (emergent, submerged and 

floating aquatic species) are used for phytoremediation of polluted wetlands (Newete and 

Byrne, 2016). Nevertheless, emergent aquatic macrophytes like P. australis ( and A. 

donax are more prevalent in most wetland systems and have proven to be more resilient 

and effective in removal of heavy metals (Sheoran and Sheoran, 2006; Yang et al., 

2006). The degree to which plants accumulate heavy metals is determined by the 

individual plant uptake capacity and intracellular transportation within the plant (Yang et 

al., 2005). For example P. australis has the potential to accumulate Cd, Cu, Cr, Ni and 

Pb up to 0.1% of plant dry mass and Fe and Zn up to 1% plant dry mass (Kalra, 1998; 

Sasmaz et al., 2008). Research conducted by Yang et al. (2006) in Guangdon province, 

China, showed that Typha latifolia, P. australis and Cyperus malaccensis significantly 

removed 94% of Cd, 99.04% of lead (Pb), and 97.30% of zinc (Zn) from a constructed 

wetland. Vymazal and Březinová (2016) revealed that P. australis planted in constructed 

wetlands removed 59% Zn, 55% Cd and 38% Cr, from the inflow annual load of the 

metals into wetlands. Vymazal and Březinová (2016) also concluded that the plant 

shoots in constructed wetlands can sequester up to 55% Cr, 49% Zn and 71% Cd, of the 

total heavy metals removed by the P. australis. In another study 19 plant species, among 

which were P. australis and Cyperus species, were planted in a constructed wetland in 

China and irrigated with waste water containing concentrations of Zn, Cd and Pb at 5.0, 

0.5 and 2.0 mg/L, respectively. The results showed that the plants had more than 90% 

removal efficiency for the heavy metals (Liu et al., 2007). Bello et al. (2018), in Saudi 

Arabia, investigated the capacity of P. australis in removing Cd, Pb and Ni in 

hydroponic experiments with 5 mg/L concentration for each heavy metal. The results 

showed that the capacity of heavy metal removal by P. australis was 93%, 95% and 84% 

for Cd, Pb and Ni, respectively. In another research conducted in Catania, Italy, the 

roots, stems, and leaves of A. donax were tested as potential bio-monitors of trace 

elements such as Al, As, Cd, Cr, Cu, Hg, Mn, Ni, Pb, and Zn. The results showed that A. 

donax had the capacity to significantly bioaccumulate the trace elements, with 

root/sediment Bioaccumulation factors of: Cr (0.08), Cu (0.05), Mn (0.02), Ni (0.1), and 

Pb (0.03) (Bonanno, 2012). Mojiri et al. (2015) investigated the effectiveness of 

P. australis for heavy metal uptake from municipal waste leachate. At the end of their 

experiment, the amount of Fe, Mn, Cu and Ni removed by P. australis were 25.049, 

9.623, 6.112, and 0.900 mg/kg, respectively. The translocation factors were 0.34, 0.89, 
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1.30 and 1.01, respectively. Translocation Factor (TF) is the ratio of metal concentration 

in shoots to the metal concentration in roots, and measures the ability of a plant to 

translocate metals from roots to shoots (Mojiri et al., 2015). A plant has potential to be 

used for phytoextraction when its TF for a particular metal is above 1. Thus, according to 

Mojiri et al. (2015), it is apparent that P. australis has the potential for the 

phytoextraction of Cu and Ni, from wetlands, but not for Fe and Mn. 

Aquatic plants are very useful in natural and constructed wetlands in the abatement of 

water contaminants and improving the water quality for domestic and agricultural 

purposes. Table 3 is a summary of some literature showing the removal of heavy metals 

from contaminated wetlands by aquatic macrophytes. 

 
Table 3. Removal of heavy metal contaminants from wetlands by aquatic macrophytes 

Species Metals purified Place Reference 

Typha capensis and Arundo 

donax L. 
Zn, Mn, Ni and Fe 

Johannesburg, South Africa; 

Natural wetland 

Van der Merwe et al., 1990 

 

Cyperus vaginatus 
Cr, Mn, Fe, Co, Ni, Cu, Zn, 

Cd, and Pb 

South Australia; Constructed 

wetland 

Aryal et al., 2016 

 

Typha domingensis, 

Phragmites australis (Cav.) 

Trin. ex Steud. and Arundo 

donax L. 

Al, As, Cd, Cr, Cu, Hg, Mn, 

Ni, Pb, Zn. 
Italy; Natural wetland Bonanno, 2013 

Phragmites australis (Cav.) 

Trin. ex Steud. and 

Bolboschoenus maritimus 

Cr, Ni, Cu and Zn 
Northeast Italy; Constructed 

wetland 

Bragato et al., 2006 

 

 

Bolboschoenus 

Maritimus 
Al, Fe, Cu, Zn 

Western Cape, South Africa; 

Natural wetland 
Shuping et al., 2011 

 

 

The efficiencies of P. australis and A. donax in heavy metal uptake have been 

studied by a number of researchers worldwide (Papazoglou et al., 2005; Bonanno, 2012; 

Kumari and Tripathi, 2015), including in South Africa (Van der Merwe et al., 1990; 

Zingelwa and Wooldridge, 2016). Kumari and Tripathi (2015) demonstrated the 

removal of Cu, Cd, Cr, Ni, Fe, Pb and Zn from urban sewage mixed with industrial 

effluents using P. australis and T. latifolia, as a cost effective and promising technology 

in India. Their resuts showed that P. australis perfomed better than T. latifolia for all 

the metals, and mixing the two plants increased the removal efficiency of the metals 

from the effluent. Papazoglou et al. (2005) investigated A. donax irrigated with tap 

water containing increased concentrations of Cd and Ni in Greece. At the end of the 

experiment the parameters measured, namely, stem height and diameter, number of 

nodes, fresh and dry weight of leaves, and net photosynthesis, were found not affected, 

indicating that A. donax tolerates high concentrations of Cd and Ni, and thus can be 

used for phytoremediation. Van der Merwe et al. (1990) measured the accumulation of 

Zn, Mn, Ni and Fe by A. donax and T. capensis under acidic and alkaline conditions in 

the Burgspruit catchment area near Germiston, Ekurhuleni, South Africa and concluded 

that the metal accumulation capacity of A. donax was higher than that of T. capensis. 

Zingelwa and Wooldridge (2016) studied the mineral element uptake and accumulation 

by T. latifolia and P. australis from waste water in constructed wetlands in South 

Africa. They found that T. latifolia accumulated more mineral elements (N, P, K, Ca 

and Al) than P. australis. However, only few or no studies compared the capacities of 

A. donax and P. australis in heavy metal accumulation under experimental or controlled 

environment. Bonanno (2013) compared the trace element bioaccumulation capacities 
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of the two plant species under field or natural conditions, and the results showed that P. 

australis is a better heavy metal accumulator than A. donax. He measured the heavy 

metals Al, As, Cd, Cr, Cu, Hg, Mn, Ni, Pb, and Zn in Typha domingensis, P. australis 

and A. donax naturally growing along a stream in Italy. The results showed that the 

bioaccumulation capacities decreased in the order of root>stem>leaf in T. domingensis, 

and root>leaf>stem in P. australis and A. donax. Generally the bioaccumulation 

capacities for P. australis and T. domingensis were found to be higher than that of A. 

donax. Thus, if the native P. australis is more effective in removal of heavy metals than 

its counterpart A. donax in wetlands, it is imperative to promote the former species to 

eventually replace the notorious invader A. donax in wetlands. However, to ascertain 

this, future research should focus on comparing the heavy metal uptake capacities of the 

two plant species under controlled/experimental conditions. This is because they are 

widely distributed in many parts of the country and they both provide similar economic 

and ecological functions. They are useful as thatching, ornamental and musical-

instrument (like flutes) materials and source of energy, and wildlife habitat (Bonanno, 

2012; Shuai et al., 2016). However, because of their similar morphology, discrimination 

between the two species and monitoring their occurrence and their environmental foot 

prints in the field is difficult. 

Methods of monitoring heavy metal uptake by aquatic macrophytes 

While many aquatic macrophytes have proven to be valuable for phytoremediation, 

the process requires continuous monitoring to ensure timely harvest of plant biomass 

and thier replacement for continuous and effective removal of water contaminants 

(Carson et al., 2018). Appropriate tool of monitoring is required to determine the heavy 

metal accumulation in the phytoremediating plant tissues and their health status to avoid 

metal-induced stress and subsequent death of plant tissues before their harvest and 

removal (Vassilev et al., 2004). Traditional methods of monitoring heavy metal uptake 

by plants involve sampling plant tissues and sample preparation for laboratory analysis. 

For example tree-ring analysis, which involves chemical analysis of samples from 

successive growth rings, can be done to monitor patterns of heavy metal uptake by 

plants over years (Lepp, 1975). In the same manner samples of plant roots, stems, and 

leaves can be analysed in the laboratory to determine the heavy metal uptake ability by 

plants (Vymazal and Brezinova, 2016). However, for monitoring large areas, traditional 

surveys involve lots of plant sample collection and preparation, which may be difficult, 

expensive, too technical, time consuming and poses safety issues on chemical handling 

and disposal. Sampling of representative plant tissue could also be constrained due to 

inaccessiblity. Remote sensing is a modern and alternative technology for monitoring 

such wetland phytoremediating plants. It is also an effective, non-destructive tool for 

monitoring heavy metal accumulation by wetland plants (Van Deventer and Cho, 2014). 

Remote sensing can be used to acquire spatial and temporal variations of accumulated 

heavy metal concentrations over large and inaccessible areas, as opposed to the in-situ 

traditional methods which are limited to small and accessible areas (Liu et al., 2010). 

Monitoring of heavy metal uptake by wetland plants with remote sensing 

Remote sensing is the technology of obtaining information about an object without a 

direct contact to the object under observation. Monitoring of vegetation using remote 

sensing is possible because vegetation under different conditions and of different 
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characteristics and quality has unique spectral characteristics in the electromagnetic 

spectrum (Knipling, 1970). The spectral response properties of vegetation are 

determined by the biochemical content (e.g. chlorophyll) and anatomical (e.g. canopy 

architecture) structure of their leaves or crowns (Curran, 1989). All vegetation has a 

spectral response curve, which is unique to each species. High chlorophyll levels result 

in increased absorption (reduced reflection) in the red region of the electromagnetic 

spectrum, and broadening of the absorption pit in the red (660–680 nm) (Horler et al., 

1983). It also shifts the red edge reflectance slope (680–760 nm) and the point of 

maximum slope in the red edge known as the chlorophyll red edge position (REP) 

towards the longer wavelengths, referred to as a red shift (Horler et al., 1983). 

Accordingly, decreased chlorophyll results in increased reflectance in the red region, 

and a shift of the red edge slope and REP towards the shorter wavelengths, which is 

referred to as a blue shift. Increases in biomass increases reflection in the near-infrared 

(NIR) region (Rouse Jr., 1974). Various heavy metal concentrations also have 

significant effects on the spectral reflectance properties of leaves. According to Sridhar 

et al. (2007), Zn accumulated in plant leaves causes a blue shift in the REP and a 

decrease in NIR reflectance. Accumulated Cd also results in a blue shift of REP and 

overall increase of reflectance in the visible region (Sridhar et al., 2007). Lead results in 

increased reflectance in the NIR region (Clevers et al., 2004). Liu et al. (2010) studied 

the possibility of using a small scale hand held hyperspectral sensor to estimate heavy 

metal (Pb, Cu and Zn) concentrations in P. australis. The study revealed that heavy 

metal concentrations affected chlorophyll levels in the plants, which in turn determine 

the hyperspectral measurements for the plant leaves. It was also found that chlorophyll 

concentrations for the sampled leaves varied inversely with concentrations of Pb, Cu 

and Zn, and chlorophyll concentration accounted for about 30% of the variations in the 

three heavy metals, respectively. Linear combination of normalized band depths at 

wavelengths 537 (green), 667 (red) and 747 (near infrared) nm were found to explain 

82% of the variation of chlorophyll concentration (Liu et al., 2010). Thus it was 

concluded that it is possible to use laboratory-based hyperspectral data to estimate 

concentrations of Pb, Cu and Zn in P. australis (Liu et al., 2010). In another study, 

Shakya et al. (2008) also concluded that high concentrations of heavy metals in plants 

determine their chlorophyll content, which can be measured by field hyperspectral data 

or hyperspectral images. Research by Li et al. (2008) investigated the biogeochemistry 

responses of vegetation Rhus chinensis Mill in a copper mine area to heavy metal 

contamination. The results showed that there was a significant correlation between 

copper concentration in leaves and leaf reflectance. Increased copper concentrations 

were found to: increase the leaf spectral reflectance by about 5% to 30%, cause a blue 

shift of about 5 to 15 nm, increase the red edge from 4.5534 to 8.9475 nm and decrease 

the chlorophyll absorption depth. Thus, remote sensing can be used to differentiate 

between healthy and stressed vegetation and to determine the level of specific heavy 

metals in plants. Some plants used for phytoremediation in wetlands like P. australis 

and A. donax are morphologically similar, and it is also important to be able to 

discriminate between such species using remote sensing. 

Use of remote sensing to discriminate wetland plant species 

Successful management of wetlands requires proper and up to date mapping and 

discrimination of wetland plants (Hirano et al., 2003; Davranche et al., 2010). While the 

physical methods of mapping and discriminating wetland vegetation are time 
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consuming and have accessibility and many other logistical problems, remote sensing 

can be an effective alternative for such purpose. Discrimination of plant species using 

remote sensing is possible because different vegetation types reflect differently to 

electromagnetic radiation. Plant leaves of different plant species have different 

biophysical and biochemical characteristics, and these affect their leaves’ spectral 

properties, and make it possible to discriminate between different plant species (Kurmar 

et al., 2001). Extensive research has been done using remote sensing to discriminate 

between plant species (Adam et al., 2010). For example, Dubula et al. (2016) proved the 

potential of remote sensing in discriminating invasive plant species in the 

Klipriviersberg nature reserve in Johannesburg, South Africa. Their research concluded 

that at both individual level and plot level, the near infrared region of the 

electromagnetic spectrum could be used to discriminate between Asparagus laricinus 

and other vegetation species in the nature reserve. Pu (2009) used spectrometry to 

identify 11 forest species. They concluded that two classification algorithms, Artificial 

Neural network (ANN) and Linear Discriminant Analysis (LDA) were effective in 

discriminating plant species using selected spectral variables that are linked to water 

content, pigments and other biochemical. 

Even though remote sensing is proved as a practical and cheap method for 

discriminating plant species, there are some challenges involved when discriminating 

wetland plant species. It is not easy to detect and discriminate wetland vegetation types 

using optical remote sensing because of very high spatial and spectral variability, due to 

very short ecotones between wetland vegetation units (Adam and Mutanga, 2009; 

Zomer et al., 2009). Thus the selection of the appropriate spatial and spectral resolution 

and the best process to use to extract the spectral information is of paramount 

importance (Elhadi et al., 2009). According to the review paper by Adam et al. (2010), 

hyperspectral remote sensing, especially field spectrometry, is more appropriate and 

accurate in discrimination of wetland plant species compared to aerial photography and 

multispectral remote sensing such as Landsat TM and SPOT. This is because 

hyperspectral sensors have hundreds of narrow continuous spectral bands ranging 

between 400 to 2500 nm, which make them capable to provide more details on 

vegetation types (Zomer et al., 2009). In this regard, a research by Smith and Blackshaw 

(2003) confirmed that plant species discrimination using hyperspectral data yielded 

more accurate results than that of multispectral data. The research also indicated that the 

visible (400-700 nm) and the red edge (700-730 nm) bands were the regions 

significantly useful for plant species discrimination. Schmidt and Skidmore (2003) also 

concluded that increased spectral resolution improved accuracy in discrimination of 

vegetation species of similar structure in a wetland. The purpose of their research was to 

discriminate 27 wetland plant species, including Phragmites australis (Cav.) Trin. ex 

Steud. using field spectrometry. Their results showed that more than 75% of the 

possible pairs of plant species showed significant differences based on their spectral 

reflectance measurements. Furthermore, research by Vaiphasa et al. (2005) concluded 

that field spectral measurements of crown leaves of various mangrove species were 

efficient in discriminating mangrove species. In their research a field spectrometer, with 

2151 bands ranging from 350 to 2500 nm, was used to measure leaf spectral reflectance 

of 16 mangrove species. Statistical analysis of the spectral measurements indicated that 

the 16 species were statistically different at most spectral locations. Adam et al. (2012) 

also used ASD spectrometry measurements to discriminate among four wetland 

vegetation species, Cyperus papyrus L., P. australis, Echinochloa pyramidalis and 



Mabhungu et al.: Monitoring of phytoremediating wetland macrophytes using remote sensing in the case of common reed and giant 

reed: a review 
- 7967 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):7957-7972. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1704_79577972 

 2019, ALÖKI Kft., Budapest, Hungary 

Thelypteris interrupta in Greater St Lucia Wetlands Park in South Africa. Van Deventer 

and Cho (2014) also proved that field spectroscopy can be a quick and cheap method to 

assess the health and condition of vegetation affected by Acid Mine Drainage. 

Conclusion 

Arundo donax L. and Phragmites australis (Cav.) Trin. ex Steud., among other 

macrophytes, are very important in phytoremediation of heavy metal contaminated 

wetland systems. Their efficiencies in heavy metal uptake have never been compared 

under same and controlled environment. While the two species could be important 

phytoremediating plants, determining their efficiency could help their management as 

weeds, particularly considering the fact that A. donax is an infamous invader of the 

water system in South Africa. It will also help determine the effective plant of choice 

for phytoremediation in constructed wetlands. Remote sensing could be an effective 

method for monitoring of heavy metal induced stress in both plant species to facilitate 

their management before they die and release the contaminants removed from water and 

accumulated in plant tissue back to the source. Although the two plant species are 

morphologically similar, remote sensing can also effectively discriminate between 

them. Future research should compare the heavy metal uptake capacities of the two 

plant species under controlled/experimental conditions, and determine the best remote 

sensing analysis method to discriminate between the two species, and monitoring their 

heavy metal uptake capacities. 
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