
Canadian Journal of Pure and Applied Sciences 
Vol. 14, No. 3, pp. 5093-5096, October 2020 
Online ISSN: 1920-3853; Print ISSN: 1715-9997 
Available online at www.cjpas.net 

 
  
 

PESTICIDES SELECTED FOR NATURAL-ENEMY EXCLUSION TRIALS  
IN SOUTH AFRICA DO NOT INFLUENCE THE GROWTH AND 

REPRODUCTION OF INVASIVE SENECIO MADAGASCARIENSIS 
 

Olieve G. Zuma1, *Kerinne J. Harvey2 and Terence Olckers3 

1,3 School of Life Sciences, University of KwaZulu-Natal, Scottsville, 
Pietermaritzburg, South Africa - 3209 

2 Weed Research Unit, New South Wales Department of Primary Industries, 
Trenayr Road, Grafton, NSW, Australia - 2460 

 
ABSTRACT 

 
Pesticide-based natural-enemy exclusion trials can accurately determine the efficacy of biocontrol agents on invasive 
weeds, provided that the chemicals have negligible effects on the plants. In an enemy-free environment, we assessed 
whether applications of the insecticide (imidacloprid) and fungicide (tebuconazole) affected the performance of the 
highly invasive Madagascar ragwort. Applications of the insecticide and fungicide, used alone and in combination, had 
no significant effects on the growth and flowering of Madagascar ragwort. Thus, these pesticide treatments can facilitate 
subsequent enemy exclusion trials used to assess the impact of established biocontrol agents on Madagascar ragwort 
populations in the field. 
 
Nomenclature: Imidacloprid, tebuconazole, Madagascar ragwort, Senecio madagascariensis Poir.  
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INTRODUCTION 
 
Senecio madagascariensis Poiret (Asteraceae; 
Madagascar ragwort; fireweed), native to Southern Africa 
and Madagascar, is a target for biological control in 
Australia and Hawaii (Ramadan et al., 2010; McFadyen 
and Morin, 2012). The KwaZulu-Natal region of South 
Africa is the origin of both the Australian and Hawaiian 
populations of S. madagascariensis (Radford et al., 
2000). Consequently, quantitative surveys for insect 
natural enemies were conducted in the region (Egli and 
Olckers, 2015, 2020). Subsequently, natural-enemy 
exclusion trials on field populations of S. 
madagascariensis were planned to quantify the impact of 
local natural enemy communities at different localities in 
KwaZulu-Natal. 
 
Natural-enemy exclusion trials typically involve pesticide 
treatments, in the weed’s native or invaded range, and 
have been used to quantify the impact of natural enemies 
in weed biocontrol programs (e.g. Lonsdale and Farrell, 
1998; Overholt et al., 2010; Rafter et al., 2011). Also, 
these chemical trials are used to identify the overarching 
role of natural enemies in regulating plant invasions (e.g. 

DeWalt et al., 2004; Cripps et al., 2011). Trials generally 
involve applications of insecticides or fungicides to 
remove any natural enemy effects, so that their resultant 
impact on plant performance traits (e.g. plant biomass) 
can be determined by comparing performance variables 
between untreated and pesticide-treated plants.  
 
A key assumption in such natural-enemy exclusion trials 
was that the pesticides will have no direct effects on the 
plant’s health. While many chemicals may have no effect, 
certain insecticides and fungicides have affected plant 
physiology in several ways that may either promote or 
inhibit plant growth and reproduction (e.g. Ahemad and 
Khan, 2012; Petit et al., 2012). For example, plant 
physiological features like chlorophyll content and levels 
of hormones and metabolic enzymes were affected, which 
influenced the rates of photosynthesis and respiration (e.g. 
Xia et al., 2006; Dhanamanjuri et al,. 2013). Additionally, 
soil residues of pesticides can be toxic to nitrogen-fixing 
bacteria used by crops (e.g. Madhaiyan et al., 2006; 
Ahemad and Khan, 2012; Petit et al., 2012) further 
interfering with plant growth.   
 
These pesticide-induced effects are often dosage-
dependent, with stimulatory effects at low concentrations 
and inhibitory effects at high concentrations (e.g. Tiyagi 
et al., 2004; Siddiqui and Ahmed, 2006; Petit et al., 2012; 
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Dhanamanjuri et al., 2013) and can vary substantially 
between and within functional pesticide groups (Ahemad 
and Khan, 2012). Therefore, any chemical effects on the 
plant may mask the real impact of natural enemies in 
subsequent experiments. As such, it is important to 
exclude the possibility that the chemicals themselves will 
directly affect the plant’s growth and reproductive 
parameters prior to the initiation of enemy-exclusion trials 
in the field (e.g. Overholt et al., 2010; Cripps et al., 2011; 
Rafter et al., 2011). 
 
Our trial was conducted to demonstrate that neither 
treatment with the selected insecticide (imidacloprid; 
Confidor® 70 WG), fungicide (tebuconazole; Folicur® 
250 EW), nor a combination of the two, would directly 
affect the growth, biomass accumulation and floral 
production of S. madagascariensis plants during 
subsequent enemy-exclusion trials. Both chemicals are 
systemic pesticides that are effective against a broad 
range of insects and pathogens (e.g. Cripps et al., 2011). 
 
MATERIALS AND METHODS 
 
The trial was conducted in the Botanical Garden of the 
University of KwaZulu-Natal, Pietermaritzburg, South 
Africa. For experiment Senecio madagascariensis 
seedlings were obtained by germinating seeds in an open 
shade house over a 2-week period in early 2014. Similar-
sized seedlings were individually transferred into 20 cm 
diameter pots, watered and left to recover for 48 hours. 
Then, the plants were placed on a metal table inside a 2.4 
× 2.3 × 2m walk-in cage erected inside a greenhouse to 
exclude natural enemies. Five plants for each of the four 
treatments were arranged on the table according to a 
randomized block design. The treatments comprised an 
untreated control, insecticide treatment, fungicide 
treatment and a dual treatment (insecticide and fungicide). 
Individual plants were treated outside the cage to prevent 
contamination of adjacent plants and then returned to their 
original position. 
 
Insecticide-treated plants each received 100ml of 
imidacloprid (0.5g/ l water) that was poured into the soil 
around their roots. For consistency, fungicide-treated 
plants also received 100 ml of water around their roots 

and 100ml of tebuconazole (1ml/ l water) applied to their 
foliage with a spray pump. Dual-treated plants received 
both insecticide and fungicide applications in the same 
manner. The control plants received 100 ml of water 
around their roots and 100 ml of water applied to their 
foliage with a spray pump. The plants were treated every 
two weeks for the duration of the 10-week trial period and 
were watered (500ml per plant) three times a week. 
 
At the termination of the trial, the height, canopy 
diameter, canopy radius (i.e. measured perpendicular to 
the diameter) and numbers of floral structures (open and 
closed capitula) were recorded for each plant. The volume 
of each plant was determined by the product of its height, 
canopy diameter and canopy radius. The plants were 
harvested, oven dried (48 hours at 60oC) and then 
weighed to determine their dry mass. The data sets met 
the assumptions of normality and homogeneity of 
variances (P>0.05) and comparisons of plant height, 
volume, biomass and floral production between the four 
treatments were conducted using one-way Analysis of 
Variance. 
 
RESULTS AND DISCUSSION 
 
After 10 weeks of exposure to the pesticide treatments, 
there were no significant differences between the control 
and pesticide-treated plants (Fig. 1) in relation to their 
mean height (F3,16= 1.763; P = 0.195), foliar volume 
(F3,16= 0.720; P = 0.555), dry mass (F3,16= 3.076; P = 
0.058) and floral production (F3,16= 2.098; P = 
0.141).Therefore, there was no evidence that the selected 
insecticide (imidacloprid), fungicide (tebuconazole) or 
combination of the two significantly affected the growth 
and reproduction of S. madagascariensis plants. Earlier 
studies involving other plant species where imidacloprid 
was used in insect-exclusion trials (DeWalt et al., 2004; 
Overholt et al., 2010; Cripps et al., 2011; Rafter et al., 
2011) and tebuconazole was used in fungal-exclusion 
trials (Cripps et al., 2011) also reported a lack of 
phytotoxic or growth-enhancing effects on the test plants. 
Therefore, we considered imidacloprid and tebuconazole 
to be appropriate for the proposed natural-enemy 
exclusion trials, which were initiated later on S. 
madagascariensis in South Africa. 
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Fig. 1. Mean (± S.E.) final height (a), volume (b), dry mass (c) and floral production (d) of Senecio madagascariensis 
plants that were treated with insecticide, fungicide and both chemicals (dual) relative to untreated controls.  
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