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ABSTRACT--- A trial to assess the efficacy of extracts from garlic (Allium sativum) and red chilli (Capsicum
frutescens) as natural pesticides in the control of red spider mite (Tetranychus evansi) on tomatoes was conducted in
Buhera District, Zimbabwe between 2013 and 2014.The experiment was laid out in a Randomised Complete Block
Design with three replicates and five treatments as follows; 1. Red chilli, 2. Garlic, 3. Red chilli + Garlic (in the ratio
1:1), 4. Control (no treatment) and 5. Dimethoate 40% ec. The treatments were applied two weeks after red spider
infestation and fortnightly until harvesting. Significant differences (P<0.001) were observed with respect to plant
height, red spider mite infestation, webbing and total yield of tomato fruits. At 12 weeks after planting dimethoate had
the highest plant height of 55.4 cm followed by red chilli with 47.6 cm.The dimethoate treatment had the highest yield
of 88.5 tonnes per hectare followed by a combination of red chilli and garlic with 85.2tonnes per hectare and no yield
was recorded in the control treatment. The experiment showed that extracts of red chilli and garlic have potential to
control red spider mite (Tetranychus evansi) in tomato production.
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1. INTRODUCTION

Tomato (Lycopersicon esculentum) is a subtropical plant belonging to the Solanaceae family and is one of the most
widely grown vegetable in the world (Abdussamee et al, 2014; Mehraj et al., 2014; Kaur et al., 2014). It is the second
most important vegetable crop after rape and cabbage in Zimbabwe (Jackson, 1994). It is an important source of nutrients
such as vitamins A, C, E and constitutes an important part of the house hold diet and national economy (Idah et al, 2010;
Bhowmik et al, 2012; Kaur et al., 2014).

Pest and disease particularly the red spider mite are among the major constraints in tomato production in the smallholder
farming sector (Nyirenda et al, 2011; Sigei et al., 2014). The red spider mite (Tetranychus evansi) originated in South
America (Gutierrez and Etienne, 1986; Boubou et al, 2011; Navajas et al, 2013) but is now one of the main tomato pests
in Eastern and Southern Africa (Blair, 1983; Seif, 2003; Toroitich et al, 2014). This pest has become one of the most
severe dry season pests of Solanaceae in Africa with estimated, crop losses of up to 90% in South East Africa (Knapp,
2000; Sibanda et al, 2000).

The rapid expansion of the red spider mite represent a threat to agriculture in many countries especially Zimbabwe where
climatic conditions are conducive for its multiplication. In an attempt to model the potential distribution of the invasive
tomato red spider mite, Migeon, et al (2009) found all of Sub Saharan Africa to be suitable for the red spider mite with
the exception of the Namibian desert which is too dry and the Guinean coast which is too wet.

The control of the red spider mite in tomato production is a challenge because pesticides do not entirely solve the
problem. Excessive use of insecticides has led to some species of pests developing resistance (Herron et al, 1998). About
450 pest species of insects and mites have now developed resistance to one or more major synthetic pesticides due
indiscriminate use of insecticides which also can destroy natural enemies as well as other organisms within the
ecosystem (Georghiou, 1986). Insecticides also contaminate the environment and pose a health hazard to humans.
Dimethoate 40% EC, malathion 50% EC, and thiometon among others are traditionally used to control the red spider
mite yet dimethoate is very toxic to humans and the environment (Forget, 1993). It has possible links to cancer and is
suspected of causing birth defects in humans and animals (World Health Organisation, 1990).
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The future of synthetic insecticides is threatened by a shift in farming practices from inorganic to organic. Consumer
preference has also shifted from vegetables grown with chemicals to those grown naturally (Machakaire and Magumise
2005). Various organic substances that have insecticidal effects have been identified. Natural pesticides such as neem,
marigold, garlic, and chilli pepper are effective in controlling soft bodied pests such as the red spider mite and aphids
(Rusch, et al, 2010). Thus this research seeks to evaluate the pesticidal potential of garlic and red chilli pepper against
red spider mite on tomato.

2. MATERIALS AND METHODS

Experimental site

This research was carried in Buhera District, located in Natural Region IV of Zimbabwe. The site has a grid reference of
19°19°S and 31°26’E and an altitude of 908m above sea level. The annual rainfall of this area ranges from 600 to 800 mm
and is characterized by mid-season dry spells with summer temperatures ranging between 30 and 40°C and winter
temperatures between 6 and 25°C (Nyamapfene, 1991).

Experimental design and treatments

The experiment was laid out as a randomized complete block design with 3 replicates and 5 treatments. The treatments
evaluated were: 1. Red chilli, 2. Garlic, 3. Red chilli + Garlic (in the ratio 1:1), 4. Control (no treatment) and 5.
Dimethoate 40% ec.

Experimental procedure

Clay loam soil from the same area was used to fill the planting pots. A determinate medium to late tomato cultivar
Rodade was used for the experiment. Transplanting was carried out six weeks after sowing and infestation of tomato
plants with red spider mite was carried out two weeks after transplanting. Infestation was carried out by placing already
infested tomato seedlings in each of the 25 plots next to the healthy tomato plants and were removed after one week.

Red chilli and garlic extraction and application

100g fresh red chillies were ground and mixed with 2 litres of warm water and 5ml of vegetable oil for 24 hours. The oil
was added to enhance the solubility of capsaicin (Reddy and Sasikala, 2013). Water was then added to make a total
volume of 4 litres. This mixture was filtered and 30ml of dish washing liquid was added as a sticking agent. The mixture
was strained using a fine cloth.

500g of concentrated cloves of garlic was crushed and soaked for 24 hours in 5 litres of water. The mixture was then
filtered and 30ml of dish washing liquid and 5ml of vegetable oil were added to the garlic mixture. The mixture was
strained using a fine cloth. Garlic and red chilli extracts were mixed in the ratio 1:1 during preparation for the red chilli
plus garlic treatment. Application of insecticides started two weeks after red spider mite infestation and every 2 weeks
thereafter until harvesting.

Data collection

Plant height was recorded 2 weeks after transplanting and every 2 weeks thereafter until harvesting. Level of infestation
by red spider mite on leaves was assessed by randomly selecting three leaves from each plot. The leaves were selected
from the bottom, middle and terminal end of the plant (Muzemu et al, 2011) and each leaf’s level of infestation was
assessed using the following rating score: 0% - no red spider mites, 1% - 10% - low intensity of red spider mites, 10% -
50% - medium intensity of red spider mite, 50% -100% - extreme intensity of red spider mite. A hand lens of
magnification x10 was used to identify the red spider mites. Level of webbing on leaves was assessed using three
randomly selected leaves from each plot and estimated using a rating score as follows; 0%, 20%, 40%, 60%, 80% and
100% of leaf coverage. Fruits were harvested and graded into marketable and non-marketable according to Moran
(1992).

Data analysis

Analysis of variance was carried out using Genstat version 12 and the least significant differences at 0.05 probability
level was used to separate means.

Asian Online Journals (www.ajouronline.com) 125




Asian Journal of Applied Sciences (ISSN: 2321 — 0893)
Volume 03 — Issue 01, February 2015

3. RESULTS AND DISCUSSION
Plant height

Significant differences (P<0.001) among the treatments were observed with respect to plant height. From week 4 up to
week 12, dimethoate had the highest plant height (55.4cm) followed by red chilli (49.2cm), a comination of red chilli and
garlic (44.4) and the control had the lowest plant height (15.4cm) (Figure 1).

The results on plant height showed that lack of insecticidal treatment results in reduced growth. This is because mites
indirectly damage tomatoes by feeding on foliage, reducing the rate of photosynthesis and causing stunted growth
(Weidhaas, 1979; Ferragut et al, 2013). Red chilli was effective in controlling red spider mites. Red chilli contains an
active ingredient capsaicin (8-methyl-N-vanillyl-6-nonemide) which acts as a mite feeding depressant and repellent
(Copping, 2001; Neumann, 2001). The treatment containing garlic and red chilli also proved to be effective in
maintaining growth rate in terms of plant height. Hosh and Halidh (1997) showed that the essential oil in garlic diallyl
disulphide has insecticidal properties that are effective against many pests including the red spider mite.

Garlic as a treatment on its own was not as effective as the combination of red chilli pepper and garlic in terms of
consistent plant height. These results suggest that although garlic contains insecticidal properties (Kazem and EIl-Shereif,
2010; Ranjbar-Bahadori et al, 2014) it alone might not be able to suppress the persistent effects of the red spider mite on
the tomato plants especially in the conducive environmental conditions. Kazem and El-Shereif, (2010) also noted that
the combination of red chilli pepper and garlic is more effective in controlling pests than garlic on its own. Dimethoate
was able to maintain growth rate although its repeated use results in development of pesticide resistance (WHO, 1990).
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Fig: 4.1 Average Plant height in relation to treatment used over a 12 week period

Red spider mite infestation

There were significant differences among the treatments ((P<0.001) in red spider infestation. All treatment with the
exception of the control maintained spider mite infestation below 40%. There where no significant differences (P>0.05)
among the natural treatments and Dimethoate during the 12 week growth period (Figure 2). Control had the highest
infestation of 100% by the week 12 followed by garlic (27%), the combination of red chilli and garlic (22.3%), red chilli
(18.3%) and dimethoate (9%).

Red chilli and the combination of garlic and red chilli were as effective as dimethoate 40% EC in suppressing mite
infestation over the 12 week period. Efficacy of the natural treatments were due to their insecticidal properties (Kazem
and El-Shereif, 2010; Ranjbar-Bahadori et al, 2014). Pahla et al., (2014) also found a combination of garlic and chilli to
be effective in suppressing pests. This could be due to the repellent and insecticidal properties of both red chilli and
garlic. The pungency of garlic could have deterred the red spider mites from feeding (Dobson et al., 2002)
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Figure 2: Average red spider mite infestation in relation to treatment used over a 12 week period

Level of webbing

There were significant differences among the treatments used in relation to webbing of plants (P<0.001%). Dimethoate
and the natural treatments suppressed the level of webbing by the red spider mite. The control had the highest percent
webbing of 95.6%, followed by garlic (17%), red chilli plus garlic (14.3%), red chilli (14%) and dimethoate with 2.3%
webbing. The control treatment recorded a high red spider mite infestation which resulted in high level of webbing. The
high webbing percentage provided the female mites with a place to lay eggs (Hatch, 2005). Dense webbing also hinders
photosynthesis and enhances accumulation of dust. Tomato fruit produced becomes reddish and produces gum-like
exudates, shrivels, and may split causing a great reduction in market value. Partial or total yield losses may result from
heavy mite infestations (Tselila et al, 2013).
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Figure: 3 Average level of webbing in relation to treatment used
Total yield of tomato fruit

The results showed a significant treatment effect on the total yield of tomato fruit. The mean yields were; Dimethoate
40% EC (39.0t/ha), red chilli pepper (27.4t/ha); red chilli pepper+ garlic (28.2t/ha), garlic (13.7t/ha) and control
(1.9t/ha). The low vyields resulted from red spider mite infestation because the mites reduced photosynthesis, flowering
and fruiting (Weidhaas, 1979; Ferragut et al., (2013). Natural pestcides were effective in controlling red spider mites.
Garlic however recorded low yields compared to the other treatments apart from the control. The low concentration of
garlic spray used in this experiment could have failed to control the mites.
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Figure 4 Total tomato fruit yield

4. MARKETABLE FRUIT YIELD

A significant difference (P<0.001) was also noted on the percentage of marketable fruit yield. Dimethoate recorded a
highest marketable yield of 88.5% a followed by a combination of red chilli and garlic (85.2%) and no marketable yield
was recorded on the unsprayed treatment (Figure 5). Red spider mite feeding on plants result in reduced rate of
photosynthesis, an increase in leaf transpiration, premature loss of leaves resulting in reduced plant vigour, fruit size,
fruit quality and yield (Moran, 1992; Kovach and Gorsuch, 1985).
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Figure 5: Average total marketable tomato fruit yield in relation to treatments used

5. CONCLUSION

Red chilli and garlic were effective in supressing red spider mites resulting in increased growth, low infestation and
webbing and high marketable yield of tomatoes.
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