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ABSTRACT
Tetranychus urticae Koch. is a major pest of cut rose flowers and causes high losses if

not controlled effectively on time. Laboratory trials were conducted to evaluate and validate
the repellent and toxic properties of three local plants Cleome gynandra (capparaceae),
Urtica dioica (urticaceae) and Capsicum frutescence (solanaceae) against the two spotted
spider mite Tetranychus urticae Koch (Acari; Tetranychidae) on rose flowers grown under
greenhouse. 100g of each plant extracts was constituted in methanol and distilled water
separately and rose leaves at 3 leaflet stage were immersed in it. Ten T wriicae mites ywere
introduced onto the treated leaves and observations on repellence and mortality of mites was
recorded. The experiment was laid out in a Completely Randomized Design with nine
treatments replicated three times. Methanol was found to be the most effective solvent and
Cleome gynandra, Urtica divica and Capsicum frutescence methanoic extracts identified and
recommended for further evaluation in the field trials for repellence and efficacy effects on
the yield and quality of cut rose flowers. Results showed that these extracts from methanol
were effective against 7. wurticae with the number of mites repelled significantly higher at
P<0.05. Cleome gynandra methanol extract, Capsicum frutescence methanol extract and
Urtica dioica methanol extract were the most effective repellents in descending order.
Significance of the treatments was more evident with exposure time. The crude extracts on
the first day had moderate repellance in the second hour and higher repellence was found on
the third and fourth hours after exposure. However, th: observations also showed that plant
extracts have a slow mortality effect on the two spotted spider mites over the six days period
compared to Polytrin miticide which attained approximately 70% kill on the first day to sixth
day. The powders were slow acting achieving up to 80% kill on the 6th day as observed in
Cleome gynandra methanol extract. The three test plants have repellence and mortality
effects which may be used as there is considerable acaricidal activity of C. gynandra, C.
Jrutescence and U. dioica on T. urticae. Their use against the two spotted spider mites
significantly reduced the population of mites on rose leaves within a period of six days.
However, the level of mortality and repellence was dependent upon the period of exposure to-
the crude plant extracts. The potential benefits of methanoic plant volatile extraction in the

control of mites in rose grown for export markets is evident.
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CHAPTER ONE
INTRODUCTION

1.1 Background Information

Horticulture is the third most important sub sector within the Kenyan economy,
generating Ksh.217 billion in 2012 in an area of 662,835 ha with a total production quantity
of 12.6 million tonnes. Cut flowers contribute about Ksh. 39.7 billion which is 18% of the
domestic value. Roses are the dominant cut flower exporied from Kenya which occupies an
area of 2163.78ha producing 839,906 MT and 90% of the domestic value. (HCDA, 2012).
The rose (Rosa hybrida L.) is regarded as the most important cut flower and accounts for
about 75% of the total flower production in many world leading producer countries such as
Kenya and Ecuador (Laws, 2005). The main destination for most of the cut flowers is the
Netherlands Dutch auction where roses sold account for over 30% of the total turnover
(Nyalala and Grout, 2007). Kenya has continuously attracted investors despite competition

from other African countries like Ethiopia, Uganda and Tanzania.

Tetranychus urticae Koch. is a major threat to the increased production of high
quality roses in Kenya and other rose growing countries, (Josvold and Chaney, 2001). This
two spotted mite feeds by attacking the leaf cells and piercing them to extract the cell
contents which lead to the collapse of the cells. Necrosis is observed by spotting on the upper
side of the leaf. High infestation may cause severe necrosis and eventual leaf drop due to leaf
desiccation (Nyalala and Grout, 2007). Cut roses are grown mainly for their aesthetic value

and therefore, the market tolerance for any damage is low in market destinations.

Miticides have been used discriminatively by rose growers to control 7. urticae, this
amounts to 40% of pesticide volume applied to rose flower crops (Josvold and Chaney, 2001)
and accounts for 25 % to 50% of the total cost of pest control depending on the rose variety,
season and region (temperate or tropics). Use of miticide sprays is not satisfactory due to the
high costs of miticides, logistics of regular application, development of Miticide- resistant
mite strains and an increased residue level, unacceptable to the consumers and environment.
Further, the pressure to consider bio-control and organic production is increased by the
enforcement of the European codes of practice for export market aimed at reducing and

eventually eliminating the use of synthetic pesticides.



Biological control of two spotted spider mites as an alternative to miticides is being
advocated (Labuchagne, 2005). The bio-control using predatory mites Phyfoseiulus persimilis
and Amblyseius californicus (Cherian, 2003), is equally expensive and often difficult to
sustain, implement and requires a high level of technical skill. Moreover, these predatory
mites are highly specific and have a narrow target range which does not eliminate the pest
entirely. They may not also be compatible with the use of chemical fungicides or bactericides
(Armstrong, 2001). Currently the practice which farmers use to control the two spotted spider

mite is the use of Phytoseiulus persimilis.

Traditional methods of control using local plant extracts have been tried. Nyalala and
Grout (2007) intercropped African spider plant (Cleome gynandra L.) with rose crop and
concluded that the treatment had a significant repellent effect to 7. wrticae. Integrated Pest
Management systems using a combination of predatory mites, soapy water solutions chilli
and garlic are being used by farmers although they have not been validated. Knapp and
Kahenge (2003) found that neem formulations controlled two spotted spider mites on
tomatoes. Dabrowsky, seredynska and Urszula (2007) concluded that various plant extracts
had insecticidal repellent and acaricidal properties hence need for further research to find
toxic and repellent plants to the two spotted spider mite. This research tested the use of crude
extracts from African spider plant (Cleome gynandra) Stinging nettle (Urtica dioica) and hot

chilli (Capsicum frutescence) on T. urticae Koch. on rose cut flower.

1.2 Statement of the Problem

Production of cut-rose for export and local markets is mainly under greenhouse
conditions, which is important for obtaining high quality and yield. However, production has
remained a challenge to many commercial rose producers mainly because of Tetranychus
urticae Koch. the major pest attacking roses (Josvold and Chaney, 2001) resulting in low
yields and poor quality roses. Losses due to damage caused by 7. urticae are estimated to
range between 20% and 80% annually (KFC, 2008). Most rose growers use synthetic
miticides to control the two spotted spider mite. Although the use of synthetic miticides is
recommended for effective control of 7. wrticae, their continued use has led to development
of resistant mite populations. The cost of miticides is high and the maximum residue levels
are unacceptable to consumers and market regulators requirements of minimum or zero

tolerance to pesticide use. This has led to the need for alternative control measures that are



consumer and environmental friendly. Some local farmers have used traditional plant

materials and concoctions, most of which are yet to be rationalized or validated scientifically.

1.3 Justification

Tetranychus urticae Koch is the pest responsible for a large number of rose flower
consignment rejections at the exit and entry inspection points causing major losses to the
exporters and producers. To avoid these losses, many rose growers are using synthetic
miticides containing active ingredients such as abamectin, to control the two spotted spider
mite. However, continued application of these miticides has led to high costs of production,
logistics of regular application, development of miticides- resistant mite strains and an
increased residue level dangerous to the consumers and environment. The EUREPGAP
regulations also emphasize a minimum or zero tolerance to pesticides use and pest free

produce exported to the European countries.

Due to these regulations, many growers have resorted to using solutions, e.g. the
commercial formulation of plant extract from the seed kernels of the neem tree — NeemAzal®
-T/S for control of sucking arthropod pests on ornamental plants in greenhouses namely;
spider mites, white flies and aphids. Apart from the neem tree, a wide range of other tropical
plant species e.g. chinaberry (Melia spp.), Warburgia spp., Quillaja saponaria Molina;
Gmelina arborea L. are being extensively studied for their insect repellent and antifeedant
properties (Oparacke, 2005; Waligora, 2006). In Kenya local farmers have used local
preparations of soapy water, chilli pepper, garlic, African spider plant, black night shade
stinging nettle and white oil to control these pests. However, these methods and solutions
have not been verified for use as bio pesticides.

Therefore, there is need to test and validate the use of Cleome gynandra, Urtica dioica and
Capsicum frutescence extracts as alternative to synthetic pest control solutions thereby

increasing the quality and yield of cut rose flowers of Kenyan growers.



1.4 Objectives

1.4.1 Broad objective

To develop sustainable and environmental friendly ways of controlling Tetranychus urticae

Koch using plant extracts to increase the yield and quality of cut-rose flower

1.4.2 Specific objectives

To determine the;

L

Repellent effect of crude plant extracts of C. gynandra, U. dioica and C. frutescence

on T .urticae population.

Toxic effect of crude plant extracts of C. gynandra, U. dioica and C. frutescence on 7.

urticae population.

Effect of crude plant extracts of C. gynandra, U. dioica and C. frutescence on T.

urticae damage and quality of rose flowers

Effect of crude plant extracts of C. gynandra, U. dioica and C. frutescence on the

yield of rose flower.

1.5 Null Hypotheses

i

Crude plant extracts of C. gynandra, U. dioica and C. frutescence have no repellent

effect on 7. urticae population.

Crude plant extracts of C. gynandra, U. dioica and C. frutescence have no toxic effect

on T. urticae population.

Crude plant extracts of C. gynandra, U. dioica and C. frutescence have no effect on 1.
urticae damage and quality of rose flowers

Crude plant extracts of C. gynandra, U. dioica and C. frutescence have no effect on
the yield of rose flower.



CHAPTERTWO
LITERATURE REVIEW

2.1 Classification and Botany of the rose flower

The rose (Rosa hybrida L.) belongs to the family Rosaceae and is closely related to
apple, pear, plum, cherry, blackberry, and strawberry, which includes over 200 species of the
wild roses mostly from the temperate regions, mainly the northern hemisphere which serves
as the primary origin. The rose can be recognised by its bushy and shrubby appearance with
straight woody branches covered with prickles (Gerardo, 2007).

Rosa hybrida L. is a description used for most cultivated rose cultivars of the Hybrid
tea or Floribunda types or classes. These cultivated roses have been derived over centuries
through complex crosses involving a number of species of the genus Rosa (Phillips and Rix,
1988). The species are very variable and hybridize freely, making species delimitation
difficult (Zielinski ef af., 2004). The chromosome number of rose varies from 2n=2x=14 to
2n=8x=56, with most species being diploid or tetraploid. Commercial rose cultivars (Rosa x
hybrida) tend to be either triploid or tetraploid (Rout et al., 1999). Classification is also
problematic due to continuous variation of characters. In one section of Rosa, section
Caninae, species are classified only by their unique meiotic system, not by visible characters.
Apomixis has been reported in the species of section Caninae, in hybrids among section
Caninae species (Gudin, 2000), as well as in diploid Rosa x hybrida (Crespel et al., 2001).
Apomixis would help to perpetuate inter-specific and intra-specific hybrids, adding further
taxonomic confusion. The taxonomic difficulties of this species have resulted in reports of
anywhere from 100 to 250 Rosa species, of which there are innumerable cultivars (Ross,
1991).

The rose leaves are deciduous and rarely persistent, are stipulate, composite and
imparipinnate with 3-5 or 7 oval or oval-lanceolate shaped leaflets. The margins couid more
or less be serrated or not, with relief form of nerves on the underside. The flowers can be
single or clustered forming a corymb. The sepals, petals, pistil and stamen are inserted at the
edges and inside a cup- shaped receptacle, which contains numerous ovaries in its cavities.
The sepals are 5 or more rarely 4; they are green and have photosynthetic and protective
function for the flower before it opens (Gerardo, 2007).



2.2 Production and importance of roses
Rose production in Kenya started in the 1980’s, and since then has continued to grow

tremendously to the current 4,039 ha (HCDA, 2012). The most productive areas are at
heights between 1400 and 2300 m as.l. (Above sea level), which includes areas around
Kitale, Naivasha, Nakuru, Thika, Nairobi and Mount-Kenya (Plate 2.1). Sixty percent of the
production area is found around Nairobi and Lake Naivasha. The leading flower growing
counties are Kiambu 47% and Nakuru 35%. There are over 80 commercially grown flowers

in Kenya and the roses contribute upto 75% of flower exports. (HCDA, 2012).

Kenya is ranked third exporter of flowers globally after the Netherlands and
Columbia. Other exporters posing competition to market access are Ecuador, Ethiopia and
Israel. In order for Kenya to remain competitive and expand markets, there is need for the
industry to institute measures that will ensure the industry remains competitive especially
compliance to phytosanitary measures. (HCDA, 2012)

2.3 Production constraints

Growing of roses in Kenya has experienced constraints which include the economic
recession the world over during early 2009 which affected sales of cut roses in the auction
and direct market. High costs of investment, high dependence on imported planting material,
high taxation, climate change, high costs involved in compliance to standards such as the
global gap hence cutting off the small holder farmers. A major constraint is pests which
impact heavily on the industry since they affect market access due to interceptions abroad

caused by non-compliance to phytosanitary requirements. (HCDA, 2012)

Other problems are pests mainly the two spotted spider mites (Tetranychus urticae
Koch), Agrobacterium tumefasciens, whiteflies, aphids and caterpillars. These pests also
contribute to the reduced quality of flowers especially if not controlled on time (HCDA,
2012). The two-spotted spider mite, 7. urticae Koch, is considered a serious pest of fruits,
vegetables and ornamental plants worldwide with more than 1200 species of host plants
reported including 150 economically important species (Zhang, 2003). Diseases such as
downy mildew that can wipe out all the roses growing in a greenhouse if not controlled early
enough have affected rose producing farms in high altitude regions where the weather is
usually wet and humid all year round. Powdery mildew also attacks roses and can cause

losses in aesthetic value of the cut flower (Gerardo, 2007).



Another major constraint to production of roses in Kenya is mainly the competition
from neighbouring countries. Ethiopia and Tanzania have wooed investors with low taxes on
foreign investors and presence of a large workforce. Countries like Ecuador and Israel have
raised the bar for roses through value addition that the Kenyan growers are striving to
compete with, in terms of packaging and presentation to the consumers (HCDA, 2012). The
European market requirements have also been hard on the Kenyan industry and some farms
have had to close down due to non conformity of regulations of fair trade, workers welfare,

environmental pollution and minimum use of chemicals.

2.4 Importance of T. urticae :
The TSSM (Tetranychus urticae Koch: Tetranychidae) was first described by Robert

Koch in 1836, 1t is a polyphagous pest of more than 900 plant species and a serious pest of
more than 150 economically important crops among field and forage crops as well as
horticultural crops (Najafabadi et al., 2011). The spider mites are important pests in many
agricultural systems and are the most important arthropod pest of fresh cut roses. Two spotted
spider mite (7. wurticae) is a major threat to the production of quality roses (Josvold and

Chaney, 2001) and is known to cause up to 80% losses in crops.

Suski and Naegele (1996) conducted an experiment and concluded that the initiation
of dispersal of 7. wurticae was a response to food shortage and desiccation on the host
interacting with some unknown factors. Horizontal dispersal of spider mites is faster than
vertical dispersal in tomato plants according to Krainacker and Carey (1990), which may also
be the case on roses and suggests the behavioural response of mites to environmental
conditions probably played an important role in determining the initial dispersal direction.
Spider mites are also reported to avoid unfavourable conditions on over exploited leaves.
Kielkiewicz, 1996; Nihoul ef al.,1991 reported that populations of 7. wrticae showed a
greater tendency to increase on the upper ten leaves and the most marked increase in
population was found in the middle leaves of the plants. Lack of correlation between mite
density and leaf damage can be attributed to spider mites moving upwards to colonize

youngest leaves (Kielkiewicz, 1996).

Spider mites tend to disperse by wind or by walking up a plant as the mite population
and plant grows (Sabelis and Dicke, 1985). Sabelis (1985) reported that the vertical and
horizontal course of mite movement may vary widely for different species of host plants and

spider mite species.
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Experience has shown that infestation often starts on the outside (border rows) of a
plot, therefore, other adjacent crops, wild plants and weeds can serve as a source of
infestation. The mites can also be spread by irrigation water, dust storms, clothing and

implements (Keizer and Zuubier, 2000).

2.5 Biology of the T. urticae Koch
The mites go through five development stages, which include egg, larvae,

protonymph, deutonymph (Nymphal stages) and adult (Meyer, 1996). The larval,
protonymphal and deutonymphal stages are further divided into feeding and resting stages,
the active stage precedes the resting stage. These are nymphochrysalis (larvae),
deutochrysalis (protonymph) and teliochrysalis (deutonymph). Eggs are deposited on the
underside of the leaves, preferably at the junction of veins. Oviposition begins a day after
adult emergence and the females reach their maximum egg laying capacity on the 4™ day,
then the oviposition rate decreases as the mite grows old. The eggs are spherical, clear and
look like microscopic pearls about 0.14 mm in diameter, translucent when first laid then
becomes opaque as it develops and two red eye spots appear just before hatching (Plate 2.2).
The larvae have 3 pairs of legs and lasts for 3-5 days, while the protonymph and deutonymph
have 4 pairs of legs. Total nymphal period lasts 6-10 days. Fertilized femalc longevity i5 13-
32 days while unfertilized females live 27-39 days; males have a shorter longevity of 24-30
days (Meyer, 1996).

Tetranychus urticae mites are vigorous, and multiply both sexually and asexually, and
complete their life cycle within 7-39 days (Cherian, 2003). They overwinter successfully in
protected environments, and thrive in the conditions that commercial rose growers strive to

achieve i.e. temperatures between 25°C —28° C, and 60%—70% relative humidity.

Egg

Plate 2.2; Adult female and eggs of two-spotted spider mite (Tetranychus urticae Koch.)
Source; University of California Cooperative Extension (UCCE)
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2.6 Symptoms of damage of T. urticae infestation

Tetranychus urticae Koch population can expand rapidly up to 40% per day. It causes
direct damage to plants including defoliation, russetting and in excessive outbreaks plant
death and indirect damage by decreased photosynthesis and transpiration (Najafabadi ef al.,
2011). The two spotted spider mite causes damage by piercing leaf cells and sucking sap,
leading to lethal cell collapse and visible spotting (Plate 2.3) on the upper leaf surface,
(Nyalala and Grout, 2007). Both immature and adults feed on the same plant and all stages

are typically found on the under surface of leaves.

Heavy infestation can cause hyper-necrosis with significant desiccation and leaf fall
(Landeros et al., 2004) which usually results in the death of the plants due to reduced
photosynthetic surfaces. These mites also cause damage through production of a gummy
substance which is condusive for the growth of sooty mould resulting in blackening of the
leaves and stem. They also cause small lesions and although the individual lesions are very
small, commensurate with the small size of the mites, the frequently-observed attack of
hundreds or thousands of spider mites can cause thousands of lesions and thus can
significantly reduce the photosynthetic capability of plants, greatly reducing their production
of nutrients and sometimes even killing the plants. Although this way of feeding could spread
plant viruses, this is considered of secondary importance. Tetranychus urticae Koch. is
considered to be the most important of the mites on roses. Cut flowers are grown for their
appearance and aesthetic value (Nyalala and Grout, 2007) and the commercial tolerance of

such damage is very low usually very close to zero in export markets

Plate 2.3: Damage caused by two spotted spider mites on rose leaf
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2.7 Control Methods
Control of two-spotted spider mite, 7. urticae Koch, populations mostly relies on the

use of acaricides. However, this species rapidly develops resistance to acaricides owing to its
high reproductive potential, extremely short life cycle and arrhenotokous reproduction
(Jahangir et al., 2011), Genetically fixed resistance mechanisms in spider mites are thought to
be similar to those documented in insects and involve enhanced detoxification through the
enzymatic activity of esterases, glutathione-S-transferases and P450 monooxygenases and/or
modification of the acaricide target site (Van Leeuwen ef al., 2004). The risk of developing
resistance is particularly high in greenhouses because of the relative isolation of mite
populations, the extended growing season and the intensive use of pesticides (Jahangir er al.,
2011) .The most threatening situation probably occurs in ornamental horticultural crops such
as potted plants and cut flowers, where biological control is not well established owing to a

zero pest tolerance.

In addition consumers insist on cut flowers that are pest and blemish free. Flowers are
also not edible and thus are excluded from regulations on pesticide residues, resulting in
intensive pesticide use. In rose greenhouses, pesticide use poses a threat to occupational
safety and health, which is as important as the enhanced risk of resistance development.
Tetranychus urticae is one of the economically most important pests on rose. Its quick

resistance build-up to acaricides is threatening proper rose production in greenhouses.

2.7.1 Biological control
Biological control of red spider mites as alternative for miticides are being advocated

(Labuchagne, 2005). The bio-control using predatory mites Phyfoseiulus persimilis and
Amblyseius californicus (Cherian, 2003) is the common method adopted by many farmers.
There are also other predators available for use by rose growers like the Neoseiulus fallacis
and the gall midge larva, Feltiela acrisuga (Cherian, 2003). However, these predatory mites
are highly specific and have a narrow target range which does not eliminate the pest entirely.
They may not also be compatible with the use of chemical fungicides or bactericides
(Armstrong, 2001). Currently the farmers are controlling the two spotted spider mite using P.
persimilis which is highly dependent on optimum relative humidity and temperature range
between 70% and 75% and 25°C -30°C respectively.

Various insects are also important predators for example, the six spotted thrips

Scolothrips sexmaculatus the larvae and adults of the spider mite destroyer lady beetle
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Stethorus picipes, the larvae of certain flies including the cecidomyid Feltiella acarivora, and

various general predators such as minute pirate bugs, big eyed bugs, and lacewings

2.7.2 Cultural control

Cultural practices can have a significant impact on spider mite population and some
practices commonly exerted include the application of water to pathways and other dusty
areas around the greenhouse at regular intervals which helps reduce the dust and hence
mobility of the two spotted spider mite. Water-stressed plants are less tolerant to spider mite
damage; hence it is necessary to provide adequate irrigation intervals. Washing of leaves or
plants with forceful water through a hose pipe to remove dust may help prevent serious late-

season mite infestations, this washes away mites present on the foliage to the ground.

2.7.3 Chemical control

Losses of crops due to insect pests vary between 10% and 30% for major crops (Ferry
et al., 2004). Management of agricultural pests over the past half century has been largely
dependent on the use of synthetic chemical pesticides for field and post-harvest protection of
crops. Different acaricides specially designed for the control of red spider mites are reporied
to have been used, some of the pesticides include the following chemical groups
Organophosphates e.g. Profenofos like Polytrin, Pyrethroids e.g. Bifenthrin like seizer and

Avermectins e.g. Abamectin.

Control of spider mites is normally done by use of granular systemic pesticides such
as Aldicarb which may not be adequate for the late season pest buildup since the material
may fail to be incorporated into the plant tissues. Sprays with Pentac, Dicofol, Tetradifon or
Monocrotophos at large volumes per unit area lower mite populations and reduce flower
losses (Wilfret e al., 1973). Chemical control of Tetranychus urticae Koch is expensive and
poses risk to growers, non-target organisms and the environment besides development of
pesticide resistance (Motazedian et al., 2012). The pest develops pesticide resistance very
rapidly, commonly after few applications of a particular miticide (Nauen et al., 2001). As
reported on French bean by Monda er al. (2003), the pesticide budget per season tops KES
3,268.00 for 0.1 — 0.2 ha against KES 5,418.00 in net earnings at current exchange rates.
Although 86% of farmers are aware of harmful pesticide residues in produce causing high
rejection rates, they lack suitable alternative pest management strategies. They also lack

information on efficacy of bio pesticides suited for safe crop protection
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Potential problems associated with continued long-term use of toxic insecticides
include pest resistance and negative impact on natural enemies. In addition, increasing
documentation of negative environmental and health impact of synthetic toxic insecticides
and increasingly stringent environmental regulation of pesticides (Isman, 2000) have resulted
in renewed interest in the development and use of botanical pest management products by

agrochemical companies.

2.7.4 Resistant varieties
Roses are of very many types and varieties or cultivars in the world, and it has been

observed that even if the two spotted spider mite attacked almost all roses, they seem to
prefer the red varieties more compared to the other colours. However, there are no known

resistant varieties recorded or reported in roses (Gerardo, 2007).

2.7.5 Integrated pest management

Integrated pest management is defined as a pest management system that utilizes
combinations of suitable techniques and methods in a compatible manner as possible. and
maintains the pest population levels below those causing economic injury. The principle is
that selected cultural, biological, and chemical controls will be used together with an
appropriate crop variety.

Identifying selective pesticides for IPM programmes is necessary to protect the natural
enemies/ beneficial organisms and at the same tine reduce environmental pollutants. A low
mortality of organic pesticides and products to natural enemies is more important than a high
mortality towards the target species. This is because the mode of action of a natural enemy on
the target species has to be added to the effect of the selective pesticide. In fact, a selective
pesticide should have a low or no mortality towards natural enemies. Moreover, it should
degrade rapidly in the environment. At present, very few synthetic pesticides meet this
criteria, but pesticides of plant origin seem to be good candidates, as they generally have a
very short persistence on the plant (Cabras et al., 2002) and up to now show high selectivity
when used as extracts (Ragusa Di Chiara er al., 2007). However, the selectivity of these
products has to be strictly evaluated for different species of natural enemies as deleterious or
sometimes positive effects were found among the natural enemies complex (Stark er
al.,1992).

Spider mite populations in roses can reach epidemic proportions in flower crops

grown on the equator. Temperatures that fuel the production of flowers all year-round also
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fuel the growth and reproduction of spider mites. While bending roses increases productivity,
it also provides a safe haven for spider mites as chemical sprays cannot reach the underside of
the leaf therefore use of the predatory mite Phytoseiulus persimilis as a biological control for
spider mites is ideal because they can walk to the underside and feed on the mites. However
this is limited to as long as enough Phyfoseiulus are applied to the crop in relation to the
number of spider mites present, also care is taken to integrate the predator introduction with
compatible insecticides and fungicides. (Labuchagne, 2005). Pimentel ef al., (1992) reported
that because of the problems with resistance to acanicides, it is vital to use integrated
management programs whenever possible to maximize the regulatory effects of natural

enemies.

2.7.6 Botanical extracts
Aromatic plants contain volatile compounds like essential oils and various plants have

different bioactivity against important agricultural insect pests and mites (Wang and Liu,
1994, Park et al., 2002.). Essential oils are naturally occurring terpene mixtures whose
bioactivity against specific pests and micro organisms have received attention. These
essential oils are generally composed of complex mixtures of monoterpenes, related to
phenols and sesquiterpenes e.g. 1, 8-cineole the major constituent oils of Rosemarinus
officinale commonly known as Rosemary, eugenol from clove oil Syzygium aromaticum,
Thymus vulgaris garden thyme containing thymol (Isman, 2000). Essential oils are also
believed to be allelopathic agents or irritants that protect plants from predation by insects and
infestation by pathogens. Diterpenoids, saponins, isoflavan, alkaloids, phenolics have been
identified as insect feeding deterrents. Prcsently they are especially recommended for
ecological production of crops and small home gardens. Essential oils from accessions of
Lippia sidoides Cham, were characterised and investigated for their acaricidal activity against
T. urticae Koch and twenty nine compounds were found to have acaricidal effects
(Cavalcanti ef al., 2010).

The neem tree has also been widely exploited and commercial formulations of plant
extract from the seed kemnels of the neem tree —NeemAzal® -T/S was tested against 140
species of mites (Acari), Thysanoptera, Homoptera, Heteroptera, Coleoptera, Lepidoptera
and Hymenoptera. The producer — Trifolio-M GmbH obtained the first registration for
NeemAzal in 1998 mainly for control of sucking arthropod pests such as: spider mites, white

flies and aphids on ornamental plants in greenhouses. In addition to neem tree, a wide range
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of other tropical plant species e.g.: chinaberry (Melia spp.). Walburgia spp.. Quillaja
saponaria Molina; Gmelina arborea L. were extensively studied for their insect repellent and
antifeedant properties (Oparaeke, 2005; Waligéra, 2006). Neem seed kernel extracts and its
formulation are reported to influence mortality, repellency, and fecundity of mites Monsuer et
al, 1993. It was found out that the two commercial preparations of neem seed extracts
(Margosan-0 and Neem Azal S, Neem Azal T/S) were effective on 7. urticae (Dimentry
1993). Several herbal extracts of Achillea millefolium L. (Asteraceae), Taraxacum officinales
F. H. (Asteraceae), Matricaria chamomilla L. (Asteraceae), and Salvia officinalis L.
(Lamiaceae) demonstrated strong inhibition of the feeding activity of mites (Tomczy ef al.,
2011). It was determined that the extracts of yew showed a high mortality, decrease in female
fecundity and shortened longevity (Furmanowa et al., 2002). Shi et al., 2006 also found that
the extract of Bassia scoparia (L.) (Chenopodiaceae) showed contact and systemic effects,
and it caused high rates of mortality in all the three mite species tested (7. wrticae, T.
cinnabarinus, and 7. viennensis). Pure azadirachtin reduced the reproductive capacity and

feeding of T. wrticae.

In other tests crude foliar extracts of sixty seven species from six subfamilies of
Australian Lamiaceae showed both contact and systemic Mortality to these mites (Rasikari et
al., 2005). The extracts of wild tomato leaf have also been found to have strong repellency
effect on T. wrticae. Antonious et al., 2006 also tested the acaricidal activities of plant
extracts on 7. urticae and found that the mortalities were high in extracts of A/bizia coreana
Twig. Pyracantha angustifolia F. (Rosaceae), and Ligustrum japonicum Thunb. (Oleaceae)
within 48 hours of treatment Attia ef al., 2011 revealed that the extract of garlic led to a rise

in female mortality and a reduction in fecundity with the increasing of concentration.

Essential oils of Artemisia absinthium L. (Asteraceae) and Tanacetum vulgare L.
(Asteraceae) were extracted by three methods, a microwave-assisted process (MAP),
distillation in water (DW), and direct steam distillation (DSD), and tested for their mortality
as contact acaricides on 7. urticae. Direct steam distillation and distillation in water extracts
of 7. vulgare were more toxic (75.6 and 60.4% mite mortality, respectively, at 4%
concentration) to 7. wrtica than to the microwave-assisted process extract (16.7% mite
mortality at 4% concentration) (Chiasson er al, 2001). The ethanol extracts of Crofon
rhamnifolius H.B K. (Euphorbiaceae) C. sellowi, C. jacobinensis, and C. micans had a high
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mortality on 7. urticae, whereas C. sellowi extract showed the highest effect (Pontes ef al.,
2011).

Garlic extracts have also been widely used and in research by Dabrowsky et al., 2007
showed mortality at 48-57% on 7. urticae. Wang et al., 2007 revealed that the crude extract
of walnut leaf had some contact and systemic effect on T. cinnabarinus and T. viennensis. Tt
was found out that the extract of V. album and T. parthenium had high mortality rate and
reduced fecundity for T. wurticae. Essential oil extracted from Tanacetum vulgare and
Artemisia absinthium strongly increased mortality of Tetranychus urticae (Chiasson ef al.,
2001). Extracts from: Matricaria recutita, Achillea millefolium, Taraxacum officinale, Salvfa
officinalis have strongly reduced the T. urticae fecundity, longevity and intensity of feeding
(Kawka and Tomczyk, 2002). Water extracts from needle surface of Taxus baccata stronly
affected fecundity and oviposition period of two-spotted spider mite females.

Ginger contains a variety of compounds, which. have insecticidal, oviposition,
antifeedant, growth regulating, reduced fecundity, development modifying properties and
repellent activity against many tested insects (Pitasawat ef al., 2003; Bandara ef al., 2005;
Prajapati ef al., 2005). Insect activity included Lepidoptera such as Spilosoma obligue
(Aggarwal et al., 2001), Coleoptera, such as Callosobruchus maculates, the pest of tomatoes,
Bemisia argentifolii Bellows and Perring (Zhang et al., 2004); the Mediterranean fruit fly,
Ceratitis capitata Wiedemann; the cowpea aphid, Aphis craccivora Koch (Ofuya and Okuku,
1994); neonate larvae of the pest, Spodoptera littoralis has been reported by Bambang er al.,
(1996).

At Mashare ADI (Agricultural Development Institute) in Namibia, Natural (botanical)
control methods are also currently being tested for their effectiveness against insect pests.
Chilli, garlic and soap extract are being used and a mixture of buttermilk and flour. The
results are not available. The Horticultural Section is also collaborating with the GTZ IPM
Horticultural Project in several Southern African countries to obtain a bio control for the two
spotted spider mite. Botanicals such as Neem (Azadirachta indica) and Tephrosia sp. are

currently being evaluated in Malawi, Zimbabwe and Kenya.
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2.8 Plant Species

2.8.1 Cleome gynandra (African spider plant)
Cleome gynandra is a branched and rather stout annual herb (Plate 2.4) that grows up

to 1 m tall and is common in the tropical and subtropical climatic regions (Elfers, et al.,
1964). The plant is used as a vegetable, and are reported to have a high leaf protein content
(Imbamba, 1973). The use of African spider plant Cleome gynandra L., a semi cultivated
vegetable delicacy in Kenya and most East African countries, has been found to have
acaricidal properties to the larvae, nymphs and adult of Rhipicephalus appendiculatus and
Amblyomma variegatum ticks (Malonza ef al., 1992). This same plant according to Nyalala

and Grout 2007, was found to have significant effect in the repellence of the red spider mite.

Plate 2.4: Cleome gynandra (African spider plant)

Source; http://commons.wikimedia.org/wiki/File:Cleome_gynandra.jpg

Essential oils from this plant have been used as a repellent against headlice, Pediculus
humanus capitis (Siphunculata: Pediculidae) and as a general vermicide in hairdressing
(Mitchell and Breyer-Brandwijk, 1962; Jacobson, 1975) while the seeds and oil have been
reported to be anti-nematode (Usher, 1973). The petroleum ether extract at 2% concentration
was reported to cause 100% mortality to insect pests of the cruciferous painted bug, Bagrada
cruciferanum (Verma and Pandey, 1982). The plant has also been used in traditional
medicine for the treatment of rheumatism, headache, epileptic fits, stomachache,

conjunctivitis, stiffneck, scurvy, earaches and severe infection of threadworms (Mitchell and
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Breyer-Brandwijk, 1962.). The whole plant has been reported to be a fish poison, alkaloids
being stipulated to be the active principles (Smolenski, ef al., 1975).

2.8.2 Capsicum frutescence (Chilli or Hot pepper)
Chilli or hot pepper (Plate 2.5) is a commonly cultivated Solanaceous crop of India.

Different cultivars of chilli are being grown for vegetables, spices, pickles, condiments, etc. It
is mainly used for its pungency and colouring properties. The hotness or pungency of chilli is
due to presence of a group of compounds called capsaicinoids (Estrada et al., 1997). Among
capsaicinoids, capsaicin and dihydrocapsaicin are present in major quantitics. while
homocapsaicin, nordihydrocapsaicin and homo-dihydrocapsaicin are present in very small
quantities. (Tewari et al., 2005). The capsaicin is produced by the glands at the junction of
placenta and the pod wall, distributed unevenly throughout the pod and found maximum in
placental tissues (Rowland ef al., 1984). It is a powerful and stable alkaloid which remains
unaffected by cold or heat and remains unchanged despite of time, cooking or freezing. It has

no colour, flavour or odour

Plate 2.5: Capsicum frutescence (Chilli)

Source; http://'www.abundantacres.net
Dried plants or their extracts have been used by farmers in many developing countries to
protect food and fiber from insects. Cowles et al., 1989, reported that chili pepper powder
deterred oviposition of the onion fly, Delia antiqua. Capsaicin in hot pepper has been

reported to reduce larval growth of the spiny bollworm, Earias insulana (Weissenberg et al.,
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1989) and the use of oleoresin from Capsicum as a repellent against cotton pests has been
reported.

Plants produce a vast array of volatiles that play important role in plant defense
(Ahaioni et al., 2003) Hot pepper accessions contain significant amounts of tannins.
Breakdown products of tannins (phenols) behave as toxins and feeding deterrents. The

potential of using hot pepper extracts for controlling spider mites is explored in this study.

2.8.3 Urtica dioica (Common Stinging Nettle)
Urtica dioica (Plate 2.6) is a dioecious, erect, perennial herb up to two meters tall.

little branched parts with long stinging hairs, hence the name stinging nettle. Urtica
comprises about 80 species and is almost cosmopolitan, with most species in temperate
regions of the northern hemisphere and about 5 in Africa, 2 of which are introduced weeds.
Urtica simensis Hochst ex A. Rich (Paulina, 2005) Urtica dioica L. has been reported from
tropical Africa (DR Congo, Ethiopia), as an introduced weed in gardens, but its presence is
not confirmed by herbarium specimens.

In South Africa and many other regions of the world, its leaves are used as a
vegetable. It is widely used medicinally in treating asthma, allergies, coughs, rheumatism,
symptoms of benign prostatic hyperplasia and paralyzed limbs, and has been recommended
as a diuretic and antispasmodic and to stimulate hair growth. (Lopatkin ez al_, 2005).

Stinging Nettle has a flavour similar to spinach when cooked and is rich in vitamins
A, C, D, 1ron, potassium, manganese, and calcium. Young plants were harvested by Native
Americans and used as a cooked plant in spring when other food plants were scarce. Nettle
leaf is a herb that has a long tradition of use as an adjuvant remedy in the treatment of
arthritis in Germany. Nettle leaf extract contains active compounds that reduce TNF-o and
other inflammatory cytokines.

Nettles themselves contain a lot of nitrogen and so are used as a compost activator or
can be used to make a liquid fertiliser which although somewhat low in phosphate is useful in
supplying magnesium, sulphur and iron (Paulina, 2005). Recent experiments have shown
that nettles may have some use as a companion plant to repel insect pests.

(www.gardenwiseonline.ca).
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Plate 2.6: Urtica dioica (Stinging nettle)

Source; http://www.viladetora.net
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CHAPTER THREE

REPELLANCE AND MORTALITY EFFECTS OF CRUDE PLANT EXTRACTS ON
TWO-SPOTTED SPIDER MITE (Tetranychus urticae Koch)

3.1 ABSTRACT

Laboratory trials were carried out to evaluate the repellence and mortality of crude
extracts of Cleome gynandra, Urtica dioica and Capsicum frutescence on the two-spotted
spider mite (7. wurticae Koch) on rose flowers grown under greenhouse. 100g each of the
plant extracts were constituted in 1 litre methanol and distilled water separately, and rose
leaves at three leaflet stage were immersed in them. Ten 7. urticae mites were introduced into
the treated leaves and observations on repellence and mortality of mites were recorded. The
crude extracts on the first day had moderate repellence in the second hour and higher
repellence recorded on the third and fourth hours. Moderate and higher mortality was
recorded on the third and sixth day after treatment respectively. It was also observed that
extracts constituted from methanol had higher repellence and mortality rates compared to
those extracts from distilled water. It was also observed that methanol as a solvent has both

repellence and toxic effects on the mites.

3.2 INTRODUCTION
The two-spotted spider mite, Tefranychus urticae Koch is a well known pest of

greenhouse roses, and is controlled mainly with synthetic acaricides during the hot and dry
seasons. Many studies have indicated the potential ecological damage due to widespread use
of synthetic pesticides and the need to safeguard public health. Miticide spray is not
satisfactory due to the high costs of miticides, logistics of regular application, development of
Miticide- resistant mite strains and an increased residue level dangerous to the consumers and
environment. Furthermore, the pressure to consider bio-control and organic production is
increased by the enforcement of the European codes of practice for export market aimed at

reducing and eventually eliminating the use of synthetic pesticides.

Biological control of two spotted spider mite as an alternative to miticides is being
advocated (Labuchagne, 2005). The bio-control using predatory mites Phytoseilus persimilis
and Amblyseius californicus (Cherian, 2003), is equally expensive and often difficult to
implement or sustain and requires a high level of technical skill. Moreover, these predatory

mites are highly specific and have a narrow target range which does not eliminate the pest
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entirely. They may not be compatible with the use of chemical fungicides or bactericides
(Armstrong, 2001).

The use of pesticides and the increasing public concern on environmental pollution
and health hazards created by synthetic pesticides generates a great interest. New classes of
pest control agents with higher activity against the target pests, and lower impact on humans
and environmental quality are advocated (Antonious and Snyder, 2006). Accordingly, there is
a need to find an effective pesticide with low mammalian toxicity to control spider mites. The
use of plant products for pest control may impart a selective advantage to plants by inhibiting.
repulsing, and even killing non-adapted organisms that feed upon, or compete with the plant.

Repellence, which involves pushing pests away from growing plants, has three
advantages; reduced reliance on synthetic pesticides, reduced chance for pesticide adverse
environmental impacts and reduced pesticide residues on crops reaching the consumers.
Plant-derived products have a broad spectrum of activity against insects and mites. Dried
plants or their extracts have been used by farmers in many developing countries to protect
food and fibre from insects (Antonious and Snyder, 2006). Cowles ef al., 1989 reported that
chilli pepper powder deterred oviposition of the onion fly, Delia antiqua. The use of
oleoresin from Capsicum as a repellent against cotton pests was also reported.

According to Nas (2004), interest in the application of botanical pesticides for crop
protection is on the rise. Many researchers are experimenting and developing alternative plant
extracts as pesticides to be used against insect pests. Plants have the richest source of
renewable natural pesticides. Specifically, plant extracts provide a safe and viable alternative
to synthetic pesticides and are compatible with the use of beneficial organisms, pest-resistant

plants, and to preserving a healthy environment.

There are many benefits of using botanical pesticides such as reduced environmental
degradation, increased safety for farm workers, increased food safety, reduction in pesticide
resistance, and improved profitability of production. As a result, many plant compounds, the
majority of which are alkaloids and terpenoids, have now been known to affect insects’
behaviour, growth and development, reproduction, and survival (Warthen ef al., 1990). Many
investigations have recently been performed in relation to effects of plants such as
Chrysanthemum roseum Web. and Mohr. (Compositae), Nicotiana tabaccum L. (Solanaceae),
" Derris elliptica Benth (Fabaceae), neem tree, Azadirachta indica A. Juss (Meli- aceae), Melia

azaderach L. (Meliaceae), and Xanthium stru- marium L. (Solanaceae) on insects (Erdogan
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and Toros 2007). The seed kernel extract of neem, known as azadirachtin, has been most
thoroughly tested, and it has been extracted in larger quantities than the other components of
neem (Schmutterer and Zebitz, 1984). High rates of mortality have been found on the two
spotted mites fed on the leaves treated with 4. indica extract. In addition, the same extract
significantly reduced the reproductive capacity of mites and the survival of the progeny of
treated females greatly diminished in comparison to the control (Miranova and Khorkhordin
1996).

3.3 MATERIALS AND METHODS

3.3.1 Test plant materials
African spider plant Cleome gynandra L. and the common stinging nettle Urtica

dioica were obtained from cultivated land in Kaptama Division Mount Elgon District. Whole
plant samples including leaves, inflorescence and succulent stems were collected. Fresh
chilli fruits Capsicum frutescence were obtained from the local market, harvested at
physiological maturity (showing uniform red colour). Plant materials obtained were collected,
cleaned and dried under shade for 3 days at 27°C - 30°C and further oven drnied to a constant
dry weight at 35°C for 48 hours (Wisniewski, 1999).The dried plant samples were then
ground separately to fine powder using a laboratory grinder and divided into 100g portions
for the experiments. The treatments were prepared by mixing 100g of each dry herb
scparately in 1 litre of distilled water to extrac” polar compounds and methanol to extract the
non polar compounds. The extracts were left to stand for 24 hours while stirring from time to
time, and then filtered through filter paper (Dabrowsky and Urszula, 2007) to obtain the

filtrate which was used in the experiments.

3.3.2 Rearing of test mites
Cultures of Tetranychus urticae Koch were obtained locally from wild growing

alternate hosts (Solanum nigrum) and reared on French beans Phaseolus vulgaris Variety'
monnel’ at the Fontana Flowers Limited bio-control department tunnels (Plate 3.1). The two
spotted mites were then obtained for use in the laboratory and field experiments.
Identification of the two spotted spider mite Tetranychus urticae was confirmed by
Entomologist Prof. Alice W. Kamau. of Egerton University



Plate 3.1: A tunnel with French beans (Phaseolus vulgaris variety ‘monnel” where
mites for the experiments were reared

3.3.3 Experimental design and treatment application
The experiment was laid out in a Complete Randomized Design (CRD) replicated three times

with 9 treatments as follows; C = Control (distilled water), CG1 = Cleome gynandra
(distilled water); CG2 = Cleome gynandra (methanol extract), CF1 = Capsicum frutescence
(distilled water); CF2 = Capsicum frutescence (methanol), UD1 = Urtica dioica (distilled
water); UD2 = Urtica divica (methanol); P = Pesticide (Polytrin); M = Methanol

3.3.4 Methodology for Repellence

The treatments were constituted in distilled water and methanol as denoted by 1 or 2
on the treatment list given above. These were applied by immersing whole leaves at the three
leaflet stage in the treatment solutions for 5 seconds to ensure uniform coverage of leaf
surface. Ten 7. urticae adults were introduced from the mass rearing colony with help of a
fine Carmel brush onto treated rose leaves and untreated control leaves. The leaves were then

placed inside Petri dishes and kept at room temperature in the laboratory.

Data for repellence were collected by counting the number of mites repelled on the

leaf 1, 2, 3 and 4 hours after mites were placed on treated leaves.

3.3.5 Methodology for mortality
The treatments were constituted in distilled water and methanol as denoted by 1 or 2

on the treatment notations as given above. Ten 7. urticae adults were introduced from the
mass rearing colony with help of a fine Carmel brush onto the rose leaves. The treatments
were applied by spraying the leaves at the three leaflet stage with the treatment solutions on

both sides to ensure uniform coverage of leaf surface inside the Petri dishes and kept at room
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temperature at 12hrD/12hrN photoperiod in the laboratory. A Vaseline ring was applied

around the Petri dish to stop the mites from escaping.

Data were collected by counting the number of dead mites after one, three and six
days (Dabrowsky and Urszula, 2007) under a laboratory light microscope. Mites were gently

probed to ascertain mobility or not, if they did not move they were considered dead.

3.3.6 Data analysis
All parameters measured were subjected to Analysis of Variance (ANOVA] using

GenStat Release fifteenth edition version 15.1.0.8035 Copyright 2012, VSN International
Ltd. (Rothamsted Experimental Station). All means were separated using Least Significance
Difference (LSD).
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3.4 RESULTS

3.4.1 Repellent effects of crude plant extracts on I. urticae

The results summarised in table 3.1 below show average number of 7. wriicae
repelled on the rose leaf (three leaflet stage) treated with crude plant extracts. It showed that
the number of mites repelled differed significantly (p<0.05). In the first hour the leaves
treated with methanoic extracts of Cleome gynandra were observed to repel the highest
number of mites significantly different from all other treatments. The lowest number of mites
repelled on the leaves in the first hour was observed on the control (distilled water) treatment
and was not significantly different from methanol, Polytrin and the distilled water extract of
Urtica dioica.

In the second hour Cleome gynandra methanoic extract had the highest number of
mites repelled on the leaves and was not significantly different from the distilled water
extract of the same plant. The methanol extract of Urtica dioica was not significantly
different from the distilled and methanol extract of Capsicum frutescence and distilled water
extract of Urtica divica. The control treatment had the lowest number of mites repelled on the
leaves but was not significantly different from polytrin and methanol. Three hours after
treatment methanoic extract of Cleome gynandra was observed to have the highest mites
repelled from the leaf which was not significantly different from the distilled water extracts
of Cleome gynandra. However, CG1 was not significantly different from CF1 and UD2. In
the same hour polytrin treatment was observed to have the lowest number of mites repelled
on the leaves and was not significantly different from control, methanol, UD2, UD1 and CF2.
The fourth hour after treatment, methanol extract of Cleome gynandra was observed to have
the highest number of mites repelled from the leaves and was not significantly different from
Cleome gynandra distilled water extract. The lowest number of mites was observed on
polytrin which was not significantly different from methanol, control, UD1 and CF2. The
lowest percentage of mites repelled was recorded on CG2 (83.33%) followed by CG1 (60%)
and the least percentage repelled recorded on polytrin (16.70%). (Figure 3.1)
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Table 3.1: Average number of T. urticae repelied per rose leaf treated with crude plant

extracts

% Repelled at 4
Treatment 1 Hr 2 Hr 3Hr 4 Hr

Hrs
CG1 2.67° 5.00° 567  6.00% 60.00

" C6L 4.00°  6.00° 7.00° 8.33° 83.30

CF1 pRcs ol X s 433 s33% 53.30
CF2 1.6 Ler e 333 33.30
UD1 135% a6 3O00® 3&¢ 33.30
UD2 2.00%7  3.00° §.87 4.67T% 46.70
Polytrin 1004 167 1677 167 16.70

Methanol  1.00Y  233* 300 333“ 33.30
Control 067  100° 2339 300“ 30.00

LSD (0.05) 0.38 1.40 2.09 2.44
CV (%) 27.50 2690 3200 3250
Means in the same column followed by the same letter are not significantly different at

P<0.05 using LSD

KEY

C = Control (distilled water); CG1 = Cleome gynandra (distilled water); CG2 = Cleome
gynandra (methanol extract); CF1 = Capsicum frutescence (distilled water); CF2 = Capsicum
frutescence (methanol); UD1 = Urtica dioica (distilled water); UD2 = Urtica dioica
(methanol); P = Pesticide (Polytrin); M = Methanol
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Figure 3.1: Percentage mites repelled four hours after introduction

KEY

C = Control (distilled water); CG1 = Cleome gynandra (distilled water); CG2 = Cleome
gvnandra (methanol extract), CF1 = Capsicum frutescence (distilled water); CF2 = Capsicum
frutescence (methanol); UD1 = Urtica dioica (distilled water); UD2 = Urtica dioica
(methanol); P = Pesticide (Polytrin); M = Methanol
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3.4.2 Toxic effects of crude plant extracts on T. urticae

The results summarised in table 3.2 below show average number of 7. urticae count
killed on the rose leaf (3 leaflet stages) after spraying with crude plant extracts. It showed that
the number of mites killed differed significantly at P< 0.05.

On the first day, significantly highest (7.0) number of dead mites was observed on
leaves treated with Polytrin. The Methanol extract of Cleome gynandra had the second
highest number of dead mites (2.67) and was not significantly different from the CG 1,
methanoic and distilled water extracts of CF, UD and methanol. The lowest number aof mites
killed was recorded on the control treatment which was not significantly different from the

methanol and distilled water extracts of Urtica dioica.

On the third day, Polytrin was observed to have the highest number of mites killed
and was not significantly different from the methanoic extract of Cleome gynandra. This was
followed by the distilled water extract of Cleome gynandra which was not significantly
different from methanol, distilled water and methanol extracts of Capsicum frutescence, and
Urtica dioica. The lowest number of mites killed was observed on the control treatment

which was not significantly different from the distilled water extract of Urtica dioica.

Cleome gynandra methanoic extract was observed to have the highest (8.0) number of
mites killed on the sixth day and was not significantly different from Polytrin. This was
followed by Cleome gynandra distilled water extract which was not significantly different
from methanol, polytrin and methanol extract of Urtica dioica. The lowest number of mites
killed was observed on control which was not significantly different from the distilled water
extract of Urtica dioica.

Cumulatively after six days Cleome gynandra methanoic extract had the highest
(80%) percentage of mite mortality followed by Polytrin at 73%. The lowest mortality was
recorded on the control treatment with 13% followed by Urtica dioica distilled water extracts
at 33 %.( Figure 3.2). Methanol as a treatment had slightly over 50% of the mites killed
which indicates that methanol as a solvent in the plant extract constitution may have

contributed to mite mortality.
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Table 3.2: Average number of T. urticae killed per rose leaf treated with crude plant

extracts
Treatment Day 1 Day 3 Day 6 % Mortality
@ 1 | 2.00° 3.67° 5.67% 56.70
CG2 38T 6.00° 8.00° 80.00
CF1 233° 3.67 4.00% 40.00
CF2 5950 349" 5.00°¢ 50.00
UD1 {85 2.00% e iz 33.30
UD2 1.67% 3.33° 533 53.30
Polytrin 7.00¢ 7.00 7.33% 73.30
Methanol o 87 5.33%4 53.30
Control 0.33° 1.00° 1.33¢ 13.30
LSD (0.05) 1.53 1.93 2.03
CV (%) 36.10 29.80 23.20

Means in the same column followed by the same letter are not significantly different at
P<0.05 using LSD

KEY

C = Control (distilled water); CG1 = Cleome gynandra (distilled water); CG2 = Cleome
gynandra (methanol extract), CF1 = Capsicum frutescence (distilled water); CF2 = Capsicum
Jrutescence (methanol); UD1 = Urtica dioica (distilled water); UD2 = Urtica dioica
(methanol); P = Pesticide (Polytrin); M = Methanol
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Figure 3.2: Cumulative 7. urticae mortality per rose leaf treated with crude plant extracts

KEY

C = Control (distilled water); CG1 = Cleome gynandra (distilled water), CG2 = Cleome
gynandra (methanol extract), CF1 = Capsicum frutescence (distilled water); CF2 = Capsicum
frutescence (methanol); UD1 = Urtica dioica (distilled water);, UD2 = Urtica dioica
(methanol); P = Pesticide (Polytrin); M = Methanol
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3.5 DISCUSSION

3.5.1 Repellent effects of crude plant extracts on 7. urticae
The first three hours results showed that Cleome gynandra, methanol and distilled

water extracts repelled lower number of mites. However the same treatment repelled higher
numbers of mites by the fourth hour figure (3.1). These results indicate that these extracts are
slow ‘release repellents and work more effectively with exposure time. However the results
contradict with those made by Saeedah er al. (2012) who in an experiment to test four
methanoic extracts of Anisosciadium orientale., Scaligeria meifolia Boiss, [rigonella
elliptica Boiss and Ptelea viscose L against the two-spotted spider mite observed that the
lethal concentration of plant extracts faded within two or three days. In other closely related
experiments neem extracts (Azadirachtin indica), Allium sativum and Urtica dioica were
found to significantly inhibit the feeding characteristic of mites (Dabrowsky and Urszula,
2007). These sentiments are in tandem with the findings of this experiment which finds the
methanoic extracts of Cleome gynandra to be potentially capable of keeping a check on the
two-spotted mites.

The effectiveness of Cleome gynandra metharol extract as a repellent may also be
attributed to Gynandropsis gynandra constituents of the essential oils which were evaluated
against the livestock tick, Rhipicephalus appendiculatus and was found to repel ticks
(Lwande et al., 1999) which belong to the same class (Acari) as the two spotted spider mite.
Nyalala et al., 2010 also conducted trials to assess the bioactivity of Acetonitrile (methyl
cyanide) emitted by Gynandropsis gynandra against spider mites and concluded that it
showed a very strong indication that foliar emission of Acetonitrile by Gynandropsis
gynandra depending on the concentrations could be repellent or toxic to spider mites. Hence,
could be responsible to a significant degree, for the spider mite repellent activity of the plant
when used as an intercrop with roses.

Adequate watering of plants during dry conditions can limit drought stress on mite
infestation (Cranshaw and Scalar, 2014) Periodic hosing of rose plants with forceful jets of
water can physically remove or dislodge and kill mites. This practise is also common with
commercial rose growers to wash off mites and create a moist environment hence rendering
mites immobile and environment uncondusive for their survival. This explains the low

average number of mite count in the first and second hours of treatment application.
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Variable levels of mortality have been reported in a number of other plants extracts.
Amsalingam et al. (2010) revealed that neem kemnel aqueous extract (NKAE) could cause
more than 90 percent mortality on tea red spider mite compared to pongam kernel aqueous
extract (PKAE) and garlic aqueous extract (GAE). These findings documented that all the
adult mites were killed within four days, which conform to findings of this research. They
also noted that the level of oviposition was significantly reduced by a range of 80 to 100
percent.

In other findings, Saeedah er al. 2013 showed that plant extracts from S. meifolia
caused high ovicidal activity (45.84%) followed by A. orientale (41.40%), T. elliptica
(40.11%) and P. viscose (37.66%). They also indicated that the methanoic extracts of A.
orientale, S. meifolia, T. elliptica and P. viscose had high potential to be adopted as a
management strategy for mites. These earlier findings corresponds with the results of this
study and indicates a high potential of adopting methanoic extracts of Cleome gynandra and
Urtica dioica as a control measure of the two-spotted mite in roses. The analysis done on a
number of these plant extracts have revealed striking attributes geared towards the
development of an environmentally safe strategy in dealing with crop pests. Chiasson ef al.,
(2001) showed that B-thujone, the major compound of the oil (more than 87.6%) of T.
vulgare extracts could be the contributing factor to the acaricidal activity of this plant. Isman
(2008) also demonstrated the lethal role of various plant oils on tobacco cutworm
(Spodoptera litura) and the zreen peach aphid (Myzus persicae). These results were
significantly important in developing pesticides which are free of environmental and human

risks.

3.5.2 Toxic effects of crude plant extracts on T. urticae
Plant extracts had direct and slow contact mortality on the two spotted spider mites (Figure

3.2); shown through the cumulative adult insect mortality over the six days period. Polytrin
Miticide, which attained approximately 70% kill on the first day to sixth day, indicates that
Polytrin as a miticide kills within the first day of contact and has very minimal residual effect
in comparison to the crude extracts which continued to cause reduced mite populations even
after the second day. The crude extracts were slow acting achieving up to 80% kill
cumulatively on the 6th day as observed in the CG2 extract, 56% in CG1, 53% in UD2 and
Methanol. Similar results on mortality of plant extracts against the two-spotted spider mites
have been reported. Yanar et al., (2011) observed that plant extracts of Lolium perenne L.,
Anthemis vulgaris L. and Chenopodium album L. had significantly higher mortality rates than
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azadirachtin (10 g/L) and the synthetic pesticides tested at 5% concentration in adhesive tape
and residual film method. Furthermore, Tomczyk and Suszko, (2011) also reported
significant acaricidal effects of the common sage (Salvia officinalis L.) and German
chamomile (Matricaria chamomilla L.) plant extracts on the mortality of adult mites. They
however noted reduced mortality rates from the German chamomile compared to the
common sage. These findings indicate the hidden potential of plant extracts that could be

harnessed to control various insect pests in flower production.

Other research also conducted using plant extracts have been investigated and the
findings for 7. urticae are similar to those of this study. Neem seed kernel extracts and its
formulation are reported to influence mortality, repellency, and fecundity of mites (Monseuer
et al., 1993, Dimetry ef al., 1993). It was found out that the two commercial preparations of
neem seed extracts (Margosan- 0 and Neem Azal S, Neem Azal T/S) were effective on 7.
urticae (Miranova et al., 1996). Several herbal extracts of Achillea millefolium L.
(Asteraceae), Taraxacum officinales F. H. (Asteraceae), Matricaria chamomilla L.
(Asteraceae), and Salvia officinalis L. (Lamiaceae) demonstrated strong inhibition of the
feeding activity of mites (Kawka and Tomczyk, 2002). It was determined that the extracts of
yew showed a high toxicity, decrease in female fecundity and shortened longevity
(Furmanowa ef al., 2002). Shi er al., 2006 revealed that the extract of Bassia scoparia (L.) A.
J. Scott. (Chenopodiaceae) showed contact and systemic effects, and it caused high rates of
mortality in all the three mite species (7. urticae, T. cinnabarinus, and T. viennensis) while
pure azadirachtin reduced the reproductive capacity and feeding of 7. urticae (Sundaram ef
al., 1995). The extracts of wild tomato leaf in an experiment by (Antonious ef al., 2006)
which tested the acaricidal activities of plant extracts on 7. urticae showed strong repellency
effect on 7. wrticae. The mortalities were high in extracts of Albizia coreana Twig.
Pyracantha angustifolia F. (Rosaceae), and Ligustrum japonicum Thunb. (Oleaceae) within
48 hour treatment. Attia et al., 2011 revealed that the extract of garlic led to a rise in female
mortality and a reduction in fecundity with the increasing of concentration. Essential oils of
Artemisia absinthium L. (Asteraceae) and Tanacetum vulgare L. (Asteraceae) were extracted
by three methods; a microwave assisted process (MAP), distillation in water (DW), and direct
steam distillation (DSD), and tested for their toxicity as contact acaricides against 7. urticae.
DSD and DW extracts of 7. vulgare were more toxic (75.6% and 60.4% mite mortality,
respectively at 4% concentration) while MAP extract attained (16.7% mite mortality at 4%
concentration) (Chiasson et al., 2001). The ethanol extracts of Croton rhamnifolius HB.K.
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(Euphorbiaceae) C. sellowi, C. jacobinensis, and C. micans had a high toxicity on 7. urticae,
whereas C. sellowi extract showed the highest effect (Pontes e al., 2011). Garlic extract
showed a toxicity at 48— 57% on 7. wrticae. Wang et al., (2007) revealed that the crude
extract of walnut leaf had some contact and systemié effect on 7. cinnabarinus and T,
viennensis. It was found out that the extract of V. album and T. parthenium had high rate
mortality and reduced fecundity for 7. wrticae. Ethanolic extracts of V. album and T.
parthenium can be useful to control 7. urticae populations on vegetable plants grown through

Integrated Pest Management (IPM) and organic systems of agriculture.
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CHAPTER FOUR

EFFECTS OF PLANT EXTRACTS ON TWO-SPOTTED SPIDER MITE (7. urticae
Koch) POPULATION, DAMAGE AND YIELD OF ROSES

4.1 ABSTRACT

. Trials were carried out to evaluate the effect of crude plant extracts of Cleome
gynandra, Urtica diocica, and Capsicum frutescence on the two-spotted spider mite
(Tetranychus wrticae Xoch) population, damage and yield on rose flowers grown under
greenhouse. Rose bush variety, ‘High and Delicate’ was first planted after which the bushes
were allowed to grow and establish for three months before the mites were introduced into
each plant and allowed to establish for 45 days before the different treatments were applied.
The experiment was laid out in a Completely Randomised Design (CRD) with nine
treatments Cleome gynandra (CG), Urtica dioica, (UD), Capsicum frutescence (CF), and
their combinations CG+CF, CG+UD, CF+UD, CF+UD+CG, Polytrin and Control,
replicated three times. Extracts were constituted in methanol and sprayed on the experimental
plots. Results showed that the crude extracts had a significant effect on the population of
mites. The total lowest mite count was observed on polytrin followed by CG. At the end of
the experiment it was observed that the highest mite population was observed on control
followed by CF+UD and CF. The combination treatment of CG+UD+CF, CG and UD had -
the longest vaselife days of between 12-13 days on an average. The yield of roses from week
one to week four in the CF +CG + UD and polytrin treatments showed superior quality in
terms of length and head size which are the main qualities used to determine flower prices in

the markets. The longest lengths with large or big heads sell very expensively.

4.2 INTRODUCTION

Mites are one of the most important pests of roses grown in greenhouses throughout
the world. Over 40% of the total pest and disease management cost for greenhouse cut roses
was attributed to the control of two-spotted spider mites (Tetranychus urticae Koch). They
are a major pest threat to the increased production of high quality roses in Kenya and other
rose growing countries (Josvold and Chaney, 2001). This pest also commonly known as the
two spotted spider mite (TSSM) feeds by attacking the leaf cells and piercing them to extract

the cell contents which leads to the collapse of the plant cells, spider mites are significant



pests because they damage leaves and thereby cause loss of photosynthetic capacity. Their

infestation can lead to foliage loss and plant death in extreme cases.

Spider mites have a wide host range, and can be introduced into a greenhouse from
other crops or develop on weed species and subsequently move on to roses. They are tiny and
often hide on the undersides of leaves, thereby escaping early detection. They have
tremendous reproductive capacity in warm and dry conditions, and can rapidly develop
resistance to pesticides. High infestation may cause severe necrosis and eventual leaf drop
due to leaf desiccation (Nyalala and Grout, 2007). Cut roses are grown mainly for their
aesthetic value and therefore, the market tolerance for any damage is low or even zero in

european market destinations.

The two spotted spider mites multiply both sexually and asexually completing their
life cycle within 24 days (Cherian, 2003) depending on the temperature. This pest thrives
well in conditions that growers strive to achieve which are 60 % to 70% relative humidity and
25°C to 28°C, hence making them difficult to control completely.

Miticides have been used discriminatively by rose growers to control 7. urticae, and
this amounts to 40% of pesticide volume applied to rose flower crops (Josvold and Chaney,
2001) and accounts for 25 % to 50% of the total cost of pest control depending on the rose
variety, season and region (temperate or tropi::s). Miticide sprays is not satisfactory due to
the high costs of miticides, logistics of regular application, development of Miticide- resistant
mite strains and an increased residue level dangerous to the consumers and environment.
Further, the pressure to consider bio-control of mites and organic rose production is enhanced
by enforcement of the European codes of practice for export market aimed at reducing and

eventually eliminating the use of synthetic pesticides.

Biological control of two spotted spider mites as an alternative to miticides is being
advocated (Labuchagne, 2005). The bio-control using predatory mites Phytoseiulus
persimilis and Amblyseius californicus (Cherian, 2003), is equally expensive and often
difficult to sustain, implement and requires a high level of technical skill. Moreover, these
predatory mites are highly specific and have a narrow host range thereby not eliminating the
pest entirely. They may also not be compatible with the use of chemical fungicides or
bactericides (Armstrong, 2001). Currently the practice which farmers use to control the two

spotted spider mite is the use of Phytoseiulus persimilis.
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Traditional methods of control using local plant extracts have been tried. Nyalala and
Grout (2007) intercropped Cleome gynandra L. with rose crop and concluded that the
treatment had a significant repellent effect to 7. wrticae. Integrated Pest Management
systems using a combination of predatory mites, soapy water solutions chilli and garlic are
being used by farmers although they have not been validated. Knapp and Kahenge 2003
found that neem formulations controlled two- spotted spider mites on tomatoes. Dabrowsky
and Urszula, 2007 concluded that various plant extracts had insecticidal repellent and
acaricida) properties.

4.3. MATERIALS AND METHODS

4.3.1 Experimental site description
The research experiment to study crude plant extracts efficacy against two spotted

spider mites was carried out at the Fontana flowers limited (Akina farm), which is located on
the Njoro- Mau-Narok road 0° 20’S 35° 56°E, at an altitude of 2,180 m. a.s.l. The ecozone is
lower Highland 3 (LH3) with an average temperature of 27°C, conducive for the production
of cut rose flowers for export. The experiment was carried out in tunnels with greenhouse
polyfilm covering containing anti drip properties, UV and infra red properties ideal for rose
growing. (Plate 4.1) The growing media was artificial pumice stone mulched with sawdust
filled on a 1m x 0.75m trough.

4.3.2 Crop establishment
Planting of the initial rose bushes was done manually three months prior to the

introduction of mite colonies to allow for rose crop establishment and training for uniformity.
Cultural practices namely bending, fertigation and weeding were applied uniformly. Drip
lines were placed in between rows in the beds with emitter spacing similar to the intra plant

spacing. Irrigation was done at 5 minute intervals for 12 cycles a day.

4.3.3 Mite pest introduction
Introductions of the two-spotted spider mites were done three months after planting

(the first flush or harvest) for uniformity. The mites were allowed to multiply and establish
for 45 days after introduction (Wekesa et al.,, 2005). Sampling for the mites was done before
treatments started. Mite density was estimated by selecting three leaves per rose plant; one
from top and another from middle (Wekesa et al., 2005) and another from the bended plant

material. All mobile stages of mites and eggs were counted using a magnifying glass.
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4.3.4 Experimental design and treatment application

Six plants were randomly assigned for each treatment, replicated three times in Completely
Randomised Design (CRD) at a spacing of 2 metres between blocks. A spacing of Im
between plots and intra row and inter row spacing of 18cm and 20cm respectively were
applied. The plants were planted on artificial media-(pumice stones) mulched with sawdust in
troughs and drip irrigation system was used. The treatments were applied using a 1 litre hand
sprayer. Common cultural practices like bending, irrigation, fertigation and weeding were
uniformly applied to all the treatments. Treatments were as follows; Control (C) (distilled
water), Cleome gynandra (CG), Capsicum frutescence (CF), Urtica dioica (UD), Cleome
gynandra + Capsicum frutescence (CG+CF), Cleome gynandra + Urtica dioica (CG+UD),
Capsicum frutescence+ Urtica dioica (CF+UD), Capsicum frutescence + Urtica dioica+

Cleome gynandra (CF+UD+CQ), Pesticide (P) (Polytrin), and Methanol (M)

Plate 4.1: Experimental field layout
4.3.5 Parameters measured

a) Population density

The population density of T" urticae was recorded before treatments were applied as the pre-
treatment and second, ﬂaird and fourth weeks after treatment applications were conducted.
Three sample leaves were randomly selected from each plaﬂt and the mites and eggs counted
to give an average number of mites per plant (Wekesa ef a/., 2005). Plants were sprayed
immediately after pre-treatment sampling. Subsequent sprays were done once a week for four

weeks.
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b) Damage and quality
The aesthetic appearance and severity of damage was measured using a scale of 1-5 (Kamau,
1985)

1. No leaf damage due to mite feeding (Plate 4.2)

2. Slight damage; a few leaves showing slight yellowing and whitening due to mite
feeding (punctures) (25% of the leaves damage due to mite attack) (Plate 4.3)

3. Moderate damage; many leaves showing vellowing and whitening due to mite
feeding (punctures), (50% of the leaves damaged due to mite attack) Moderate
symptoms of mite attack (Plate 4.4)

4. Severe damage; 75% of the leaves showing yellowing, whitening, desiccation,
defoliation and webbing due to mite feeding (Plate 4.5)

5. Very severe damage; webbing, severe defoliation, death of leaves and entire plant
(100% of leaves damaged due to mite attack) (Plate 4.6)
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Plate 4.2: No damage Plate 4.3: Slight damage

Plate 4.4: Moderate damage Plate 4.5: Severe damage

Plate 4.6: Very severe damage
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c) Percentage leaves infested
All leaves showing symptoms of damage and those not damaged were counted

to obtain the percentage leaves infested as follows;

% leaves infested = No. of Infested leaves x 100

Total No. Leaves

d) Yield
Data colfected for yield parameters during the study were as follows;

1. The flower stem length

This was measured in centimetres from the base at the harvest point to the

base of the bloom using a metre rule or ruler.
2. Number of flower stems per plant
The flower stems harvested from the plant were counted.
3. Bloom size (Head size).

The height and width (diameter) of the longest point of the bloom was

measured to ascertain its size in relation to the stem length
4. Chlorophyll content.

Three leaves were randomly selected and a chlorophyll meter used to measure

the chlorophyll content of the plant

e) Vase life
The number of days to wilting of the flower in the vase (Senescence symptoms used

were; change in colour/pigmentation, petal drop, petal blackening, and bent neck/drooping.)

were recorded for each stem.

Stems from the treatment plots were harvested at cut stage two ie. when the buds
showed a pin sized hole on the tip of the bud. They were then immediately put in buckets
containing post-harvest solution (calcium chloride + Aluminium sulphate) as a pulsing
solution and transported to the cold stores at 4-6 °C to dissipate field heat, for a period of 12
hours (overnight). The flowers were then graded to equal lengths of 52cm and taken through

transport freight simulation where flowers are packed in a standard carton box and stored at
42



2-4°C for 5 days. Recovery of the stems is then done on the fifth day by cutting the base of
the stems 2cm and placing them in post-harvest solution containing chrysal solution (Sugar +
bactericide + citric acid). The flowers were then displayed in shelves for 4 more days to
simulate the supermarket display phase. The flowers were then put in the vase on the tenth

day and the number of days to fifty percent flower termination was recorded.

4.3.6 Data analysis

All parameters measured were subjected to Analysis of Variance (ANOVA) using
GenStat Release fifteenth edition version 15.1.0.8035 Copyright 2012, VSN International
Ltd. (Rothamsted Experimental Station). All means were separated using Least Significant
Difference (LSD). Percentage leaf infestation data was subjected to transformation using
Vassart statistical package (website for statistical computations) www.vassarStats.net
copyright @Richard Lowry 1998-2015
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4.4 RESULTS

4.4.1 Effects of crude plant extract on 7. urficae population

The results summarised in table 4.1 showed that the population of mites generally
declined from week one to week four for all treatments except control. One week after
. treatment application there was no significant difference in the population of mites amongst
the treatments except the control which recorded a significantly (P<0.05) higher number of
mite poplﬂatlon The lowest number of eggs in the first week was observed on CF+UD+CG
which was significantly different from UD and the control. The highest number of eggs was
observed on control which was significantly different from all the treatment.

The second week of treatment, Polytrin was observed to have the lowest number of
mites which was not significantly different from CG. The highest number of mites was
recorded on control which was significantly different from all the other treatments. Polytrin
was observed to have significantly lower number of eggs. CG, UD and CF+UD+CG was also
observed to have no significant difference from CF+UD and CG+UD. The highest number of
€ggs was observed on control which was significantly different from all the other treatments.

After the third week of treatment, Polytrin had the lowest mite population and was
significantly different from all treatments; followed by CG which was statistically similar to
CF+UD and CF+UD+CG. The highest number of mites was recorded on control which was
significantly - different from all the treatments. During the same week of treatment
application, Polytrin recorded the lowest number of eggs, significantly different from all
treatments. The control had significantly the highest number of eggs.

In the last week of treatment polytrin was observed to have the lowest number of
mites significantly different from all the other treatments. The highest mite population was
observed on control which was significantly different from the rest of the treatments (Figure
4.1 and 4.2)



Table 4.1: Average number of 7. urticae (adults, nymphs and larvae) and eggs per 3 leaf discs (d=10mm) per week after treatment

Pre- Pre-
Treatment Treatment week1l week2 week3 weekd Treatment weekl week2 week3 weekd4
CG 11.33° 8.00°  567° 633"  6.67 8.00” 7007 400° 433" 433
CF 10.33 8.67°  8.00* 9007 833 7.67° 733% 633 567"  5.00”
UD 11.33 967  7.67° 8007 800" 8.00” 9.00°  4.00° 4677 467"
CG+CF 10.00% 8.00°  7.00° 8337 800 8.67% 6.33° 467 567" 533
CG+UD 10.33° 9.00" 833 833  7.00" 8.67 ras®  gaak 4y 4w
CF+UD 8.33° 833" 767 667" 833 7.33° 6.67% 533  467° 467
CF+UD+CG  10.00” 733* 767 13 67" 8.33% 6.00°  4.00°  500° 467"
Polytrin 11.00° 8337 - 5000 433  500° #33% 6.67% 1677 267°  1.33°
Control 11.00° 15.33%  2033¢ 28.00° 21.33¢ 9.33° 2533 29.00° 29.00° 18.67°
LSD (0.05)  1.88 2.45 1.0 1.24 1.56 1.38 2.53 1.75 1.37 1.00
CV % 10.40 1540  7.50 7.40 10.10 9.60 1610 1420 1080  9.80

Means in the same column followed by the same letter are not significantly different at  <0.05 using LSD
KEY

Control (C) (distilled water), Cleome gynandra (CG), Capsicum frutescence (CF), Urtica dioica (UD), Cleome gynandra + Capsicum
frutescence (CG+CF), Cleome gynandra + Urtica dioica (CG+UD), Capsicum frutescence+ Urtica dioica (CF+UD), Capsicum frutescence +
Urtica dioica+ Cleome gynandra (CF+UD+CG), Pesticide (P) (Polytrin), and Methanol (M)
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Figure 4.1: Number of T. urticae mites before and four weeks after treatment
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_Figure 4.2: Number of 7. urticae eggs before and four weeks after treatment

KEY

Control (C) (distilled water), Cleome gynandra (CG), Capsicum frutescence (CF), Urtica dioica
(UD), Cleome gynandra + Capsicum frutescence (CG+CF), Cleome gynandra + Urtica dioica
(CG+UD), Capsicum frutescence+ Urtica dioica (CF+UD), Capsicum frutescence + Urtica
dioica+ Cleome gynandra (CF+UD+CG), Pesticide (P) (Polytrin), and Methanol (M)
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4.4.2 Effects of crude plant extracts on damage and quality of rose flowers by mite
infestation

Generally there was no significant difference in percentage leaf infestation amongst all
treatments in both trial 1 and 2 (Table 4.2). The highest (22%) percentage leaf infestation was
observed on CG+CF followed by CG+UD (21.30%) in trial Iwhile in trial 2 Contro} (27.67%)
was tﬁe highest. The lowest percentage leaf infestation in trial 1 was observed on CE+UD
(10.33%) and 1in trial 2 CG+CF had the lowest leaf infestation (11.00%)

Aesthetic score of flowers harvested from the experiment showed significant differences
in treatments ranked on a scale of 1-5.(Table 4.2). CG+CF had the highest aesthetic score which
was not significantly different from CF and CG+UD in trial one and in trial two CF+UD had the
highest aesthetic score which was significantly different from all the other treatments.

There were significant differences in vase life days amongst the treatments in trial one
and two (Table 4.2). In trial one maximum vase life days was recorded on CG+UD+CF followed
by CG and UD. The minimum vase life days was recorded on control which was significantly
different from all the treatments. In trial 2, the longest vase life day (13 days) was recorded on
UD which was not significantly different from CG, CG+CF+UD and polytrin. The shortest
vaselife days (6.33 days) was recorded on control which was significantly different from all
treatments.

This shows that damage incidence by mites on foliage affects the physiological processes
of flowers not seen by physical expressions on the plant but observed later in the post-harvest life

of the flowers.
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Table 4.2: Average damage and quality parameters measured per treatment in trial land 2

Trial 1 Trial 2
P % leaf Aesthetic vase life % leaf Aesthetic  vase life
. infestation score (Days) infestation score (Days)
CG 15.00 4.00° 12.33° 17.00 4.00° 12.33°
CF 17.33 3.67% 9.3% 18.67 4.00° 8.67%
UD 15.67 4.00° 12.00% 18.33 4.00° 13.00°
CG + CF 22.00 3.337 11.00° 11.00 4.00° 10.67%
CG+UD 21.33 3.67% 10.67% 14.67 4.00° 10.00%
CF+UD 10.33 4.00° 9.33 14.33 3.67° 9.33%
CG+CF+UD 1433 4.00 13.67° 17.00 4.00° 12.33°
Polytrin 1167 4.00° 9.677 18.00 4.00° 11.67%
Control 14.33 4.00° 5.67¢ 27.67 4.00° 6.33°
LSD (0.05) NS 0.53 1.24 NS 033 1.39
CV % 377 7.90 6.90 293 5.00 7.70

Means in the same column followed by the same letter are not significantly different at P<0.05
using LSD * NS= Not significant
KEY

Control (C) (distilled water), Cleome gynandra (CG), Capsicum frutescence (CF), Urtica dioica
(UD), Cleome gynandra + Capsicum frutescence (CG+CF), Cleome gynandra + Urtica dioica
(CG+UD), Capsicum frutescence+ Urtica dioica (CF+UD), Capsicum frutescence + Urtica
dioica+ Cleome gynandra (CF+UD+CG), Pesticide (P) (Polytrin), and Methanol (M)
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4.4.3 Effects of crude plant extracts application on yield and yield parameters on rose
flowers infested by mites

Results in tables 4.3 and 4.4 below show the average yield parameters recorded per
treatment in trial one and two. These parameters include chlorophyll content, number of stems
harves}ed per rose bush per season, the stem length and the bloom size (height and width).

In trial 1, the chlorophyll content of rose plants treated with Polytrin recorded the highest
chlorophyll content which was not significantly different from all the other treatments except
control and CG+UD which recorded the lowest amount of chlorophyll content. In trial 2, the
highest chlorophyll content was recorded on polytrin which was not significantly different from
other treatments except CG+CF+UD and control which had the lowest content of chlorophyll.
(Table 4.4)

The highest number of stems harvested per plant was recorded on polytrin treated plants
which was significantly different from CG+CF and CG+UD. In trial two the highest number of
stems harvested was recorded on CF which was not significantly different from UD, CG, and
CG+CF+UD.

The longest (69.67cm) stem lengths of the plants harvested in trial one was recorded on
Polytrin treated plants which was statistically different from CG+UD (52.00cm) In trial 2, there

were no sigaificant differences in the stem length among all the treatments.

The longest bloom (47.67) was recorded on CG and CG+CF+UD (47.67mm) treatments
which was significantly different from CF, CG+UD and control. The shortest bloom (25.67mm)

was recorded on CG+UD which were statistically similar to control.
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Table 4.3: Average yield parameters per treatment in trial one

Chlorophyll No. of stem Bloom Bloom
Treatment content : te;n - length length width

(CCl)b b (cm) (mm) (mm)
CcG 46.43° 3.00% 6133 4167 28.33°
CF 40.10% 367 5767  4333° 28.67°
UD 42.33% 367° 6767  47.00° 28 .67°
CG + CF 38.50” 2.00° 61.67%  47.00° 29337
CG+UD 33.80° 2.00° 52.00° 2567° 24.00°
CF+UD 4220 2.33% 66.00%  46.00% 29.33°
CG+CF+UD  3853% 2.67% 69.33% 47.67° 29.33°
Polytrin 54.97° 3.67° 69.67° 45.67% 28.67°
Control 33.80° 3.67° 60.67%  2833° 30.67°
LSD (0.05) 17.61 1.63 15.07 3.40 3.78
CV (%) 23.90 33.00 13.90 4.70 7.70

Means in the same column followed by the same letter are not significantly different at P< 0.05
using LSD

KEY

Control (C) (distilled water), Cleome gynandra (CG), Capsicum frutescence (CF), Urtica dioica
(UD), Cleome gynandra + Capsicum frutescence (CG+CF), Cleome gynandra + Urtica dioica
(CG+UD), Capsicum frutescence+ Urtica dioica (CF+UD), Capsicum frutescence + Urtica
dioica+ Cleome gynandra (CF+UD+CQG), Pesticide (P) (Polytrin), and Methanol (M)
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Table 4.4: Average yield parameters per treatment in trial twe

stem Bloom Bloom
Treatment %é«;;'ophyll sth;r::’ et }::lg)th :fll:it)h ?:::.I)l
CG 55.70° 3.33% 59.67° 46.67° 2667
CF 50.97%° 4.67° 53.67° 4567  28.00°
UD 58.53° 3.33% 57.33° 4633 2867
CG + CF 58.13° 3.00” 65.00° 4533"  2933°
CG+UD 58.10° 3.00” 54.00° 3400°  24.00%
CF +UD 53.50° 2.33° 59.33¢ 4433° 2867
CG+CF+UD 3747 3.33% 65.01° 4633  29.33°
Polytrin 59.20° 3.00” 63.33° 4433% 28007
Control 23.10° 3.00° 55.33° 3033 23.00°
LSD (0.05) 14.20 1.66 NS 7.67 436
CV % 15.50 29.70 13.90 10.40 920

Means in the same column followed by the same letter are not significantly different at P< 0.05
using LSD *NS= Not significant

KEY

Control (C) (distilled water), Cleome gynandra (CG), Capsicum frutescence (CF), Urtica dioica
(UD), Cleome gynandra + Capsicum frutescence (CG+CF), Cleome gynandra + Urtica dioica
(CG+UD), Capsicum frutescence+ Urtica dioica (CF+UD), Capsicum frutescence + Urtica
dioica+ Cleome gynandra (CF+UD+CQG), Pesticide (P) (Polytrin), and Methanol (M)
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4.5 DISCUSSION

4.5.1 Effects of crude plant extracts on T. urticae population

From the results shown in table 4.1 there was a significant decline in the number of mites
from week one to week four in all treatments except for the control treatment. The control
treatment’s mite population gradually increased from week one to week three of treatment but
experienced a decline in week four. This trend as observed in figure 4.1 could have been
attributed to mite population build up to maximum numbers, colonizing the entire Ieaf and plant
hence, reduced resources of food causing the mite population to starve or migrate to other leaves
or plant due to the lack or shortage of food resources, mites are also known to cannibalise in

times of reduced food supply as may have been the case in this situation.

Similar results of decline were also observed on the number of eggs laid, as the mite
population decreased the egg numbers also decreased, this could be attributed to more eggs
hatching to nymphs which were either repelled or died as a result of the plant extracts applied
(Tomczyk and Susko, 2011, Yanar ef al.,2011). Also, the few number of eggs found or counted
may have been hatched by the surviving few mites. At this point it is also important to note that
the two spotted spider mites have been found to multiply through vivipary i.e. lays an egg that

hatches into a nymph as soon as it is laid.

The table 4.1 also shows that at P < 0.05 the average number of mites recorded on plant
extract treatments in week one, two and three after artificial introduction gradually reduced.
Similarly the number of eggs laid in week one gradually reduced and recorded the lowest
numbers on polytrin and plant extract treatment CG + UD. In week two, there was no significant
‘difference in the treatments applied but these were significantly different from the control
treatment. The sharp decrease in mite population in week two may be attributed to the strong
miticide effect of the extracts and continued decrease due to the residual effect of the crude
extracts..The slight increase in mite population on CF + UD, UD and CG + CF may be attributed
to the reduced chemical extract residual effect due to volatilization. Polytrin miticide recorded at
P<0.05 significantly lower number of mites and eggs compared to other treatments. However, in
week four, polytrin recorded the lowest number of mite population which was significantly
different from CG, CF + UD, CG + CF + UD respectively (Table 4.1).
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Generally, Polytrin had more effect in controlling the mite population. However, the
crude extracts have also shown to have acaricidal effect and may be included in pest control

strategies as bio - pesticides for mites in commercial rose growing.

The experimental data confirmed that plant extracts from various species evoke various
negative responses from the two-spotted spider mite affecting their feeding behaviour and
survival. Becaunse intensive use of synthetic insecticides have caused outbreaks of spider mites
on many crops and development of mite resistance to acaricides especially on treated ornamental
crops, studies on the effect of extracts of various plant species on spider mites Tefranychidae
have been intensified since the nineteen eighties and continue until the present time. Deterrent
and toxic effect of seed extracts from Abrus precatorius was confirmed by Amer et al., 1989.
Essential oil extracted from Tanacetum vulgare and Artemisia absinthium strongly increased
mortality of 7etranychus urticae (Chiasson et al., 2001). Also extracts from Matricaria recutita,
Achillea millefolium, Taraxacum officinale, Salvia officinalis have been found to strongly reduce
the 7. urticae fecundity, longevity and intensity of feeding (Kawka and Tomczyk 2002). Water
extracts from needle surface of Taxus baccata have also been found to strongly affect fecundity

and oviposition period of the two-spotted spider mite females (Furmanowa et al., 2001).

4.5.2 Effects of crude plant extracts on damage and quality of rose flowers by mite
infestation
The results on quality of flowers harvested from the experiment showed no significant
differences in aesthetic score of crude extracts ranked on a scale of 1-5 (plate 4.2 — 4.6). The
results in table 4.2 show that the treatment plants were infested with mites albeit different
percentages this may be due to introduction of mites to each of the treatment plots for purposes

of the experiment which were allowed to establish before treatments applied for control measure.

CF, CG+CF and CF+UD in trial 1 and 2 respectively had moderate damage and the
others severe (see scale 1-5 and plates 4.4 - 4.5). The results seen may be attributed to the
unpalatable nature of chilli extracts for the mites to feed on and hence better aesthetic value.
Plants produce a vast array of volatiles and tannins that play an important role in plant defense
(Aharoni et al., 2003). The species C. frutescens also contains diterpenoids, flavonoids, saponins,
and phenolic compounds having lethal effects, antifeedant effects, and parasite repellence. Hot
pepper also contains significant amount of tannins (Antonious and Snyder, 2006) that break
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down and behave as toxins. Similar reactions of various host plants have also been observed
after their infestation by spider mites, which suggest the importance of phenolic compounds
present in plant extracts in defence mechanisms of plants against the two spotted spider mite in
this study.

" The results further reflect on the vaselife days where control was observed to have shorter
number of days in the vase compared to all the treatments which were observed to have
increased number of days. The vase life day’s differences amongst the treatments in trial 1 and 2
with CG, CG+CF+UD and UD recording the highest number of days, this observation may be
attributed to the feeding nature of the mites which feed by sucking the cell sap or chlorophyll of
the plants hence plant unable to generate photosynthates as reserve energy. Hence faster loss of
leaves and death of the stem earlier than the other treated rose stems. Furthermore, it is possible
that mite feeding on the rose crops affects fose physiological processes within the plant resulting
in reduced vase life days.

The difference in chlorophyll content may be explained by the level of percentage leaf
infestation per treatment and further explain the pest prefercnce in feeding on the plants hence
observanons seen on the aesthehc score. Spider mites tend to prefer the youngest, fully expanded
leaves that have higher nitrogen content than older leaves (Chen et al., 2007).

The other observation is that the experimental plots treated with crude plant extracts had
better vaselife days in trial 1 despite having lower percentage of leaf infestation by mites
compared to the polytrin treated plants, this may be attributed to the systemic interference of the
chemical active ingredients to the photosynthetic sites of the plant hence reducing or slowing

down processes in the plant and affecting vaselife in the long term.

The overall damage and quality rating in this experiment was assessed based on
harvested stem plant appearance, including percentage leaf mite infestation expressed as an
aesthetic score index which reflects the extent of leaf feeding damage by the mites. Opit ef af.,
(2005) found that overall plant quality on ivy geranium plants was negatively correlated with
cumulative mite density. Therefore, plant quality ratings reflect the accumulation of mite feeding

damage over time
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The above observations suggest that damage by mites on foliage affects the physiological
processes of flowers not seen by physical expressions on the plant but observed later in the post-
harvest life of the flowers. Although plant-derived essential oils have been shown to be active
against certain pests, their phytotoxicity has been questionable (Amason et al. 1993). It has been
reported that many plant extracts are phytotoxic to vegetables and herbaceous and foliar plant
material (Isman, 2001). However, the extent of plant injury may be dependent on numerous
factors, including the concentration of the compound, the rate at which it is applied, plant type
and which plant parts are exposed during spray applications (Cloyd et al. 2009). Similarly,
phytotoxic properties of some essential oils on 7. urticae have been reported (Monsuer ef al.,
1993). It has also been observed that pure rosemary oil can cause complete mortality of spider
mites 7. urticae at concentrations that are not phytotoxic to the host plants (Miresmaili and
Isman, 2006).

4.5.3 Effects of crude plant extracts application on yield and yield parameters of rose
flowers infested by mites

Results in table 4.3 and 4.4 showed the average yield parameters recorded per treatment
in trial one and two. In trial one the rose plants in the control treatment plots had lowest levels of
chlorophyll compared to all other treatments. This may be attributed to the feeding behaviour of
two spotted spider mites which feed by sucking the cell sap contents which include the
chlorophyll.

The Polytrin treated plants were observed to have the highest level of chlorophyll content
compared to all the other treatments, this may be attributed to the knock down or instant killing
of mites by the polytrin chemical hence reducing the number of mites feeding on the plant and
allowing the plant time to regenerate more leaves and chlorophyll. In both trials also, the plant
extract treated plots compare well with polytrin.

Chlorophyll is responsible for trapping light which is important in the light stage of
photosynthesis. Reduced chlorophyll levels would mean reduced photosynthetic capacity which
results in less carbohydrates being apportioned to the flowers sinks (buds and stems) hence
reduced yields (head size, stem length etc.).
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The number of flower stems per plant in trial one were the same amongst the treatments
with CG+CF and CG+UD recording the lowest number of stems harvested per plant
numerically. While in trial two the treatments had no effects on the number of stems harvested
per plant this may be attributed to the genetic traits of the rose plant variety.

" The stem lengths of the plants recorded in trial 1 and 2 were statistically the same except
for small numerical variations. The longest stems harvested were recorded on CG+CF+UD in
both trials and compared well with the polytrin treated plants. The shortest stems were recorded
on CG+UD in both trials. The similarity in lengths may not have been affected by the treatments
as this is also a genetic trait of the rose plant variety ‘high and delicate’.

Lengths of the flower heads or blooms recorded were statistically the same except
CG+UD and C (control) which recorded the lowest flower head/bloom lengths. As earlier
discussed mite infestation on plant by mites affects photosynthetic ability of the plant hence
reduced photosynthates apportioned to the flower sinks. During flowering all photosynthates are
channelled to the flower buds for flower formation, therefore it can be concluded that the low

chlorophyll content results in reduced photosynthates hence smaller bloom length.

The width of the blooms both in trial 1 and 2 were not observed to be statistically similar
among the treatments. However, the plants treated with CG+UD and control were observed to
have smaller flower head/bloom width. According to the Dutch Flower Auction and other
commercial buying groups quality standards of 2013, the commercially accepted minimum
bloom length and width in relation to stem length is as follows: |

e 32cm and 42cm = 30 x 20mm,
e 52cmand 62cm = 35 x 20mm,
e 72cm and 82cm = 40 x 30mm.

In view of this standard the stems harvested in this research trial meet the market quality
standards except for the stems of plants treated with CG+UD and control which had
unproportional head sizes in relation to the stem length. CG+UD (25x24mm) and Control
(28x30mm) in trial 1 and in trial 2 CG+UD (34x24mm) and control (30x23mm) these sizes on a
head size measuring gauge are more of a square bud and do not meet the required standard of
(35x20mm) reflected above.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION
_ The repellent effects of crude plant extracts evaluated on Tetranychus urticac Koch had

significant difference (P<0.05) in terms of repellence and acaricicidal activity of Cleome
gynandra, Capsicum frutescence and Urtica dioica on T. urticae was evident. The use of thege
crude extracts as acaricides could significantly reduce the population of two-spotted spider mites
on cut-flower rose leaves within a period of about six days. Howéver, the level of their mortality
and repellence is dependent upon the exposure period of the crude plant extracts dissolved in
either methanol or distilled water. The methanol dissolved solutions proved more effective at 100
g of extract exposed between one and six days.

The total average mean number of both mites and eggs per 3 leaf discs treated with crude
plant extracts was significantly (P<0.05) less than the control four weeks after treatment
applications suggesting that the crude plant exiracts especially of African spider plant and chilli
can be explored further for developing natural products for use as bio-pesticides. There 1s also
need to further investigate the extracts dosage and frequency of application as well as refining
the solution to reduce the extracts residual matter which may limit the aesthetic quality of cut
ros¢ flower for export in large scale commercial production greenhouses

The effect of the mite feeding and control using the crude plant extracts was not
significant (P<0.05) with regard to the number of stems per plant and their stem length. However
it was noted that presence of few mites on the plant causes considerable reduction of chlorophyll
on the foliage which may result in reduced number of marketable stems. It is therefore of
commercial interest to maintain very low numbers of mites if none at all on the rose crops.
Vaselife of the test plants harvested especially from the crude plant extracts treatment plots had
longer vaselife days compared to those harvested from the polytrin or chemical which may have
been affected by the persistence of the active ingredients on the plant tissues.

From this study we can conclude that crude plant extracts with repellent or toxic nature
maybe of significant input as a supplement or incorporation in IPM mite control strategies. The
potential benefits of methanoic plant volatile extraction for control of mites in rose growing for

export markets is evident.

57



5.2 RECOMMENDATIONS
The following recommendations are made:

1.

That crude plant extracts of C. gynandra, U. dioica and C. frutescence have repellent

effect on 7. wrticae population and affect various phenomena of spider mite behaviour

- and survival, and therefore further studies should be done to ascertain their effects on

spider mites

Crude plant extracts of C. gynandra, U. divica and C. frutescence have toxic effect on 7.
urticae population. Therefore, identification of chemical compounds responsible for
toxic/Mortality effects on spider mites and further studies should be done to ascertain
their effects on spider mites

Crude plant extracts of C. gynandra, U. dioica and C. frutescence on T. urticae cause
damage and quality of rose flowers and the presence of few mite numbers on rose crop
can cause considerable damage on cut rose stems resulting in reduced vaselife. Hence,
growers need to always maintain a zero tolerance to mite pest presence on commercial

cut rose greenhouses

Crude plant extracts of C. gynandra, U. dioica and C. frutescence have effect on the yield
of the rose flowe~. Hence, growers need to always maintain a zrro tolerance to mite pest

presence on commercial cut rose greenhouses.

Identification of chemical compounds responsible for repellent, antifeedant and toxic
effects on spider mites and other arthropod pests may provide additional tools in pro-
ecological method of integrated pest control.

Further research on effective use of methanol as a solvent for extracting phenolic
compounds may increase the effectiveness of crude plant extract compounds for pesticide

use is required

Secondary metabolites from crude plant extracts can be very useful in plant protection,
especially in combination with other non- chemical methods. More studies are needed on

their negative influence and not only on pests but also on natural enemies
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APPENDICES

Appendix I: ANOVA tables for the efficacy of crude plant extracts on Mortality of 7. urticae
1,3 and 6 days after treatment

Variate: 1 day

Source of variation df. g5 m.s. VI F pr.
Rep stratum 2 42222 21111 N

Rep.*Units* stratum

Treatment 8 82 10.25 13.18 <.001
Residual 16 12.4444  0.7778

Total 26 98.6667

Variate: 3 days

Source of variation df 5.S. m.s. V.I. F pr.
Rep stratum 2 1.407 0.704 0.57

Rep.*Units* stratum

Treatment 8 79.852 9981 8.01 <.001
Residual 16 19.926 1.245

Total 26 101.185

Variate: 6 days

Source of variation df. 5.S. m.s. VI, F pr.
Rep stratum 2 0.074 0.037 0.03

Rep.*Units* stratum

Treatment 8 96.963 12,12 8.84 <001
Residual 16 21.926 1.37

Total 26 118.963
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Appendix II: ANOVA tables for the efficacy of crude plant extracts on repellence of 7. urticae

Variate: 1 Hour

Source of variation df S.S. m.s. V.I. F pr.
Rep stratum 2 3.1852 1.5926 6.14
Rep.*Units* stratum

Treatment 8 26.0741 3.2593 12.57 <001
Residual 16 4.1481 0.2593

Total 26 33.4074

Variaite: 2 Hours

Source of variation df 5.5 m.S. V.I. F pr.
Rep stratum 2 0.8889 0.4444 0.68
Rep.*Units* stratum

Treatment 8 58.6667  7.3333 11.23 <001
Residual 16 104444  0.6528

Total 26 70

Variate: 3 Hours

Source of variation df. S.8. m.s. V.I. F pr.
Rep stratum 2 0.667 0.333 0.23

Rep. *Units* stratum

Treatment 8 66.667 8.333 571 0.002
Residual 16 23.333 1458

Total 26 90.667

Variate: 4 Hours

Source of variation df 5.8. m.s. VI, F pr.
Rep stratum 2 0.889 0.444 0.22
Rep.*Units* stratum

Treatment 8 95.333 11.917 6 0.001
Residual 16 31.778 1.986

Total 26 128
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Appendix ITI: ANOVA tables for effect of plant extracts on 7. urticae mite population

Variate: Pre-treatment

Source of variation df s m.s. VI, F pr.
Rep stratum 2 0.519 0.259 0.22
Rep.*Units* stratum

TRT 8 21.185 2.648 225 0.079
Residual 16 18815 1.176

Total 26  40.519

Variate: week 1

Source of variation df ss. m.s. VI. Fpr.
Rep stratum 2 12.074 6.037 3.03
Rep.*Units* stratum

TRT 8 138.074  17.259 8.65 <.001
Residual 16 31926 1.995

Total 26 182.074

Variate: week 2

Source of variation df =3 m.s. V.I. Fpr.
Rep stratum i 1.4074 G6.7037 1.71
Rep.*Units* stratum

TRT 8 494519 61.8148 150.02 <.001
Residual 16  6.5926 0412

Total 26  502.519

Variate: week 3

Source of variation df. &3 m.s. i F pr.
Rep stratum 2 1.8519 0.9259 1.82
Rep.*Units* stratum

TRT 8 119052  148.815 29222 <001
Residual 16  8.1481 0.5093

Total 26 120052

Variate: week 4

Source of variation df ss. m.S. VI, Fpr.
Rep stratum 2 0.2963 0.1481 0.18
Rep.*Units* stratum

TRT 8 546.519 683148 8384 <001
Residual 16  13.037 0.8148

Total 2 26  559.852
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Appendix IV: ANOVA tables for effect of plant extracts on 7. urticae Eggs population

Variate: Pre-treatment

Source of variation df. 4&s. m.s. V.I. F pr.
Rep stratum 2 0.5185 0.2593 041
Rep.*Units* stratum

TRT" 8 8.5185 1.0648 1.68 0.18
Residual 16  10.1481 0.6343

Total 26 19.1852

Variate: week 1

Source of variation df &n m.s. VI F pr.
Rep stratum 2 29.852 14.926 6.99
Rep.*Units* stratum
TRT 8 909.852 113.731 5329 <.001
Residual 16  34.148 2.134
Total 26 973.852

_Variate: week 2
Source of variation df ss. m.s. VI. F pr.
Rep stratum 2 4,963 2.481 243
Rep.*¥Units* stratum
TRT 8 1652.07 206.509 201.84 <.001
Residual 16 16.37 1.023
Total 26 167341

Variate: week 3

Source of variation df ss. m.s. V.I. F pr.
Rep stratum 2 2.6667 1.3333 2.13

Rep.*Units* stratum

TRT 8 1603.33 200.417 320.67 <.001
Residual 16 10 0.625

Total 26 1616
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Variate: week 4

Source of variation df &8 m.s. VI. F pr.
Rep stratum 2 0 0 0

Rep.*Units* stratum

TRT 8 583.333 72.9167 218.75 <.001
Residual 6 53323 0.3333

Total 26 588667

Appendix V: ANOVA tables for quality parameters recorded per treatment in trial one

Variate: % Incidence

Source of variation df ss. m.s. Vi F pr.
Rep stratum 2 378 189 2.81

Rep.*Units* stratum

Treatment 8 370 46.25 0.69 0.696
Residual 16 1074.67 67.17

Total 26 1822.67

Variate: Aesthetic score

Source of variation df. ss. m.s. V.I. F pr.
Rep stratum ‘ 2 0.51852 0.25926 2.8

Rep.*Units* stratum

Treatment 8 1.40741 0.17593 1.9 0.131
Residual 16 1.48148 0.09259

Total 26  3.40741

Variate: Vaselife

Source of variation df ss. m.s. VI. F pr.
Rep stratum ) 0.5185 0.2593 0.51
Rep . *Units* stratum

Treatment 8 127.852 159815  31.38 <.001
Residual 16  8.1481 0.5093

Total 26 136519
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Appendix VI: ANOVA tables for quality parameters recorded per treatment in trial two

Variate: % Incidence

Source of variation df.  ss. m.s. V.I. F pr.
Rep stratum 2 1343 67.15 0.69

Rep.*Units* stratum

Treatment 8 499.19 62.4 0.64 0.732
Residual 16  1553.04 97.06

Total 26  2186.52

Variate: Aesthetic score

Source of variation df =ss m.s. VI F pr.
Rep stratum 2 0.07407 0.03704 1

Rep.*Units* stratum

Treatment 8 2.74074 0.34259 925 <.001
Residual 16  0.59259 0.03704

Total 26 340741

Yariate: Vaselife

Source of variation df ss. m.s. VI. F pr.
Rep stratum 2 0.2963 0.1481 0.23

Rep.*Units* stratum

Treatment 8 110.074 13.7593 21.23 <.001
Residual 16 10.3704 0.6481

Total 26  120.741

Appendix VII: ANOVA tables for yield parameters recorded per treatment in trial one

Variate: Chlorophyll

Source of variation S.S. m.s V.I. F pr.
REP stratum 2 498.2 2491 241
REP . *Units* stratum

TRT 8 895 111.9 1.08 0.423
Residual 16 1655.4 103.5

Total 26 3048.6
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Variate: Stems per plant

Source of variation d.f. S.S. m.s. v.r F pr.
REP stratum 2 1.8519 0.9259 1.05
REP.*Units* stratum '

TRT 8 11.4074 1.4259 1.61 0.198
Residual 16 14.1481 0.8843

Total 26  27.4074

Variate: Stem length

Source of variation df. S.S. m.s. V.r F pr.
REP stratum 2 131.56 65.78 0.87
REP.*Units* stratum

TRT 8 777.33 97.17 1.28 0319
Residual 16 121311 75.82

Total 26 212

Variate: Bloom length

Source of variation df 3. m.s. v.I F pr.
REP stratum 2 2 1 0.26
REP.*Units* stratum

TRT 8 181267  226.583 5847 <.001
Residual 16 62 3.875

Total 26 1876.67

Variate: Bloom width

Source of variation df. S.S. m.s. v.r F pr.
REP stratum 2 2.889 1.444 03
REP.*Units* stratum

TRT 8 81.333 10.167 213 0.095
Residual 16 76.444 4778

Total 26 160.667
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Appendix VIII: ANOVA tables for yield parameters recorded per treatment in trial two

Variate: Chlorophyll

Source of variation d.f. 5.S. m.s. V.I. F pr.

REP stratum 2 270.96 13548 2.01

REP *Units* stratum

TRT 8 1084.48 135.56 2.01 0.111
Residual 16 1076.56 67.29

Total 26 2432.01

Variate: Stems per plant

Source of variation d.f. S.S. m.s. V.I. F pr.

REP stratum 2 0.6667 0.3333 0.36
REP . *Units* stratum

TKT 8 93333 1.1667 127 0.323
Residual 16 14.6667 0.9167

Total 26 24.6667

Variate: stem Length

Source of variation d.f. 8.S. m.s v F pr.

REP stratum ¥ 0.96 048 0.01
REP.*Units* stratum '

IRT 8 298.52 37.31 0.55 0.8
Residual 16 1079.7 67.48

Total 26 1379.19

Variate: Bloom length

Source of variation df. S.S. m.s V.I. F pr.

REP stratum 2 2541 12.7 0.65
REP . *Units* stratum

TRT 8 875.19 1094 5.58 0.002
Residual 16 J13.93 19.62

Total 26 1214.52
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Variate: Bloom Width

Source of variation d.f. 5.4, m.s. V.I. F pr.
REP stratum 2 37.852 18.926 298
REP.*Units* stratum
TRT 8 128.296 16.037 2.53 0.054
Residual 16 101.481 6.343
Total 26 267.63
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