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ABSTRACT

The management of root-knot nematodes (Meloidogyne spp.) has become a
challenging task in tomato (Solanum lycorpesicum) production, due to the
withdrawal of effective chemical nematicides. Currently, crude extracts of different
plant species are being researched as alternative to chemical nematicides, with
promising results. The objective of this study was to determine the effect of crude
extracts of wild garlic (Tulbaghia violacea) on the growth of tomato under
greenhouse conditions, and the suppression of M. incognita race 2 population
densities. Treatments consisted of four levels of crude extracts viz. 0, 2, 4 and 8 g
per pot, were arranged in a randomised complete block design with 10 replicates.
Seedlings were inoculated with 1000 juveniles of M. incognita race 2 at transplanting
and treated with crude extracts two days later. At 56 days, the crude extract of T.
violacea increased plant height, stem diameter, number of cluster, flowers, fruits and
leaves by 43-73%, 108-200%, 57-81%, 55-110%, 170-223% and 51-66%,
respectively. It also increased the root mass and shoot mass by 95% and 96%,
respectively. Crude extracts of T. violacea did not have any effect on soil pH and
electrical conductivity (EC). Crude extracts of T. violacea consistently reduced
population densities of M. incognita race 2 by 50, 64 and 73% in roots at 2, 4 and 8
g crude extracts, respectively and by 21, 30 and 58% in soil at similar levels,
respectively. In conclusion, crude extracts of T. violacea have the potential to
improve growth of tomato plants and suppress population densities of M. incognita

race 2 and could be used as botanical nematicide in tomato production.
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CHAPTER 1
GENERAL INTRODUCTION

1.1 Introduction

Plant-parasitic nematodes are among the most difficult soil-borne pests to manage.
In addition, withdrawing fumigant nematicides such as methyl bromide from
agrochemical markets following the adoption of the Montreal protocol (1997)
increased the incidence of crop failures in most active agricultural soils (Pelinganga
et al., 2011). Plant-parasitic nematodes are particularly damaging in vegetable
production in tropical and subtropical regions (Sikora and Fernandez, 2005) and
cause complete crop failure in heavily infested fields (Kaskavalci, 2007). Economic
damage in tomato (Solanum lycorpersicum) can occur with root-knot nematode
densities of 0.1 — 1.0 nematodes per cm® soil at planting (Sikora and Fernandez,

2005).

The genus Meloidogyne is among the main soil-pathogens of tomato with estimated
yield losses ranging from 28% to 68% (Adesiyan et al, 1990) but can cause
suppression in yield of tomato as high as 85% (Sasser, 1979). Chitwood (2003)
reported that global crop losses per annum due to plant-parasitic nematodes prior to
the 2005 cut-off withdrawal date of methyl bromide had been estimated at US$ 125
billion. Currently, the estimated annual crop losses due to nematode damage in

South Africa stand at 14% (Swart, 2010). Four major species of Meloidogyne include



M. incognita, M. javanica, M. arenaria and M. hapla (Esfahani, 2009), with known

races readily attacking tomato crops in outdoor as well as in indoor cultivations.

Management of plant-parasitic nematodes is a difficult task and has mainly
depended on chemical nematicides for decades, with remarkable reduction of
nematode population densities (Akhtar and Malik, 2000). However, the detrimental
environmental effects of synthetic nematicides redirected focus to the use of
alternatives that improve soil health, resulting in the introduction of the Ground
Leaching Technology (GLT) system (Mashela, 2002). The technology comprises the
use of crude extracts from selected plant organs in suppression of plant-parasitic
nematodes. The uniqueness of the GLT system is that it uses much smaller
guantities (0.2-0.7 t/ha) of ground materials when compared with 10 — 250 t/ha of
conventional organic amendments (Mashela, 2002). Other alternative strategies
include the application of soil organic amendments of crop residues and animal
manures, heat treatment, soil solarisation and crop rotation with nematode-resistant

plants (Oka et al., 2007).

Effective phyto-pesticides have been developed from garlic extracts (Singh and
Singh, 2008). The biocidal properties of garlic and other Allium spp., such as leek
and onions are attributed to sulfur volatiles produced during degradation of Allium
tissues (Auger et al., 2004). The most active compounds isolated from Allium spp.
included methypropyl trisulfide, dipropyl disulphide, diallyl disulphide, dipropyl Ti,

methyl propenyl Ti and dipropyl thiosulfonate (Tada et al., 1988). Bio-nematicidal



activity of Allium spp. had been reported against the root-knot nematodes (Auger
and Thibout, 2004). Singh and Singh (2008) found that 200 and 100 ppm
concentrations of allicin as bare root dips for 30 minutes reduced M. incognita on

tomato seedlings by 83% and 87%, respectively.

Although the biocidal properties of Allium spp. are well-documented in literature,
information regarding the potential use of wild garlic (Tulbaghia violacea) for
nematode control is currently lacking. Therefore, the development of crude extracts
of T. violacea using the GLT system could be beneficial since the application of

ground materials fruits of Cucumis spp. have been tested with great success.

1.2 Problem statement

The withdrawal of fumigant nematicides due to environmental hazards and human
health, has led to the build-up of initial nematode population (Pi) in many agricultural
active soils with limited management options. Currently, the focus of nematode
management is based on developing alternatives that are environment-friendly,
without detrimental residues on produce. Certain locally available plants such as T.
violacea could potentially serve an important role in expanding the existing plant
materials for use in nematode management. However, their efficacy on growth of

plants and nematode suppression is not documented.



1.3 Motivation

Development of crude extracts of T. violacea for the GLT system would be beneficial
to both commercial and small-scale farmers in tomato production. The product is

ecologically friendly and not toxic to non-target organisms including human beings.

1.4 Aim

The aim of the study was to asses if crude extracts of T. violacea could be used as
alternative to synthetic nematicides in the management of nematode population
densities of plant-parasitic nematodes in order to supplement the locally available

materials for the GLT system.

1.5 Objective

To determine the effect of crude extracts of T. violacea on growth of tomato and
suppression of M. incognita race 2 population densities under greenhouse

conditions.

1.6 Structure of mini-dissertation

The mini-dissertation was designed using the Senate-approved technical format of
the University of Limpopo. Findings were summarised in the abstract, followed by
detailed background to the research problem (Chapter 1), which was in turn followed
by a review of relevant literature on the research problem (Chapter 2). Empirical

study comprised that for achieving Objective 1 (Chapter 3). Finally, findings were



summarised, with related recommendations being provided regarding the use of

crude extracts of T. violacea as a bio-nematicide (Chapter 4).



CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

Root-knot nematodes are difficult pests to manage and of great concern to both
small-holder and commercial farmers involved in crop production. Following the
withdrawal of synthetic fumigant nematicides from agrochemical markets, limited
options are available for nematode management (Mashela et al., 2011). However,
plant extracts offer an alternative and economically feasible option. This review
focuses on what has already been written on the research problem including the
findings and contradictions, existing gaps on the research problem and explanation

on how the existing gaps will be addressed.

2.2 Work done on the problem statement

Work done on the research problem included (i) alternative use to nematicides, (ii)
crude extracts as bio-nematicides, (iii) bioactivity of Tulbaghia violacea and (iv)

ground leaching technology.

2.2.1 Alternative use of nematicides

Withdrawal of highly effective synthetic fumigants used in the management of plant-
parasitic nematode populations had economic consequences in many crop
production systems (Mashela et al., 2008). Recently, alternative management tactics
have been investigated and developed (Pakeerathan et al., 2009). Several

researchers have suggested that naturally occurring bio-chemical and plant



allelochemicals, incorporated in an integrated pest management (IPM) system, could
achieve effective reduction in target phytopathogens, while minimising
environmental risks (Ferguson and Alford, 1985; Hedin, 1991). Certain plant organs
contain biologically active compounds, some of which have antimicrobial and
nematicidal properties (Mitscheret et al., 1987). Extracts of certain plants with
anthelminthic and antimicrobial properties had been proven effective in reducing soll
population of plant-parasitic nematodes (Ferris and Zheng, 1999). Plants
antagonistic to nematodes are those considered to produce anthelminitic
compounds with different modes of action (Pandey et al., 2003). One of the
prominent advantages of using bio-pesticides is their environment friendliness, a

criterion that demerits pesticides (Ballesteros et al., 1992).

Much work had been done to develop non-chemical and environmental friendly
nematode management practices such as the use of botanical and organic
amendments (Bello, 1998; Mashela et al., 2011). Application of plant extracts for
nematode management in agricultural crops is gradually gaining ground. Costa et al.
(2003) reported that Artemisia vulgaris rhizome extracts inhibited egg hatch, caused
second stage juvenile mortality and reduced root gall of root-knot nematode
(Meloidogyne megadora) on Phaseolus vulgaris. Chrysanthemum coronarium was
used as an organic amendments and green manure reduced nematode infection on
tomato roots and improved plant-top fresh weight both under greenhouse and micro

plot conditions (Bar-Eyal et al., 2006).



2.2.2 Crude extract as bio-nematicides

Initial screening of plants for possible antimicrobial activities usually begin with crude
aqueous or alcohol extractions, followed by various organic fractionation methods
(Yazdani et al., 2011). The review by Yazdani et al. (2011) on plant secondary
metabolites against plant pathogenic fungi showed that most investigations were
performed by crude extracts instead of specific fractions. The toxicity of root extracts
of different plants against nematodes had been reported by many researchers
(Adegbite and Adesiyan, 2005). Crude extracts of Cucumis myriocarpus fruits
suppressed the plant-parasitic nematodes by 90% and 80% in greenhouse and field
trials, respectively (Mofokeng et al., 2004; Mashela et al., 2011). It also increased
soil electric conductivity by 79% but had no significant effect on soil pH. Hassan et
al. (2001) tested powder and extract of ginger against root-knot nematodes and
observed a better growth of plant with lower root galling index on brinjal. Adegbite
and Adesiyan (2005) found that root extracts of Chromolaena odorata and
Azadirachta indica exhibited 100% inhibition of egg hatch and larval mortality of root-

knot nematodes.

2.2.3 Bioactivity of Tulbaghia violacea

Certain plant organs contain concentrated toxic chemical compounds that are lethal
to animals in small quantities (Van Wyk et al., 1997). In ground form, these plant
organs are referred to as ‘mutis’, they are widely used as traditional medicines for
human beings and livestock in South Africa (Van Wyk et al., 1997). Tulbaghia

violacea originated in KwaZulu Natal, Free state and Eastern Cape Provinces (Van



Wyk et al., 1997). It is a bulbous plant, which grows to a height of 0.5 m (Harris,
2004). Leaves are narrow, hairless and strap-shaped, and grow to 30 cm long and
1.5 cm wide, arising from several white bases which are dark green, leathery in
texture and smell strongly of garlic (Davison, 2002). It has been used by South
African communities as herb for many years (Harris, 2004) and is one of the most
important medicinal plants that are used by traditional health practitioners (Van Wyk
et al., 1997). Tulbaghia violacea plant extracts serve as natural sources for several
active compounds (Borris, 1996). It has medicinal properties because of their
antifungal, antibacterial and antiviral activities (Nteso and Pretorius, 2006). Auger et
al. (2004) reported that crops belonging to Alliaceae family have insecticidal,

fungicidal, acaricidal, nematicidal and bactericidal properties.

Aqueous and ethanolic extracts of T. violacea tubers have previously been shown to
have anthelmintic activity (McGraw et al., 2000). Natural compounds accumulated in
plant extracts serve as growth regulators or have ecological role such as protection
against fungal, viral and bacterial diseases (Pretorious et al., 2003). One of organo-
sulphur compounds that accumulate in T. violacea plant extracts has been identified
as allicin (Baustista et al., 2005). Its active ingredients are the breakdown of allicin,
including diallytrisulphide and ajoene, which have greater antifungal effect than
allicin (Corzo-Martinez et al., 2007). Allicin is generated by a chemical reaction
catalysed by the vascular enzyme, alliinase (Baustista et al., 2005). It is active

against microbial infections caused by fungus, virus and bacteria both in human and



plant pathogens. It restrains the growth of microbial organisms through its chemical

reaction with the thiol groups of various enzymes (Baustista et al., 2005).

2.2.4 Ground leaching technology

The ground leaching technology (GLT) involves the application of ground materials
from selected plant organs in small quantities (Mashela, 2002; Mashela et al., 2011).
In GLT systems, C. myriocarpus fruit were used as an alternative organic
amendment to control intial nematode population (Pi) of M. incognita on tomato
under greenhouse conditions (Mashela, 2002). In GLT systems, active ingredients
are leached-out of crude extracts through irrigation water (Mashela, 2002).
Generally, the efficacy of GLT system in nematode suppression is independent of
microbial activities (Mashela and Nthangeni, 2002a). The small quantities precluded
high transport costs to haul the materials to the preparation site and then to the field
(Mashela et al., 2011). Also, when used at transplanting, the waiting period for
microbial decomposition was not necessary and the material hardly reduced soil pH

(Mashela, 2002).

2.3 Work not yet done on the problem statement

The use of T. violacea as a crude extract on suppression of Meloidogyne species in
tomato production constitutes part of work not yet done with respect to management
of plant-parasitic nematodes. The phytotoxicity of T. violacea (crude extracts) as
post emergent nematicides and the standard rate of application for plant-parasitic

nematodes suppression are still not well-documented. Similarly, the mode of action

10



of T. violacea and the part of the plants responsible for reducing M. incognita race 2

initial populations are not well documented.

2.4 Addressing the identified gaps

In nematode management, it is important to keep the initial population (Pi) level low
at planting, if economic crop yields are to be produced. Indigenous plants such as C.
africanus and C. myriocarpus have been widely used for nematode suppression
under the GLT system with great success. Therefore, there is a need to broaden the
use of GLT system with other indigenous plants such as T. violacea. In literature
review of this study, two areas had been identified as still having gaps with respect
to the use of crude extracts in management of plant-parasitic nematodes, viz.
standard rate of application of crude extracts for stimulation of growth and inhibition
for nematode population densities. The closing of the identified gaps enhance the
use of T. violacea as crude extracts for both large and small scale farmers because

the product is readily available, easy to use and cheap.

11



CHAPTER 3
RESPONSES OF TOMATO GROWTH AND NEMATODE NUMBERS TO CRUDE
EXTRACTS OF TULBAGHIA VIOLACEA

3.1 Introduction

Tomato (Solanum lycorpersicum) is the second most important vegetable crop
grown in South Africa (Anon, 2011) and is susceptible to various fungal, bacterial,
viral and nematode pathogens (Lin et al, 2009). Root-knot nematodes
(Meloidogyne) are among the main pest of tomato plants all over the world (Jacquet
et al., 2005). They have a wide host range and are considered to be the greatest
threat in plant production. A short life cycle of six to eight weeks enables them to
survive well in the presence of a suitable host (Pakeerathan et al., 2009). In
susceptible plants, nematode populations build up to a maximum usually as a crop
reach maturity and in some cases the plants die before reaching maturity (Singh and
Khurma, 2007). Infested plants show symptoms of stunting, chlorosis, wilting under
sufficient soil moisture, and increased susceptibility of plants to other diseases
(Taylor and Sasser, 1978) with aberrant development of root system characterized
by formation of galls and limited fruit production, ultimately causing reduced yield

ranging from 28% to 68% (Williamson and Hussy, 1996).

The management of plant parasitic nematodes was mainly depended on chemical
nematicides for decades with remarkable reduction of nematode population
densities (Akhtar and Malik, 2000). Although soil nematicides are effective, they are
currently being phased-out due to the environmental hazards and human health
(Wachira et al., 2009). Developing alternative strategies for management of root-

12



knot nematodes have been emphasized to researchers, farmers and scientists that
do not pollute the environment (Mashela et al., 2008). Botanical pesticides have
found favour as alternative to pesticides in recent years (Taye et al., 2012). Some of
these botanicals are already being used commercially in insect pest management

(Agnihotri et al., 1999).

Some of the management strategies invented were the use of the ground leaching
technology (GLT) system, which relies on irrigation water to leach potent bio-
chemicals into the soil (Mashela and Nthangeni, 2002a). Screening trials were
conducted on ground wild cucumber (Cucumis myriocarpus) fruit, castor bean
(Ricinus cummunis) fruit and fever tea (Lippia javanica) leaves with consistent
reduction in the densities of Meloidogyne incognita race 2 in root and soil samples
(Mashela, 2002; Mashela and Nthangeni, 2002a). The advantages of using crude
extracts are the additive or synergetic effect of the mixtures, the increase in the
antimicrobial spectrum of the extract and the decreased risk for pathogen resistance

to mixture (Yazdani et al., 2011).

The phytotoxicity of plant residues which reduce growth of plants has been
associated with the presence of various organic compounds including phenolic
compounds which are widely produced in various plant species (Rice, 1984). These
compounds are either leached from plant residues or are formed as by-products
during residue decomposition in soil (Radziah et al., 1997). The activities of various

compounds in the soil are often attributed to the water-soluble fractions (Rice, 1984).

13



Growth is adversely affected as these water-soluble compounds are taken up by
plant roots which inhibit nutrient uptake and affect various physiological processes
(Whitehead et al., 1983). Zasada et al. (2010) reported that garlic suppressed
nematode numbers, while phytotoxicity on tomatoes was not observed. However,
the agueous extract and volatile compounds of the wild garlic bulbs were found to be
strong inhibitors of seed germination and seedling growth compared to those in the

leaves (Djurdjevic et al., 2004).

Tulbaghia violacea, which is commonly known as wild garlic, wilde knoffel, isihaga or
itswele lomlambo, is indigenous in South Africa and is widely used as a herbal
remedy for various ailments (Olorunnisola et al., 2011). Aqueous and ethanolic
extracts of T. violacea tubers have previously shown to have anthelmintic activity
(McGraw et al., 2000). Studies on the identification and use of local plant materials
for the control of nematodes or integrated with other methods of control, are current
areas of research in plant nematology (Agbenin et al., 2005). There are less
scientific studies on the use T. violacea for the suppression of root-knot nematodes.
The objective of this study was to investigate the effect of crude extracts of T.
violacea on the growth of tomato and suppression of M. incognita race 2 population

densities under greenhouse conditions.

14



3.2 Materials and methods

3.2.1 Experimental site and growth conditions

The study was conducted under greenhouse conditions at the Horticultural Skills
Centre, University of Limpopo (23°53'10"S, 29°44'15"E) in the summer season of
2012. Ambient day and night temperatures were averaged to 28°C and 21°C,
respectively, with maximum temperatures controlled using thermostatically activated
fans. Other greenhouse variables, such as relative humidity, photosynthetically

active radiation and solar radiation, were not measured.

Tulbaghia violacea was collected at maturity from ZZ2 herb garden, Mooketsi
(23°56'51"S, 30°15'83"E). All the plant parts, viz., roots, bulbs, leaves and flowers
were washed and chopped into pieces and dried in a forced-air oven at 52°C for a
maximum of five days to minimise the loss of volatile phytochemicals (Makkar,
1999). Dried materials were ground in Wiley mill through 1-mm-opening sieves. Prior
to use, the ground material was stored at room temperature in sealed plastic bags.
Nematode inoculums were prepared by extracting eggs and second-stage juveniles
(J2S) of M. incognita race 2 from the roots of greenhouse grown nematode
susceptible Kenaf (Hibiscus cannabinus) by the blending and maceration method for

30 seconds in 1% NaOCI (Hussey and Barker, 1973).

15



3.2.2 Experimental design and cultural practices

Forty 20-cm-diameter plastic pots, arranged at 0.3 m inter-row spacing and 0.25 m
intra-row spacing, were each filled with 1 800 m¢ steam-pasteurised sand mixed with
Hygromix (Hygrotech, Pretoria North, South Africa) at 3:1 (v/v). Six-week-old tomato
seedlings cv. ‘Floradade’ were transplanted and inoculated with 1000 eggs and J2S
of M. incognita race 2 into a 5-cm-deep hole around the base of each stem at two
days after transplanting, while appropriate rates of crude extracts of T. violacea were
placed in similar but separate holes. Four treatments, viz. 0, 2, 4 and 8 g crude
extracts of T. violacea were arranged in a randomised complete block design with
ten replications (Figure 3.1), as described for the GLT system (Figure 3.2). Three
days after transplanting, each plant was fertilised with 20 g multi-feed applied for two
weeks followed by 5 g of N-P-K 2:3:2 (22) to provide a total of 310 mg N, 210 mg P
and 260 mg K per m¢ of water. Plants were irrigated with 500 mf tap water every
other day. Plants were monitored for pest and disease incidence and when
necessary, control measures were applied. Biomectin was applied at the rate of 0.6 ¢
ha * for the control of leafminer, while benomyl was applied weekly at the rate of 0.8

¢ ha ™ for the control of powdery mildew.

16



Figure 3.1: Greenhouse experiment using crude extracts of T. violacea on tomato

plant.

Figure 3.2: Application of crude extracts of T. violacea using the GLT system.
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3.2.3 Data collection

During harvest, 56 days after inoculation, plant height, stem diameter, number of
leaves, number of flowers, number of fruits and number of clusters per plant were
measured. Plant height was measured from the soil surface to the tip of the plant.
Stems were cut off at the soil surface and the stem diameter was measured at 5 cm
above the root area using a vernier caliper. Roots were removed from pots,
immersed in water to remove soil particles. Fruit yield, fresh shoots and roots were
weighed. Shoots were oven dried at 70°C for 72 hours and weighed. Soil sample per
pot was collected, shade dried and 15 g soil mixed with 75 mt distilled water and
shaken for 1 hour at 175 cycles per minute (cpm). The solution was filtered using
Whatman no. 42 into 100 m¢ beakers and electrical conductivity (EC) of the filtrates
was measured with EC meter (model WTW CF 318) using Longenecker and Lyerlys
(1964) method. Five grams soil sample was mixed with 25 mf of distilled water plus
75 m¢ KC¢ for 50 minutes while being stirred and pH meter (model 420 A) was

placed in a solution for 10 minutes prior to measuring the pH.

Roots were weighed to facilitate the calculation of nematode density/total roots/plant.
Root galling was based on the scale of 0 to 5, in which 0 = no galls, 1 = 1 to 2 galls,
2 =3 to 10 galls, 3 = 11 to 30 galls, 4 = 31 to 100 galls and 5 = >100 galls/root
system (Taylor and Sasser, 1978). Nematodes were extracted from total root
system/plant by maceration and blending for 30 seconds in 1% NaOCI (Hussey and
Barker, 1973). The material was passed through nested 61- and 38 pym mesh

sieves. The contents of the 38-um mesh sieve were collected for further separation
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of nematodes from debris using the sugar-floatation and centrifugation method
(Jenkins, 1964). Eggs and juveniles from root and soil samples were each counted
using a stereomicroscope and converted to total root system per plant and total soll
per pot, respectively. Final nematode population density (Pf) allowed calculation of
reproductive factor (RF = Pf/Pi) values, where Pi was initial nematode population

density.

3.2.4 Data analysis

Data was subjected to analysis of variance (ANOVA) through SAS software (SAS
Institute Inc, 2004). Sum of squares were partitioned, while treatment mean
separation was achieved using Tukey test. Unless stated otherwise, treatments
discussed were different at 5% level of probability. Significant variables were further

assessed using relative impact, which was expressed as: Relative impact (RI) =

tract
(EI

— 1) x 100, where increased Rl was depicted through positive (+) and

contrel
decreased RI through negative (-) sign. Mean plant variables were subjected to
Microsoft office excel (2007), generating the regression curve estimations using
quadratic equation: Y = byx* + bix + a, where Y = plant variable value and x
computed from x = -bi/2b,, where x = the optimum extract level, which is a

concentration value where saturation sets in (Salisbury and Ross, 1992).
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3.3 Results

3.3.1 Effect on plant growth

Crude extracts of T. violacea significantly affected the measured tomato growth
variables (Table 3.1). Using the partitioning of the degrees of freedom and their
associated sum of squares, levels of crude extracts of T. violacea explained 70, 87,
50, 55, 30 and 52% of the total treatment variation (TTV) on plant height, stem
diameter, number of leaves, number of flowers, number of fruits and number of
clusters of tomato, respectively. All levels of crude extracts of T. violacea stimulated
growth of tomato plants by 43-73% on the plant height; 108-200% on the stem
diameter; 51-66% on the number of leaves; 55-110% on the number of flowers; 170-

223% on the number of fruits and 57-81% on the number of clusters (Table 3.2).

Crude extracts of T. violacea significantly affected the fresh root mass, shoot mass
and dry shoot mass with no positive effect on fruit yield mass (Table 3.3). The levels
of crude extracts of T. violacea explained 56, 59 and 27% of the TTV on root mass,
fresh shoot and dry shoot mass (Table 3.3). The crude extracts of T. violacea

increased the root mass, shoot mass by 95% and 96%, respectively.

The R?values for all the models ranged from 21 to 99% (Table 3.5). Plant variables
tested had significant (P < 0.05) quadratic relationship when regressed against the
four levels of crude extracts of T. violacea. The calculated optimum response
dosage (CORD) values, derived from the quadratic relationships for plant height,
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stem diameter, number of leaves, flowers, fruits, clusters, fresh shoot mass and
ranged from 3.25, 3.52, 3.81, 3.52, 5.83, 3.81, 6.51, 4.03, while that of dry shoot

mass was -3.89 (Table 3.5).

3.3.2 Effect on soil EC and pH
Treatment effects on soil EC and pH were not significant at the probability level of

5% (Table 3.6).
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Table 3.1: Partitioning of sum of squares of crude extracts of Tulbaghia violacea on tomato growth variables.

Source of DF  Plant height (cm) Stem diameter No. of leaves No. of flowers No. of fruits No. of clusters
variation (mm)

SS % SS % SS % SS % SS % SS %
Block 9 3280.1 15 7.864 5 152.000 24 94.600 11 51.225 20 12.225 11
Treatment 3 14949.6 70* 13.001 87* 322.400 50* 466.100 55* 79.875 30* 56.075 52*
Error 27 3207.9 15 12.031 8 165.600 26 289.400 34 131.875 50 40.675 37
Total 39  21437.6 100 152.896 100 640.000 100 845.100 100 262.975 100 108.975 100

" Indicates that the factor (s) were not significant and * indicates that the factors were significant at P < 0.05.
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Table 3.2: Relative impact (%) of crude extracts of Tulbaghia violacea on tomato growth variables at 56 days after inoculation.

Extract Plant height (cm) Stem  diameter No. of leaves No. of flowers No. of fruits No. of clusters
level (g) (mm)

Variable % Variable % Variable % Variable % Variable % Variable %
0 73.3C - 2.24b - 11.2b - 8.5¢c - 1.7b - 3.8b -
2 107.1b 46 6.29a 108 17a 51 13.2b 55 4.6a 170 6a 57
4 108.3b 47 6.26a 179 17.2a 53 15ab 76 4.3ab 152 6.4a 68
8 126.9a 73 6.73a 200 18.6a 66 17.9a 110 5.5a 223 6.9a 81

The means within each column followed by the same letter were not significantly different when means were separated by using the
Tukey test range (P < 0.05).

Impact (%) = [(extract/control) — 1) x 100].
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Table 3.3: Partitioning of sum of squares of crude extracts of Tulbaghia violacea on tomato fresh and dry mass and its

percentage impact.

Source of DF Fresh root mass (Q) Fresh shoot mass (Q) Dry shoot mass (Q)
variation SS % SS % SS %
Block 9 4240.8 23 5799.6 20 839.10 31
Treatment 3 10305.8 56* 17564.1 59* 716.42 27*
Error 27 3924.3 21 6349.8 21 1143.36 42
Total 39 18470.9 100 29713.5 100 2698.88 100

" Indicates that the factor (s) were not significant and * indicates that the factor (s) were significant at P < 0.05.
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Table 3.4: Relative impact (%) of crude extracts of Tulbaghia violacea on tomato fresh fruit-, root-, fresh shoot- and dry shoot

mass at 56 days after inoculation.

Extract level (g) Fresh root mass (Q) Fresh shoot mass () Dry shoot mass (g)
Variable % Variable % Variable %

0 59.28b - 77.54c - 21.84b -

2 89.79a 51 111.44b 43 28.44ab 30

4 89.63a 51 111.40b 44 25.91ab 19

8 103.04a 74 136.48a 76 33.52a 53

The means within each column followed by the same letter were not significantly different when means were separated by
using the Tukey test range (P < 0.05).

Impact (%) = [(extract/control) — 1) x 100].
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Table 3.5: Quadratic relationship, coefficient of determination and computed optimum response dosage for tomato variables

against crude extracts of Tulbaghia violacea at 56 days after inoculation.

Plant variable Quadratic Relationship R? CORD (x) P<

Plant height (cm) -0.8952x° + 5.8203x - 2.4558 0.92 3.25 0.05
Stem diameter (mm) -0.8967x* + 5.8296x - 2.4693 0.92 3.25 0.05
Number of leaves -1.1x%+ 7.74x + 4.9 0.92 3.52 0.05
Number of flowers -0.45x%+ 5.25x + 3.9 0.98 5.83 0.05
Number of fruits -0.425x% + 3.235x - 0.875 0.86 3.81 0.05
Number of clusters -0.675x% +4.245x + 0.225 0.99 3.14 0.05
Fresh shoot mass (g) -2.205x* + 28.703x + 53.995 0.90 6.51 0.05
Fresh root mass (g) -4.275x* + 34.487x + 31.28 0.90 4.03 0.05
Dry shoot mass (g) 0.254x%+ 1.9798x + 20.573 0.74 -3.89 0.05

Calculated optimum response dosage (x) = -bi/2b,,
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Table 3.6: Partitioning of sum of squares of crude extracts of Tulbaghia violacea

on soil pH and soil electrical conductivity (EC).

Source DF EC (ms/dm) pH

of variation SS % SS %
Block 9 0.02077 12 1.37355 23
Treatment 3 0.01383 8" 0.69871 11"
Error 27 0.14058 80 4.02492 66
Total 39 0.17518 100 6.09718 100

" Indicates that the factor (s) were not significant and * indicates that the factor (s)

were significant at P < 0.05.

3.3.3 Effect on nematodes

The crude extracts of T. violacea significantly affected the final nematode (M.
incognita race 2) population density (Pf) (Table 3.7). Using the partitioning of the
degrees of freedom and their associated sum of squares, levels of crude extracts
of T. violacea explained 65% of TTV of Pf for both root and soil. Crude extracts of
T. violacea applied at the rates of 2, 4 and 8 per plot reduced the number of
nematodes by 50, 64 and 73% in roots and by 21, 30 and 58 % in soil, respectively

(Table 3.8).

Crude extracts of T. violacea had a significant effect on the number of root galls
per root system (Table 3.7). The levels of crude extracts of T. violacea contributed

68% of the TTV of number of root galls of M. incognita race 2. In untreated plots,
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root galls were well-developed whereas at 2—8 g crude extracts levels; they were
poorly-developed (Table 3.8). Application of extracts of T. violacea at the rates of

2, 4 and 8 g reduced the number of root galls by 50, 53 and 59%, respectively.

Relative to the initial population (Pi), the Pf at all extracts levels was reduced
(Table 3.9). The impact of crude extracts on Pf at all levels ranged from 42 to 69%,

with the highest impact observed at the higher application level.

Table 3.7: Partitioning of sum of squares for final nematode (M. incognita race 2)

population density (Pf) as affected by crude extracts of Tulbaghia violacea.

Source of DF  Pf/total root Pf/total soill Total root galls
variation

SS % SS % SS %
Block 9 32299 15 1709.4 8 1.6 5
Treatment 3 144504 65** 13410.2 65** 23 68**
Error 27 44660 20 5636.8 27 9 27
Total 39 221463 100 20756.4 100  33.6 100

" Indicates that the factor (s) were not significant and ** indicates that the factor (s)

were significantly different at P < 0.05.
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Table 3.8: Relative impact (%) effects of crude extracts of Tulbaghia violacea on final

nematode (M. incognita race 2) population density.

Extracts levels (g) Pf/total root Pf/total soill Total root galls
Nematode % Nematode % Gall %
0 212.7a - 87.9a - 3.2a -
2 106.2b -50 68.8b -21 1.6b -50
4 76.1b -64 61.3b -30 1.5b -53
8 57.3b -73 36.8c -58 1.3b -59

The means within each column followed by the same letter were not significantly

different when means were separated by using the Tukey test range (P < 0.05).

Impact (%) = [(extract/control) — 1) x 100].
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Table 3.9: Influence of crude extracts of Tulbaghia violacea on final nematode (M.

incognita race 2) population density (Pf) and percentage impact.

Extracts (Pi) Pf/total Pf/total soill Pf Impact (%)
levels (g) root

0 1000 212.7 87.9 300.6 -

2 1000 106.2 68.8 175 42%*

4 1000 76.1 61.3 137.4 54x*

8 1000 57.3 36.8 94.1 69**

Impact (%) = [1.0 — (treatment/control) x 100], where ** implied that Pi and Pf were
significantly different at 5% level of probability according to Tukey test range. Pf =

Pf/total root + Pf/total soil.

3.4 Discussion

3.4.1 Effect on plant growth

The increased plant growth under crude extracts of T. violacea was different to that
in plants infected with Meloidogyne species (Siddiqui and Alam, 1987). Generally
plants heavily infected with Meloidogyne species exhibit stunted shoot growth and
increased root growth. The latter is due to root galls (Dropkin, 1980; Siddiqui and
Alam, 1987). The increased root growth in tomato plants under crude extracts of T.
violacea when compared to those under untreated controls could not be ascribed
to root galls since the used product reduced populations of Meloidogyne species,

and therefore the incidence of root galls. Also, general plant growth for plants
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treated with crude extracts could not have been due to increased uptake and
transportation of water and nutrients as described for other systems elsewhere
(Agbenin et al., 2005). Generally, in GLT systems, used quantities are too small
and have negligible effect on the accumulation of nutrient elements in leaves of

plants (Mashela, 2002; Mashela et al., 2011).

Generally, crude plant extracts have allelochemicals as active ingredients (Rice,
1984; Inderjit and Malik, 2002). Plants and microorganisms respond to increasing
concentrations of allelochemicals in accordance to the density-dependent growth
(DDG) patterns (Liu et al., 2003). The DDG patterns have three responses, (i) the
stimulation growth phase (ii) levelling-off (neutral) phase and (iii) inhibition growth
phase (Salisbury and Ross, 1992; Liu et al., 2003) with the relations being
guantified through quadratic relationships (Salisbury and Ross, 1992; Liu et al.,
2003; Mamphiswana et al., 2010). The increased plant growth observed in this
study suggested that the concentrations of crude extract levels of T. violacea were
still in the stimulation range for growth of tomato plants. Similar responses were
observed when tomato plants were exposed to fermented crude extracts of fruits
from wild Cucumis species (Pelinganga, 2013). This is in agreement with Agbenin
et al. (2005) who did not find any phytotoxicity on tomato plants when plants were
exposed to 20% concentration of garlic extracts. However, in another study
conducted by Sukul et al. (1974), 50% concentration of garlic extracts negatively

affected the growth of tomato. Obviously, the effect of crude extracts of T. violacea
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on plant growth, in accordance with the DDG principles, is dependent on the

concentration.

The CORD values derived from the quadratic relationships for plant variables were
positive, while one variable (dry shoot mass) was negative. According to
Pelinganga et al. (2011) a positive linear relationship between variables and
increasing concentrations of a particular phytonematicide, suggests that the
concentrations used were within the stimulation range and a negative linear
relationship suggests that concentrations of allelochemicals were already in
inhibition range. Using the curve-fitting allelochemical response dosage (CARD)
model, the variables and the concentrations of the extracts are characterised by
guadratic relationships (Salisbury and Ross, 1992). This shows the increase dry
shoot mass was not dependent on the crude extract levels but the relationship was
constant. The r? in plant variables suggested strong density-dependent
relationships between growth of tomato plants and increased concentration of

crude extracts of T. violacea.

The reduced stem diameter in tomato plants was not unique to the plants which
were infected by Meloidogyne species, but not treated with crude extracts of garlic.
Generally, nematode infection (Eisenback et al., 1991; Mashela, 2002; Mashela
and Nthangeni, 2002a), root rot due to Phytophthora cinnamomi (Podger, 1972),

drought stress (Mafeo, 2005), salinity stress (Mashela and Nthangeni, 2002b) and
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root pruning (Mashela and Nthangeni, 2002b), each reduced stem diameter. The
reduction in stem diameter had been associated with the physical reduction of the
route for osmotic sugars which are being channelled towards the roots for the re-
establishment of the normal root/shoot ratios when roots are reduced due to
various stresses (Mashela and Nthangeni, 2002b). In nematode infected roots,
more sucrose is channelled towards roots, resulting in the reduced (constricted)
stem diameter as seen in this study. Obviously, the removal of the stresses results

in normal stem diameter (Gommers et al., 1982).

3.4.2 Effect on soil EC and pH

Generally, crude extracts which reduce soil pH are not suitable since this effect
results in the disturbance of alkaline-loving nutrient elements (McLean and
Lawrence, 2000). The reduction of soil pH by crude extracts of fever tea (Lippia
Jjavanica) resulted in this material being discontinued as a phytonematicide
(Mashela et al., 2010). In contrast, like crude extracts of wild garlic, those from
fruits of wild Cucumis species had no effect on soil pH (Mashela, 2002; Mashela et
al., 2011). However, unlike wild garlic, Cucumis species increased soil EC
(Mashela, 2002; Mashela et al., 2011). The mechanism involved in the latter is still

not understood.

3.4.3 Effect on nematodes
Crude extracts of T. violacea reduced M. incognita race 2 population density at all

treatment levels. The Pf for both root system and soil system decreased with an
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increase in crude extracts levels. Many wild and cultivated medicinal plants have
nematicidal properties against several plant-parasitic nematodes (Khan, 1990). For
instance, Alashalaby and Noweer (2003) reported that aqueous neem (Azadirachta
indica) extract significantly reduced the total number of root-knot nematode
juveniles and inhibited egg hatch in peanut roots and soil. Adegbite and Adesiyan
(2005) found that root extracts of A. indica, Ricinus communis and Jatropha curcas
increased inhibition of egg hatch with the increase of concentration of the extract.
In GLT systems, Cucumis fruit consistently reduced population densities of

nematodes (Mashela, 2002; Mashela et al., 2011).

The inhibitory effect of crude extracts of T. violacea on nematode population
densities in the roots was high while in the soil was low, suggesting that the
material had the ability to penetrate through the roots. The inhibitory effect might
be due to the chemical properties present in the extract that possess nematicidal
properties (Agbenin et al., 2005). According to Adegbite and Adesiyan (2005),

botanicals with nematicidal properties affect the embryonic development or kill the

eggs.

Agbenin et al. (2005) reported that garlic extracts might have been lethal to the
nematode juvenile. The reduction of root-knot nematodes could be attributed to
poor root penetration and later retardation of activities such as feeding and
reproduction (Bunt, 1975). Allicin inhibited the hatching of M. incognita at

concentration as low as 5% and was toxic to juveniles at 25% (Gupta and Sharma,
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1993). Marban-Mendoza et al. (1987) found that immersion of roots in allicin
solutions as a prophylactic measure was beset with problems of phytotoxicity and
lack of nematotoxicity but a five minute immersion in 2.5% allicin inhibited
penetration on the roots by juveniles by 50% and was not phytotoxic. Most reports
on the use of garlic and neem leaf extracts in nematode control used high
application rates and concentrations (Sukul et al., 1974; Agbenin et al., 2005). Kali
and Gupta (1980) reported that efficacy of plant extracts depends on the
concentration and duration of exposure of the nematode to the extracts.
Olorunnisola et al. (2012) found that oil extract of rhizome of T. violacea was

cytotoxic and this toxicity was concentration dependant.

Galling and reproductive responses are more reliable indicators of host plant
reaction than just root-knot galling index (Fassuliotis, 1985). In this study, crude
extracts of T. violacea reduced number of galls on tomato plants with fewer galls
being recorded on the treated plants than untreated plants. Agbenin et al. (2005)
found that garlic bulb extracts gave a significant reduction in root-knot nematode
galling index. In a similar study, Sukul et al. (1974) found that garlic extract was
highly effective in reducing root-knot infection on tomato plants. This phenomenon
might be due to the action of the extract releasing substances into the soil which
inhibit the entry of root-knot nematodes into the roots of the plants (Gommers et
al., 1982) or toxic compounds released by wild garlic (Mian and Rodriguez-

Kabana, 1982).
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3.5 Conclusions

Crude extracts of T. violacea stimulated the growth of tomato plants. However, the
material had no effect on soil pH and EC. The high root mass indicates that crude
extracts of T. violacea stimulate root growth and vegetative growth of the plants.
The growth of a plant is inversely proportional to the initial population density of
Meloidogyne species. Crude extracts of T. violacea didn't show to have
phytotoxicity effect. It has also shown the potential to reduce M. incognita race 2. It
reduced M. incognita race 2 population densities with fewer root galls recorded on

the treated plants.
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CHAPTER 4

SUMMARY, RECOMMENDATION AND CONCLUSION

4.1 Introduction

Tulbaghia violacea has been used for centuries as traditional medicinal plants, by
South African traditional healers for the treatment of flu, fever, cold, tuberculosis,
cancer of the oesophagus and asthma (Davison, 2002). There are few studies that
have been conducted on the bioactivity of T. violacea crop. Demand for the use of
local plant materials for the control of nematodes or integrated with other methods,
are current areas of research in plant nematology. In Limpopo Province, South
Africa, alternatives to methyl bromide in managing Meloidogyne species focused
on the uses of allelochemicals from crude extracts of selected plants using the
ground leaching technology (GLT) system (Mashela et al., 2011). A greenhouse
experiment was conducted to investigate the potential effect of crude extracts of T.
violacea on the growth and development of tomato plants, and the suppression of

Meloidogyne incognita race 2 population densities.

4.2 Summary

In this study, crude extracts of T. violacea significantly reduced Meloidogyne
incognita race 2 population densities. It reduced the number of nematodes by 50—
73% in roots and by 21-58% in soil, respectively. The final nematode population
density (Pf) was reduced at all extract levels by 42—69%. The higher crude extracts

concentration, the higher nematode reduction occurred. Crude extracts of T.
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violacea significantly stimulated the growth of tested plant at different treatment
levels. It stimulated the growth of tomato plants by 43-73% on the plant height,
108-200% on the stem diameter, 51-66% on the number of leaves, 55-110% on
the number of flowers, 170-223% on the number of fruits and 57-81% on the
number of clusters. Furthermore, it has both stimulatory and inhibitory activities;
and is a concentration-dependant phenomenon. However, crude extracts of T.

violacea did not have any effect on the soil pH and EC.

4.3 Recommendations

Recently, crude extracts from botanicals have been widely used in plant protection
for sustainable agriculture. The use of crude extracts of T. violacea is highly
recommended to both small-holder and a commercial farmer due to its affordability
and it is also easy to prepare. Future studies on T. violacea can be investigated on
other nematode species and economic crops. It can also be tested as fermented
crude extracts. Furthermore, crude extracts of T. violacea has the potential to
reduce nematode population densities. The use of T. violacea will be beneficial to
these farmers due to its ability to suppress nematode population and at the same
time improve the soil health status which will subsequently result in improved crop

yield.
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4.4 Conclusions

Sufficient data is provided in this study that crude extracts of T. violacea have the
ability to reduce nematode population density. The use of crude extracts of T.
violacea as a bio-nematicide is recommended as treatment on tomato. Further
work should be done on this material since its mode of action is not documented
and has stimulatory effect which can be ultimately be allowed to be registered as a

bio-nematicide treatment for tomato production in South Africa.
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APPENDICES

Appendix 3.1 Analysis of variance (ANOVA) for four levels of crude extracts of
Tulbaghia violacea on plant height of tomato plant.

Source of DF SS MS F P
variance

Block 9 3280.1 364.46

Treatment 3 14949.6 4983.20 41.94 0.0000
Error 27 3207.9 118.81

Total 39 21437.6

Appendix 3.2 Analysis of variance (ANOVA) for four levels of crude extracts of
Tulbaghia violacea on stem diameter of tomato plant.

Source of DF SS MS F P
variance

Block 9 7.864 0.8737

Treatment 3 13.001 44.3338 99.49 0.0000
Error 27 12.031 0.4456

Total 39 152.896

Appendix 3.3 Analysis of variance (ANOVA) for four levels of crude extracts of

Tulbaghia violacea on number of leaves of tomato plant.

Source DF SS MS F P
Block 9 152.000 16.889

Treatment 3 322.400 107.467 17.52 0.0000
Error 27 165.600 6.133

Total 39 640.000

53



Appendix 3.4 Analysis of variance (ANOVA) for four levels of crude extracts of
Tulbaghia violacea on number of fruits of tomato plant.

Source DF SS MS F P
Block 9 51.225 5.6917

Treatment 3 79.875 26.6250 5.45 0.0046
Error 27 131.875 4.8843

Total 39 262.975

Appendix 3.5 Analysis of variance (ANOVA) for four levels of crude extracts of
Tulbaghia violacea on number of flowers for tomato plant.

Source DF SS MS F P
Block 9 94.600 10.511

Treatment 3 466.100 155.367 14.75 0.0000
Error 27 284.400 10.533

Total 39 845.100

Appendix 3.6 Analysis of variance (ANOVA) for four levels of crude extracts of
Tulbaghia violacea on number of cluster for tomato plant.

Source DF SS MS F P
Block 9 12.225 1.3583

Treatment 3 56.075 18.6917 12.41 0.0000
Error 27 40.675 1.5065

Total 39 108.975
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Appendix 3.7 Analysis of variance (ANOVA) for four levels of crude extracts of
Tulbaghia violacea on fresh shoot weight of tomato plant.

Source DF SS MS F P
Block 9 5799.6 644.40

Treatment 3 17564.1 5854.70 24.89 0.0000
Error 27 6349.8 235.18

Total 39 29713.5

Appendix 3.8 Analysis of variance (ANOVA) for four levels of crude extracts of
Tulbaghia violacea on dry shoot weight of tomato plant.

Source DF SS MS F P
Block 9 839.10 93.234

Treatment 3 716.42 238.808 5.64 0.0039
Error 27 1143.36 42.347

Total 39 2698.88

Appendix 3.9 Analysis of variance (ANOVA) for four levels of crude extracts of
Tulbaghia violacea on root weight of tomato plant.

Source DF SS MS F P
Block 9 4240.8 471.20

Treatment 3 10305.8 3435.28 23.64 0.0000
Error 27 3924.3 145.35

Total 39 18470.9
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Appendix 3.10 Analysis of variance (ANOVA) for four levels of crude extracts of

Tulbaghia violacea on fruit yield weight of tomato plant.

Source DF SS MS F P
Block 9 826.45 91.8273

Treatment 3 82.05 27.3489 0.35 0.7888
Error 27 2104.54 77.9458

Total 39 3013.03

Appendix 3.11 Analysis of variance (ANOVA) for four levels of crude extracts of

Tulbaghia violacea on soil electrical conductivity (EC) of tomato plant.

Source DF SS MS F P
Block 9 0.02077 0.00231

Treatment 3 0.01383 0.00461 0.89 0.4612
Error 27 0.14058 0.00521

Total 39 0.17518

Appendix 3.12 Analysis of variance (ANOVA) for four levels of crude extracts of

Tulbaghia violacea on soil pH of tomato plant.

Source DF SS MS F P
Block 9 1.37355 0.15262

Treatment 3 0.69871 0.23290 1.56 0.2214
Error 27 4.02492 0.14907

Total 39 6.09718
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Appendix 3.13 Analysis of variance (ANOVA) for four levels of crude extracts of

Tulbaghia violacea on number of root galls of tomato plant.

Source DF SS MS F P
Block 9 1.6000 0.17778

Treatment 3 23.0000 7.66667 23.00 0.0000
Error 27 9.0000 0.33333

Total 39 33.6000

Appendix 3.14 Analysis of variance (ANOVA) for four levels of crude extracts of

Tulbaghia violacea on nematode numbers in root of tomato plant.

Source DF SS MS F P
Block 9 32299 3588.7

Treatment 3 144504 48168.0 29.12 0.0000
Error 27 44660 1654.1

Total 39 221463

Appendix 3.15 Analysis of variance (ANOVA) for four levels of crude extracts of

Tulbaghia violacea on nematode numbers in soil of tomato plant.

Source DF SS MS F P
Block 9 1709.4 189.93

Treatment 3 13410.2 4470.07 21.41 0.0000
Error 27 5636.8 208.77

Total 39 20756.4
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Appendix 3.16 Analysis of variance (ANOVA) for four levels of crude extracts of
Tulbaghia violacea on total nematode numbers in root + soil of tomato plant.

Source DF SS MS F P
Block 9 38002 4222.5

Treatment 3 160583 53527.7 13.52 0.0000
Error 27 106915 3959.8

Total 39 305500
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