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Abstract 
 

Portulacaria afra (Spekboom) was tested for its potential as a hydroponically 

grown carbon-credit crop. Two accessions were grown in control and 

salinated (2.5 g/l) nutrient solutions. There was little statistical difference in 

growth parameters (number of leaves, stem height and diameter, wet and dry 

masses of root, stem and leaf and nett carbon assimilation) between the two 

accessions over the 14-week experiment, although the upright accession 

(KBG 408/1975) showed a root biomass higher than the prostrate accession 

(KBG1203/83). Its roots showed to be better suited to growth under 

hydroponic conditions but were more significantly impacted by the saline 

treatment. The number of leaves, leaf wet and dry masses, root dry mass, 

total wet and dry masses and therefore growth and nett carbon uptake of both 

acessions of P. afra were significantly reduced by the saline treatment. 
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INTRODUCTION 
 

Portulacaria is a leaf succulent genus of the PORTULACACEAE family 

(Oakes, 1973). It is a prevalent role-player in the African succulent thicket as a 

carbon sequester (Cowling et al., 2003, Cowling and Mills, 2006). The genus 

is used in agriculture as a fodder plant (Oakes, 1973). In cultivation it has a 

range of functions from hedging and form planting to bonsai (Hankey, 2009). 

Portulacaria afra (L.) Jacq. is distributed across a number of habitats, from the 

arid South African Karoo to the more subtropical region of north-east southern 

Africa (Arnold and De Wet, 1993). The widespread distribution of this plant 

explains its variety of forms, indicating genetic variation within the species. A 

succulent shrub reaching 3 meters in height, P. afra has small, round, 

glabrous leaves that are oppositely arranged. Its fleshy stems reach 30-80 cm 

in diameter (Oakes, 1973, Hankey, 2009).  

 

P. afra displays circumstantial utilisation of the Crassulacean Acid Metabolism 

(CAM) to minimising water loss under hot, dry conditions (Hanscom and Ting, 

1977, Guralnick et al., 1984b). In CAM plants CO2 is taken up nocturnally 

through open stomata and incorporated in organic acid-compounds to control 

transpirational water loss. This provides carbon for photosynthesis during the 

day while the stomata stay closed (Kludge and Ting 1979; Gibbs and Ting, 

1982). In winter and spring, the plant uses the C3 mode of carbon uptake 

(Hanscom and Ting, 1977, Guralnick et al., 1984b). Human activities are 

contributing to atmospheric CO2 levels through non-natural processes 

(Dreybrodt et al., 2010). The complete consequences and environmental 

impact of CO2 pollution remains unknown and largely speculative, however 

the work of Baggs et al., (2003) indicates that plant systems are sensitive to 

changing CO2 concentrations, and behave differently under different 

atmospheric CO2 concentration. 

 

The Kyoto Protocol of 1998 is an agreement reached through international 

conference binding participating countries to take steps that will reduce their 

greenhouse-gas emissions, of which CO2 is a constituent. This has created 



an industry for the uptake of atmospheric CO2 to reduce the effective 

emissions of industrial processes (Coles and Edelman, 2009).  CO2 may be 

sequestered through various biotic, chemical and geological processes (Bland 

et al., 2008). Photosynthesis, a process found in all chlorophyll-containing 

organisms, offers a mechanism in which CO2 and water, in the presence of 

light/radiant energy, is transformed into organic carbon compounds (sugars) 

and oxygen. Photosynthetic bodies utilise the sugars for energy and mass as 

they grow (Campbell and Reece, 2002) cyanobacteria as the photosynthetic 

component in bioreactors, has been identified as an effective carbon sink 

(Franco et al., 2008, Hessami and Stuart, 2005). Forest systems are also a 

mode of carbon storage (Bland et al., 2008). All plants have the capacity to 

photosynthesise, and therefore potentially hold the key to effective and 

economical carbon sequestration. 

 

There has been investigation into the function of P. afra as a carbon 

sequester in natural systems by Cowling and Mills (2006), and popularisation 

of its use as an effective domestic carbon sink in various non-scientific 

publications (Bezuidenhout and Lechmere-Oertel, 2003; Cowling et al., 2008, 

Starke Ayres, 2010). With all this attention, a gap is created for the 

development of scientific facts about this plant in its capacity to efficiently 

sequester carbon. A comparison of varieties will suggest the influence of 

genetic variation on nett carbon uptake in P. afra and lend empirical indication 

to a rate of carbon sequestration for the plant. The research of Hanscom and 

Ting (1977), indicates that watering with a 2% NaCl solution will induce 

utilisation of the CAM pathway in P. afra. Testing a saline fertigation solution 

against a control nutrient solution will indicate the resistance of P. afra to 

salinated conditions. The aim of this study is to determine differences in 

growth and biomass accumulation between two accessions of P. afra in 

control and saline nutrient solutions. 

 

MATERIALS AND METHODS 
 

Experimental 
  



The experiment was performed in a greenhouse at the nursery of the Cape 

Peninsula University of Technology, Cape Town, South Africa. The 

greenhouse has environmental control systems and 40% Alunet shading. The 

experiment commenced at the beginning of June and ran for 14 weeks. Each 

of 28 rooted cuttings of P. afra was planted into square pots of 12.5 x 12.5 x 

13 cm, with a 1 cm layer of stone in the bottom for drainage, in a medium of 2 

mm silica gravel filled to 11 cm. Seven pots stood in each of four plastic-

covered gutter-pipes with dimensions 15 x 8 x 200 cm, set up on a galvanized 

steel table 2 x 0.85 m. The gutters are sloped at a gradient of 1:25 and are 6 

cm from each other. The pots were spaced 5 cm apart in the gutters.  

Plants in the control group were irrigated at a rate of 4 l/hour with a solution of 

ROH2O and 2 g/l CHEMICULT® [Chemicult Products (pty) Ltd, 133 Camps 

Bay, South Africa, 8040], with an EC of 1.6 mS/cm and pH 6.2. Plants in the 

test group received a similar treatment of ROH2O with 2 g/l CHEMICULT® 

and 2.5 g/l NaCl, with an EC of 6 mS/cm and pH 6.2. 

 

Plant selection 
 
Cutting material was collected from two accessions of P. afra (L.) Jaq. at 

Kirstenbosch National Botanical Garden. The plant with the accession number 

KBG 408/1975 has an upright growth form with fewer leaves, larger than 

those of KBG1203/83, which has a more prostrate growth form. Cuttings were 

made using material approximately 10 cm long with a stem thickness of 0.5 

cm. They were treated with SERADIX II and placed in rooting trays filled with 

2 mm silica sand, sterilized with a 0.2 g/l drench treatment of Dithane and 

placed on a hotbed to root. After three weeks, 14 clones of each variety were 

selected for uniformity of size and rooting and transplanted into the described 

hydroponic system. Plantlets of each variety were randomly assigned to the 

hydroponic system. 

 

Data collection 
 
Before planting into the system, each plant’s stem length was measured with 

a tape measure, stem diameter with a caliper and number of leaves counted.  



The length of stem from soil to apical bud, stem width at ground level and 

number of leaves of each plant were recorded fortnightly at 12 am on a 

Friday.  At the end of the experiment, each of the 28 plants were carefully 

removed from the medium, weighed as a whole and then divided into leaf, 

stem and root. Each component was weighed before and after drying at 40°C 

for 48 hours. 

 

Shoot and leaf dry masses of P. afra can be multiplied by 0.48 to indicate their 

total carbon content, as outlined in Cowling and Mills (2006). This method was 

based on the work of Lamlom and Savidge (2003). As this estimate is directly 

proportional to the dry mass of plant material, a comparison of dry masses will 

effectively indicate a comparison of stored carbon. 

 

Statistical analysis 
 
Mean values of number of leaves, stem length and stem diameter, total wet 

and dry mass, and root, stem and leaf wet and dry mass were analysed using 

2-way analysis of variance (ANOVA), using the program STATISTICA. The 

Fisher least significant difference (L.S.D) was used to compare treatment 

means at P≤0.05, P≤0.01 and P≤0.001 levels of significance (Steel and 

Torrie, 1980). 

 

RESULTS AND DISCUSSION 
 
Accession 
 
Stem length (Table 1) did not significantly differ between the two accessions 

over the 14-week growing period. A longer growing period may yield more 

significant results for the length of the stems, as changes of only 3-5 cm 

occurred over the 14-week period. It can however be observed that the 

upright accession had a greater change in stem length (9.3±0.3 cm- 14.5±0.7 

cm) over the 14-week period than the prostrate variety (9.9±0.3 cm - 14.0±0.5 

cm). 



Plants of the upright accession had significantly (P≤0.05) thicker stems (Table 

2) throughout the test period. Cuttings of statistically similar lengths (Table 1, 

week 0: upright - 9.3±0.3 cm, prostrate - 9.9±0.3 cm) taken from the upright 

accession (3.5±0.2 mm) were consistently thicker stemmed than those taken 

from the prostrate accession (2.9±0.2 mm). This suggests that the upright 

accession has inherently thicker stems than those in the prostrate accession. 

Further support for this suggestion can be observed in the mean change in 

stem diameter from week 0 to week 14, which was greater in the upright 

accession (0.8±0.2 mm) than in the prostrate accession (0.5±0.2 mm). 

 

The prostrate accession had more leaves (Table 3) throughout the 14-week 

test period.  The difference in number of leaves between the two accessions 

became increasingly statistically significant.  Despite this, data in Table 4 

shows no statistical difference between the leaf wet (prostrate - 11.3±1.0 g 

upright - 12.4±1.1 g) of the two accessions.  The leaf dry masses of the two 

accessions are identical (0.7±0.1 g). This finding supports the visual 

assessment that the prostrate accession has a higher frequency of smaller 

leaves per plant. Leaf (0.7±0.1 g) and stem (0.3±0.0 g) dry masses (Table 4) 

were identcal in the two genotypes. The wet masses of leaf and stem, 

although not statistically significant (P≤0.05), were higher in the upright 

accession (12.4±1.1 g, 2.4±0.2 g respectively) than the prostrate one 

(11.3±1.0 g, 2.3±0.2 g respectively). It can be deducted that the upright, larger 

leaved genotype had greater moisture content.  

 

Although no significant difference (P≤0.05) occurred between root wet masses 

of accession or nutrient treatment, an Accession*Nutrient interaction occurred.  

Figure 1 shows that the root wet mass of the upright accession was higher 

(P≤0.05) under the control treatment than the saline treatment.  The root wet 

mass of the prostrate accession was not significantly affected (P≤0.05) by the 

saline treatment.  The root dry mass of the prostrate variety (0.2±0.0 g) was 

significantly lower (P≤0.001) than that of the upright variety (0.4±0.1 g).  This 

data concurs with the visual assesment during harvest that the roots of the 

upright variety had developed more successfully in the hydroponic growing 

environment.  



 

Table 2 indicates that while the root dry mass of prostrate plants was 

unaffected (P≤0.05) by the saline treatment, plants of the upright accession 

had significantly higher (P≤0.001) root dry mass in the control solution. This 

indicates that root development in the upright variety was inhibited by the 

saline treatment. Similarly, Misopolinos and Therios (1988) found that the root 

dry mass of only one of the four tested cultivars of Olea europaea L. were 

negatively affected by a saline treatment. 

The total wet mass of the two accessions did not differ significantly at P≤0.05, 

although the upright did have a higher mass than the prostrate genotype. The 

total dry mass of the two accessions did not differ significantly at P≤0.05, 

although again, the upright (1.5±0.1 g) did have a higher mass than the 

prostrate genotype (1.2±0.1 g).  As the total dry masses of the two accessions 

did not significantly differ, no statement can be made to indicate which 

sequetered more carbon over the experiment period. A longer test period may 

have allowed the emerging trends of wet and dry mass in the two varieties to 

reach levels of statistical significance. 

 

NaCl treatment 
 
On all but one account, stem length (Table 1) was not significantly (P≤0.05) 

affected by the NaCl treatment. On week ten, plants in the control nutrient 

solution (11.6±0.3 cm) had significantly longer (P≤0.05) stems than those in 

the saline nutrient solution (11.1±0.3 cm). Although not statistically significant 

(P≤0.05), the mean length of plants in the control and saline nutrient solutions 

were identical at week 0, but plants in the control solution maintained a 

consistently higher mean length from week two onwards. It can also be 

observed that the standard error of the mean increased throughout the 

growing period, indicating increasing variation in length between individuals 

within the treatment groups. Cuartero et al., (2001) found that the length of 

tomato plants grown in hydroponics was significantly reduced by a saline 

treatment. 

 



The stem diameter (Table 2) of plants in the control and saline nutrient 

solutions did not significantly differ (P≤0.05). Perhapse the 14-week period 

was not long enough to measure differences between the slow change in 

stem diameter (0.5-0.8 mm). 

Tabe 3 shows that, from week six onwards, plants in the control nutrient 

solution displayed consistently higher leaf numbers (P≤0.05) than those in the 

NaCl nutrient solution. From week ten, this difference becomes more 

statistically significant (P≤0.01). The conclusion can therefore be drawn that a 

NaCl treatment has a negative impact on the number of leaves of P. afra 

plants. This observation is supported by Cuartero et al., (2001), who found 

that the number of leaves of tomato plants grown in hydroponics was 

significantly reduced by a saline treatment. Similarly, Keutgen and Pawelzik 

(2009) found that the number of leaves of Fragaria × ananassa Duch. plants 

were reduced when grown under saline conditions.  

Over the 14-week period the plants did not appear to develop resistance to 

the pressure of the saline nutrient solution but rather had proportionately 

smaller mean leaf numbers than those in the control group at each data 

collection.  

 

The wet (13.5±1.0 g) and dry (0.8±0.1 g) leaf masses (Table 4) of plants 

grown in the control solution were significantly higher (P≤0.05) than the wet 

(10.2±0.9g) and dry (0.6±0.1g) masses of plants grown in the NaCl solution. 

This impact is reflected by data in Table 3, which indicates that NaCl-treated 

plants had consistently less leaves than those in the control group. 

Misopolinos and Therios (1988) found that the dry mass of leaves in four 

cultivars of Olea europaea L. was significantly reduced by a saline treatment. 

Stem wet and dry masses (Table 4) did not differ significantly (P≤0.05) 

between nutrient treatments. The root wet mass (P≤0.05) was unaffected by 

the saline treatment, however the root dry mass of plants in the control 

solution (0.4±0.1 g) was significantly higher than that of plants in the saline 

solution (0.2±0.0 g). Keutgen and Pawelzik (2009) found that dry mass of all 

plant organs of Fragaria × ananassa Duch., excepting fruits, was reduced 

progressively in response to NaCl stress, irrespective of the cultivar. 



Comparing root wet and dry masses of plants under control and saline 

conditions, we see that the root water content was higher in the saline 

solution. This finding is supported by the work of Keutgen and Pawelzik 

(2009) who found that “...the water content of roots, crowns and petioles rose 

under NaCl stress...” in Fragaria × ananassa. Hanscom and Ting (1977) found 

that NaCl-stressed P. afra plants showed CO2 uptake and water loss only in 

the dark. This may explain the higher moisture content of the roots observed 

in this experiment, considering that plants were harvested at midday. 

 

The total wet mass (Table 4) of plants in the control solution (18.1±1.4 g) was 

significantly higher (P≤0.05) than plants in the NaCl solution (14.2±1.2g). 

Similarly, Furukawa et al., (2006) found that a saline nutrient solution has a 

negative impact on the wet mass of tomato fruits. Plants in the control solution 

(1.5±0.1 g) had a significantly higher (P≤0.01) total dry mass than those in the 

NaCl solution (1.1±0.1 g), indicating that a saline treatment has a negative 

impact on the dry mass, and therefore nett carbon assimilation capacity of the 

two accessions. This observation is supported by the work of Cuartero et al., 

(2001), who found that the dry mass of tomato plants grown in hydroponics 

was significantly reduced by a saline treatment. This finding is further 

supported by Keutgen and Pawelzik (2009), who found that total dry mass of 

Fragaria × ananassa Duch., was reduced by NaCl stress, irrespective of the 

cultivar. 

 

The only plant mortality was an upright accession in the saline treatment. Its 

stem had not yet become hardy which supposedly reduced it resistance to 

NaCl. The plantlet had lost all leaves and suffered a necrotic stem by week 

ten.  

 



 
Table 1: Effect of NaCl on stem length of two accessions of Portulacaria afra. 
Treatment    Length(cm)     

 L-WK0 L-WK2 L-WK4 L-WK6 L-WK8 L-WK10 L-WK12 L-WK14 

Accession         

KBG1203/83 9.9±0.3a 10.2±0.3a 10.2±0.2a 10.9±0.3a 11.2±0.3a 11.6±0.3a 12.4±0.4a 14.0±0.5a 

KBG 408/1975 9.3±0.3a 9.8±0.3a 9.8±0.3a 10.6±0.4a 10.9±0.3a 11.1±0.3a 12.3±0.4a 14.5±0.7a 

Nutrient         

Control 9.6±0.3a 10.3±0.3a 10.3±0.2a 11.0±0.3a 11.4±0.3a 11.6±0.3a 12.6±0.4a 14.9±0.6a 

Control + NaCl 9.6±0.3a 9.7±0.2a 9.7±0.3a 10.4±0.3a 10.8±0.3a 11.1±0.3b 12.1±0.4a 13.6±0.5a 

2-way ANOVA F-statistics 

Accession 3.105 0.9 1.1 0.4 0.4 1.6 0.1 0.5 

Nutrient 0.038 2.4 2.8 1.5 1.7 2.1 1.0 3.1 

Accession* 

Nutrient 
3.105 0.3 1.1 0.8 1.0 7.3* 4.2 1.4 

Error 0.932 1.0 0.8 1.5 1.3 1.1 2.1 4.3 

CV(%) 10.0 9.8 9.0 11.6 10.4 9.2 11.6 14.6 
Values (mean±SE, n=7) followed by dissimilar letters in a column are significantly different at *: P≤0.05; **: P≤0.01; ***: P≤0.001; according to 

Fischer least significant difference.  (L – length WK – week KBG 408/1975 - upright KBG1203/83 – prostrate). 

 



Table 2: Effect of NaCl on stem diameter of Portulacaria afra. 

Treatment Stem diameter (mm) 

 SD-WK0 SD-WK2 SD-WK4 SD-WK6 SD-WK8 SD-WK10 SD-WK12 SD-WK14 

Accession         

KBG1203/83 2.9±0.2b 3.0±0.2b 3.1±0.2b 3.0±0.2b 3.1±0.1b 3.3±0.2b 3.4±0.1b 3.4±0.2b 
KBG 408/1975 3.5±0.2a 3.7±0.2a 3.9±0.2a 3.9±0.2a 3.9±0.2a 4.0±0.2a 3.9±0.2a 4.3±0.2a 
Nutrient         

Control 3.2±0.2a 3.3±0.1a 3.4±0.1a 3.4±0.1a 3.5±0.1a 3.7±0.2a 3.8±0.2a 4.0±0.2a 

Control + NaCl 3.2±0.3a 3.4±0.3a 3.6±0.3a 3.4±0.3a 3.6±0.2a 3.6±0.2a 3.5±0.2a 3.7±0.3a 

2-way ANOVA F-statistics 

Accession 5.0* 7.6* 6.0* 12.8** 13.4** 9.3** 6.1* 10.6** 
Nutrient 0.0 0.0 1.0 0.0 0.1 0.2 1.3 0.7 

Accession* 

Nutrient 
0.7 2.1 1.0 1.4 2.8 0.2 0.0 0.2 

Error 0.6 0.5 0.6 0.4 0.3 0.4 0.3 0.5 

CV(%) 25.1 21.6 22.0 18.5 16.0 18.0 15.8 18.8 
Values (mean±SE, n=7) followed by dissimilar letters in a column are significantly different at *: P≤0.05; **: P≤0.01; ***: P≤0.001; according to 

Fischer least significant difference.  (SD – stem diameter WK – week, KBG 408/1975 – upright, KBG1203/83 – prostrate). 

 

 

 

 



 

Table 3: Effect of NaCl on the number of leaves of Portulacaria afra. 
Treatment  

 NL-WK0 NL-WK2 NL-WK4 NL-WK6 NL-WK8 NL-WK10 NL-WK12 NL-WK14 

Accession         

KBG1203/83 21.6±2.2a 27.4±2.4a 28.6±2.6a 34.8±3.6a 38.5±3.2a 46.9±4.6a 54.9±4.5a 67.9±5.8a 
KBG 408/1975 17.9±1.4a 20.6±1.5b 20.6±1.5b 24.6±1.8b 26.4±1.8b 30.4±2.4b 37.6±2.8b 44.1±3.3b 
Nutrient         
Control 21.2±2.2a 25.5±2.4a 26.9±2.8a 33.7±3.5a 36.1±3.4a 45.3±4.7a 53.4±4.5a 65.2±5.7a 
Control + NaCl 18.2±1.6a 22.4±1.8a 22.3±1.8a 25.7±2.3b 28.8±2.4b 32.0±2.9b 39.1±3.4b 46.9±4.5b 

2-way ANOVA F-statistics 

Accession 1.9 5.7* 7.2* 7.0* 11.9** 13.2** 13.9** 17.6*** 
Nutrient 1.2 1.2 2.4 4.4* 4.3* 8.5** 9.5** 10.5** 
Accession* 

Nutrient 
0.1 0.1 0.4 0.1 0.5 1.7 1.0 1.4 

Error 51.0 57.0 63.3 102.6 87.0 145.5 149.2 224.5 

CV(%) 36.2 31.5 32.3 34.1 28.8 31.2 26.4 26.7 
Values (mean±SE, n=7) followed by dissimilar letters in a column are significantly different at *: P≤0.05; **: P≤0.01; ***: P≤0.001; according to 

Fischer least significant difference.  (NL – number of leaves WK – week KBG 408/1975 - upright KBG1203/83 – prostrate). 



Table 4: Effect of NaCl on wet and dry masses (g) of leaves, stems and roots of Portulacaria afra. 

Treatment  

 

Leaf WM Stem 

WM 

Root WM Total WM  Leaf DM Stem DM Root DM Total DM 

Accession         

KBG1203/83 11.3±1.0a 2.3±0.2a 2.0±0.3a 15.5±1.4a 0.7±0.1a 0.3±0.0a 0.2±0.0b 1.2±0.1a 

KBG 408/1975 12.4±1.1a 2.4±0.2a 2.1±0.2a 16.8±1.4a 0.7±0.1a 0.3±0.0a 0.4±0.1a 1.5±0.1a 

Nutrient         

Control 13.5±1.0a 2.5±0.2a 2.2±0.2a 18.1±1.4a 0.8±0.1a 0.4±0.0a 0.4±0.1a 1.5±0.1a 
Control + NaCl 10.2±0.9b 2.2±0.2a 1.9±0.2a 14.2±1.2b 0.6±0.1b 0.3±0.0a 0.2±0.0b 1.1±0.1b 

2-way ANOVA F-statistics 

Accession 0.6 0.1 0.2 0.5 0.4 0.3 44.9*** 3.8 

Nutrient 5.7* 0.9 1.5 4.6* 5.7* 1.9 27.9*** 10.2** 
Accession* 

Nutrient 
0.2 0.3 4.8* 0.6 0.0 0.9 28.9*** 1.2 

Error 13.3 0.6 0.6 23.4 0.1 0.0 0.0 0.1 

CV(%) 30.9 32.4 39.1 29.9 31.2 28.3 32.3 26.8 
Values (mean±SE, n=7) followed by dissimilar letters in a column are significantly different at *: P≤0.05; **: P≤0.01; ***: P≤0.001; according to 

Fischer least significant difference.  (WM – wet mass, DM dry mass -  KBG 408/1975 – upright KBG1203/83 – prostrate). 

 

 

 



Figure 1: Interactive effect of NaCl on root wet mass in Portulacaria afra 
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Figure 2: Interactive effect of NaCl on root dry mass in Portulacaria afra 
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Conclusion 
 
This work shows that P. afra can be successfully grown in a hydroponic 

system. The upright accession, which was found to have thicker stems, fewer, 

larger leaves, and higher moisture content than the prostrate accession, had 

roots with a higher dry mass. This indicates that this accession’s root system 

was better suited to the hydroponic system, and is therefore a more eligible 

subject for P. afra crop farming in a similar hydroponic system. The total dry 

masses of the two varieties did not differ enough to indicate which had more 

carbon over the 14-week period. A longer experiment period using plants of 

different maturities is recommended to thoroughly elucidate trends in growth 

and development of the two accessions. The number of leaves, leaf wet and 

dry masses, root dry mass, total wet and dry masses and therefore growth 

and nett carbon uptake of both accessions of P. afra were significantly 

reduced by a saline treatment of 2.5 g/l. The root dry mass and development 

of the upright variety was more significantly impacted by the saline treatment. 
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