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In Rwanda many farmers use chemicals in tomato production to control diseases and pests as it
appears in many research regionally; and those chemicals are not environmentally friendly. Apparently,
there is no research done in Rwanda on effect of bio-pesticides use which farmers can refer to for
improving their tomatoes production. The present study was under taken to evaluate the effectiveness
of some bio-pesticides in managing pests and diseases of tomato under field conditions. The field
experiments were conducted over two cropping cycles between October 2020 and June 2021 in the field
of Integrated Polytechnic Regional College Huye, with a long history of tomato growing. The effects of
selected bio-pesticides were observed. Bio-pesticides reduced the intensity of late blight levels by 63%
and 70% respectively and early blight by 44% and 33% respectively. Bio-pesticides reduced the
population of Tuta absoluta and white flies by 65%, and 73% respectively. The Bio-pesticides reduced
pest and disease damage on fruits by up to 50% and 67% respectively. Success of bio-pesticides
compared positively with that of the synthetic pesticides. The results showed that bio-pesticides from
natural environments can be incorporated in integrated pest and disease management in tomato and can
help reduce overuse of synthetic pesticides.
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INTRODUCTION
Tomato is one of the most important vegetables in
Rwanda and is Rwanda’s second largest vegetable in
volume produced and area cultivated (after cabbage)
and is the largest in value (NAEB, 2020). It’s grown for
its diverse use both for the fresh market and processing
industries in the last years (NEAB, 2018). The smallscale farmers are mainly grown tomatoes as a source
of income. Tomato is affected by insect pests and
disease pathogens which harmfully distress its quality,
quantity, productivity and the losses can go up to 60100% (Ochilo et al., 2018; Pratt et al., 2017; USAID,
2015; Islam et al., 2013). Tomatoes are subject to
insect pests that affect plants directly by feeding and
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indirectly by transmission of diseases from the time of

emergence
up
to
harvesting
(Khan,
2018;
Bhattacharjee and Dey, 2014). Insect pests such as
leaf miners, Tuta absoluta, aphids and flea beetles
affect the foliage while fruit borers affect the tomato
fruits (Kandil et al.,2020; Syed, 2015; Taha et al., 2013).
Some of the pathogens that affect tomatoes have a
sophisticated
morphology
which
makes
them
complicated to manage in the field (Stangarlin et al.,
2011). Farmers involved in tomatoes production find
using synthetic pesticides the most convenient way
have of managing these pests and diseases (Mizubuti
et al.,2007) such as early bright and late blight
(Phytophthora infestans Mont. De Bary) which are
managed by a mixture of protective and curative
synthetic fungicides yet the losses in the field are still
high (Kansiime et al., 2017; Rutikanga, 2015).
Since synthetic pesticides partially solve the threat, they
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also have negative effect on environment due to nonbiodegradability, health hazards to the farmers and
consumers, pollute the environment, toxicity to nontarget natural enemies and other beneficial organisms
(Dar SA et al. 2021; Saberi et al., 2020; Bhattacharjee
and Dey, 2014). They are detrimental to applicants and
continuous application lead to resistant build-up among
the pests as well as pathogens (Wagnitz, 2014;
Engindeniz et al., 2013 Stangarlin et al., 2011). Many
farmers do not use protective equipment while applying
the chemicals and do not observe dilution instructions
thus compromising their own safety (Damalas and
Koutrobous, 2015; Goufoetal.,2008). Target markets
have set strict quality requirements and require the food
produce to be safe, clean and healthy for consumption
(Kumar et al., 2021; Kimani, 2014). These requirements
have become stricter specifically for the amounts of
chemical residues in fresh vegetables (Chen, 2018;
European Commission, 2012).
Synthetic pesticides could be complemented with biopesticides as substitute pest and disease management
products due to non-compliance with the market
requirements (Engindeniz et al., 2013).
Biopesticides are agents that are obtained from plants,
microorganisms and animals, such as bacteria,
cyanobacteria, and microalgae and are used to control
crop pests and pathogens (EPA,2021). In addition, biopesticides have been getting much practical
consideration as alternates to synthetic chemical plant
protection products due to biodegradability and
reduction of risks associated with use of synthetic
chemicals (Liu et al., 2021; Rutikanga,2015). Biopesticide can also decompose quickly without leaving
problematic residues and hence can reduce the use of
synthetic pesticides as an integral component of
integrated pest management program. In this context,
the present study was undertaken in order to find out
the effect of commercial botanical pesticides and
antagonistic synthetic pesticides for controlling Early
blight, late bright, Leaf spot, Fruit spot, and another
related pest.

MATERIALS AND METHODS
Experimental site and materials
The field experiments were conducted in Integrated
Polytechnic Regional College (IPRC) Huye farm with
along history of tomato production. The experiments
were carried out over two cropping cycles between
October 2020 and July 2021. Commercial biopesticides and synthetic pesticides were evaluated for
their pest and disease management efficacy.
Commercial bio-pesticides evaluated were two isolates
of Trichoderma labelled as Trichoderma Sp1 and
Trichoderma Sp2; commercial botanical formulation
(Achook 0.15 EC®- Azadirachta indica) and
Commercial botanical formulation (Pyrethrin (75 g/l).

Synthetic pesticides for controlling fungus were Ridomil
®
Gold (4% Metalaxyl-M and 64% Mancozeb) and
®
Isacop 80 WP (Copperoxy chloride-50% metallic
copper) and synthetic insecticide was Confidor SC
®
200 (0.125g/lImidacloprid). The synthetic pesticides
were standard checks while plots treated with water
only were the negative control. The treatments were laid
out in randomized complete block design with 5
treatments (T) including check plots replicated three
times. To: Untreated control plots, T1: Commercial
microorganism Trichoderma sp 1, T2: Commercial
microorganism Trichoderma sp 2, T3: commercial
botanical formulation (Achook 0.15 EC®- Azadirachta
indica) plus Commercial botanical formulation (Pyrethrin
(75 g/l) and T4: was the combination of synthetics
fungicides and insecticide (Isacop 80 WP® and Ridomil
Gold®) and (Confidor SC 200®) respectively. The
commercial products were applied according to the
manufactures’ guidelines. Treatment application was
initiated two weeks after transplanting tomato seedlings
and afterward the successive application was done at
one-week intervals. The agronomic practices such as
fertilizer application, watering and weeding were carried
out as required. Data was collected on pest damage,
disease distribution, incidence and severity and fruit
yield.
Assessment of pest population and damage
Assessment of pests such as leaf miner (Tuta
absoluta) and white flies (Bemisia tabaci) started from
the third week after transplanting until the end of
harvesting as described by NICRA (2012). Eight plants
were sampled from the central rows in each plot. The
Eight plants were tagged and two leaflets were selected
from each of the leaves on which the number of white
fly nymphs was counted on the underside and this was
done during the early morning. Damage caused by Tuta
absoluta was assessed as the number of mines on all
the leaves of the eight plants sampled. Assessment of
pest damage and insect pests was done on a weekly
basis before the successive treatment application was
done.
Assessment of disease distribution, incidence and
severity
The most prevalent diseases were Early blight and late
blight and they were assessed on a weekly basis
starting three weeks after transplanting over a period of
9 weeks from the first observation of disease.
Distribution of each disease was assessed on a scale of
0-2, where 0 = no disease in the whole plot,1 = disease
present in spots within a plot, and 2 = disease
distributed over the whole plot (Bock et al., 2010). The
occurrence of new case of disease estimated in percent
values here after called disease incidence were then
converted into proportion, where 0 = no disease and 1 =
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all plants infected. Disease incidence was assessed as
the total number of plants displaying infection out of the
total number of plants per plot and converted to percent,
where0 = no disease and 100% = all plants showing
infection. Diseases verity was assessed on eight plants
randomly selected from the central rows within each
plot on a 0-5 scale modified from Horse fall and Barret
(1945) and Henfling (1987), where 0 = no disease, 1 =
< 20% leaf area infection, 2 = 21-40% leaf area
infected, 3 = 41-60% leaf area infected, 4 = 61-80% leaf
area infected, 5 = 81-100% leaf area infected.
The scores of disease distribution, incidence and
severity were used to calculate percent disease index
(Sundaramoorthy and Balabaskar, 2013) as follows:

Disease distribution had a maximum score of 1,
incidence had a maximum score of 2 while disease
severity had a maximum score 5, thus giving total
cumulative maximum disease index of 8.
Assessment of fruit yield and quality
The weight of the harvested fruits was recorded and
later categorized into different grades according to FAO
(2015). Grading was done as follows: Grade 1 (No
decay, no foreign materials, no injury, fairly firm and not
over ripe, attractive and well-shaped, at least 50mm,
fairly uniform in size and colour ); Grade 2 (same
characteristics as class 1 but 40mm in size); Grade 3 (
Same characteristics as class 1, but 30mm in size). The
grades 1 up to grade 3 were the marketable portion
whereas the grade 4 were those with pest, disease and
any other form of damage were the unmarketable
portion.
Data collection and analysis
After collecting data from sampled plants per each
replication, data on populations of white fly nymphs and
leaf minor damage on leaves were collected on weekly
basis commencing third weeks after transplanting as
well as distribution, incidence and severity of early and
late blight diseases. Yield categories were also
collected and all the data was stored in Microsoft Excel
sheets and subjected to analysis of variance using Gen
th
®
Stat
15 Edition. Means were separated using
Fischer’s Protected LSD (Steel and Torrie, 1990).

RESULTS AND DISCUSSION
Effect of bio-pesticides and antagonistic synthetic
pesticides in reducing populations of tomato pests
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Bio-pesticides were significantly (p ≤0.05) reducing the
populations of white flies and Tuta absoluta damage
compared to the negative control (Table 1). Commercial
bio-pesticides were more effective in reducing
populations of insects compared to the antagonistic
synthetic pesticides with having reductions of up to
73% of white flies and 65% of Tuta absoluta. The
antagonists reduced the populations by up to 32% and
25% in white flies and Tuta absoluta respectively
(Table1).
These findings w e r e i n agreement with those of
EPPO, 2005 and UN, 2015 which reported that the use
of bio-pesticides is gaining momentum because they
can be efficiently used in sustainable agricultural
practices and reduced populations of tomato weevils.
Similarly, result was also confirmed by Gupta et al.,
2013 who revealed that bio-pesticides are going to
play an imperative role in pest management program
of horticulture crops.
There was no much difference in the effectiveness of
the bio-pesticides with the commercial synthetic
pesticides of Confidor SC 200®, Ridomil Gold® and
Isacop 80 WP®.
Bio-pesticides were significantly (p≤0.05) reducing the
populations of the two insect pests compared to all the
other treatments. This treatment was more effective on
Tuta absoluta.
The synthetic pesticides reduced the populations of the
two insect pests compared to the negative controls and
Trichoderma sp1 and sp 2 with greater effectiveness.
The issue of synthetic pesticide residue is a serious
hazard to environment and human health.
It is fortunate that the excessive use of chemical
pesticides in crop protection to reduce the damage
caused by pathogen and pests, pose many long terms
risks to living beings such as cancers (Kalafati et al.,
2018).
It is therefore bossy that additional environmentally
friendly approaches of crop protections are accepted,
such as integrated pest management (IPM) methods,
comprising the use of bio-fertilizers and bio-pesticides
(Kundoo et al., 2018).
A commercial botanical with a combination of Achook
0.15 EC (neem) and pyrethrin (75g/l) show good
efficacy against T. absoluta and white flies compared to
other treatments.
These findings agree with those of Nashwa and AboElyous (2012) who stated that fresh garlic juice reduced
populations of maize weevils while Gupta and Dikshit
(2010) stated that a commercial botanical formulation
was low as compared to the synthetic insecticides but
those bio-pesticides were helpful to some level for
control of tomato fruit borer and white flies due to
organic in nature the bio-pesticides have environmental
safe and less health hazards while the synthetic
insecticides have lots of ill effects on environment.
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Table1: Mean Number of white fly and Tuta absoluta on tomato crop treated with bio-pesticides and synthetic
pesticides
Treatments

White flies

Tuta absoluta

Cropping cycle1

Cropping cycle2

Cropping cycle 1

Cropping cycle 2

Trichoderma sp1

32.3b

34.1b

36.6b

30.2bc

Trichoderma sp2

33.7b

35.0b

37.5b

29.2c

Bio-pesticides *

25.6cd

22.4d

21.1d

22.5cd

Synthetics*

28.1c

26.0cd

25.2c

24.1cd

Control

41.8a

43.2 a

42.1a

44.3a

LSD (p ≤0.05)

3.5

4.2

6.3

7.2

CV(%)

8.1

12.1

9.6

15.1

Means followed by the same letter(s) within each column do not differ significantly at (p ≤ 0.05). Bio-pesticides was a
combination of (Achook 0.15 EC®- Azadirachta indica) and (Pyrethrin (75 g/l). Synthetics* was a combination of
Confidor SC 200®, Ridomil Gold® and Isacop 80 WP®

Effect of Bio-pesticides and commercial synthetic
pesticides in management of early and late blight of
tomato
Bio-pesticides and synthetic pesticides reduced
intensity of early blight. There were significant (P≤0.05)
differences in cropping cycle one among treatments
whereas cropping cycle two shown no significant
(p≥0.05) differences among the treatments (Figure 1).
Trichoderma sp1 and sp2 were effective in reducing
early blight in the field (Figure1) relative to the biopesticides and non-treated controls. Commercial
botanical pesticides and synthetic pesticides reduced
late blight intensity (Figure 2) compared other untreated
control. One isolate of Trichoderma sp1 was the most
effective followed by synthetic pesticides and biopesticides compared to the untreated control.
Mizubuti et al., 2007 revealed that effectiveness of the
Trichoderma sp1 and sp2 used as microbial biopesticides due to its organic acid in reducing
populations of insect pests in the field is attributed to the
presence of volatile compounds such as alkaloids,
tannins and saponins. Those biopeptides are also
considered as one of the effective strategies to fight
soil- borne fungal pathogens, subsequently several
investigators have revealed Trichoderma spp. as
biological control agents that can be used to control
many phytopathogenic fungi, such as Fusarium species
and other fungal diseases (El-Komy et al., 2015; Li et
al., 2018). Vinale et al., 2008 revealed that Trichoderma
sp and /or its citric acid can also decrease disease

parameters and the pathogenic fungus including early
bright and late bright fungal disease in tomato crop. The
result may be also attributed to the strong capacity of
Trichoderma sp to uptake nutrients from soil which
makes it more competitive than other soil microbes.
Moreover, organic acid and citric acid in specific were
considered as antimicrobial agents (Coban, 2020).
Trichoderma sp has been shown as a micro parasitic
species that is well recognized and widely used for its
ability to avoid the growth of plant pathogens as well as
protection of vegetables and other crops (Saber et al.,
2017; Skaptsov et., 2018). Therefore, Trichoderma sp
have commercially been used for plant protection and
yield maximization due to its environmentally friendly
(Sharma, 2018).
Both commercial botanical formulation (Achook 0.15 EC
and pyrethrin) and synthetic fungicide reduced the
levels of early blight and late bright compared to the
untreated control. However, disease reduction was not
significant on synthetic pesticide compared with biopesticide. Goufoetal. (2010) reported that the
effectiveness of synthetic fungicides in reducing disease
levels is comparable to that of commercial botanical
formulation.
In his report he mentioned that commercial botanical
formulation having similar results with synthetic
fungicides against late blight in Tomato crop and these
results confirmed with findings of Nashwa and AboElyousr (2012) who reported the severity reduction of
early blight after evaluation of neem, garlic, thorn apple
and other plant extracts.

Disease Indexa (%)
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Figure 1: Percentage disease index for Early blight in tomatoes applied with botanical biopesticides and synthetic pesticides
30
20
10
0
Trichoderma
sp1

Trichoderma
sp2

Biopesticides

Synthetics

Control

Treatments
Late bright Cropping cycle 1

Late bright Cropping cycle 2

Figure 2: Percentage disease index for late blight in tomatoes applied with botanical biopesticides and synthetic pesticides

Effect of bio-pesticides and antagonistic synthetic
pesticides for sustainable and improving tomato
fruit yield and quality
The analysis of variance of the data showed significant
differences (p≤0.05) in fruit yield and quality of tomatoes
sprayed with different commercial botanical pesticides
and synthetic fungicides. It was evident from the mean
yield that tomato plants treated with synthetic pesticides
and a commercial botanical formulation pesticide, had
the highest yield of grade 1 and 2 of marketable fruits
while yield from plants untreated had a significantly (p
≤0.05 )higher yield of grade 3 and unmarketable fruits.
Similarly with findings by Stangarlin et al., (2011) who
revealed that there were no yield differences in fruits
harvested from plants sprayed with several bio-

pesticides. Commercial botanical pesticides reduced
pest infestations on fruit yield with more than 43.5% and
disease infections by more than 59% (Table 2). Majority
of the yield was found under the grade 3 with the
highest being from the synthetic pesticides and
Trichoderma sp2 respectively. The increase in yield and
quality improvement are as a result of reduced pests
and diseases during growth and fruit expansion.
Different authors reported that reduced populations of
pests (Casswell 2015) and diseases (Nashwa and AboElyousr, 2012) have also reported a significant increase
in tomato yield production. Bio-pesticides have been
reported to have growth preferment effect upon using
microbial pesticides in diseases and pest management
(Singh et al., 2015).

Table2: Yield (Kg/ha) for different grades harvested from tomato crop treated with bio-pesticides and antagonistic
synthetic pesticides
Treatments

Cropping cycle 1
Cropping cycles 2
Grade 1
Grade 2
Grade 3
Grade 4
Grade 1
Grade2
Grade 3
Grade 4
Trichoderma sp1
430.2c
482.5a
1120cd
2345.8c
468.0c
410.4b
1202c
2214.5c
Trichoderma sp2
320de
100.5ef
1548.5b
3101.5a
308.2de
84.6e
1730.1ab
2930.3a
Bio-pesticides*
521.5ab
432.3ab
620.1ef
2010.6d
550.2ab
438.4a
610.6ef
2035.5de
Synthetics*
543.1a
390.7cd
1738.5a
2590.5b
601.5a
353.1cd
1893.2a
2574.5ab
Control
91.5f
63.2ef
643.5ef
869.7ef
68.1f
53.9ef
746.7de
1630.7f
LSD (P≤ 0.05)
18.2
20.1
68
118.6
30.1
17.2
80.2
121.1
CV (%)
4.1
5.9
5.6
12.1
3.6
2.9
6.1
15.1
Means followed by the same letter(s) within each column do not differ significantly at (p ≤ 0.05). Bio-pesticides was a combination
of (Achook 0.15 EC®- Azadirachta indica) and (Pyrethrin (75 g/l). Synthetics* was a combination of Confidor SC 200®, Ridomil
Gold® and Isacop 80 WP®
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CONCLUSION
The study showed that bio-pesticides and antagonistic
synthetic pesticides are successful in reducing pest
populations, disease levels and increase crop yield.
Thus, they can be incorporated in integrated pest and
disease management programs, where by reducing the
over use of synthetic pesticides which are harm to
human health and environment and leave harmful
residues on produce. This would help to meet the
quality requirements and hence improve access to
international markets which will be resulting to the
increase of small-scale tomato growers’ income.
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