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Application of plant extracts and Trichoderma 
harzianum for the management of tomato seedling 
damping-off caused by Rhizoctonia solani

Seedling production under smallholder farming systems can be negatively affected by both abiotic and 
biotic factors. Seedling damping-off caused by Rhizoctonia solani is one of the major biotic factors which 
causes significant yield reduction. Management is mainly based on the application of synthetic fungicides 
and cultural practices. However, both methods have limitations which result in their inefficiency. Several 
studies have reported on the use of plant extracts and biological control to manage plant diseases. The aim 
of this study was to formulate an effective and practical approach to manage tomato seedling damping-
off using extracts of Monsonia burkeana and Moringa oleifera and a biological control agent Trichoderma 
harzianum. The efficacy of both extracts was investigated under laboratory conditions to determine the 
most suppressive concentration to R. solani growth. Methanolic extracts from both plants significantly 
suppressed pathogen growth at different concentrations. M. burkeana significantly reduced R. solani 
growth at 8 g/mL (71%) relative to control whilst Moringa oleifera extract reduced pathogen growth by 
60% at a concentration of 6 g/mL. The highest suppressive concentrations were further evaluated under 
greenhouse conditions to test their efficacy on seedling damping-off. In damping-off treatments, both 
plant extracts and T. harzianum also significantly reduced (p=0.5) pre- and post-emergence damping-
off incidence. M. burkeana recorded the highest suppression at 78%, followed by M. oleifera at 64%. 
Trichoderma harzianum reduced incidence of damping-off by 60% and this was higher than both plant 
extract treatments.

Significance:
•	 The use of M. burkeana and M. oleifera extracts and T. harzianum effectively suppressed pathogen 

growth and disease incidence and can be used to reduce the use of synthetic pesticides that are harmful 
to the environment and human health.

•	 Application of plant extracts and biological control agents as possible alternatives to synthetic fungicides 
is considered a sustainable and affordable practice for smallholder farmers.

Introduction
Vegetable production is a major farming activity for smallholder farmers in the Limpopo Province of South Africa 
as it contributes to food security and improved livelihoods for rural communities. Production can however be 
negatively impacted by both biotic and abiotic factors, with diseases causing major yield losses. High incidences 
of soil-borne diseases such as damping-off and root rot that occur during seedling stage can cause crop losses 
of 60–90%.1 Rhizoctonia solani Kuhn is an important soil-borne fungal pathogen that is capable of causing 
diseases on a wide range of plants under favourable environmental conditions.1 It is a facultative parasite that is 
very competitive against other soil-borne organisms.2 Its survival in infected soils is mainly due to the formation 
of sclerotia for long-term survival without a host.3 Germination of sclerotia which takes place in the presence 
of a susceptible host, results in the infection and spread of disease.1 The tomato plant is highly susceptible to 
R. solani during different growth stages, with seedlings being particularly susceptible to attack by this pathogen.4,5 
At seedling stage, plants are more susceptible to R. solani infection due to reduced resistance mechanisms which 
normally emerge at the adult stage of plant growth.3 Seedling blight, root and hypocotyl rots are typical symptoms 
of R. solani infection in highly susceptible plants, especially when planted under suitable environmental conditions.2

Management of damping-off is mainly through growth media treatment with chemicals or heat6, seed treatment, 
use of cultural practices and planting of resistant cultivars7. However, all control measures have limitations which 
result in their inability to provide significant disease control. For example, the detrimental effect of soil fumigants on 
the environment and human health has resulted in their ban in agricultural production systems.8 Also, development 
of resistant cultivars against damping-off has proven difficult due to the diversity of soil pathogens involved in 
seedling infection.9 Seed treatment, on the other hand, is more efficient during seed germination7 and this is 
normally lost during seedling stage10. For these reasons, there is a growing need to identify and develop new 
approaches for the control of R. solani damping-off based on the sustainable management of crops and application 
of environmentally friendly compounds, especially for smallholder farmers. 

In recent years, alternative control measures such as plant-based bioactive compounds in the form of extracts have 
been studied and have provided promising results, especially against soil- and seed-borne diseases.11-13 Plants 
produce compounds which have been shown to inhibit the growth and development of diseases caused by bacteria, 
fungi and other disease-causing organisms.14,15 Plant extracts have the ability to induce defences in plants, resulting 
in an effective tolerance against pathogen attack.16 Therefore, the presence of these antimicrobial compounds in 
plants provides an opportunity for their use in the management of pests and diseases as environmentally safe 
alternatives to synthetic pesticides.17
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In previous studies, Monsonia burkeana, also known as special tea, and 
Moringa oleifera extracts displayed strong antimicrobial activity against 
Fusarium wilt of tomato and its causal agent Fusarium oxysporum f. sp. 
lycopersici.11,18 Reports further show that both plants have high contents 
of secondary metabolites such as alkaloids, flavonoids, glycosides and 
many more which are responsible for pathogen suppression.19-21 Despite 
promising application in the management of other soil-borne plant 
diseases, reports are still lacking on the application of both plants in the 
management of tomato seedling damping-off caused by R. solani. Both 
plants are also easily available and accessible to smallholder farmers in 
most rural communities in Limpopo Province.

Application of biological control agents such as Trichoderma spp. and 
Bacillus spp. have also been used successfully in the management 
of various plant diseases, especially those caused by soil-borne 
pathogens.22,23 For example, Trichoderma spp. has been used as a seed 
treatment and soil inoculant to prevent pathogen establishment and 
suppress disease development in various crops24, whilst Bacillus spp. 
has been used to control both soil-borne and foliage diseases25. Biological 
control agents employ various modes of action in the suppression and 
control of plant pathogens and these can include competition, antibiosis, 
hyperparasitism and many more.24

The objective of this study was to evaluate the efficacy of M. burkeana 
and M. oleifera extracts and the biocontrol agent T. harzianum in their 
ability to suppress R. solani induced seedling damping-off in tomato 
plants. Both plant extracts were applied as seed treatment to control pre-
emergence damping-off and soil drenching to suppress post-emergence 
damping-off.

Materials and methods
Study location
The in-vitro and greenhouse experiments were conducted in the Plant 
Pathology Laboratory and the Green Biotechnologies Research Centre 
greenhouse of the University of Limpopo, South Africa, respectively. 
The average maximum/minimum temperatures in the greenhouse were 
28/21 °C in summer, whereas in winter the average temperatures were 
24/16 °C. 

Fungal isolates preparation
Isolates of R. solani (PPRI 13845) and Trichoderma harzianum (PPRI 
8230) used in this study were provided by the Mycology Division of 
the Agricultural Research Council – Plant Protection Research Institute 
(Pretoria, South Africa). R. solani was isolated from a diseased maize 
seedling showing characteristic symptoms of damping-off and the 
biological control agent T. harzianum used in this study was isolated 
from cabbage roots. Fungal isolates were maintained on potato dextrose 
agar (PDA; Lab-M Neogen Company) and stored at 4 °C. Before use, 
both fungal isolates were grown on PDA and incubated at ±25 °C for 
7–8 days.

Plant collection and extract preparation
Healthy whole plants of M. burkeana (including roots, leaves, flowers, 
stems) and M. oleifera leaves were collected from the University of 
Limpopo experimental farm in Mankweng, Limpopo Province, South 
Africa (23°53’10” S, 29°44’15” E). A representative specimen for each 
plant was taken to the University of Limpopo herbarium for confirmation 
of identification before use. Collected plant materials were dried under 
shade for 7 days and then milled into a fine powder with a laboratory mill 
(Model FZ-102, Zhongxingweiye Instrument Ltd, China). M. burkeana 
and M. oleifera powders (100  g) were added separately to 700 mL 
methanol and placed on a rotary shaker for 24 h. Methanol was then 
evaporated on a rotary evaporator under reduced pressure at 64 °C. The 
obtained extract was oven dried for 21 days at 35 °C to constant weight, 
yielding a green solid suspension. Prepared plant extracts were kept at 
4 °C until further use.

Effect of M. burkeana and M. oleifera extracts on mycelial 
growth of R. solani
Amounts of 0, 2, 4, 6, 8 and 10 g of the resultant suspension of each 
plant extract were separately dissolved in 10 mL sterile distilled water 
and thoroughly mixed before being added to 200 mL bottles and content 
containing PDA. Bottles were then autoclaved at 121 °C for 15 min. In 
the previous studies11, heat was found to have no effect on the ability 
of both extracts to suppress pathogen growth. The extract amended 
PDA was poured into 80-mm Petri plates and left to solidify overnight. 
Disks of 5 mm in diameter were cut from 7-day-old actively growing 
R. solani cultures and were placed at the centre of extract-amended PDA 
Petri plates. Inoculated PDA Petri plates were then incubated at 25 °C 
under aseptic conditions for 7 days. Non-amended PDA plates served 
as control treatments. Pathogen colony growth diameter was measured 
using a transparent ruler17 after ±7 days. Mycelia growth inhibition was 
calculated using the formula:

Relative treatment effect (RTE) = [(T/C) - 1] × 100,	 Equation 1

where C is the average diameter of the fungal colony in control plates and 
T is the average diameter of the fungal colony in extracts-amended plates.

Greenhouse experiment

Fungal inoculation and treatment preparation 
Rhizoctonia solani inoculum was prepared by soaking 240 g clean 
quartz in 75 mL of sterile, distilled water for 24 h in 500-mL Erlenmeyer 
flasks. Thereafter, 6.0 g yellow maize meal and 75 mL tomato juice were 
added to the flasks and autoclaved twice for two consecutive days. The 
autoclaved mixture was then inoculated with 20 discs of 7-day-old pure 
R. solani culture and incubated for 14 days at 25 °C. After incubation, the 
inoculum was oven dried at 30 °C for 14 days.

Tomato (cv. Money maker) was used as a test plant against R. solani 
seedling damping-off. Plant extracts were first tested for their effect 
on seed germination by soaking surface-sterilised tomato seeds in 
different concentrations of M. burkeana and M. olifera extract solutions 
used in the laboratory and then determining the number of germinated 
seeds. The plant extracts were then confirmed to have no effect on seed 
germination and were further used for the greenhouse experiment.

Plastic pots (250 mm in diameter) were filled with pasteurised sand and 
Hygromix in a 3:1 (v/v) ratio. Four holes, 80 mm deep and 50 mm wide, 
were made and the media was artificially inoculated with 20 g R. solani 
inoculum in each hole. Inoculated growth media was moistened with 
200 mL sterile distilled water and left to stand for 7 days before planting 
to allow the pathogen to establish in the soil. After 7 days, five surface 
sterilised seeds were planted in each pot, followed with soil drenching 
with plant extract concentrations. Concentrations of plant extracts that 
displayed pathogen growth suppression6 under in-vitro evaluation were 
used. These were 0.4, 0.6 and 0.8 g/mL for M. burkeana and 0.2, 0.4 
and 0.6 g/mL for M. oleifera. Soil treatment with each plant extract 
solution was done once after 7 days of inoculation. Irrigation with 
tap water was applied once a week for 4 weeks. Each treatment was 
replicated four times and damping-off was determined by counting the 
number of non-geminated seeds and dead seedlings for pre- and post-
emergence damping-off, respectively. Pathogen re-isolation was done 
from dead seedlings to confirm the presence of R. solani.

Biocontrol inoculum and treatment preparation 
Trichoderma harzianum inoculum was prepared following the same 
procedure used for R. solani and received the same amount of dried 
biocontrol treatment 7 days after R. solani was established in the soil. 
Pots treated with T. harzianum and control treatment were irrigated 
with 100 mL tap water once every 2 days. Pre- and post-emergence 
damping-off were assessed and recorded as described:

Pre-emergence damping-off (%) = Number of diseased seeds /  
total number of seeds planted x 100	 Equation 2

http://
www.sajs.co.za


3 Volume 116| Number 11/12 
November/December 2020

Research Article
https://doi.org/10.17159/sajs.2020/7860

	 Plant extracts and biocontrol agent for tomato seedling damping-off
	 Page 3 of 5

Post-emergence damping-off (%) = Number of diseased seedlings / 
total number of seedlings x 100	 Equation 3

Efficacy of plant extracts of each treatment was evaluated as: 

Relative treatment effect (RTE) = [(treatment / untreated control) –1] × 100,
Equation 4

where reduction was expressed with a negative sign and stimulation or 
increase was expressed by a positive sign.

Data analysis
The experiment was laid down in a completely randomised design with six 
treatments and four replicates. Data were subjected to a partial ANOVA 
using SAS statistical program. Mean separation was achieved by using 
Fisher’s least significant difference at a probability level of 5%. Mean 
suppression level (y-axis) and M. burkeana or M. oleifera concentration 
levels (x-axes) were subjected to the lines of the best fit using MS Excel v. 
2016. The responses of mean suppression to increasing M. burkeana or 
M. oleifera concentration level were modelled by the regression curve 
estimations resulting in a quadratic equation: Y=b2 x

2+b1x+a, where Y is 
mean suppression level and x is M. burkeana or M. oleifera concentration 
level using x=–b1 ∕ 2b2 relation for the saturation point for each extract.

Results
Effect of M. burkeana and M. oleifera extracts on mycelial 
growth of R. solani
All tested concentrations of both M. burkeana and M. oleifera reduced 
mycelial growth of R. solani when compared to control (Table 1). M. 
burkeana displayed the highest mycelia growth inhibition at a concentration 
of 8 g/mL (Table 2; Figure 1). With M. oleifera treatments, the highest 
pathogen growth suppression was obtained at 6 g/mL (Table 2; Figure 2). 
The maximum growth inhibition was measured at 71% and 60% for both 
M. burkeana and M. oleifera, respectively (Table 2).

Table 1: 	 In-vitro effect of Monsonia burkeana and Moringa oleifera plant 
extract concentrations for optimal mycelia growth suppression 
of Rhizoctonia solani

Plant 
extracts 

Formula R2 x Y p 

M. burkeana y = 1.0134x2 – 16.234x + 88.179 0.97 8.01 23.16 0.05

M. oleifera y = 1.1384x2 – 13.513x + 88.321 0.69 5.94 48.22 0.05

Table 2: 	 Effect of Monsonia burkeana and Moringa oleifera on mycelia 
growth suppression of Rhizoctonia solani in vitro 

Treatment
(g/mL)

M. burkeana M. oleifera

Mean (mm) RTE (%) Mean (mm) RTE (%)

0 85a  – 85a  –

2 68b –20 74ab –13

4 34c –60 52cd –54

6 26d –69 34d –60

8 25d –71 67abc –21

10 27d –68 63bc –26

Means in the same column followed by the same letter were not significantly different 
(p>0.05) according to Fisher’s least significant difference test.

RTE, relative treatment effect = (treatment/untreated control) × 100

Figure 1:	 Quadratic relationship between mycelia growth of Rhizoctonia 
solani and Monsonia burkeana plant extract concentration.

Figure 2:	 Quadratic relationship between percentage mycelia growth 
of Rhizoctonia solani and Moringa oleifera plant extract 
concentration.

Greenhouse experiment 
Amendment of R. solani inoculated soil with different concentrations 
of M.  burkeana and M. oleifera had a varying effect on damping-
off incidences with treatments displaying low, moderate and high 
suppressive effect (Table 3 and Table 4). The same trend was also 
observed for T. harzianum treatments, in which the levels of suppression 
were different for both pre- and post-emergence damping-off. However, 
despite these variations, suppression was still higher than in the 
inoculated non-amended control. For example, at 0.6 g/mL, M. burkeana 
significantly reduced pre-emergence damping-off (78%), whilst the 
highest post-emergence damping-off reduction of 69% was recorded for 
0.8 g/mL treatments. At a concentration of 0.4 g/mL, M. burkeana had 
no effect on damping-off incidence, resulting in high incidences of both 
pre- and post-emergence damping-off. Treating R. solani inoculated soil 
with T. harzianum also resulted in a relative reduction of pre-emergence 
(60%) and post-emergence damping-off (38%) (Table 3). However, 
reduction was lower when compared to M. burkeana treatment.

The three tested M. oleifera concentrations displayed a significant 
difference in their ability to reduce both pre- and post-emergence 
damping-off (Table 4). Treatment of infected soil with 0.2 g/mL of 
M. oleifera extract solution resulted in a significant reduction in both pre- 
and post-emergence damping-off incidence whilst 0.6 g/mL was only 
effective in reducing pre-emergence damping-off. Soil treatment with 
0.4 g/mL had no effect on either pre- or post-emergence damping-off 
of tomato as there was no significant difference for this concentration 
compared with the non-amended control. A significant reduction in 
damping-off was also recorded where R. solani inoculated soil was 
amended with T. harzianum, resulting in 60% and 39% pre- and post-
emergence damping-off reduction, respectively. To confirm differences 
between treatments, a relative treatment effect was also carried out 

http://
www.sajs.co.za


4 Volume 116| Number 11/12 
November/December 2020

Research Article
https://doi.org/10.17159/sajs.2020/7860

	 Plant extracts and biocontrol agent for tomato seedling damping-off
	 Page 4 of 5

against the untreated control (Table 4). The results show that there was 
a significant difference amongst the concentrations of M. oleifera and 
biocontrol T. harzianum and their ability to reduce damping-off incidences. 
For example, although damping-off incidence in T. harzianum treated 
pots was slightly reduced with RTEs of 18% and 13% for pre- and post-
emergence damping-off, respectively, these were still significantly higher 
than that for the control treatment. The RTE for M. oleifera treatments 
further shows that pre-emergence damping-off was reduced by 64% 
with a concentration of 0.2 g/mL, whilst post-emergence damping-off 
was reduced by 31% in 0.6 g/mL relative to untreated control (Table 4). 

Table 3:	 Comparing the effect of Monsonia burkeana extract and 
Trichoderma harzianum on pre- and post-emergence damping-
off caused by Rhizoctonia solani under greenhouse conditions

Treatment  
(g/mL) 

Pre-emergence damping-off Post-emergence damping-off

Mean RTE (%) Mean RTE (%)

Untreated 
control

0.4ab – 0.7a –

0.4 g/mL 0.4ab -16 0.6a -7

0.6 g/mL 0.1c -78 0.5a -23

0.8 g/mL 0.4ab -14 0.2bc -69

T. harzianum 0.2bc -60 0.4b -38

Means in the same column followed by the same letter were not significantly different 
(p≥0.05) according to Fisher’s least significant difference test.

RTE, relative treatment effect = (treatment/untreated control) × 100

Table 4:	 Comparing the effect of Moringa oleifera extract and 
Trichoderma harzianum on pre- and post-emergence damping-
off caused by Rhizoctonia solani under greenhouse conditions

Treatment  
(g/mL) 

Pre-emergence damping-off Post-emergence damping-off 

Mean RTE (%) Mean RTE (%)

Untreated 
control

0.6a – 0.3b –

0.2 g/mL 0.2c -64 0.5a -21

0.4 g/mL 0.5a -12 0.4ab 5

0.6 g/mL 0.3bc -51 0.3b -31

T. harzianum 0.5ab -18  0.4ab -13

Means in the same column followed by the same letter were not significantly different 
(p≥0.05) according to Fisher’s least significant difference test.

RTE, relative treatment effect = (treatment/untreated control) × 100

Discussion
Monsonia burkeana and M. oleifera plant extracts separately reduced 
the incidence of damping-off under greenhouse conditions. T. harzianum 
as a biological control agent was also found to be effective in reducing 
damping-off in vivo. The efficacy of the treatments corroborates previous 
studies which demonstrated the ability of M. burkeana21, M. oleifera and 
T. harzianum26 to reduce the disease severity and disease incidence of 

fungal soil-borne diseases. Besides reducing disease severity, plant 
extracts have also been shown to increase shoot and root mass.27

Most medicinal plants – including M. burkeana and M. oleifera – contain 
a number of phytochemicals that exhibit antimicrobial activity.12,17,23 Most 
of these phytochemicals include secondary metabolites and compounds 
such as flavonoids and tannins19,28, which are the main antifungal 
components associated with disease suppression. Furthermore, these 
secondary metabolites form complexes with the polysaccharides and 
proteins associated with the external layer of fungal cells that might 
result in possible death of the pathogen.10 However, additional work is 
necessary to determine the mode of action exhibited by the plant extracts 
on R. solani.

The effectiveness of T. harzianum might be due to a number of factors 
including competition, production of antifungal metabolites with fungicidal 
capabilities, toxic antibiotics and mycoparasitism.26 The degree of reduction 
of damping-off by T. harzianum is possibly attributed to the secretion of 
antibiotics by the antagonist10 or other inhibitory substances produced 
by the antagonistic chemical compounds such as geodin, terricin and 
terric acids.29 For example, certain Trichoderma species colonise and 
penetrate plant root tissues and initiate a series of morphological and 
biochemical changes in the plant, which are considered to be part of the 
plant defence responses, which eventually lead to an induced systemic 
resistance in the entire plant.26

Although the main focus of the current study was on the effects of plant 
extracts and T. harzianum on disease incidence, it was also observed 
that the level of suppression differed between extracts. For example, 
M. burkeana extract was more effective in suppressing both pre- and 
post-emergence damping-off incidence than the extract obtained 
from M. oleifera. Despite their ability to suppress pathogen growth to 
reduce disease incidence, many reports have shown that this occurs 
to varying degrees and is mainly dependent on the plant species and 
its interaction with the pathogen at physiological and molecular levels. 
For example, a report by Hassanein et al.30 indicated greater efficacy of 
neem (Azadirachta indica) extracts when compared to other extracts, 
probably due to different chemical compounds in neem that had greater 
antifungal activities. This phenomenon also applies to biocontrol agents, 
with reports showing that their degree of effectiveness varies according 
to the nature, quality and quantity of antibiotics or inhibitory substances 
secreted.6

Conclusion
The current findings demonstrate the effectiveness of both M. burkeana 
and M. oleifera extracts and T. harzianum in the management of soil-
borne diseases in seedling production. The tested plant extracts are 
easily accessible to smallholder farmers, they are easy to process and 
are environmentally friendly; they can therefore be used as possible 
parts of an integrated control measure against seedling damping-off. In 
this study, both plant extracts and T. harzianum were applied separately; 
further studies on their combined application are recommended 
to determine their synergistic relationship. Further research is also 
recommended to determine the impact of plant extracts on the soil and 
rhizosphere microbiome, especially on beneficial microorganisms. 
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