
 
Allelopathic interference potential of the alien 

invader plant Parthenium hysterophorus 
 
 
 

by 
 
 

Michael van der Laan 
 
 
 
 

Submitted in fulfillment of part of the requirements 
for the degree of MSc (Agric) Agronomy 

in the faculty of Natural and Agricultural Sciences 
University of Pretoria 

 
 

Supervisor: Professor CF Reinhardt 
Co-supervisor: Mr WF Truter  

 
 
 

April 2006 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  --  VVaann  ddeerr  LLaaaann  MM    22000066  



CONTENTS 

CONTENTS 
          

List of Figures         v 

List of Tables         vii 

Acknowledgements        ix 

Declaration         x  

Abstract         xi 

 

INTRODUCTION    1 

    

CHAPTER I – LITERATURE REVIEW    3 

1.1  Alien invasive plants      3 

1.2  Allelopathy       4 

1.2.1   Definition and brief history     4 

1.2.2   Modes of action of allelochemicals    5 

1.2.3  Allelopathy and agriculture     5 

1.2.4  Allelopathy and biodiversity     6 

1.3 Parthenium hysterophorus     7 

1.3.1  Botanical description      7 

1.3.2  Distribution and habitat     8 

1.3.3  P. hysterophorus allelopathy     9 

1.3.3.1  Allelochemistry      9 

1.3.3.2  Allelopathic effects      11 

1.3.4  Importance of P. hysterophorus    12 

1.3.4.1  Detrimental impacts      12 

1.3.4.2  Beneficial attributes      13 

1.3.5  Control of P. hysterophorus     13 

1.3.5.1  Mechanical control      14 

1.3.5.2  Chemical control      14 

1.3.5.3  Biological control      15 

 

 i  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  --  VVaann  ddeerr  LLaaaann  MM    22000066  



CONTENTS 

CHAPTER II - INTERFERENCE POTENTIAL OF THE ALIEN INVADER 

PLANT PARTHENIUM HYSTEROPHORUS WITH THREE INDIGENOUS 

GRASS SPECIES IN THE KRUGER NATIONAL PARK 

 

2.1 Introduction       17 

2.2 Materials and methods     19 

2.2.1  2003/2004 growing season     19 

2.2.2  2004/2005 growing season     22 

2.3  Results and discussion     22 

2.3.1  2003/2004 growth season     22 

2.3.1.1  First harvest (7 April 2004)     23 

2.3.1.2  Grass re-growth harvest (8 & 27 May 2004)   24 

2.3.1.3  Final harvest (27 May 2004)     25 

2.3.2  2004/2005 growing season     27 

2.4  Conclusions       30 

 

CHAPTER III – PRODUCTION DYNAMICS OF PARTHENIN IN THE 

LEAVES OF PARTHENIUM HYSTEROPHORUS 

 

3.1 Introduction       32 

3.2 Materials and methods     34 

3.2.1 Cultivation and harvesting of P. hysterophorus plants 34 

3.2.2 Chemical analysis      34 

3.2.2.1 Sample preparation      34 

3.2.2.2 Preparation of pure parthenin standard   35 

3.2.2.3 Quantification of leaf parthenin content   35 

3.2.2.4 Calculation of parthenin concentration   36 

3.2.3 Statistical analysis      36 

3.3 Results and discussion     37 

3.4 Conclusions       42 

 

 

 

 

 ii  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  --  VVaann  ddeerr  LLaaaann  MM    22000066  



CONTENTS 

CHAPTER IV – PERSISTENCE OF PARTHENIN IN SOIL 

 

4.1  Introduction       43  

4.2   Preliminary experiments        44   

4.2.1   Preliminary experiment 1: Extraction of parthenin   

  from compost  soil          44                       

4.2.1.1  Materials and methods     44 

4.2.1.2  Results and discussion     45 

4.2.2   Preliminary experiment 2: Extraction of  

  parthenin from three different soil types   46 

4.2.2.1  Materials and methods     46 

4.2.2.2  Results and discussion     47 

4.2.3   Preliminary experiment 3: Evaluation of different  

  extraction techniques for obtaining the highest  

  recovery rate       48 

4.2.3.1  Introduction       48 

4.2.3.2  Materials and methods     48 

4.2.3.3  Results and discussion     50 

4.2.4   Preliminary experiment 4: Determination of the    

  consistency of recovery rates    50 

4.2.4.1  Introduction       50 

4.2.4.2  Materials and methods     50 

4.2.4.3  Results and discussion     50 

4.2.5   Preliminary experiment 5: Persistence of  

  parthenin at different concentrations in soil  51 

4.2.5.1  Introduction       51 

4.2.5.2  Materials and methods     51 

4.2.5.3  Results and discussion     51 

4.3 Main experiment      52 

4.3.1 Introduction       52 

4.3.2 Materials and methods     52 

4.3.3 Results and discussion     54 

4.3.3.1  Parthenin degradation in different soil types   54 

 

 iii  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  --  VVaann  ddeerr  LLaaaann  MM    22000066  



CONTENTS 

4.3.3.2  Parthenin degradation in sterilized and non-sterilized    

  compost soil at three different temperature regimes  56 

4.3.3.3  Conclusions       60 

 

CHAPTER V – EFFECT OF PURE PARTHENIN ON THE GERMINATION 

AND EARLY GROWTH OF THREE INDIGENOUS GRASS SPECIES 

 

5.1 Introduction       61 

5.2 Materials and methods     62 

5.3 Results and discussion     62 

5.4 Phytotoxic potential of pure parthenin under  

natural conditions      64 

5.5 Conclusions       66  

 

CHAPTER VI – GENERAL DISCUSSION AND CONCLUSIONS 67 

 

SUMMARY         72 

REFERENCES        76 

APPENDIX         89 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 iv  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  --  VVaann  ddeerr  LLaaaann  MM    22000066  



LIST OF FIGURES 

LIST OF FIGURES 
 

Figure 2.1: Trial site on day of establishment in 2003/2004    

  growth season        21 

Figure 2.2: Grass dry mass accumulation over a period of 11    

  weeks on plots with 0, 5 or 7.5 parthenium plants        

  m-2 (2003/2004 season)      23

Figure 2.3: Grass re-growth dry mass accumulation over a    

  period of 4 weeks on plots with 0, 5 or 7.5     

  parthenium plants m-2 (2003/2004 season)               25 

Figure 2.4:  Grass dry mass accumulation over a period of 19    

  weeks on plots with 0, 5 or 7.5 parthenium plants  

  m-2 (2003/2004 season)                 26

Figure 2.5 Grass dry mass accumulation over a period of 14    

  weeks on plots with 0, 5 or 7.5 parthenium plants  

  m-2 (2004/2005 season)      28

Figure 3.1:  Parthenin concentration versus peak area calibration    

  line         36 

Figure 3.2:  Concentrations of parthenin as well as parthenin           

  and coronopolin in leaf fresh (a) and dry (b) material  

  at different growth stages of the plant according to  

  the BBCH code; and (c) total parthenin content in  

  plant leaf material at the different growth stages             38 

Figure 4.1: Disappearance of parthenin at 20°C in darkness over  

a period of 14 days added at an original concentration  

of 10 µg g-1 in sterilized (▲) and  

non-sterilized (▲) soil       46 

Figure 4.2: Disappearance of parthenin at 20°C in darkness over a  

period of seven days added at an original concentration 

of 1, 10 and 100 µg g-1 to non-sterilized soil and in  

sterilized soil at 100 µg g-1      52 

 

 

 v 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  --  VVaann  ddeerr  LLaaaann  MM    22000066  



LIST OF FIGURES 

Figure 4.3: Disappearance of parthenin at 20°C in darkness  

added at an original concentration of 10 µg g-1 to  

four different soil types      54 

Figure 4.4: Correlation between DT50 value and (a) water    

  holding capacity, (b) cation exchange capacity,  

(c) pH, and (d) organic carbon percentage for the degradation of 

parthenin in the 3A, 5M and 2.1 soils     56 

Figure 4.5: Rate of degradation of parthenin applied at an initial   

  concentration of 10 µg g-1 in sterilized and  

  non-sterilized compost soil (CS) incubated at temperature  

  regimes of 20, 25 and 30ºC      57 

Figure 4.6: Correlation between temperature and DT50 (a) and    

  DT90 (b) values for sterile and non-sterile compost  

  soil (CS)  placed at 20, 25 or 30ºC                59 

Figure 5.1: Effect of pure parthenin on radicle development  

  (a) and germination percentage (b) of three  

  indigenous grass species      63 

 

 

 

 

 

 

 

 vi 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  --  VVaann  ddeerr  LLaaaann  MM    22000066  



LIST OF TABLES 

LIST OF TABLES 
 

Table 2.1: Grass dry mass accumulation over a period  

  of 11 weeks expressed as percentage of control    

  (2003/2004 season)       24 

Table 2.2: Grass dry mass accumulation over a period of    

  19 weeks expressed as percentage of control    

  (2003/2004 season)       26 

Table 2.3:  Parthenium dry mass accumulation over a  

  period of 19 weeks expressed as percentage of  

  control (2003/2004 season)      27 

Table 2.4: Grass dry mass accumulation over a period of 14  

  weeks expressed as percentage of control  

  (2004/2005 season)       28 

Table 2.5: Parthenium dry mass accumulation over a     

  period of 14 weeks expressed as percentage of  

  control (2003/2004 season)      29 

Table 3.1: Mean leaf moisture percentages at different     

  growth stages        37 

Table 3.2:  Parthenin concentrations in leaf dry mass of     

  plants at different growth stages     39 

Table 4.1: Properties for the different soil types provided    

  by LUFA and the compost soil (CS) provided by  

the University of Hohenheim      47 

Table 4.2: Recovery rates of parthenin from three different    

  soil types        48 

Table 4.3: Mean recovery rates for parthenin from ‘CS’ soil  

using different extraction techniques     49 

Table 4.4: Mean parthenin recovery rates with standard    

  deviations for the four soil types     51 

Table 4.5: Disappearance-time (DT) for 10, 50 and 90%  

degradation for the four different soils used in the  

experiment        55 

 vii 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  --  VVaann  ddeerr  LLaaaann  MM    22000066  



LIST OF TABLES 

Table 4.6: Parthenin disappearance-time (DT) for10, 50    

  and 90 % degradation in sterile and non-sterile    

  compost soil (CS) placed at temperature     

  regimes of 20, 25 and 30ºC      58 

Table 5.1: Phytotoxicity of parthenin on three indigenous  

  grass species        64 

 

         

 

 

 

 

 

 

 
 

 viii 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  --  VVaann  ddeerr  LLaaaann  MM    22000066  



ACKNOWLEDGEMENTS 

ACKNOWLEDGEMENTS 

 
I would like to thank the National Research Foundation for funding this research 

project.  

 

 I would also like to express my gratitude to the following people:  

 

Prof Reinhardt, for his excellent supervision, guidance and support, and for his role in 

arranging my study visit to the University of Hohenheim. Mr Truter, my co-

supervisor, for his much appreciated guidance and support.  

 

Annemarie van der Westhuizen and Jacques Marneweck at the University of Pretoria 

for their technical assistance. Christine Metzger at the University of Hohenheim for 

her technical assistance and her hospitality during my research visit to Germany. Prof 

Hurle for his role in support of this collaborative project, and for helping to arrange 

my study visit to the University of Hohenheim. 

 

Llewellyn Foxcroft from Kruger National Park Scientific Services for assisting us 

with logistics to ensure the field trial was a success. 

 

The general worker staff from the University of Pretoria Experimental Farm and 

Kruger National Park Scientific Services for their excellent assistance in the field and 

greenhouse trials.  

 

Tsedal Tseggai Ghebremariam for her very helpful assistance with statistical analysis. 

 

And a special thank you to Dr Regina Belz, for her guidance and support during my 

research visit to the University of Hohenheim, and thereafter. 

 

 

 

 

 ix 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  --  VVaann  ddeerr  LLaaaann  MM    22000066  



DECLARATION 

 

 

 

 

DECLARATION 

 
I, Michael van der Laan, hereby declare that this dissertation for the degree MSc 

(Agric) Agronomy at the University of Pretoria is my own work and has never been 

submitted by myself at any other University. The research work reported is the result 

of my own investigation, except where acknowledged. 

 

 

 

 

 

M VAN DER LAAN 

APRIL 2006 

 

 

 

 

 

 x 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  --  VVaann  ddeerr  LLaaaann  MM    22000066  



ABSTRACT 

Allelopathic interference potential of the alien invader plant 

Parthenium hysterophorus 

 

By 

Michael van der Laan 

 

Supervisor: Prof CF Reinhardt 

Co-supervisor: Mr WF Truter 

 

Degree: MSc(Agric) Agronomy 

 

ABSTRACT 
 

The alien invader plant Parthenium hysterophorus is a Category 1 weed in South 

Africa, where it poses a serious threat to indigenous vegetation in particular, and to 

biodiversity in general. In addition to its competitive ability, it is hypothesized that the 

successful invasiveness of P. hysterophorus is linked to the allelopathic potential of 

the plant. One compound in particular, parthenin, is alleged to play a major role in this 

allelopathic potential. Interference between P. hysterophorus and three indigenous 

grass species (Eragrostis curvula, Panicum maximum, Digitaria eriantha) was 

investigated on a site with a natural parthenium infestation at Skukuza, Kruger 

National Park. The trial was conducted over two growing seasons on exclosure plots 

which eliminated mammal herbivory. P. maximum displayed best overall performance 

and was eventually able to completely overwhelm P. hysterophorus. Eragrostis 

curvula and D. eriantha grew more favourably in the second season after becoming 

better established but were clearly not well adapted to the trial conditions. Although 

P. maximum was the supreme interferer, all grasses were able to significantly interfere 

with P. hysterophorus growth in the second season. The ability of P. maximum to 

interfere with P. hysterophorus growth so efficiently that it caused mortalities of the 

latter species, indicates that P. maximum exhibits high potential for use as an 

antagonistic species in an integrated control programme. An investigation on the 

production dynamics of parthenin in the leaves of P. hysterophorus indicated that 
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ABSTRACT 

high levels of this compound are produced and maintained in the plant up until 

senescence. The high resource allocation priority of the plant towards this secondary 

metabolite even in the final growth stages may indicate the use of residual allelopathy 

to inhibit or impede the recruitment of other species. Studies on the persistence of 

parthenin in soil revealed that parthenin is readily degraded in soil and that microbial 

degradation appears to play a predominant role. Significant differences between 

parthenin disappearance-time half-life (DT50) values were observed in soils incubated 

at different temperatures and in soils with different textures. Exposure of the three 

grass species to pure parthenin showed  that, in terms of their early development, the 

order of sensitivity of the grasses was: Panicum maximum>Digitaria 

eriantha>Eragrostis curvula. It may therefore prove challenging to establish P. 

maximum from seed in P. hysterophorus stands during the execution of an integrated 

control programme due to the sensitivity of this grass species to parthenin. From the 

research findings it appears possible that P. hysterophorus can inhibit or impede the 

recruitment of indigenous vegetation under natural conditions. At least one 

mechanism through which this alien species can exert its negative influence on other 

plant species is the production and release of parthenin.  
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