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ABSTRACT

Laboratory and greenhouse experiments were conducted to evaluate the allelopathic effects of
the extracts and residue Arctotis arctotoides (L.f.) O. Hoffm on selected vegetable crops. The
study aimed to address the following specific objectives to (i) examine the ultra structures of the
leaf of A. arctotoides using the Scanning Electron Microscope (SEM), (ii) carry out
comprehensive qualitative and quantitative phytochemical analysis of the root and shoot
materials of the plant, (iii) investigate the allelopathic activities of the root and shoot aqueous
extracts of A. arctotoides at concentrations of 10, 8, 6, 4 and 2 mg/ml on germination, radicle and
plumule growth of cabbage, carrot, tomato and spinach, (iv) evaluate the inhibitory effects of the
dried shoot residue of the plant at 10, 20 and 40 g kg™ of soil (treatments B, C and D) and the
control (treatment A) on the morphology, growth and chlorophyll pigment content of tomato and
cabbage transplants at 1, 2, 3 and 4 weeks after transplanting and (v) assess the effects of the
dried shoot residue of A. arctotoides on the yield, nutrient uptake by the leaves of tomato and
cabbage at 4 and 12 weeks after transplanting. Finally, to analyze the residual mineral content of
the soils with tomato and cabbage transplants at 12 weeks after transplanting. The the SEM
revealed that anisocytic stomata and glandular trichomes (GTs) were numerous on the abaxial
than the adaxial surfaces of A. arctotoides. The non glandular trichomes (NGTs) were also
present on both surfaces but lesser on the abaxial. Morphologically, the GTs were peltate,
uniseriate and globular head while the NGTs were cylindrical and filamentous with variable

number of cells at the basal portion.



The energy dispersive X-ray spectroscopy of some crystals showed that Na* Mg®* and Ca®* were
the major constituents of the crystal deposit found around the GTs and stomata. The results of
the phytochemical composition of the root and shoot extracts of A. arctotoides confirmed the
occurrence of alkaloids, flavonoids, phenolics, saponnins, tannins and triterpenes as the common
constituents. In addition, cardiac glycosides and steroids were also detected in the shoot of the A.
arctotoides. Quantitative estimation of the chemical constituents of the crude extracts further
revealed that the alkaloid content in the root higher (0.97%) than the shoot (0.64%). The quantity
of flavonoids detected in the shoot (1.02%) was more than that observed in the root (0.35%).
Others (phenolics and tannins) were marginal in the two plant parts. The results of the inhibitory
effects of the root and shoot aqueous extract at the varying concentrations showed that root
extract at 10 mg/ml considerably reduced the germination of cabbage, carrot, tomato and spinach
seeds by 84.0, 83.2, 72.8 and 37.4% respectively. Incubation of the shoot extract at the same
concentration resulted in 100% inhibition of cabbage and carrot seed germination whereas those
of tomato and spinach were suppressed by 91.5 and 61.2% respectively. The two extracts at the
varying concentrations also had a significant reduction on the radicle and plumule growth of the
four vegetables. Addition of the shoot residue to the soil showed massive chlorosis, necrotic
lesions and wilting of tomato and cabbage leaves under treatments C and D at 2 weeks after
transplanting. The number of leaves, leaf area, dry shoot and root weight of the two vegetables
grown in the amended soils were also drastically reduced. The inhibition percentages due to the
addition of the three concentrations of A. arctotoides dried shoot residue on the dry shoot weight
at 4 weeks after transplanting were 38.6, 45.5 and 70.3. for tomato and 57.5, 73.3 and 87.5% for

cabbage.



Similarly, the declines in the dry root weight of 61.3, 82.9.4 and 83.4% for tomato as well as
53.1, 54.7 and 67.2% for cabbages were recorded for the two vegetables under treatment B, C
and D during the period. The results further showed that the dry fruit yield and shoot weight of
tomato under the treatments B, C and D decreased with increase in shoot residue concentrations
of A. arctotoides. Relative to treatment A, no significant differences were recorded in the dry
head weight of cabbage under the residue treated groups. The reductions in the fruit yield and
fresh head weight caused by treatments C and D were 37.2 and 84.8% for tomato and 30.9 and
72.4% for cabbage. The findings on the mineral contents in the leaves of the two vegetables
revealed significant differences in the uptake of N, Mg, Na, Cu and Fe by tomato leaves. The
concentrations of N, K, Na and Zn in cabbage leaves also differed. However, the P content was
relatively constant in the leaves of the two vegetables at 4 and 12 weeks after transplanting. At
12 weeks after transplanting, the Fe content in soils with tomato and cabbage treatments C and D
was greatly enhanced in comparison with the other nutrients. The residual N, P and Zn detected
in soils planted to cabbage were similarly equal among all the groups including the control.
Thus, under the greenhouse experiment, Arctotis arctotoides (L.f) O. Hoffm has been shown to
contain some phytotoxic chemical compounds in its root and shoot materials. The compounds
either singly or collectively have demonstrated some inhibitory potentials on the germination,

growth and yields of cabbage, carrot, tomato and spinach evaluated in this study.



PREFACE

This dissertation is composed of seven chapters. Chapter 1 is the introduction comprising
background information, rationale for the study and the objectives to be achieved. Chapter 2 is a
general literature review which establishes the context of allelopathic studies. The review
focuses on the complementarities between the inhibitory and stimulatory influences of
allelopathy in relation to the phytotoxic activities of the various allelochemicals in the different
plant parts. The assessment further considered dose response and sensitivity of the different
organisms in addition to various bioassay techniques including laboratory, greenhouse and field
experiments. The next four chapters constitute the body of the thesis. Chapter 3 briefly discusses
the medicinal herb (A. arctotoides) and the four vegetables namely cabbage, carrot, spinach and
tomato used in this study. Chapter 4 gives comprehensive details of materials and methods of
experiments 1 to 6 conducted during the study while chapter 7 gives summary and conclusion of

the findings.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

Vegetation naturally consists of trees, vines, shrubs and ornamental plants. While many
of these plant species provide soil surface cover, prevent erosion, increase soil fertility
and soil organic matter, a large number of these species do release several classes of
phytotoxic compounds into the rhizosphere. The phytotoxic substances, according to
Abreu and Mazzafera (2005) are produced by plants as defensive mechanisms against
biotic and abiotic stresses. The occurrence of similar natural products in aquatic lives and
microorganisms has also been well documented (Afolayan, 2003, Afolayan et al., 2007;
Odeyemi et al., 2008). These organic substances are economically important because of
their antimicrobial properties and effectiveness in the treatments of certain diseases and
ailments. Others are excellent insecticidal agents. However, accumulation of such
compounds in the soil may negatively affect some metabolic and physiological processes
of the same species or other plants through a phenomenon called allelopathy (Inderjit and

Duke, 2003).

Allelopathy is commonly defined as direct or indirect effect of one plant on another. The
compounds, collectively known as allelochemicals or bio-communicators are described
as waste products of plant metabolic pathways which get into the atmosphere through
root exudation, foliar leaching, volatilization and litter decomposition (Bhowmik and
Inderjit, 2003). Unlike competition for growth resources, allelopathy is a form of
chemical warfare among plant species competing for limited resources such as light,

water and nutrients.
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In places like Africa and Asia, investigations into the stimulatory and inhibitory effects of
allelochemicals on different plant species have been reported (Inderjit and Duke, 2003).
Recently, the inhibitory potentials of crop residues and straws in the management of non
crop plants have motivated research interest on allelopathy (Fujii et al., 2003). Similarly,
the allelopathic effects of secondary metabolites from various species of indigenous
plants including those of medicinal values on the growth and yields of crops are also on
the increase. Medicinal plants like any other vegetation are essential component of many
traditional cropping systems that embrace management of several plants (Anaya, 1999).
However, the extracts or decomposed residues of different herbal species adversely or
favourably affect germination, growth and nutrient uptake of other plants or crop
cultivars through the release of phytotoxic compounds into the soil (Maharjan et al.,

2007).

In South Africa, previous studies conducted on related topic focused majorly on
inhibitory effects of different tree species (Tetrapleura tetraptera and Acacia mensii) and
an invasive weedy species (Parthenium hysterophoruos) on the germination and seedling
development of crops and other vegetations (Amoo et al., 2008; Fatunbi et al., 2009). In
spite of the ecological and agronomic importance of allelopathy in agroecosystems,
scientific information regarding the negative influence of integration or sequential
rotation of medicinal herbs with crops is limited in this part of the country. Therefore,
there is the need for a systematic investigation and documentation of scientific evidence
of the allelopathic effects of medicinal species growing in association with traditional

crops on the same piece of land.
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1.2 Rationale for the study

In South Africa, the high demand for herbal remedies has led to over-exploitation of
many medicinal species. Thus, the fear of near-extinction of some valued wild indigenous
plants has motivated research towards the development of alternative means of
propagation (BAH, 2002). Tissue cultural techniques and /or integration of medicinal
herbs into the traditional farming systems have been proposed (Lambert et al., 1997;
Adebola and Afolayan, 2006). However, the detrimental effects of inclusion of such
plants into the existing farming operation on the ecology, environmental degradation and

conservation of genetic biodiversity require a better understanding (Anon, 2002).

In Asia, investigations into the allelopathic effects of crude extracts or residues of
different medicinal plants on germination and seedling growth of both crops and non crop
species have been conducted extensively. In Africa, there is dearth of information
regarding the allelopathic effects of decomposing plant residue on germination, seedling
growth and crop yield. This study therefore aims to investigate the allelopathic effects of
the crude extracts and residues of Arctotis arctotoides L.f. O. Hoffm (an evergreen
medicinal plant) on selected vegetable crops in Nkokombe Municipality, Eastern Cape
Province of South Africa. Production and consumption of high quality vegetables is one
of the government policies aimed to eradicate vitamin deficiencies among the rural
communities (Reardon et al., 2003). Studies like this will help to know the stimulatory or
inhibitory effects of the residues of medicinal species growing in association with
traditional crops on the same field. The study will also validate the effects of treatments
on the nutrient content of vegetable leaves in order to alleviate the problems of low

vitamins intake by poor-resource farmers.
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1.3 Objectives of the study

The broad objective of this study is to investigate the allelopathic effects of the root and
shoot materials of A. arctotoides on the germination, growth, morphology, chlorophyll
accumulation and nutrient uptake of some vegetables in the Nkokombe Municipality,

Eastern Cape Province of South Africa. The specific objectives are to:

examine the foliar ultra structures of A. arctotoides using Scanning Electron

Microscope.

= carry out qualitative and quantitative phytochemical analysis of the root and shoot
materials of A. arctotoides

= evaluate the inhibitory effects of the root and shoot aqueous extracts of A.
arctotoides on the germination and seedling development of four vegetables in a
laboratory bioassay

= assess the effects of the dried shoot residue of A. arctotoides on the growth,
morphology and chlorophyll contents of cabbage and tomato in the greenhouse.

= determine the inhibitory effects of the dried shoot residue of A. arctotoides on the

nutrients uptake, fruit yield and head weight of tomato and cabbage.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Allelopathy: An Overview

Historically, “Allelopathy” was derived from the Greek words allelon "of each other" and
pathos "to suffer” which literally translates to mutual suffering (Rizvi et al., 1992). Early
research on allelopathy grew out of observations of poor regeneration of forest species,
crop growth and yield reductions as well as occurrence of weed-free zones around some
plants. In a historical overview, Willis (1985) pointed out that allelopathy is not a new
concept. Contrary to the common problem observed during the Greek and Roman times
on the so-called soil sickness attributed to perpetual decline in the yields of field crops, de
Candolle (1832) suggested the involvement of plant-produced chemicals and their

interactions in both natural and agroecosystems.

Reductions in the growth of crops planted following sorghum harvest according to
Breazeale (1924) were attributed possibly to the release of some toxic compounds into
the soil. Furthermore, the concept of allelopathy and the inclusion of harmful and
beneficial effects of the phenomenon on neighbouring living organisms were developed
by Molisch (1937). Although allelopathy has been variously described by different
authors, the involvement of lower and higher plants as well as micro-organisms in the
production of organic compounds has further broadened the definition (Cheema, 1988).
During the World Congress on Allelopathy, the term was defined as: “Any process

involving the production of secondary metabolites by both plants and microorganisms
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including viruses, fungi and algae that influence the growth and development of

biological systems positively or negatively (1AS, 1996).

The increasing awareness of the stimulatory or inhibitory effects of plant secondary
metabolites on the growth of a particular species or other plants has led to series of
unresolved arguments (Rice 1984). For these reasons different terminologies have been
proposed based on the impact of organic substances released into the soil. For example,
Putnam and Duke (1978) suggested that plants which release the chemicals should be
identified as the ‘donor’ and the ‘recipient’ as the ‘target’. Similarly, Whittaker and
Feeny (1971) coined the term ‘plant allelochemicals’. Allelochemicals according to these
authors sometimes act as secondary metabolites; however, Berenbaum (1995) suggested
that the two terms should not be used synonymously. Other scientific scholars (Khalid et
al., 2002; Kobayashi, 2004) further described allelochemicals as allelopathic agents, bio-
communicators, organic compounds, secondary metabolites, phytochemicals and

phytotoxins.

In other reports, Reese (1979) defined allelochemicals as ‘non-nutritional substances
produced by an organism that affects the growth, health and behavior or population
biology of other species. Blum et al. (1999) later suggested the criteria for proof of
allelopathy which stipulated that the organic complexes (allelochemicals) produced and
released by the donor plant or its debris must be in sufficient quantities capable of
inhibiting the growth or influence some metabolic functions in the target organisms. For
many decades, the effects of allelopathy on crop growth and yields have been evaluated
only by botanists using crude aqueous extracts of plants (Weston, 1996). Recently,

research into the isolation, purification and identification of specific natural products has
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involved the joint contributions of organic chemists, biologists, soil scientists, and

ecologists (Einhellig, 1995).

2.2 Allelochemicals

Natural products are secondary metabolites of plants, fungi or bacteria origin (Duke and
Lydon, 1987). Although, earlier studies have illustrated that the organic compounds from
plants are always in minute quantity, this may not necessarily be so because their
production has been linked with factors such as biotic and abiotic stresses (Vaughn and
Spencer, 1993). Similarly, Whittaker and Feeny (1971) also suggested that
allelochemicals are not always present in all living organisms but a host number of these
constituents are synthesized intermittently. Based on this assumption, numerous
approaches have been put forward for proof of allelochemicals in the environment.
According to Koch’s postulates, the following steps were suggested: (i) demonstrate
interference, describe symptoms and compare the effect using suitable controls; (ii)
isolate, identify and characterize the chemical agent in suitable bioassays; (iii) reproduce
the interference using a natural or synthetic agent to the biological system at naturally
occurring concentrations (iv) quantify the amount of allelochemicals released from the

donor plant and that absorbed by the target.

While the above outlined protocols have been proved difficult and unreasonable by some
researchers, Weidenhamer (1996) asserted that the procedures are useful guides for a

more accurate experimental design. However, a similar but less quantitative set of
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components enlisted by Inderjit and Weston (2003) include: (i) ecological- demonstrating
the existence of interference in nature; (ii) chemical-involving isolation, identification
and characterization of allelochemicals; (iii) physiological-identification of the
interference mechanism at the biochemical, physiological, cellular and molecular levels.
These recommendations have led to series of investigations into the chemical
composition of numerous natural products with different chemical structures (Razavi,

2011).

These authors further asserted that the active compounds must be isolated in sufficient
quantity, adequate for identification and characterization in bioassays. In these bioassays,
fractions from extracts or leachates should be screened on the germination of different
seed species using different methods (Macias et al., 1998). For an ecologically relevant
data, many scientists have proposed that the choice of extraction solvents and the
methods should be given special consideration. Among the various methods adopted, the
use of sealed culture-dish, re-circulating hydroponic culture system, GC/MS, HPLC and
chromatography have all demonstrated the possibility of allelopathy in both hydrophilic
(phenolics) and hydrophobic (terpenoids) compounds (Scrivanti et al., 2003; Sodaeizadeh

et al., 2009).

A number of reviews on allelopathy confirmed that majority of the alleged
phytochemicals represent a multitude of compounds from simple hydrocarbons and
aliphatic acids to complex poly-cyclic structures (Putnam and Tang, 1986). These
compounds were further divided into major chemical groups such as water-soluble
organic acids, simple phenolics, benzoic acid and derivatives, lactones, flavonoids,
tannins, terpenoids, monoterpenes, steroids, alkaloids and coumarins as well as amino
acids and polypeptides (Macias et al., 1998). Among the different compounds, phenolic
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acids, flavonoids, alkaloids, coumarins and terpenoids have been reported as the most

frequently occurring phytochemicals present in many plant parts (Kovacik et al., 2007).

Mode of action of allelochemicals in plants

Determination of the mechanism of action of natural compounds has been described as
challenging due to the large number of potential molecular target sites among the
different targets (Dayan et al., 2000). In spite of the agronomic importance of allelopathy,
relatively little is known about the mode of action of many allelochemicals or the
adaptive strategies developed by several targets (Bais et al., 2006). Presently, there have
been no established standard methods to study the mode of action of allelochemicals
(Einhellig, 1985). Several approaches suitable or those that best address the needs of the
investigators have been developed by different research teams. Sometimes, the team
often relies on methodologies with which they are most comfortable. Selection of a
putative site of action where numerous biologically active molecules can be tested with

the hope of obtaining a “hit” for that specific molecular target is one approach.

For example, Dos Santos et al. (2004) reported that multiple physiological and
anatomical responses usually observed in many targets due to the application of ferulic
acid to the root are water utilization, foliar expansion and root elongation. Ferulic acid
induces lipid peroxidation, and disrupts certain enzymatic activity thereby leading to
membrane permeability and eventual blockage of plant nutrient uptake (Weir et al.,

2004). Meanwhile, the allelochemicals may be esterified with the cell wall
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polysaccharides, incorporated into the lignin structure or develop bridges that connect
lignin with the wall of polysaccharides, thus making the cell wall rigid and restricting cell

growth (Sénchez et al., 1996; Lam et al., 2001).

2.3 Sources of allelochemicals in the environment

Microbial source

Several classes of allelochemicals from bacteria and fungi have been isolated and
identified. Currently, many of the products isolated from micro-organisms are being
considered as new lead structures for the preparation of different analogues. For example,
Ma et al. (1997) reported the discovery of phenolic acids, aldehydes, alcohol, ketones,
and nitrogen-containing phytochemicals from fungi and bacteria. Similarly, bialaphos
and phosphonthricin from a non phytopathogenic bacteria strain- Streptomyces have been
commercialized and marketed under different trade names (Dayan et al., 1999).
Although, most phytotoxins isolated from microbes have been found with numerous
advantages over other biocontrol agents. However, problems associated with their
storage, application and half-life favour plant-produced allelochemicals over those of

microbes.

Plant source

Generally, green plants produce a large number of compounds whose specific functions
are largely unknown (Duke and Lydon, 1987). Majority of these constituents however,

have been vindicated as chemical warfare agents of insects, pathogenic organisms, and
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competing plant species (Asawalam, 2006). Two important metabolic pathways noted for
the synthesis of most allelochemicals in plants namely shikimate / phenylpropanoid and
the terpenoids and their derivatives, originate from glyceraldehyde-3-phosphate
(pyruvate) and cytoplasmic acetate (mevalonate) (Inderjit et al., 1999). The phenyl-
propanoid pathway is the major source of phenolic compounds and a wide range of
secondary products in plants including: ferulic, cinnamic and vanilic acids. These
compounds together with several other allelopathic mono-, sesqui- and diterpenes are

abundant in the soil (McConkey et al., 2000).

Studies on the production of phytochemicals of plant origin have been a subject of debate
among researchers. While some authors asserted that organic compounds can be
synthesized by living plants, others investigators assumed that chemical compounds can
be produced passively during the decomposition processes of the plant residues (Blum et
al., 1999). In line with the above findings, Sharma et al. (2003) pointed out that at the
spatial level, the production and storage potential of plant secretory structures have a
direct bearing with the developmental dynamics of the donor plants. Shanker et al. (1999)
established that as glandular trichommes over mature, subcellular integrity deteriorates
and gradually leaves the secretory organ empty. It has been well documented that
numerous classes of allelochemicals are present in virtually all plant tissues and organs.
Aldrich (1984) indicated the occurrence of higher concentrations of such compounds in

the leaves, stem or roots rather than in the fruit or flowers.

Worldwide, scientific evidence has corroborated the occurrence of enormous quantities

of allelochemicals in the leaves of the different plant species, genera and families
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(Pandey et al., 1993; Taiwo and Makinde, 2005). However, the four main mechanisms
through which organic compounds get into the environment are root exudation, leaching,

volatilization from the aerial surface and residue decomposition (Putnam, 1985).

2.4 Mechanism of release of allelochemicals

Root exudation

The root system, otherwise known as ‘hidden half’ of a plant is an important component
necessary for the acquisition of mineral nutrients and other solutes within the soil
medium as well as anchoring the plant firmly to the soil. The actively growing root
system, sometimes, may be expansive for the production and release of different classes
of organic substances (root exudates) into the soil (Hopkins et al., 1998; Uren, 2000).
Root exudates have been classified as low and high molecular weight compounds
secreted during the process of secondary metabolism (Rice, 1979). Low-molecular
organic compounds include acetic, ascorbic, benzoic, ferulic, malic and phenolic acids.
Others such as flavonoids, fatty acids, nucleotides, tannins, steroids, terpenoids, alkaloids
and vitamins are regarded as high molecular weight allelochemicals (Leather and

Einhellig, 1985).

On the basis of molecular weight, root exudate products get into the rhizosphere from the
living root membrane interface through three major processes namely; diffusion, ion
channel and vesicle transport. The quantity, chemical composition, concentration and
localization of root exudates have been attributed to plant age and species (Inderjit and
Duke, 2003). Other factors such as soil compaction, drought, and low nutrient status have
also been implicated on root exudate production. For example, production of phenolic
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compounds by certain tree and leguminous plant species has been linked with phosphorus
deficiency in the soil (Neumann et al., 1998). The efficacy or biological activities of the
exudate products may be inactivated or modified by microbial decomposition or

immobilization by soil particles (Cheng, 1992).

Leaching

Large amount of organic and inorganic metabolites are released into the soil through
leaching. In spite of the numerous studies, there has been no adequate proof on the
mechanism involved in the leaching processes. However, Tukey (1969) reported that
injected metabolites into the plant tissues could be leached and collected. Metabolically
important materials that could be leached from the above ground plant parts include;
fructose, glucose, sucrose and polysaccharides. Allelochemicals such as organic acids
and other growth regulators, nutrients and amino acids have also been included in the
leached products. Although, many of these metabolites exhibit both inhibitory and
stimulatory effects on different targets under certain circumstances, however, the nature
of these two effects depends on the concentration and the physiological activities of the
compounds involved. Factors such as physiological age of the plant and molecular weight
of leached products are greatly influenced by leaf characteristics and leaf surface area,
plant nutrition, rainfall intensity and volume as well as light intensity and temperature

(Kobayashi, 2004).
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Volatilization

Volatile chemicals that mediate interaction between different species benefit both the
emitting and the receiving organisms. Volatile compounds such as synomones, allomones
and kairomones are the major components of many terpenes. For example, monoterpenes,
sesquiterpenes and alpha-pinenes are the largest group of organic constituents of essential
oils responsible for biochemical interactions among plants (Fischer 1986; Einhellig and
Leather 1988). It has been demonstrated that monoterpene vapours inhibit seed
germination as well as causing anatomical and physiological changes in the seedlings of
many plants (Koitabashi et al., 1997; Dudai et al., 2000). Sesquiterpenoids on the other
hand, are C-15 volatile derivatives less commonly found in the essential oils fractions
because of their higher molecular weight. Alpha-pinene is reported to be present in

several aromatic plant species including the forest trees (Llusia and Pefiuelas, 2000).

Residue decomposition

Studies on soil quality and productivity have shown that physical conditions of the soil
surface are determined by the presence of organic matter (Sharma and Bhushan, 2001).
Apart from nutrient recycling, incorporation of plant residues into the soil improves soil
structure and physical characteristics. However, it has been well documented that the
residues of plants under stressful environmental conditions are prone to production of
higher quantities of allelochemicals (Einhellig, 1995). Directly or indirectly, the residues
of certain plant species or crop cultivars release organic compounds that adversely affect

the metabolic processes and growth of other plants (Jaderlund et al., 1996). Utilization of
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reserve mineral elements as energy source by micro-organisms creates abiotic stresses for
the plant by interfering with the uptake of certain mineral nutrients or their
mineralization. The severity of the problem can be more if the residue is from a donor

plant previously under nutritional deficiency.

The increase in relative phytotoxicity of aqueous extracts over time and its decline has
been a subject of debate (Mersie and Singh, 1987). However, increase in phytotoxicity of
up to 60 days of decomposition before decline may indicate that allelopathic effect of
plants could sometimes increase over weeks or months of decomposition prior to

declining (Wilson, 1981).

2.5 The role of allelopathy in the environment

Effects of allelopathy on soil and microorganisms

Mineralization and nitrification processes are the major limiting problems associated with
soil nutrients (nitrogen and phosphorus) availability in many areas of the world (Zhang
and Yu, 1989; Anaya, 1999). Allelochemicals may influence these two processes through
their effects on soil symbiotic microbes. For example, Hoagland and Williams (1985)
confirmed that as the root system develops in the soil, the soil microenvironment is
altered; the organic and inorganic compounds exuded from roots either stimulate or
inhibit the growth of the micro-organisms. In a related study, Taiwo and Makinde (2005)
reported that microorganisms can modify the configuration of allelochemicals thereby
leading to formation of new compounds which could be stimulatory or inhibitory to the

growth of some fungi and bacteria in the soil. At varying concentrations, the stimulatory
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and inhibitory effects of the different aqueous extracts of several plant species have been

observed on numerous targets (Pue et al., 1995).

Effects of allelopathy on forest and orchard plantation

The problems associated with regeneration and replanting of forest and fruit trees in
orchards have been elucidated (Mallik, 1998). Several reports have indicated the
inhibitory effects of allelochemicals on the growth of forest and understory species
(Lovett and Ryuntyu, 1992). Hassan et al. (1989) corroborated early study that soil
previously grown with citrus contained compounds that adversely affect succeeding
citrus seedlings. Similarly, Amoo et al. (2008) reported the effect of the leaf extracts of
Tetrapleura tetraptera (a multipurpose tree) on selected agricultural crops. In like
manner, Fatunbi et al. (2009) attributed the occurrence of dense population of Acacia
mearsii to the hydrological imbalance of water bodies while Duryea et al. (1999) reported
the effect of aqueous extracts of eucalyptus and mulches of pine-straw on the germination

of lettuce seeds.

Effects of allelopathy on crop plants

Traditionally, several crop combinations including cereals, legumes and vegetables are
found on the same field, same time or in rotation for self-sufficiency (Chon et al., 2005).
In addition to the various environmental stresses (diseases, insect attack and competition)
facing the different crop species, allelopathy has also been implicated in crop growth
failure and yield reductions (Young, 1998). Unlike competition for resources, allelopathy
is an obvious, more subtle interference involving the release of chemicals into the

environment (Inderjit and Duke, 2003). The mechanisms through which several classes

40



of allelochemicals are released into the soil by donor plants have been well documented
(Cheng, 1992).

Positively or negatively, the chemicals affect germination and seedling development of
the recipients directly or indirectly through microbial degradation (White et al., 1989).
However, the beneficial role of allelopathy has been observed in various cropping
systems such as mixed cropping, multiple cropping, cover cropping, crop rotation,
minimum and no-tillage on the field (Leather, 1987). Although, little attention has been
given to the adverse effects of allelochemicals on crop growth and yields, reports from
laboratory bioassays have confirmed the inhibition or delay in the germination of certain
crop seeds while no significant effects were observed on the yields of these species (Lin
et al., 2006). Worldwide, significant progress has been made by numerous research
groups towards selection of allelopathic crop varieties using their aqueous extract,
mulches or residue (Chon et al., 2005).

Moreover, recent reviews and scientific reports on the position of allelopathy in
agroecosystems have evaluated extensively the effects of: crops on non crop suppression,
crops residues on succeeding crops, weed residues on crop yield, weed residues on weed
interactions, weed seeds on crop growth (Weston and Duke, 2003; Nazir et al., 2007).
Apart from agricultural crops, screening of other non crop plants such as multipurpose
and fruit trees as well as medicinal shrub species for their allelopathic activities have also

been documented (Khan et al., 2008; Javaid et al., 2009).

2.6 Screening of plants for allelopathic properties

Screening of plants for allelopathic activity has been reported to be similar to those for

the discovery of new lead compounds in the pharmaceutical industry (Vyvyan, 2002).
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Fujii et al. (2003) emphasized that the preliminary criterion for evaluating allelopathic
potentials of plants should consider factors such as the growth habit, population density
and dominance of the bioassay species in the ecosystems. Several methods have been
suggested by different workers for evaluating the allelopathic properties of plants.
However, the first strategic approach involves laboratory bioassay which is usually

followed by greenhouse or field studies (Dayan et al., 2000).

Practices such as grinding or chopping of plant materials, use of organic solvents for the
extraction and autoclaving of assay media have been controversial (Khan et al., 2009).
These authors believed that most phytotoxic compounds are discharged into the soil by
rain and soil-water under natural condition. In contrast, Anaya (1999) disputed the
statement and suggested that other volatile compounds such as monoterpenoids and
sesquiterpenes lactones might get into the soil through volatilization, root exudation and
residue decomposition. However, two important standardized protocols for proof of
allelopathic interactions in both laboratory and greenhouse studies put forward are;

selection of biological assays (bioassays) and the target species.

Laboratory and greenhouse bioassays

Laboratory and greenhouse bioassays are important procedure for the establishment of
allelopathic potentials of pure compounds, extract or decomposed residues of the
suspected allelopathic plant (Inderjit and Dakshini, 1995). Earlier findings have shown
that these two preliminary bioassays are useful techniques that distinguish between
competitive interference and allelopathy under field conditions (Xuan et al., 2005). Under

natural environment, field trials are important in the estimation of allelochemicals
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however, seed germination and seedling growth are the most widely indices used for
evaluating the impacts of allelopathic interference. In laboratory assays, seeds of selected
targets are usually kept on growth media such as filter paper, agar in a Petri dish or tissue
culture wells. Usually, the media is moistened with a known volume of the extract or
weight of the residue (Singh et al., 2003a; Chaniago et al., 2008). More importantly, seed
size, number per Petri dish and the volume of the extract to be applied are other factors

being considered.

Extraction solvents and methods

Water is a universal solvent most widely used for extraction in nature. Processes such as
root exudation, leaching and residue decomposition require water for microbial growth
and dissolution of organic compounds. Amongst the numerous solvents being adopted for
the extraction of natural products from plants, distilled water remains the most popular
and regular solvent used in most bioassays. The use of organic solvents as extraction
agent has been a subject of debate by many researchers (Baruah et al., 1994). For
example, Inderjit and Dakshini (1995) suggested that several qualitative and quantitative
differences exist between compounds extracted with both aqueous and organic solvents.
However, where necessary, acetone and dimethyl sulfoxide (DMSO) have been
universally accepted as being appropriate for the transfer of compounds with sparingly
water solubility (Dayan et al., 2000). In line with this suggestion, the use of non-polar
solvents in the transfer of volatile compounds (essential oil constituents) to assay wells
has been adopted by other authors (De Martino et al., 2010).

In spite of the different methods of extraction being demonstrated on the allelopathic

possibilities of several bioassay species, several hypotheses are still unresolved among
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researchers. This has invariably led to the establishment of routine and specific
methodologies involving the use of crude extracts, leachates from live or decaying plant
materials (Koyabashi, 2002; Belz et al., 2007). Among others, various methods of
extractions have been suggested by numerous scientists and these include sandwich (Fujii
et al., 2004), cluster analysis using HPLC (Mungole et al., 2010) and agar medium
selection (Fujii et al., 1992). Other scholars (Navarez and Olofsdotter, 1996) also

reported relay seeding technique and hydroponic culture assessment.

Concentration-dependent or Dose-response bioassay

Bioassay strategies based on concentration or dose dependent phytotoxicity are valuable
indices of species sensitivity and tolerance to different allelopathic agents (Weidenhamer,
1996). The initial dose-response concentrations ranging between 10 and 10° M, with as
little as a milligram of the plant material has been suggested (Dayan et al., 2000).
Similarly, concentration-dependent relationship has been characterized by both
stimulatory and inhibitory reactions at lower and higher doses respectively (Calabrese et
al., 2007). This relationship has been observed with several classes of compounds
isolated from crude plant extracts and root exudates of wheat (Triticum aestivum L.)

(Belz et al., 2007).

Field experiments

In allelopathic research, field experimentation involves the exploration of the whole or
different parts of allelopathic crops or other plant species as biological agent of weed

control (Wu et al., 1999; Fujii et al., 2004). In the past, the role of factors affecting
44



phytotoxicity of many allelochemicals in the soil has received little attention. Conversely,
Inderjit et al. (2001) reported that most allelopathic bioassays showed slight similarity in
comparison with the observed effects under natural conditions. For this reason, several
methods of residue applications have been proposed in the evaluation of the different
allelopathic plant parts as control agent of natural vegetation (Terzi, 2008). Mulching
with straw is a common practice in most agro based cropping systems of the developing
world (Fujii et al., 2004). The use of fresh or dry crop or plant residues either as surface
application, soil incorporated or rotational sequence in the field has been adopted by
different authors (Pandey et al., 1993; Fatunbi et al., 2009). Based on these management
practices, Batish et al. (2007) confirmed that most of the applied residue treatments show

comparable results with those observed in herbicide treated plots.

Plant Organs and Tissues

The production of a wide range of organic substances by plants has been well
documented (Viles and Reese, 1996). Other authors (Parvez et al., 2004) reported that
several classes of secondary metabolites are stored in the different tissues and organs of
the plants. However, Parekh and Chanda (2001) stated that generally, the aerial surfaces

of many plants contain higher percentage of secondary metabolites than the other parts.

Target species

Selection of target species is an important aspect of allelopathic research considered for
the accuracy in bioassay studies (Daizy et al., 2006). Generally, plant species vary in their

susceptibility to allelochemicals particularly during the early stages of development
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(Inderjit and Olofsdotter 1998). A wide range of sensitive targets have been studied under
laboratory / greenhouse techniques and field conditions to evaluate allelopathy (Dakshini
et al., 1999). Usually, seed species from both mono and dicotyledonous crops / plants are
recommended while screening for allelopathic activities. This is with a view to
determining the potential sensitivity of some targets for the development and breeding of
crops with a competitive advantage over other plant species (Rice, 1984; Roth et al.,

2000).

A considerable amount of research has been carried out to quantify the use of
commercially available crop seeds. The adoption of this protocol eliminates the
uncertainty that are usually associated with the use of genetically and more diverse weed
seeds. It also ensures the development of standard targets for bioassay studies (Macias et
al., 2000). Based on the set standards, the seeds of crops such as Brassica oleraceae
(Cabbage), Lactuca sativa L. (Lettuce), Lycopersicon esculentum L. (tomatoes), Raphanus
sativus L. (radishes) and Oryza sativa (rice) have been utilized by different authors in most
allelopathic studies (Chung et al., 2003). Usually, the choice and selection of any of these
seed species is attributed mainly to their sensitivity to allelopathic agents in addition to

availability in the open markets.

2.7 Allelopathic plants

Allelopathic crop plants

The increased awareness motivated by the allelopathic interference among different crop
plants grown in rotation or mixed cropping has led to the exploitation of this potential in

agroecosystems (Hedge and Miller, 1990; Javaid et al., 2006). For example, germination
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inhibition and growth retardation caused by aqueous extracts and residues of lettuce
(Lactuca sativa L.), wheat straw (Triticum aestivum L.) and alfalfa (Medicago sativa L.)
on other plants have been utilized in weed control and management (Chon et al., 2005). A
number of review articles and scientific reports have evaluated allelopathy with respect to
breeding of crops with competitive advantage over other vegetation. Since the major
goal of allelopathy has been alternative weed control and management strategy using
crop or plant residues, a number of reviewed and research reports have investigated
breeding of crops with competitive advantage over other vegetation. Thus the effects of
crops on non crop plants, crop residues on succeeding crops, weed residues on crop yield

and weed seeds on crop growth have been evaluated (Tripathi et al., 1998).

The occurrence of several classes of organic compounds in both aqueous and organic
solvent extracts of many plant and crop species have been well documented (Ashrafi et
al., 2008). Allelochemicals such as phenolic (coumaric, ferulic, and cinnamic) acids and
terpenoids derivatives (limonene, a-pinene, and 1-8 cineole) have all been reported as the
most abundant naturally occurring organic substances ubiquitous in the decomposing
residues and root exudates of several crops (Mandava, 1984). The compounds, singly or
collectively cause metabolic disorders such as root lignifications, electrolyte leakages,
lipid peroxidation and membrane deterioration of the recipient targets (Dos Santos et al.,
2004). Apart from agricultural crops, certain tropical forest and fruit trees particularly
those belonging to the different families have also been implicated in allelopathic
interactions (Amoo et al., 2008). More recently, the involvement of bioactive constituents

of medicinal importance in both stimulatory and inhibitory effects on other plants has
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further motivated research into the allelopathic potentials of the different herbal species

on crop growth and yield reductions (Lin et al., 2006).

Allelopathy in medicinal plants

Over the last few decades, the biological and pharmacological potentials of organic
substances from many indigenous plants are well understood. For instance, phenolic
compounds have been associated with antimicrobial (Narayana et al., 1999), anti-
inflammatory (Castillo et al., 1989), antiviral, and cytotoxic activities (Chhabra et al.,
1984). However, the bioactive constituents conferring these properties on many herbal
species have also been implicated in allelopathy (Nazir et al., 2007). A number of review
and research articles have indicated that phenolic acids are the most commonly occurring
natural products noted for allelopathic activities (Singh et al., 2003b). Mungole et al.
(2010) have also included alkaloids, coumarin, flavonoids, saponnins and volatile

constituents of the essential oils as being allelopathic agents.

Generally, the presence of different phytochemicals in the crude plant extracts has been
linked to the detrimental effects of leachates, root exudates or decomposing residues of
such plants on the other vegetation or succeeding crops (Chung et al., 2005).
Phytochemical analyses of several species of medicinal plants and allelopathic activities
of the crude chemical compounds on crops and plants have yielded positive results (Fujii
et al., 2004). Of the different plant families studied, Viles and Reese (1996) indicated that

members of the Asteraceae family have great potential for inhibitory activities. Thus, the
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increased interest in the isolation and identification of the chemical compositions of
organic products associated with biological activities with particular emphasis on
germination, growth and yield of crops has stimulated research on plants having both
medicinal and allelopathic properties (Hegazy and Farrag, 2007). Although the inclusion

of medicinal species as component crops for weed control and for commercial purposes
might be justified. However, the negative impact of organic substances released into the
environment by the species on the growth and yields of economic crops requires a better

understanding (Lambert et al., 1997).

2.8 Allelopathy in South Africa

South Africa is one of the richest floristic regions of the world, well known for the
different understory plant biomass and medicinal species. The Eastern Cape Province is
one of the Provinces endowed with different plant species valuable for health care needs
of the larger populations and fodder for the livestock (Van Wyk et al., 1997; Masika and
Afolayan, 2003). Like many other developing nations, where several classes of plant
secondary metabolites have been implicated in allelopathy, similar observations have also
been well documented in South Africa (Fatunbi et al., 2009). Worldwide, utilization of
the allelopathic characteristics of both plants and crop cultivars for the control or
management of other vegetation in crop based agroecosystems is common. However,
very little is known on the allelopathic interactions of medicinal species growing in
association with traditional crops in Nkokombe Municipality, Eastern Cape Province of

South Africa.
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CHAPTER THREE

3.0 PLANT USED IN THIS STUDY

3.1 Arctotis arctotoides (L.f.) O. Hoffm.

Plants in the family Asteraceae produce wide varieties of biologically active constituents.
The genus Arctotis belongs to the family and is one of the angiosperms endemic in
southern Africa, having more than 50 species in the coastal districts and summer rainfall
areas (Funk et al., 2005). Of particular interest is the species Arctotis arctotoides which is
a member of the genus. It is a fast growing, evergreen perennial groundcover with light
green foliage and butter-yellow flowers (Figure 3.1). The leaf and stem surfaces of the
plant are usually covered with white hairs which are believed to be special ultra structures
(Pooley, 1998). Arctotis arctotoides is widely distributed in disturbed habitats such as rain
fed or irrigated lawns and cultivated fields. At maturity, the plant grows up to 60 to 65 cm
in height and its leaves could be as long as 10 to 15 cm thereby forming a dense and

patchy strand around other vegetations.

The plant dominates grasses and severely devastates crop plants particularly, vegetables
on farmers’ fields and in home gardens around the University of Fort Hare, in the
Nkokombe Municipality, Eastern Cape of South Africa. Arctotis arctotoides was selected
for this study because of its observed dominant growth habit and majorly due to the
occurrence of different classes of phytochemicals in its root and shoot. For example,
comprehensive GC-MS analyses of the two plant parts have revealed mono and
sesquiterpene derivatives as the major volatile constituents of their essential oils (Oyedeji

et al., 2005). Similarly, Sultana and Afolayan (2007) isolated a number of novel
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compounds including: dehydrocostuslactone, nepetin, zaluzanin and pedalitin from the

shoot of the plant.

Figure 3.1: Arctotis arctotoides (L.£.) O Hoffm.

Economically, A. arctotoides is well known in the Eastern Cape Province of South Africa
among the Xhosa speaking people for the treatment of diverse diseases. Topically, the
juice from A. arctotoides leaves is also useful in wound healing. Extracts from the root
and the shoot of the plant have been shown to be effective as antimicrobial and antifungal
agents (Afolayan, 2003). However, many of the compounds isolated from the plant have
been implicated in allelopathic activities against other crops (Fischer, 1986; Macias et al.,
2000).
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3.2. Vegetable crops used for this study

Inadequate intake of vegetables in diets has been associated with high rate of vitamin
deficiency in developing countries (Flyman and Afolayan, 2006). Generally, the diet of
resource-poor populations tend to be low in some micronutrients due to consumption of
predominantly starchy staples with or without animal products and few vegetables and
fruits (Faber and Van Jaarsveld, 2007). As a means to eradication of poverty, hunger and
malnutrition, intensive vegetable production is on the increase in many of the affected
nations through government policies (Reardon et al., 2003). Home gardening has been
shown as an important means of improving the intake of vegetables and fruits (Berti et
al., 2004). In the Eastern Cape Province of South Africa, vegetables such as potato,
spinach, beet root, cabbage, carrot, tomato and cucumber are common in many home
gardens and semi-subsistence farming operations. Hence the selection of cabbage
(Brassica oleraceae), carrot (Daucus carota L), tomato (Lycopersicon esculentum Mill)
and spinach (Spinacia oleraceae) used in this study. The vegetables are short season and
widely cultivated by the local people around the University of Fort Hare where A.

arctotoides usually predominates.

Cabbage

Cabbage (Brassica oleracea) belongs to the family Cruciferae. It is a dicotyledonous
biennial crop but is usually grown as annual (Figure 3.2.1). Many varieties are gaining
popularity as components of prepackaged salad mixes. There are many variations

amongst cabbage types, ranging in colours from green to purple; in leaf character from
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smooth to savoy, in head shape from flat to pointed and in maturity from early to late

maturing.

Figure 3.2.1 : Cabbage (A) head and (B) seeds

The green and round headed types are the most common (Phillips and Rix, 1993).
Culturally, the vegetable thrives best during the cool and moist weather. Sufficient
amount of water and good drainage are necessary throughout the growing period of the
vegetable particularly during head formation until harvest (Askew, 1999). The maturity
period of most cabbage cultivars is between 80 to 100 days and according to Hadfield
(1995), it could be cultivated throughout the year in most parts of South Africa depending

on the soil types and its optimum pH.
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Carrot

Carrot (Carrot daucus) is a biennial crop and member of the family Apiaceae. Other
members of the family include celery, celeriac, coriander, fennel, parsnip and parsley. In
South Africa, carrot is one of the top 10 vegetables cultivated on an area basis (Joubert et
al., 1980). The vegetable grows vegetatively during the first season and produces seed in

the second (Figure 3.2.2).

Figure 3.2.2: Carrot (A) Fruits and (B) Seeds

For edible root production, the plant is grown as an annual crop. Nutritionally, carrot is
rich in carotene (Michaela et al., 2000) and it is consumed either fresh or cooked. Large
quantities of the vegetable are also processed either alone or in mixtures with other

vegetables by canning, freezing or dehydration.
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Spinach

Spinach (Spinacia oleracea L.) also known as chard, leaf beet or Swiss chard is produced
mainly for its large crispy edible leaves which are cooked as green. (Figure 3.2.3) The
vegetable grows best in summer but may survive over winter frost in temperate regions.
Comparatively spinach is well suited to climates with an optimum temperature that
ranges between 18 and 20°C. Continued exposure to temperatures less than 5°C induces
seed production (bolting). Spinach grown during summer tends to develop small leaves
which are of inferior quality. However, different methods of propagations have been
investigated for selection of suitable cultivars. Among others, in vitro plant regeneration,
soilless culture systems and hydroponic nutrient solution have shown increases in both

the yield and quality of the vegetable.

Figure 3.2.3: Spinach (A)Leaves and (B) Seeds
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Tomato

Tomato (Lycopersicon esculentum L.) is one of the most popularly consumed vegetables
in many parts of the world and it ranks third in terms of production after potato (Solanum
tuberosum L.) and sweet potato (Ipomoea batata L.) (Figure 3.2.4). The crop is highly
valued but sensitive to variations in the day / night temperatures in addition to
considerable amount of inputs and good management requirements. Moderately cool
night and day temperatures required for normal growth are between 15-20°C and 21-28°C
respectively. In many Provinces of South Africa, especially Kwazulu-Natal, large scale
production of tomato is under hydroponic culture and irrigation systems. The rural
communities around the University of Forte Hare cultivate tomato mostly as one of the
home garden and subsistence farming vegetables in association with other non crop

species to cater for both nutritional needs and herbal remedies of the larger populace.

Figure 3.2 4: Tomato (A) Fruits and (B) Seeds
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CHAPTER FOUR

4.0 MATERIALS AND METHODS

4.1 Experiment 1: The foliar micro morphology of Arctotis arctotoides

The whole plant of A. arctotoides was harvested during its vegetative stage from a natural
population around the University of Fort Hare (UFH) Research Farm, Alice campus in
August, 2008. Plant identification was done by Prof Grierson of the Department of
Botany, UFH and a voucher specimen (Badmus Med. 2008/04) was kept in the
herbarium. The foliar ultra structures of the leaf surfaces of the plant were examined
using the general procedures for Scanning Electron Microscope (SEM) adopted by
Vaishali et al. (2008). Freshly cut leaf samples were rinsed in distilled water and
sectioned into about 4 - 6 mm segments before fixing in 0.05 M sodium cacodylate and
rinsed again in 0.05 M cacodylate buffer (pH 7.5). The samples were further dehydrated
in a graded series of ethanol (20 -100%) three times at 20 min per rinse. This was
followed by critical point drying with liquid carbon-dioxide in Hitachi HCP-2 Critical
Point Dryer. Each dried sample was mounted unto aluminum specimen stubs with
double-sided carbon coated adhesive discs and sputter coated with gold-palladium (Eiko
IB - 3 lon Coater). Using JEOL (JSM-6390LV) SEM, operated at 10 — 15 kV acceleration
voltage, the adaxial and abaxial surfaces of the leaf specimen were examined at varying
magnifications. All the representative features examined were captured digitally using

Microsoft image soft ware for windows. The energy dispersive X-ray spectroscopy-SEM,
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involved both the fixing and dehydration procedures as in SEM, while a FEl QUANTA

200 Oxford EDX Analyzer was used for the analysis.

4.2 Experiment 2: Qualitative and quantitative phytochemical screening of the root
and shoot residues of A. arctotoides

Plant materials obtained as described in the previous experiment were sectioned into root
and shoot and then air-dried at room temperature for two weeks. The dried plant samples

were later ground to a uniform texture and used for the respective analyses.

4.2.1 Qualitative determination of phytochemical constituents

Qualitative phytochemical analyses of the root and shoot ground materials of A.
arctotoides were determined by adopting the procedures described by Harborne (1973);
Trease and Evans (1989); Sofowora (1993); Awe and Shodipo (2001) and Edeoga et al.

(2005).

Test for alkaloids

Each of the plant samples (0.2 g) was separately dissolved in 10 ml of methanol and
filtered. The filtrate (2 ml) was treated with 1% HCIl and 6 drops of dragendrorff’s
reagent (0.11 M potassium iodide and 0.6 M bismuth nitrate in 3.5 M acetic acid). The
mixtures were kept on a water bath to steam for 30 min. Formation of turbidity or

creamish precipitate indicated the presence of alkaloids.
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Test for cardiac glycosides (Keller-kilian test)

Agqueous extract of the two plant parts (5 ml) was added to 2 ml of glacial acetic acid plus
one drop of FeCls The set up was underplayed with 1 ml of concentrated H,SO,4. The
appearance of violet and brownish rings below the interface followed by formation of a

greenish ring in the acetic acid layer indicated the presence of cardiac glycosides.

Test for flavonoids
The plant material (0.2 g) was dissolved in 10 ml of ethanol and filtered. The filtrate (2
ml) was added to 1% concentrated hydrochloric acid plus magnesium ribbon. Formation

of pink to reddish colouration signified the presence of flavonoids.

Test for phenolics

The ground materials (5 g of each) were extracted in 20 ml of distilled water. To 1 ml of
the plant extract, one drop of 5% FeCl; (w/v) was added. Formation of greenish

precipitate indicated the presence of phenolics.

Test for saponins

The powdered material (10 g) was boiled in 20 ml of distilled water in a water bath for 2
h and then filtered. The filtrate (10 ml) was diluted with 5 ml of distilled water and
shaken vigorously for a stable persistent froth. Three drops of olive oil was added
followed by vigorous shaking. The set up was observed after few minutes for the

formation of emulsion, indicating the presence of saponins.
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Test for steroids
The plant material (0.2 g) was extracted in 10 ml of chloroform and filtered. The filtrate
(2 ml) was added to 2 ml of acetic anhydride and mixed with 2 ml of concentrated

H,SO,. Formation of blue-green ring implied the presence of steroids.

Test for tannin

The powdered plant sample (0.5 g) was boiled in 20 ml of distilled water in a 50 ml
beaker and filtered. The filtrate was treated with few drops of 0.1% FeCl; and observed
for blue-black or brownish-green colour development that signified the presence of

tannin.

Test for triterpenes

One ml of the root and shoot aqueous extracts was treated with five drops of acetic acid
anhydride followed by a drop of concentrated H,SO,4 The mixture was kept on a water
bath for 60 min and neutralized by addition of NaOH. This was followed by addition of

chloroform. A blue-green colour indicated the presence of triterpenes.

4.2.2 Quantitative determination of the phytochemical constituents

Determination of total phenol

Total phenolic content was determined using Folin Ciocalteau reagent. An aliquot of the
extracts was mixed with 5 ml of the reagent (diluted with water 1:10 v/v) and 4 ml of
Na,COs (75 g/l). The tubes were vortexed for 15 s and allowed to stand for 30 min at 40°
C for colour development. The absorbance was measured at 765 nm wavelength. Samples
of the extract were evaluated at a final concentration of 0.1 mg/ml and total phenolic
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content was expressed as mg/ml tannic acid equivalent using the calibration curve of the
equation: y = 0.1216 x, R2 = 0.9365, where x = absorbance and y = tannic acid

equivalent (mg/ml).

Determination of total alkaloids

Five g of the ground plant sample was weighed into 250 ml beaker, 200 ml of 10% acetic
acid in ethanol were added and left for 4 h. The filtrate was concentrated on a water bath
and reduced to one-quarter of the original volume then allowed to settle. Concentrated
NH4OH was added drop wise till precipitation was complete. The precipitate collected
was again washed with dilute NH4OH, filtered and dried. The dried residue was then

weighed and expressed as alkaloid percentage.

Determination of total flavonoids

AICI; ethanol solution (2%, 0.5 ml) was added to 0.5 ml of the extract solution and left
for 60 min at room temperature. The absorbance was measured at 420 nm and total
flavonoids contents were calculated as quercetin (mg/g) using calibration curve equation:

y = 0.0255x, R? = 0.9812, where x was the absorbance and y was in quercetin equivalent

(mg/g).

Determination of total tannin

The plant sample (0.5 g) was added into 50 ml of distilled water in 100 ml beaker and
kept on orbital shaker for 60 min. The filtrate was made up to mark in a 50 ml volumetric
flask out of which 5 ml was pipetted and mixed thoroughly with 2 ml of 0.1 M of FeCl;
in 0.1 N HCI and 0.008 M potassium ferrocyanide all in a test tube. The absorbance of

the solution was read at 120 nm within 10 min.
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4.3 Experiment 3: Allelopathic activity of the root and shoot aqueous extracts of A.

arctotoides on cabbage, carrot, tomato and spinach seeds

Actively growing plants population of A. arctotoides was harvested in November 2009
around the University of Fort Hare. The root and shoot samples of the plants were rinsed
repeatedly under running tap water and then distilled water. Samples were air-dried for 3
days and later oven dried for 72 h at 65°C. The dried plant materials were passed through
a hammer mill attached to 2 mm sieve to obtain a fine powdery substance. The powdered
root and shoot materials were used for experiment 3 whereas the shoot residue alone

served as experimental unit for those of 4 and 5.

Preparation of agueous extracts

The root and shoot aqueous extracts of A. arctotoides were prepared by suspending 50 g
each of the powdered samples of the two plant parts in 2 L of distilled water at room
temperature. The set up was kept on an orbital shaker (SOI Stuart Scientific Stone U. K)
for 12 h and vacuum filtered through a Whatman (No. 1) filter paper. The dry matter
yields (14.08 g) for the shoot and (15.19 g) for the root were transferred into a tightly

sealed glass bottle and kept at 4°C until needed.

Seed viability test

The seeds of cabbage (Brassica oleracea var. vulgare L. cv. Drumhead), carrot (Carrot
daucus L. cv. Kuroda), spinach (Spinacia oleracea L. cv. Fordhook Giant) and tomato

(Lycopersicon esculentum Mill. cv. Heinz HT G08004) were obtained from Hygrotech
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Commercial Seed Centre, East London, South Africa. The viability of the vegetable seeds
was tested by adopting early procedure of Kambizi et al. (2006). Twenty five seeds of
cabbage, carrot, spinach and tomato were randomly arranged inside 9 cm Petri dishes
containing adequate quantity of distilled water. After 24 h of soaking, the seeds were
dissected into two equal halves. The seed samples were again soaked in 0.01% 2, 3, 5
tetraphenyl tetrazolium chloride (TTC) for 16 h at 25°C in the dark and then viewed

under the light microscope after rinsing in several changes of distilled water.

Seed treatment and preliminary germination trials

The four vegetable seeds were sterilized in 0.1% sodium hypochlorite for 60 s and then
rinsed repeatedly under running tap followed by distilled water before air-drying using a
53um sieve. Twenty five seeds each of the four vegetables were arranged in 9 cm Petri
dish lined with two Whatman filter papers and moistened with various volumes of
distilled water (1 to 10 ml) and then incubated for 14 days at 25 to 27°C to determine the

optimum volume of water required for normal seed germination and growth.

Investigations into allelopathic effects of the root and shoot aqueous extracts of A.

arctotoides on seed germination and seedling growth

Studies on seed germination and seedling development of cabbage, carrot, spinach and
tomato were conducted by adding 6.5 ml of each extract at concentrations of 10, 8, 6, 4

and 2 mg/ml and distilled water (control) to 9 cm diameter Petri dish lined with two filter
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papers. Four replicates of 25 uniform seeds of each vegetable were distributed evenly on
the filter papers and the dish was covered with its lid and sealed with parafilm before
being incubated for 14 days in a Series 2000 Scientific incubator at 25°C+2. The 6.5 ml
volume of the respective extract concentrations and distilled water used in this study was
based on the results of the preliminary germination trials. Similarly, the five aqueous
extract concentrations were prepared according to the method adopted by Ashrafi et al.

(2008).

Data collection

The Petri dishes were left in the incubator for the first 72 h following which germination
was recorded daily over a period of 11 days. A seed is considered germinated when its
protruded radicle length is about 5 mm within the 14 day specified period. Growth
variables such as radicle and plumule elongations were evaluated by separately
measuring the radicle and plumule lengths of 15 samples randomly selected from each
replicate. After the 14-day duration of the experiment, seed germination inhibition (%)
was calculated using the method described by Jefferson and Pennacchio (2003).
Decreases in the radicle and plumule lengths of all the extract treated seedlings relative to

the control were all calculated.

4.4 Experiment 4: Allelopathic effect of the dried shoot residue of A. arctotoides on
the growth, morphology and chlorophyll accumulation in tomato and cabbage
leaves

The experiment was conducted between January and June 2010 in the greenhouse of the

University of Fort Hare, Alice Campus (30°00°-34°15°S and 22°45°-30°15°E). The
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greenhouse micro environment including day/night temperatures and relative humidity
were automated and their mean values were calculated on daily bases. The photoperiod

was most often 16 / 8 h day and night during the experiment.

Seedling establishment

The seedlings of tomato (Lyncopersicum esculentum cv. Heinz) and Cabbage (Brassica
oleraceae cv. Drumhead) were selected for the present study due to their responses to
shoot and root aqueous extract treatments and short growth habits. The seeds of the two
vegetables were germinated separately in nursery trays, each having 120 holes filled with
hygromix soilless media. Culturally, two seeds were planted per hole at 15-25 mm dept
and all the trays were irrigated to field capacity using a hand held nozzle sprayer fitted
into a water tap. Two weeks after emergence, the seedlings were thinned to one plant per
hole followed by the application of a mixture of hydroponic (foliar) nutrient solutions
(Aqua-fert 1 and 2) every five days at the rate of 25 ml/ 5L of water. The chemical

compositions of the two nutrient solutions were presented in Table 4.4.1.
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Table 4.4.1: Chemical compositions of hydroponic nutrient solutions (%)

Mineral Agqua-fert 1 (%) Aqua-fert 2 (%)
elements
N 7.5 1.5
p ; 25
K 8.58 3.4
Ca 6.0 -
Mg 1.5 -
S - 0.17
Fe - 0.20
Mo - 0.08
B - 0.075
Cu - 0.005
Zn - 0.003
Mo - 0.005

Source: Hygrotech chemicals-Pretoria, South Africa

Key: Aqua-fert = aqua fertilizer
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Soil and goat manure characteristics

Sandy loam soil sample from 0-15 cm layer and goat manure collected from Research
and Dairy Farms of University of Fort Hare were gathered in heaps, mixed thoroughly
and air-dried for two weeks on a raised platform in the greenhouse. Air-dried samples
were sieved through 20 mm screen and homogenized. Three kg of sandy loam soil was
weighed separately and added into 30 cm polythene pot. Using the method adopted by
Awodun et al. (2007), 15 g of goat manure was mixed thoroughly with the soil to boost
its fertility. A small sub-sample of the soil and goat manure was composited for physico-
chemical property, particle size, textural class and pH. The pH of the mixture was
measured in water extract using a glass electrode meter (Model pH 330 SET-1, 82362).
Other elemental analyses such as total N, P and K were carried out using wet digestion
(Okalebo et al., 2002). The physico-chemical properties of the soil and goat manure were

presented in Table 4.4.2.

Greenhouse experiment and addition of the dried shoot residue into the potted soils

Application of A. arctotoides ground shoot residue into the potted soils was initiated
when the tomato and cabbage seedlings were matured for transplanting (4-week-old). The
study was a two factor experiment consisting of two vegetables and three levels of
residue concentrations plus a non treated control. The control together with the three
residue concentrations namely, 10, 20, and 40 g incorporated into 3 kg soil per pot were
hereafter referred to as groups A, B, C and D respectively. The four treatment groups

were replicated five times and laid out in a completely randomized design in the
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greenhouse. The two vegetable transplants were monitored closely and watered

adequately as necessary.

Table 4.4.2: Soil particle size (%) and selected physico-chemical properties of soil

and goat manure mixture (%) used in this study

Particle size (%)
Sand (0.02-2 mm) 68.70
Silt (0.002-0.02 mm) 13.85
Clay (< 0.002 mm) 17.45
Textural class Sandy loam
Soil and goat manure mixture

Organic matter (%) 69.6
Total N (%) 5.34
Total P (g kg™) 4.11
Total K (g kg™) 7.23
pH water (1:5) 6.8
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Data collection

Prior to transplanting, data were collected from the five randomly selected vegetable
seedlings for baseline information and subsequently, at 1, 2, 3 and 4 weeks after
transplanting. Growth parameters such as plant height, ground line stem girth, number of
leaves, leaf length and width were measured. Leaf area (A) per individual plant was
calculated using the method of Pearcy et al. (1989). Immediately after plant harvest, the
fresh shoot weight was recorded and the dry weight was obtained at 65°C for 72 h. Data
on root growth variables including the length, surface area and dry weight were collected

at 4 weeks after transplanting.

The root samples, after harvesting, were washed over a 53um sieve and thereafter stained
with 0.001% methyl violet solution for 24 h to facilitate clear image analysis. Samples
were preserved in 30% ethanol and stored at 4°C in the cold room until ready for
measurement. The stained roots were suspended in a thin layer of water on a glass tray
attached to an HP flatbed Scanjet G3110 scanner to obtain Joint Photographic Expert
Group (JPEG) images. Both the root length and surface area measurement were captured
using a Medealab Count and Classify Image Analyses Software (MTG Vertrieb GmbH,
Altdorf, Germany). The dry root weight was obtained at 65 °C after 48 h. Chlorophyll
pigments and carotenoid contents in the leaves of the two vegetable plants were
determined by homogenizing one gram of the freshly harvested green tissue in 10 ml of
80% acetone at 4°C and centrifuged at 2500xg for 10 min. The absorbance of chlorophyll
a, b and carotenoid contents were measured using spectrophotometer at 662, 646, and

470 nm respectively as described by Lichtenthaler and Wellburn (1983).
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4.5 Experiment 5: Allelopathic effects of the dried shoot residue of A. arctotoides on

yield and yield components of tomato and cabbage transplants

Data collection

At 12 weeks after transplanting, tomato yield was evaluated based on the number of
fruits, average fruit weight as well as fresh and dry fruit weight per individual treatment
group. The economic yield of cabbage was evaluated based on the fresh and dry head
weight and total number of leaves per plant at 12 weeks after transplanting. The dry stem
and leaf weight of the two vegetables was also considered as the yield component during

the period.

4.6 Experiment 6: Allelopathic effects of the dried shoot residue of A. arctotoides on
nutrient uptake by the two vegetable leaves and soil residual mineral content

Data collection

Data on mineral nutrient uptake were collected at 4 and 12 weeks after transplanting by
harvesting the youngest matured leaves from the 4™ and 8™ branches plus 4™ and 6™
clusters of tomato and cabbage respectively (Jones et al., 1971). Samples were oven-dried
to constant weight at 65 °C and ground to smooth powdery material using a hammer mill
machine with a 1 mm mesh sieve. Three replicates of 0.3 g of the ground material were
digested separately using the procedures for the determination of mineral elements
adopted by Okalebo et al. (2002). Analysis of both macro and micro elements such as K,
Ca, Mg, Na, Cu, Fe and Zn was carried out using Inductive Couple Plasma — Optical
Emission Spectrometry (1CP-OES) detection, Varian 710-ES series. The absorbance of
each mineral element was recorded at the corresponding wavelengths 766.5, 396.8,
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285.2, 589, 327.4, 238.2 and 213.8 respectively. Phosphorus was determined on a
calorimetric molybdenum / ascorbic acid blue colour development procedure (Okalebo et
al., 2002). Total nitrogen was obtained using LECO TruSpec C/N auto analyzer (LECO
Corporation, 2003). Analysis of soil residual nutrient elements was determined by air-
drying the soil samples collected after the fruit harvest for 2 weeks, ground and
pulverized. Three replicates were collected per treatment and kept in well labeled zip lock
polythene bags until needed. The soil residual mineral nutrients were determined using

the procedures described for leaf mineral analysis Okalebo et al. (2002).

4.7 Statistical Analysis

Data on seed germination and seedling growth as well as plant growth parameters
evaluated from the shoot residue treatments were both subjected to one way analysis of
variance (ANOVA) using four replicates per treatment. Three replicates of the leaf
samples were equally analyzed for chlorophyll pigment accumulation using ANOVA.
Treatment means were separated by Duncan Multiple Range Test at 5% probability level

using Statistical Analysis System (SAS, 1999) program.
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CHAPTER FIVE

5.0 RESULTS

5.1 The foliar morphology of A. arctotoides using the Scanning Electron Microscope

The micrographs of the Scanning Electron Microscope (SEM) revealed that anisocytic
stomata, glandular trichomes (GTs) and non-glandular trichomes (NGTs) were the three
major ultra structures present on both lower (abaxial) and upper (adaxial) surfaces of the
leaf of A. arctotoides (Figures 5.1A, 5.1B and 5.1C). The anisocytic stomata were located
on the epidermal cells below the two trichomes, both the stomata and GTs were more on
the abaxial than the adaxial surfaces of the leaf (Figures 5.1A i and ii). The GTs were in
addition densely distributed over the abaxial surfaces of the leaf and joined together by
two or more fiber-ends of NGTs. Morphologically, the GTs were peltate and uniseriate
with globular heads. The globular heads were found within the invagination of the

adjacent epidermal cells (Figure 5.1A iv).

On the contrary, the NGTs were filamentous, highly clustered and linearly arranged along
the midrib of the leaves (Figure 5.1B i and ii). The filament had a long stalk with variable
number of cells attached to the basal segment (Figure 5.1B iii). Besides the three main
ultra structures, some crystal deposits were also observed around the stomata and
globular head of the GTs (Figure 5.1C i and ii). The energy dispersive X-ray
spectroscopy of the spectra showed that Na, Mg and Ca were the major elemental

constituents of the crystals (Figure 5.1C iii).
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Figure 5.1A: The arrows show (i) the distance between the stomata, (ii) distribution and
density on the abaxial and adaxial surfaces of A. arctotoides. Magnified view of abaxial

(iii) and adaxial (iv) surfaces of the leaf showing the globular heads of GTs.
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Figure 5.1B: The arrows show distribution and arrangement of glandular (GT) and non

glandular (NGT) on the abaxial (i) and (ii) adaxial surfaces of the leaf of A. arctotoides.

Morphology of NGT showing the head, stalk and base (iii). Note the connections of the

GTs by the fibre-ends of NGT (arrowed) on the abaxial surface of the midrib (iv).
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Figure 5.1C: The arrows show the crystal deposits around the stomata (i) and near the
globular head of GT (ii) all on the leaf surface of A. arctotoides. Energy dispersive X-ray

spectroscopy of the crystals (iii).

5.2 Phytochemical screening and percentage composition of the crude chemical

constituents of the root and shoot aqueous extracts of A. arctotoides

The results of the broad chemical compositions and percentage crude yields of selected
phytochemical constituents of the root and shoot samples of A. arctotoides are presented
in Table 5.2. Qualitative analysis of the two plant parts revealed the presence of
secondary metabolites such as alkaloids, flavonoids, phenolics, saponnins, tannins and

triterpenes. Additionally, cardiac glycosides and steroids were also detected in the shoot
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but they were absent in the root. On the other hand, quantitative estimation of the crude
yields of selected chemical constituents of the two plant parts of A. arctotoides
demonstrated that the root sample had higher percentage of alkaloid (0.97%) than the
shoot (0.64%). Conversely, the amount of flavonoids detected in the shoot of the plant
was about triple folds (1.02%) of that observed in the root (0.35%). Other secondary
metabolites including; phenols and tannins evaluated in this study were relatively fairly
distributed in the two plant parts. However, the percentage compositions of the two

compounds were found to be higher in the shoot than the root.

Table 5.2: Phytochemical screening and percentage composition of selected crude yields

of the root and shoot samples of A. arctotoides

Phytochemical Root Shoot Root (%) Shoot (%)

constituents

Alkaloid + + 0.97+0.04 0.64+0.02
Cardiac glycosides - + - -
Flavonoids + + 0.35+0.03 1.02+0.07
Phenols + + 0.18+0.02 0.26+0.08
Saponins + + - -
Steroids - + - -
Tannins + + 0.08+0.01 0.12+0.02
Triterpenes + + - -

Key: (+) = presence (-) = absence
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5.3 Allelopathic effects of the root and shoot aqueous extracts of A. arctotoides on

seed germination, radicle and plumule growth of cabbage, carrot, tomato and spinach

Preliminary optimum water requirement and seed viability tests

The results of the tetrazolium seed assessment revealed that the viability percentages of
cabbage, carrot, spinach and tomato seeds used in this study were 96, 92, 71 and 100%
respectively. This implied that all the seeds were viable. Similarly, the results of the
preliminary germination experiments for optimum water requirement showed that on the
average, the highest number of germinated seeds from the four vegetables were from the
Petri dishes moistened with 6.5 ml of distilled water. Hence, the choice of the volume
(6.5 ml) in the various extracts concentrations for the moistening of the seeds throughout

the experiments.

Effects of the root and shoot aqueous extracts of A. arctotoides on the germination of

vegetable seeds

The addition of the root and shoot aqueous extracts of A. arctotoides significantly (P <
0.05) reduced the germination of the four vegetable seeds after 14 days of incubation.
The root extract at 10 mg/ml inhibited the germination of cabbage, tomato, carrot, and
spinach seeds by 84.0, 83.2, 72.8 and 37.4% respectively (Figure 5.3.1A). However,
spinach seeds incubated with the extract at 8 mg/ml also had equal percentage reduction
with 10 mg/ml. The effects of the root extract at 2, 4 and 6 mg/ml varied significantly
among the four seeds even though the germination inhibition on tomato and carrot seeds

treated with 2 and 4 mg/ml of the extract were not significantly different. Unlike the root,
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application of the shoot extract at 10 mg/ml resulted in complete failure of the seeds of
cabbage and carrot to germinate. However, tomato and spinach seeds were suppressed by
91.5 and 61.2% respectively (Figure 5.3.2B). The same extract at 6 and 8 mg / ml also
had higher percentage reductions on the germination of the four vegetable seeds but there
were no significant differences in the two spinach seeds treated with the shoot extracts at

2and 4 mg/ ml.
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Effects of the root and shoot aqueous extracts of A. arctotoides on the radicle length of

the vegetable seedlings

The effects of the root and shoot aqueous extract of A. arctotoides on radicle growth of
cabbage, carrot, tomato and spinach incubated with the two plant extracts at all
concentrations followed similar trend with seed germination inhibition. The reductions in
radicle length of the vegetable seedlings caused by addition of the root extract at 10
mg/ml ranged between 92.6 to 83.4% (Figures 5.3.2A). The extract at 8 mg/ml also
resulted in more than 50% inhibition on the studied growth parameter of cabbage, carrot,
tomato and spinach incubated with the treatment. However, the root extract at 4 and 6
mg/ ml plus 6 and 8 mg/ml on the radicle length of tomato and spinach respectively were
not significantly different from each other. On the contrary, application of the shoot
extract at 10 mg/ml reduced the radicle length of tomato and spinach by 94.1 and 89.7%

respectively (Figure 5.3.2B).

Apart from the declines in the length, the tips of cabbage and tomato radicle incubated in
the two extracts at 8 and 10 mg/ml appeared brownish in colour and thicker in diameter

than those treated with lower extract concentrations.
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Effect of the root and shoot aqueous extracts of A. arctotoides on plumule growth of

vegetable seedlings

The reductions in the plumule growth of cabbage, carrot, tomato and spinach treated with
the root and shoot aqueous extracts of A. arctotoides followed the same trend with those
of seed germination and radicle length. However, when compared with the radicle length,
the plumule growth generally appeared to be less affected by the treatments (Figure
5.3.3A). The root extract at 8 and 10 mg/ml considerably reduced the plumule length of
all the vegetables whereas the two lowest concentrations had equal inhibition percentages
on the plumule growth of all the vegetables except for carrot. The shoot extract on the
other hand caused highly significant differences in the plumule growth of all the treated
crops at the varying concentrations (Figure 5.3.3B). While the extract at 10 mg/ml had
100% inhibition on the plumule length of tomato that of spinach at the same extract
concentration was reduced by 82.3%. Generally, the effects of the shoot extract at 2, 4, 6
and 8 mg / ml on the plumule growth of the four vegetables were significantly higher

than those recorded for root extract at similar concentrations.
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5.4 Allelopathic effect of the dried shoot residue of A. arctotoides on the growth,

morphology and chlorophyll content of tomato and cabbage leaves

Effects of shoot residue on plant height and stem girth

There were no significant differences between the height of tomato plants grown with the
shoot residue of A. arctotoides and the control throughout the duration of the experiment
except at 4 weeks after transplanting (Table 5.4.1A). During the period, the height of all
tomato transplants in treatments B, C and D differed considerably in comparison with the
control. No significant variation was observed between the height of treatments C and D.
Similarly, the height of cabbage plants grown in the amended soils was not significantly
(P < 0.05) different throughout the experiment except at 3 weeks after transplanting.
Relative to control, the height of plants treated with the amended soils decreased with
increase in shoot residue concentrations but those of cabbages under treatments B and C

was equal (Table 5.4.1A).

Similar to the plant heights, the shoot residue added to the soil had no effects on the stem
girth of all tomato groups (B, C and D) at 1 and 2 weeks after transplanting (Table
5.4.1B). However, during the last two sampling periods, significant differences were
recorded between the ground line stem diameter of the control and those grown in residue
treated soils. In spite of the observed differences at 3 weeks after transplanting, the stem
diameter of plants in treatments C and D was equal. Also at 4 weeks after transplanting,
similar observation was noticed but with treatment B having significantly higher stem
diameter as the control. Those of treatments C and D also had equal but the lowest stem

girth values. Among the cabbage plants, there was no variation between the stem girth of
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the control and those grown with the shoot residue at 1 and 2 weeks after transplanting

(Table 5.4.1B).

The stem diameter of cabbage plants in treatments B and C was not statistically (P <
0.05) different from the control at 3 weeks after transplanting. That of treatment D also
compared favourably well with treatment C during the period. Moreover, at 4 weeks after
transplanting, no significant differences were noticed between the stem girth of cabbage
plants in the control and the least residue treated soils. Those of treatments C and D also

followed similar trend.
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Table 5.4.1A: Allelopathic effects of the dried shoot residue of A. arctotoides on the plant height (cm) of tomato and cabbage

Tomato Cabbage
Sampling periods (week)
Treatments 1 2 3 4 1 2 3 4
A 18.33+2.13* 16.67+1.50° 20.71+2.15% 32.97+2.84% 11.10+1.33%  11.00+1.24* 10.27+1.17* 9.83+0.94°
B 18.67+2.23* 16.73+1.13* 19.50+1.68% 27.82+2.84° 8.36+1.022 8.73+1.08% 8.60+1.10° 8.63+1.16°
C 16.77+1.74% 16.23+£1.08% 19.42+1.82% 20.01+2.19° 11.93+1.45° 10.27+1.26% 8.35+0.94° 8.57+1.09
D 19.63+1.85% 15.02+1.24%* 19.70+2.072 19.61+2.23° 11.40+1.12%  9.47+1.12* 6.74+0.82° 7.60+0.76°

Data are means (+ S.D). N=4; Mean values followed by the same letter along a column are not significantly different at P > 0.05

Key: A=Control; B=10g; C=20g; D =40gresidue
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Table 5.4.1B: Allelopathic effects of the dried shoot residue of A. arctotoides on the stem girth (cm) of tomato and cabbage

Tomato Cabbage
Sampling periods (week)
Treatments 1 2 3 4 1 2 3 4
A 0.68+0.09° 1.09+0.11*  2.34%#0.14*  2.56+0.29° 0.95+0.06°  1.50+0.10° 2.18+0.14° 3.56+0.42°
B 0.74x0.05* 1.05+0.11°  2.46+0.14"  2.62+0.17° 0.97+0.08*  0.95+0.08° 2.22+#0.12° 3.63x0.45°
C 0.72+0.08* 0.98+0.10°  1.83+0.19°  2.38+0.24" 0.93+0.08*  1.04+0.12® 2.03+0.10°  2.86+0.30"
D 0.70+0.10° 1.12+0.06°  1.65+0.14°  2.14+0.21° 0.90+0.07°  0.88+0.05° 1.42+0.11°  2.68+0.18"

Data are means (+ S.D). N=4; Means with the same letter along the column are not significantly different at P > 0.05

Key: A = Control; B =10g; C =20 g; D =40 g residue
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Effects of shoot residue on leaf morphology and number of leaves

The addition of the shoot residue of A. arctotoides into the potted soils significantly (P < 0.05)
affected the number of tomato and cabbage leaves. At 2 weeks after transplanting, chlorosis and
necrotic symptoms were obvious in the two vegetable transplants grown in the amended soils.
These morphological changes as expressed in form of yellowish colouration and irregular white
patches were more along the leaf margin of tomato and on cabbage leaf blade and leaf apex. At
higher residue concentrations (treatments C and D), wilting and drying of matured leaves were
also common in the two crops. These symptoms, however, gradually disappeared at 3 and 4

weeks after transplanting with rapid increase in the number of leaves per individual plant.

When compared with the control, the shoot residue significantly (P < 0.05) reduced the number
of tomato and cabbage leaves during the study. At 2 weeks after transplanting, the number of
leaves per tomato transplants in treatments B, C and D were not significantly (P < 0.05) different
(Table 5.4.2). At 3 weeks after transplanting, the number of leaves per individual tomato treated
plant decreased as the concentration of the shoot residue increased. At 4 weeks after
transplanting, no significant difference was recorded between the number of leaves found on
cabbage seedlings in the control and treatment B. Treatment groups C and D were not
significantly (P < 0.05) different but with lesser number of leaves. The effects of the shoot
residue also had similar effects on the number of leaves per cabbage transplant under the
treatments (Table 5.4.2). At 2 and 3 weeks after transplanting, the number of leaves in treatment

B was similar to the control (treatment A), those of C and D also had statistically equal number
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of leaves but not comparable with the control. Similar trend was observed at 4 weeks after

transplanting with treatment D having significantly the least number of leaves among the group.
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Table 5.4.2: Allelopathic effects of the dried shoot residue of A. arctotoides on the number of tomato and cabbage leaves

Tomato Cabbage
Sampling periods (week)
Treatments 2 3 4 2 3 4
A 28.4+2.50° 41.6+3.10° 63.5+3.27° 4.2+0.10°  9.4+0.63° 14.5+1.13%
B 21.2+41.81° 37.4+2.80° 64.6+2.65°% 3.4+0.08®°  6.5+0.50°  12.4+1.02%°
C 19.8+2.03° 34.8+2.68° 57.8+1.79° 2.6+0.08°  4.5+0.12° 11.5+1.08°
D 20.841.76° 26.2+2.11% 58.1+3.02° 2.440.07°  4.0+0.10° 8.8+0.74°

Data are means (£ S.D). N=4; Means with the same letter along the column are not significantly different at P > 0.05

Key: A = Control; B =10 g; C =20 g; D = 40 g residue
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Effects of shoot residue on leaf area

One week after transplanting, there was no observable variation in the leaf area of both treated
and controlled tomato transplants. The leaf area of those vegetables under treatments B, C and D
decreased with increases in shoot residue concentrations added to the soil at 2, 3 and 4 weeks
after transplanting (Figure 5.4.1A). At 4 weeks after transplanting, the leaf area of treatments B
and C was not significantly different. When compared with the control, the leaf area of all
tomato transplants grown with treatment groups B, C and D were inhibited by 25.9, 42.3and
51.2% respectively. Unlike tomato transplants, the leaf area of all cabbages (both the control and
treated) were not significantly different during the first two weeks after transplanting (Figure
5.4.1B). However, significant variations were noticed among all transplants grown in the treated
soils. The inhibition percentages in the leaf area of cabbage as influenced by the addition of dried

shoot residue at the three concentrations were 31.6, 64.3 and 74.4 respectively.
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Effects of shoot residue on the fresh and dry shoot weight

Application of the shoot residue of A. arctotoides significantly suppressed the fresh and dry
shoot weights of tomato and cabbage transplants. The fresh shoot weight of tomato in treatments
B and C were not significantly different from the control at 2 weeks after transplanting (Table
5.4.3A). Similarly, the fresh shoot weight of the transplants in treatment D was not significantly
different from those of groups B and C. At 3 and 4 weeks after transplanting, the fresh shoot
weight of tomato transplants grown in the residue amended soils decreased as treatment
concentration increased. However, at 3 weeks after transplanting, there were no significant
differences in treatments C and D. The dry shoot weights of treatments B, C and the control
followed similar trend at 2 weeks after transplanting (Table 5.4.3A). At 3 and 4 weeks after
transplanting, the dry shoot weights of treatments C and D together with B and C were not
significantly different. The reductions caused by the three shoot residue concentrations in the dry

shoot weight of tomato at 4 weeks after transplanting were 38.6, 45.5 and 70.3% respectively.

On the contrary, the fresh shoot weight of all cabbage transplants treated with the shoot residue
differed significantly in comparison with the control throughout the sampling duration except at
2 weeks after transplanting (Table 5.4.3B). The fresh shoot weight of the transplants in treatment
B was significantly lower than treatment C during the period, however, the fresh shoot weight of
the control was the highest. The dry shoot weight of the vegetables also followed a similar trend
with that of the fresh weight. At 2 weeks after transplanting however, the dry shoot weight of

transplants in treatments B and C were similar. The reductions in the dry shoot weight of
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cabbage at 4 weeks after transplanting as influenced by shoot residue treatments B, C and D

effects were 57.5, 73.3 and 87.5% respectively.
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Table 5.4.3A: Allelopathic effects of the dried shoot residue of A. arctotoides on fresh and dry shoot weight (g) of tomato

Fresh shoot weight (g) Dry shoot weight (g)

Sampling periods (weeks)

Treatments 2 3 4 2 3 4
A 2.08+0.42° 5.58.+0.40°  15.60+1.90° 0.19+0.08° 0.630.07° 1.45+0.11°
B 1.84+0.34%° 4.26+0.22° 11.18+1.44° 0.18%0.04 0.4520.05" 0.89+0.10°
C 1.78+0.30 3.21+0.14° 8.74%1.25° 0.19+0.05° 0.38+0.06° 0.79+0.08"
D 1.62+0.20° 3.39+0.17" 6.17+1.12° 0.150.04" 0.3620.02° 0.430.03°

Data are means (£ S.D). N=4; Means followed by the same letter are not significantly different at P > 0.05

Key: A = Control; B=10g; C =20 g; D =40 g residue
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Table 5.4.3B: Allelopathic effects of the dried shoot residue of A. arctotoides on fresh and dry shoot weight (g) of cabbage

Fresh shoot weight (g) Dry shoot weight (g)
Sampling periods (weeks)
Treatments 2 3 4 2 3 4
A 2.97+0.10° 6.23x0.18*  11.55+1.46° 0.31£0.04*  0.50+0.06°  1.20%0.10°
B 1.61+0.08° 2.710.15" 4.46+0.68° 0.20£0.01°  0.28+0.05°  0.51x0.08"
C 2.04+0.10° 1.38+0.12° 2.40+0.30° 0.23+0.02°  0.21+0.05°  0.32+0.04°
D 0.75%0.06" 0.53+0.04° 1.06+0.12° 0.1620.01°  0.12+0.02°  0.15+0.04°

Data are means (+ S.D). N=4; Means followed by the same letter are not significantly different at P > 0.05

Key: A = Control; B =10g; C =20 g; D = 40 g residue



Effects of shoot residue on root morphology, fresh and dry root weight

The root morphology including the root length and root area of tomato and cabbage transplants
were adversely affected by the residue treatments at 4 weeks after transplanting. The data for
week 4 were selected for the interpretation of results because there were no significant
differences among treatments B, C and D on root morphology and dry root weights at 1, 2 and 3
after transplanting. When compared with the control, the addition of the shoot residue at the
three concentrations reduced the root length of tomato transplants by 33.6, 68.5 and 81.5% s
(Figure 5.4.2A). Cabbage transplants were inhibited by 24.2, 40.9 and 65.7% (Figure 5.4.2B).
The data on the dry root weight of the two vegetables also showed highly significant differences
between the control and soil amended groups B, C and D. The losses in the dry root weight due
to treatment effects at 4 weeks after transplanting were 61.3, 82.9 and 83.4% for tomato and

53.1, 54.7 and 67.2% for cabbage transplants respectively.
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Effects of shoot residue on chlorophyll a, b and total chlorophyll contents in tomato and

cabbage leaves

The result of the chlorophyll pigments accumulation indicated that during the first two weeks of
the experiment, the amount of chlorophyll a detected in the leaves of tomato transplants grown in
the amended soils decreased as the shoot residue concentration increased (Table 5.4.4).).
However, there was no significant difference in the mean concentration of the pigment in
treatments B, C and D at 2 weeks after transplanting. At 3 and 4 weeks after transplanting, the
amount of chlorophyll a pigment in the control and treatments B and C were not significantly
different. Among the cabbage transplants, the shoot residue of A. arctotoides had similar effects
on chlorophyll a pigment content in the leaves of the vegetable grown with the treatments. The
amount of the pigment extracted from the transplants treated with the least residue concentration
(treatment B) was significantly higher and equal to the control at 1 and 2 weeks after
transplanting (Table 5.4.4). Although, the addition of the shoot residue consistently reduced the
quantity of chlorophyll a in treatments B, C and D at 3 and 4 weeks after transplanting no
significant variation was noticed in the amount of the pigment in treatments B and C at 3 weeks

after transplanting.

Except at one week after transplanting, the mean concentration of chlorophyll b in the leaves of
tomato transplants under the residue treated groups varied significantly throughout the duration
of the experiment (Figure 5.4.6A). While no difference was observed in the mean concentration

of the chlorophyll recorded for treatments C and D at 2 weeks after transplanting, the amount of
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the pigment detected between the control and treatment B followed similar trend but

significantly higher than the other treatments at 2 and 3 weeks after transplanting.
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Table 5.4.4: Allelopathic effects of the dried shoot residue of A. arctotoides on chlorophyll a content (mg g™*) of tomato and cabbage leaves

Tomato Cabbage
Treatments Sampling periods (week)
1 2 3 4 1 2 3 4
A 1.58+0.03? 1.73+0.04%*  1.80+0.10* 1.81+0.11* 1.16+0.05° 1.66+0.12° 1.72+0.10° 1.65+0.11°
B 0.63+0.02°  1.49+0.02° 1.75+0.06° 1.81+0.10° 1.13+0.04° 1.61+0.08% 1.49+0.05° 1.53+0.10°
C 0.89+0.01°  1.2940.01° 1.75+0.04% 1.81+0.10° 1.09+0.02° 1.42+0.04° 1.46+0.03° 1.31+0.06°
D 0.42+40.01°  1.25+0.01° 1.49+0.01° 1.24+0.05° 0.86+0.04° 1.17+0.01° 1.33+0.05° 1.24+0.02°

Data are means ( S.D). N=3; Means followed by the same letter along the column are not significantly different at P > 0.

Key: A = Control; B=10g; C =20 ¢g; D =40 g residue



The quantity of the chlorophyll detected in treatment C was not significantly different from the
control at 4 weeks after transplanting (Figure 5.4.6A). Unlike tomato transplants, the mean
concentration of chlorophyll b pigment in the leaves of all cabbage transplants with the exception
of treatment D was similar at one week after transplanting (Figure 5.4.6B). Relative to the
control, the quantity of the pigment was maximum in transplants with the least residue
concentration (treatment B) at 2 and 3 weeks after transplanting. When compared with the
control at 4 weeks after transplanting, the addition of the shoot residue consistently reduced the
amount of chlorophyll b in treatments B, C and D. However, no significant difference was

recorded in mean concentration of the pigment between treatments B and C.
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5.5 Allelopathic effects of the dried shoot residue of A. arctotoides on yield and yield

components of tomato and cabbage at 12 weeks after transplanting

Effects of the shoot residue on yield and yield components of tomato and cabbage

The vyield and yield components of the two vegetables at 12 weeks after transplanting were
significantly (P >0.05) suppressed by the applied A. arctotoides shoot residue treatments. The
number of fruits, average fruit weight and the total fruit yield of tomato per treatments decreased
with increase residue concentration (Table 5.5.1). However, no significant difference was
recorded between treatments C and D for the number of fruits and average fruit weight. The
effects of the shoot residue of A. arctotoides on the dry weight yield of tomato also followed
similar trend with treatments C and D having significantly lower values than the control
(treatment A). The dry stem and leaf weights of treatments B and C were however, not

significantly different from one another (Table 5.5.1).

On the other hand, the effects of the treatments on cabbage yield components showed that the
fresh head weight of the vegetable decreased as the concentration of the residue increased (Table
5.5.2). Nonetheless, no difference was recorded between the dry stem weight of the control and
treatment B. Similar observation was also noticed between treatments C and D for the same yield
component. Biomass accumulation as expressed by the dry leaf and head weight of cabbage
followed the same trend with dry stem weight. The results indicated that the leaf biomass dry
matter of treatments C and D and the head weight of all residue treated cabbage transplants were

not significantly different and lower than the control during the period. In spite of the similarities
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among the treatment groups, the total dry shoot weight of the individual treatment decreased

with increase in the concentrations of the dried shoot residue of A. arctotoides added to the soils.
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Table 5.5.1A: Allelopathic effects of dried shoot residue of A. arctotoides on tomato fruit yield and dry matter (per treatment)

at 12 weeks after transplanting

Number  Average fruit Total fruit Dry matter weight (g)
yield
Treatments  of fruits  weight (g) (9) per Stem Leaf Fruit Total
treatment
A 8.5+1.61° 14.28+1.74%° 120.92+4.67° 15.15+1.20° 11.98+1.50* 9.58+1.03% 36.7+2.50°
B 6.0+1.40° 14.04+1.80°  85.44+3.72° 12.73+1.31°  9.00+0.76° 6.02+0.10° 27.75+2.71°
C 5.540.74°° 11.03+1.22°  62.75+3.04° 12.18+1.14° 8.05+0.47°° 2.27+0.07° 22.49+1.86°
D 4.0+0.50° 10.00+1.15°  40.78+2.81° 10.25+1.08° 7.20+0.60° 1.46+0.03% 18.91+2.42¢

Data are means (x S.D). N=4; Means followed by the same letter along the column are not significantly different at P > 0.05

Key: A = Control; B=10g; C =20 g; D =40 g residue
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Table 5.5.1B: Allelopathic effects of dried shoot residue of A. arctotoides on cabbage head weight and dry matter (per

treatment) at 12 weeks after transplanting

Fresh head weight (g) Stem Leaf Head Total
Treatments Dry matter weight (q)
A 20.29+2.03° 1.86+0.04% 16.50+1.48°  2.17+0.02° 20.52+2.22°
B 14.40+1.59° 1.59+0.01° 12.67+1.32°  1.50+0.01° 15.36+2.03°
C 8.67+1.12° 1.30+0.02° 9.54+0.80°  1.04+0.00° 11.63+1.49°
D 7.06+1.07¢ 1.25+0.01° 7.88+0.74°  0.60+0.00° 9.54+1.12¢

Data are means (+ S.D). N=4; Means followed by the same letter along the column are not significantly different

at P > 0.05

Key: A=Control; B=10g; C=20g9; D =40 g residue
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5.6 Allelopathic effects of dried shoot residue of A. arctotoides on the mineral uptake by

tomato and cabbage leaves and soil residual nutrients content

Effects of the dried shoot residue on mineral uptake by tomato leaves at 4 and 12 weeks after

transplanting

The mineral content of the leaves of the two vegetable transplants varied significantly among the
treatments and between the two sampling periods. Four weeks after transplanting, the mean
concentration of N in tomato transplants decreased with increase in the shoot residue
concentrations. However, no significant difference was recorded between treatments B and C for
N content (Table 5.6.1). The amount of P in treatments B, C and D and the mean concentration
of K in the control and tomato transplants under the shoot residue treatment groups were not
significantly different from one another. Although, the Mg and Na content in treatments B, C and
D decreased with increase in residue concentrations, there was no significant difference in the

amount of Na detected in treatments B and C.

The addition of the dried shoot residue of A. arctotoides significantly reduced the mean
concentrations of the two micro nutrients (Cu and Fe) in the leaves of tomato transplants under
the treatments at 4 weeks after transplanting (Table 5.6.1). Conversely, no significant variation
was observed in the amount of Cu between treatments B and C. Interestingly, application of the
two highest dried shoot residue concentrations had no effect on the uptake Zn by tomato leaves
in treatments C and D. The mean concentrations of the nutrient (Zn) in both the control and

treatment B was also similar but significantly lower than treatments C or D.
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The data on the mineral analysis at 12 weeks after transplanting further revealed that the mean
concentration of N in the leaves of tomato was similar to four weeks after transplanting. While
the amount of P in the control and residue treated groups was not significantly different, the
mean concentrations of K, Mg and Na varied considerably (Table 5.6.1). Statistically, no
significant difference was recorded in the amount of K in the control and treatment B, the mean
concentration of same nutrient in treatments C and D also followed similar trend. On the other
hand, the addition of the shoot residue improved the Mg content of treatments B, C and D in
comparison with the control. The amount of Na in the leaves of the transplants under treatment B

was significantly higher and similar to the control.

Moreover, the mean concentrations of Na found in treatments C and D also followed similar
trend but significantly lower than both the control and treatment B values. The results of the
micro nutrients content indicated that the mean concentrations of Cu, Fe and Zn were maximum
in the leaves of tomato transplants grown in soils with the highest residue concentration
(treatment D). The amount of Cu detected in treatment C was also higher and similar to

treatment D.
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Table 5.6.1: Effects of the dried shoot residue of A. arctotoides on macro and micro nutrients in tomato leaves at 4 and 12 weeks

after transplanting

Weeks after  Treatments Macro nutrients (mg g}) Micro nutrients (mg g™)
transplanting
N P K Mg Na Cu Fe Zn
4 A 1.69+0.09° 17.10+1.54*° 12.39+1.25° 0.93+0.08% 1.65+0.15° 2.14+0,24*  11.86+1.17° 52.58+1.72"
B 1.16+0.05° 15.43+1.17° 12.00+1.20*° 0.78+0.06° 1.58+0.13% 1.96+0.25°  7.85+0.82°  52.91+1.69°
C 1.34+0.05° 14.89+1.13° 11.83+1.04%° 0.58+0.04° 1.55+0.16" 1.86+0.19°  6.69+0.59°  58.66+1.98
D 1.08+0.02° 14.73+1.08° 11.52+0.92° 0.49+0.05° 1.47+0.12° 1.72+0.21°  3.56+0.45°  61.03+2.14°
12 A 0.73+0.08° 13.05+1.31*° 13.65+1.10° 1.55+0.17° 1.56+0.20° 34.42+4253° 195.6+4.33° 16.62+1.11°
B 0.57+0.05° 12.95+1.30° 12.47+1.08® 1.86+0.22° 1.53+0.18% 37.99+2.28° 211.2+3.89° 18.40+1.17™
C 0.61+0.05° 12.48+1.18° 10.81+0.93° 1.77+0.25° 0.62+0.12° 43.87+3.04% 211.6+4.27° 19.62+1.11°
D 0.47+0.03° 11.49+1.13* 11.76+1.16° 1.70+0.19° 0.78+0.15° 48.34+3.19° 238.1+5.08° 24.56+1.21°

Data are means (x S.D). N= 4; Means followed by the same letter along the column are not significantly different at P > 0.05

Key: A=Control; B=10g; C=20g; D =40 g residue
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Effects of the dried shoot residue on mineral uptake by the leaves of cabbage at 4 and 12

weeks after transplanting

The trend of the mineral uptake by cabbage leaves at 4 weeks after transplanting was similar to
those of tomatoes. During the period, there was no significant difference in the amount of P
detected in the control and residue treated groups. However, the mean concentrations of N, K
and Na consistently decreased with increase in the amount of the residue added to the soil (Table
5.6.1). The results further showed that the amount of K in treatment B was significantly higher
but not significantly different from the control. The uptake of Na by the leaves of the two set of
groups (A and B) also followed similar trend. While the amount of Mg in the control and
cabbage under treatment B was the least, the Na content of the same treatment group was
significantly higher. The uptake of Na by treatments C and D also followed similar trend but the
two groups has the least amount of the mineral. At 4 weeks after transplanting, the mean
concentrations of Cu and Fe were consistently lower in the control transplants than those grown
with the dried shoot residue of A. arctotoides at all concentrations. However, the amount of Cu
in treatments C and D plus the mean concentration of Fe in treatment groups B, C and D were all
similar. When compared with the control, the amount of Zn detected in the leaves of cabbages
under the shoot residue amended soils, decreased with increase in treatment concentrations

(Table 5.6.2).

At 12 weeks after transplanting, the uptake of all nutrients with the exception of Mg and Zn by
the leaves of cabbage transplants was not affected by the application of the shoot residue. During

the period, the N and Na contents in treatment B were maximum whereas the least amount of the
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two mineral nutrients was recorded in the control. Moreover, the mean concentrations of P and K
in all the leave of transplants grown in each of the three residue treated soils were not
significantly different in comparison with the control (treatment A). The amount of Mg and Zn
in transplants under treatments B, C and D decreased consistently with increase in the
concentrations of the residue (Table 5.6.2). However, the mean concentration of Zn obtained
from the two treatment groups was not significantly different but significantly lower than the
control. The results further indicated that the amount of Cu and Fe in treatments D was
significantly higher than either of the other treatments including the control. The effects of the
shoot residue on the mean concentration of Cu in treatments C and D and the Fe content of

treatments B and C, all followed similar trend.

Effects of the dried shoot residue on soil residual minerals (mg g™) at 12 weeks after

transplanting

The mean values of the residual mineral nutrients of soils with the two vegetable plants at 12
weeks after transplanting are presented in Table 5.6.3. The data indicated that the dried shoot
residue of A. arctotoides considerably reduced the mean concentrations of N, P, K and Zn in the
soils with tomato plants in comparison with the control. However, no significant difference was
recorded for the N content among treatments B, C and D. The amount of P extracted from

treatments B and C was not significantly different from the control. Statistically, the P content of
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treatment D was not significantly different from treatment C but significantly lower than the
control (A). The mean concentrations of K between the control and treatment B also followed
similar trend with P content. Conversely, the amount of K in treatments C and D differed

significantly.
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Table 5.6.2: Effects of the dried shoot residue of A. arctotoides on macro and micro nutrients in cabbage leaves at 4 and 12 weeks

after transplanting

Weeks after Treatments Macro nutrients (mg g™ Micro nutrients (mg g™)
transplanting
N P K Mg Na Cu Fe Zn
4 A 0.68+0.05° 14.75+1.12% 12.11#1.10° 0.86x0.11° 2.42+0.23° 6.22+0.64°  21.79x1.24°  31.64+1.30°
B 0.51£0.03°  14.34+1.08" 12.12+#1.08° 0.88+0.15° 2.59+0.24° 7.7620.78"  33.93+2.13°  26.60+2.24"
C 0.2620.02° 13.45+1.05° 11.06£1.11° 0.95+0.16° 2.11+0.20° 6.62+0.65°  32.67+2.20°  22.96%1.26°
D 0.27+0.02° 14.19+#1.11°  8.36+0.92° 1.07+0.13*  1.94+0.16° 6.57+0.60° 33.38+2.25*  19.80+1.18"
12 A 0.54+0.03°  9.72+0.82°  8.08+0.55° 1.53x0.04° 2.07+0.18° 23.69+1.32° 38.45+2.44° 13.14+1.15°
B 0.84+0.06° 11.87+1.11*  9.81+0.78"  1.00£0.02° 1.81+0.32° 41.62+2.30° 59.33+2.61° 11.51+1.11*
C 0.67+0.05° 11.04+1.05°  9.74+0.84*  0.89+0.03° 2.68+0.29" 44.37+2.27° 64.16+2.80°  10.57+1.09°
D 0.7120.05°  11.64+1.15*° 10.55+1.03° 0.79+0.02" 2.41+0.25° 49.2742.54*  77.35%3.07*  10.05x0.78"

Key: A =Control; B=10g; C=20g; D =40 gresidue

Data are means (x S.D). N=4; Means followed by the same letter along the column are not significantly different at P > 0.05
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Interestingly, the residual Fe content of soils with tomato amended with residue treatments C and
D was not significantly (P > 0.05) different and significantly higher than the least treated soil.
The control had the lowest amount of mineral iron (Fe). In the soils with cabbage transplants,
the results showed that the mean concentrations of N, P and Zn in the control and treatments B,
C and D were not significantly different after 12 weeks of transplanting (Table 5.6.3). However,
the quantities of K and Fe varied considerably among all the groups. While no significant
difference was recorded in the K content of the control and soils under treatments B and D, the
mean concentration of Fe in treatments C and D was significantly higher and similar than the

control and treatment B.
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Table 5.6.3A: Effects of the dried shoot residue of A. arctotoides on tomato residual soil nutrients (mg g at 12

weeks after transplanting

Treatments Tomato soil residual nutrients (mg q'l)
N P K Fe Zn
A 0.12+0.012 9.44+0.50° 1.85+0.24% 08.443.42° 32.70+1.66°
B 0.09+0.01° 10.07+0.44% 1.74+0.17% 141.6+3.56° 25.64+1.34"
C 0.07+0.01° 8.87+0.35% 1.57+0.12° 215.8+4.38° 18.46+1.28°
D 0.09+0.02° 7.7340.40° 1.33+0.08° 217.2+4.51° 14.90+1.31¢

Data are means (£ S.D). N=4; Means followed by the same letter along the column are not

significantly different at P > 0.05

Key: A = Control; B=10g; C =20 g; D =40 g residue
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Table 5.6.3B: Effects of the dried shoot residue of A. arctotoides on cabbage soil residual nutrients (mg g™) at 12

weeks after transplanting

Treatments Cabbage_soil residual nutrients (mg g™
N P K Fe Zn
A 0.13+0.01° 10.91+1.08° 1.85+0.27° 89.26+2.74° 18.38+1.16°
B 0.12+0.01° 11.81+1.13° 1.44+0.18" 90.02+2.68" 16.22+1.11°
C 0.09+0.02° 11.54+1.20° 1.04+0.13° 309.19+3.97° 16.88+1.14°
D 0.14+0.03° 12.44+1.25% 1.61+0.30%° 302.40+4.01° 18.66+1.23°

Data are means (+ S.D). N=4; Means followed by the same letter along the column are not

significantly different at P > 0.05

Key: A = Control; B=10g; C =20 g; D =40 g residue
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CHAPTER SIX

6.0 DISCUSSION

6.1 The foliar morphology of A. arctotoides using the Scanning Electron

Microscope

The authentication of microscopically important ultra structures using the Scanning
Electron Microscope (SEM) plays a vital role in the identification, location and
distribution of some botanical features of plants (Vaishali et al., 2008). Functionally, the
forms and sizes of different types of trichomes have been linked to the accumulation
and secretion of organic metabolites which usually appear as crystal deposits on the
epidermal layers of studied tissues. In this study, the presence of anisocytic stomata,
capitate glandular trichomes (GTs) and filamentous non glandular trichomes (NGTS)
revealed by the SEM were the three major ultra structures on the upper (adaxial) and
lower (abaxial) leaf surfaces of A. arctotoides. These observations support similar
findings earlier reported by Adedeji and Jewola (2004) from a comparative study of

several genera of the Asteraceae family.

The detection of Na*, Mg®* and Ca?* as the ionic constituents of the crystal around the
stomata and GTs of A. arctotoides corroborates Turner et al. (2000) who indicated that
GTs are organs of secretion of natural products. Ashafa et al. (2008) also reported
similar observations from related studies on Felicia muricata, a medicinal species of the

Asteraceae family. Economically, several classes of secondary metabolites sequestered
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from the GTs of many plants have been associated with phytotoxicity on seed
germination and seedling growth or other plants. The organic compounds such as
phenolics and sesquiterpene earlier reported by the authors (Oyedeji et al., 2005;
Sultana and Afolayan, 2007) from the different parts of A. arctotoides might be secreted
products of the GTs of the plant. The inhibitory and herbivory potentials of such
compounds of both the GTs and NGTSs against other vegetations as well as insect and
airborne propagules of fungi have been confirmed (Afolayan and Mayer, 1995). The
occurrence of the two types of trichommes on the leaf surfaces of A. arctotoides and
secretion of ionic compounds might be responsible for the dominant growth habit.
Other functions such as regulation of heat stress / freezing and ultra violet light
performed by the NGTs might also account for the ability of A. arctotoides to survive

the extreme weather conditions of the Eastern Cape Province of South Africa.

6.2 Phytochemical composition of the root and shoot extracts of A. arctotoides

The production of a wide range of natural products by plants and the importance of
phytochemical compounds as sources of therapeutic and industrial raw materials have
been well documented (Viles and Reese, 1996). From the present study, the observed
variations in the chemical compositions of the root and shoot materials of A. arctotoides
implied that the aerial part of the plant contained more bioactive constituents than the

underground portion. This result validates the findings of Parvez et al. (2004) who
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reported differences in the chemical compositions of the organic constituents in tissues
and organs of the donor plants. The absence of cardiac glycosides and steroids in the
root material of A. arctotoides during this study corroborates the above statement. The
results of the quantitative estimates of the percentage crude yields further showed some
variations between the two plant parts of A. arctotoides. While higher percentage of
flavonoids was recorded in the shoot material, the root sample on the other hand
contained more of alkaloids. The percentages of phenols and tannins obtained from both
the root and shoot were quiet low, however, the shoot had more of the compounds than
the root. Although, many of these organic substances are noted for curative and
pesticidal activities, the bioactive constituents conferring these two attributes on natural
products of plant origin have also been implicated in phytotoxicity on seed germination

and seedling development of other plants (Hassan and Ghareib, 2009).

The inhibitory activities of phytochemicals such as p —coumaric, and ferulic acids
(derivatives of phenolic) sesquiterpene lactones and volatile constituents of essential
oils from plants, particularly the Asteraceae family have been reported (Vyvyan, 2002).
For instance, the negative impact of p —coumaric, alkaloids, flavonoids and phenolic
acids on plant water utilization, leaf area expansion of many crops and soybean root
lignifications caused by ferulic acids have been confirmed (Blum and Gerig, 2006).
Similarly, Maria and Julio (2004) also reported the oxidative stress caused by 1,8
cineole, thymol, geraniol, menthol and camphor isolated from plants on maize (Zea
mays L.) root growth. Thus, the quantitative estimates of cardiac glycosides, saponins,
steroids and triterpenes were not determined in the present study because there is dearth

of information on the allelopathic activities of these organic substances.
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6.3 Allelopathic effects of root and shoot aqueous extracts of A. arctotoides on seed

germination and seedling growth of selected vegetables

The high percentage viabilities recorded for the seeds of cabbage, carrot, tomato and
spinach indicated that all the seeds were ideal for the study. The results also provided a
good platform for assessing the allelopathic effects of the root and shoot aqueous

extracts of A. arctotoides on the four vegetable seeds.

Generally, the mean percentage inhibitions on the germination, radicle and plumule
elongations of cabbage, carrot, tomato and spinach seeds incubated with the shoot
extract concentrations of A. arctotoides was significantly higher than the root. The
responses of the four vegetables to the two extract treatments were however,
concentration-dependent rather than the specific plant parts. Inderjit and Dakshini
(1995) found that water extracts from several species of the Asteraceae family inhibited
the germination and growth of other plant species. Therefore, the observed significant
reductions in germination of the four vegetable seeds exhibited by the root and shoot
aqueous extracts of A. arctotoides in this present study were consistent with early

reports (Inderjit and Dakshini, 1995).

Species sensitivity and tolerance to different allelochemicals are important indices of
dose-dependent relationships characterized by both stimulatory and inhibitory reactions
at the varying extract concentrations (Calabrese et al., 2005). The 100% germination

inhibition recorded for cabbage and carrot seeds treated with the shoot extracts at 10
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mg/ml support (Calabrese et al., 2005). The observed insignificant treatment effects
caused by the root extracts at 2 and 4 mg/ml on carrot, tomato and spinach seed
germination also agrees with earlier findings of Nazir et al. (2007) who reported similar
observations on some agricultural crops treated with medicinal plant extracts. Although,
the effects of the treatment on radicle and plumule growth of the vegetables followed
similar trend with that of seed germination, the radicle growths of the four crops
evaluated in the present study were more affected than the plumule. Leather and
Einhellig (1985) indicated that an extract concentration of as low as 1/25™ of a mg was
sufficient to completely reduce radicle growth susceptible target. The observed drastic
reductions of about 89.7% and 94.1% on the radicle length relative to 72.3% and 83.5%
recorded for the plumule growth of tomato and spinach treated with the shoot extract at
10 ml/mg respectively agree with Leather and Einhellig (1985). Similar trend was also
noticed with the root extract at the same concentration but with lesser percentage
inhibitions. The higher reduction values obtained from radicle length might be
attributed to direct contact of the organ with the water soluble allelochemicals which

were not readily translocated to the plumule.

Seed germination and seedling development of different crop species have been
attributed to a number of factors. At higher extract concentrations, increase in
electrolyte leakages and loss of membrane integrity lead to lipid peroxidation (Bogatek
et al., 2006). Alterations in the enzymatic activities have also been linked to the
immobilization of reserve compounds during germination. These processes might
invariably reduce or completely inhibit seed germinability as observed in cabbage and

carrot seeds in the present study. Hegazy and Fadl-Allah (1995) also reported that
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increase in the susceptibility of seedlings exposed to allelochemicals lead to some
morphological abnormalities. Interestingly, the observed brownish colouration and
increased thickness in the radicles of the two vegetables incubated with 8 and 10 mg/ml
of the root and shoot extracts of A. arctotoides supported the earlier findings (Hegazy

and Fadl-Allah 1995).

6.4 Allelopathic effect of the dried shoot residue of A. arctotoides on the

morphology, growth and chlorophyll accumulation of tomato and cabbage

In this study, the general observations, such as chlorosis and necrotic lesions on the leaf
surfaces of the two vegetables under treatments B, C and D were more obvious at 1 and
2 weeks after transplanting than at any other sampling period. However, at 3 and 4
weeks after transplanting, considerable increases were recorded in the number of leaves,
leaf area, fresh and dry shoot weight among all the groups due to new growth. In a
related study, Pandey et al. (1993) attributed wilting of water hyacinth leaves to the
presence of growth inhibitors in Parthenin hysterophorus L. dried leaf residues. El-
Khatib et al. (2004) further asserted that reductions in water and nutrient absorption by
plant roots appear to be direct inhibitory effects of allelochemicals in the residue. Thus,
the wide variations and significant differences in the number of leaves, leaf area, shoot
dry weight and root morphology as well as yield and yield components between the

control and groups B, C and D might be attributed to the presence of phytotoxic
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substances in A. arctotoides shoot residue as reported by previous authors (Pandey et al.

1993; El-Khatib et al. 2004).

Generally, the inhibition percentages in the number of leaves, leaf area, fresh and dry
shoot weight were concentration-dependent. Dose-dependent relationships have been
well documented by many workers. El-Khatib et al. (2004) reported an inverse
correlation between Chenopodium murale shoot extracts and leaf area of some crops.
Also, Morales-Payan et al. (1998) observed similar effects on the purple nutsedge
density on dry shoot and root weights of radish and bell pepper. Thus, the observed
differences in the number of leaves, leaf area, dry root and shoot weight as well as root
length and area between the control and shoot residue treated transplants support the
above findings. When compared with the control, the losses in dry shoot weight of
tomato under treatments B, C and D at 4 weeks after transplanting were 38.6, 45.5 and
70.3% respectively. Cabbage transplants under the same treatments were also reduced
by 57.5, 73.3 and 87.5%. Likewise, the declines in the dry root weight of the two crops
during the same period were 61.3, 82.9 and 83.4% plus 53.1, 54.7 and 67.2% for
treatments B, C and D respectively. The significant differences between the inhibition
percentages in the dry shoot and root weights were indicative of differential sensitivity
of tomato and cabbage transplants used in this study. While the dry shoot weight of
cabbage was more inhibited by treatment effects, the dry root weight of tomato
appeared to be drastically suppressed even though, no significant difference was

observed between treatments C and D.
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The data on chlorophyll a and b pigments accumulation showed that there was no
regular pattern in the accumulation of chlorophyll a and b pigments in the leaves of the
vegetables grown in the amended soils. Einhellig et al. (1993) stated that
allelochemicals cause significant reductions in chlorophyll contents of the test plants.
The results from the present study were not consistent with this study. However, the
observed insignificant differences in chlorophyll a and b pigment contents between the

control and treatment B relative to the others support the above statement.

6.5 Allelopathic effects of the dried shoot residue of A. arctotoides on yield and

yield components of tomato and cabbage at 12 weeks after transplanting

The total fruit yield and shoot dry weight of all tomato groups B, C and D decreased
with increase in treatment concentrations. Similar observation was recorded in the fresh
head weight of cabbages but there were no differences in the dry head weight of the
treatments in comparison with the control. The extent of inhibitory effects of
allelochemicals on crop yields are concentration related Weidenhamer et al. (1989).
Thus, the significant reductions due to addition of the shoot residue at the two highest
concentrations (treatments C and D) of between 37.2 to 84.8% in tomato fruit yields and
30.9 to 72.4% recorded for fresh head weight of cabbage agree with Weidenhamer et al.

(1989).
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6.6 Allelopathic effects of the dried shoot residue of A. arctotoides on mineral

uptake by the leaves of the two vegetables and soil residual nutrient content

The uptake of certain mineral by the two vegetable leaves particularly among cabbage
transplants was generally not consistent with treatment concentrations. The mean
concentrations of N, K, Na and Zn in the leaves of tomato and cabbage treatments B, C
and D decreased with increase in the amount residue added to the soil. It has been well
documented that plant roots compete for mobile nutrients such as sulphates or nitrates
than they do for P, Zn and perhaps K in the soil (Nye et al., 1977). Weir et al. (2004)
also reported that ferulic acid is an abundant allelochemicals in the soil which affect
root morphology, biomass partitioning and reserve allocation. These authors further
asserted that plant roots exposed to ferulic acid showed reduction in water and mineral
utilization which eventually lead to decrease in foliar expansion and root elongation.
Thus, the observed variations in the mean concentrations of nutrients in the leaves of
the two vegetables might be attributed to inability of the root systems of the affected
vegetables to effectively transport the essential nutrients from the potting medium to the

aerial parts of the plant.

Differences in the concentrations of allelochemicals in the soil have been linked to
factors such as clay mineral and chemical transformation by microorganisms (Blum et
al., 1999). These invariably affect rates of photosynthesis and nutrient uptake by the
plant roots. The differences in the uptake of nutrients by the leaves support the findings
of Alam and Islam (2002). The authors observed variations in the nutrient contents of

the shoot of several plant species. The availability of one or more mineral nutrients in
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plant tissues due to the presence of another has been debated by many workers. Mersie
and Singh (1988) observed variations in K, Ca, Mg, Fe and Zn contents in tomato plants
treated with several classes of phenolic acids. IRRI (1979) reported the effect of Na on
the uptake of K. Thus, the differences in the uptake of some minerals by treatments B,
C and D relative to the control in this study might be attributed partially to the
inhibitory effect of allelochemicals released by A. arctotoides dried shoot residue.
Excessive release of antagonistic minerals might also affect the uptake of the minerals
under review.

The decreases in soil residual mineral elements might be attributed to the rates of soil
mineralization intensified by variations in the rates of residue decomposition and
nutrient release (Tian, 1992). Blum et al. (1999) have also suggested the impacts of

chemical transformation by microorganisms on soil residual nutrients.
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CHAPTER SEVEN
7.0 SUMMARY AND CONCLUSION
The integration of two or more plants into the traditional farming systems is a laudable
practice that enriches soil fertility and soil organic matter. However, through this same
practice, a number of plants also produce and release several classes of phytochemicals
that adversely affect the growth of other vegetations. In South Africa, the awareness of
the demand for herbal remedies and high unemployment rate have led to over-
exploitation of many indigenous species. Thus, the fear of near-extinction of valuable
medicinal herbs has motivated research towards the establishment of scientific evidence
of allelopathic interactions among such plants being integrated into the farming
systems. Hence, the selection and need for systematic and scientific investigations of
the allelopathic effects of the shoot and root of Arctotis arctotoides (L.f). O. Hoffm on

some vegetables.

The results of the current study have demonstrated that A. arctotoides possess some
ultra structures which might functionally be responsible for the production and storage
of some phytochemicals including; alkaloids, flavonoids, phenols, steroids and tannins,
identified from the root and shoot of the plant. The results further showed that both the
root and shoot aqueous extracts of the plants exhibited significant inhibitory effects on
the germination, radicle and plumule length of cabbage, carrot, tomato and spinach
evaluated in this study. However, shoot extracts at 10 mg/ml had 100% inhibition on

cabbage and carrot seed germination. The radicle and plumule length of the four
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vegetables were also severely inhibited by the extracts. Generally, the trend of their

sensitivity was in the order of cabbage > carrot > tomato > spinach.

When compared with treatment A (control), addition of the shoot residue drastically
reduced the number of leaves, leaf area, dry shoot and root weights of tomato and
cabbage transplants during the different growth stages. At 4 weeks after transplanting,
the losses in the dry root weights of treatments B, C and D were 61.3, 82.9 and 83.4%
for tomato and 53.1, 54.7 and 67.2% for cabbage respectively. The accumulation of
chlorophyll a and b in the leaves of both vegetables varied among the treatments. Most
often, the mean concentrations of the two pigments in the control and those grown with
the least residue were not significantly different at 2 and 3 weeks after transplanting.
Similar treatment effects were noticed with the nutrient uptake by the vegetable leaves
but the shoot residue added to the soil greatly improved the uptake of micro nutrients by

cabbage leaves at 12 weeks after transplanting.

Finally, the results from the present study have demonstrated a clear evidence of
allelopathic effects of the root and shoot of A. arctotoides under laboratory and
greenhouse conditions. Therefore, mulching of A. arctotoides shoot residue into the soil
at higher concentrations might have adverse effects on economic crops. However, the
impacts of microbial population which were not considered in this study might be a gap

for future research.

135



REFERENCES

Abreu I.N., Mazzafera. P, 2005. Effect of water temperature stress on the content of active
constituents of Hypericum brasiliense Choisy. Journal of Plant Physiology and
Biochemistry 43, 241-248.

Adebola P.O, A.J Afolayan (2006). Plant regeneration from seed-derived callus of Arctotis
arctotoides, a medicinal herb of the family Asteraceae. South African Journal of
Science, 103, 120-122.

Adedeji, O., Jewola O.A., 2004. Importance of leaf epidermal characters in the Asteraceae

family. Not. Bot. Hort. Agricultural Botany 36, 7-16.

Afolayan, A.J., Meyer, J.J., 1995. Micromorphology and ultra structure of secreting and non
secreting foliar trichomes of Helichrysum aurienitens (Asteraceae). International Journal
of Plant Science 156, 481-487.

Afolayan, A.J., 2003. Extracts of the shoots of Arctotis arctotoides inhibit the growth of

bacteria and fungi. Journal of Pharmaceutical Biology, 14, 22-25.

Afolayan, AJ., Jimoh, F.O., Sofidiya, M.O., Koduru, S., Lewu, F.B., 2007. Medicinal
Potential of the Root of Arctotis arctotoides. Journal of Pharmaceutical Biology
45,486-493.

Alam, S.M., Islam, E.U., 2002. Effect of aqueous extract of Leaf, stem and root of nettle leaf
goosefoot and NaCl on germination and seedling growth of rice. Pakistan Journal of

Science and Technology 1, 47-52.

136



Aldrich, J.D., 1984. Weed-crop ecology: Principles and practices. Breton Publishers. 215-241.

Amoo, S.0., Ojo, A.U., Van Staden, J., 2008. Allelopathic potential of Tetrapleura tetraptera

leaf extracts on early seedling growth of five agricultural crops. South African Journal of

Botany 74, 149-152.

Anaya, A.L., 1999. Allelopathy as a tool in the management of biotic resources in
agroecosystems. Critical Review in Plant Science 18, 697-739.

Anon., 2002. Assessing the impacts of commercial captive breeding and artificial propagation
on wild species conservation. IUCN/SSC Workshop. 7-9.12.2001, Jacksonville. Draft
workshop report. — Cambridge, IUCN/SSC Wildlife Trade Programme. (Unpublished

report).

Asawalam, E.F., 2006. Insecticidal and repellent properties of Piper guineense seed oil extract
for the control of maize weevil, Sitophilus zeamais. Electronic Journal of

Environmental, Agricultural and Food Chemistry 5, 1389-1394.

Ashafa, A.O.T., Grierson, D.S., Afolayan, A.J., 2008. The foliar micromorphology of Felicia
muricata Thunb. A South African Medicinal Plant. Pakistan Journal of Biological

Science Flora 11, 1713-1717.

Ashrafi, Z.Y., Mashhadi, H.R., Sadeghi, S., Alizade, H.M., 2008. Allelopathic effects
sunflower (Helianthus annus) on germination and growth of Wild Barley (Hordeum

spontaneum). Journal of Agricultural Technology 4, 219-229.

Askew, D., 1999. Cabbage series part V: Plant population, transplanting, irrigation and crop
137



rotation. Hygrotech forum. News letter of Hygrotech Seed (Pty) Ltd. Pretoria.

Awe, 1.S., Shodipo, O.A., 2001. Purification of saponins of root of Bhlighia sapida Koeing-Holl.

Nigerian Journal of Biochemical and Molecular Biology (Proceeding Supplement) 16,

201-204.

Awodun, M.A., Omonijo, L.I., Ojeniyi, S.0., 2007. Effect of goat dung and NPK Fertilizer on
soil and leaf nutrient content, growth and yield of pepper. International Journal of Soil

Science, 2, 142-147.

BAH. 2002. Pflanzliche Arzneimittel heute. Wissenschaftliche Erkenntnisse und
arzneirechtliche Rahmenbedingungen. Bestandsaufnahme und Perspektiven. 3rd edition.

Bonn, Bundesfachverband der Arzneimittelhersteller.

Bais, H.P., Weir, T.L., Perry, L.G., Gilroy, S., Vivanco, J.M., 2006. The role of root
exudates in rhizosphere interactions with plants and other organisms. Annual
Review of Plant Biology 57, 233-266.

Baruah, N.C., Sama, J.C., Baruah, N.C., Sama, S., Sharma, R.P., 1994. Germination and growth
inhibitory sesquisterpenes lactones and flavones from Tithonia diversifoliar. Phyto-
chemistry 36, 29-36.

Batish. D.R., Kaur, M., Singh, H.P., Kohl, I.R.K., 2007. Phytotoxicity of a medicinal plant,
Anisomeles indica against Phalaris minor and its potential use as natural herbicide in

wheat fields. Crop Protection. 26, 948-952.

138



Belz, R.G., Reinhardt, C.F., Llewellyn, F.C., Hurle, K., 2007. Residue allelopathy in

Parthenium hysterophorus L—Does parthenin play a leading role? Crop Protection 26,

237-245.

Berenbaum, M.R., 1995. Turnabout is fair play. Secondary roles of primary compounds. Journal

of Chemical Ecology 21, 925-940.

Berti, P.R., Krasavec, J. FitzGerald, S., 2004. A review of the effectiveness of agricultural

interventions in improving nutrition outcomes. Public Health and Nutrient 7, 599-6009.

Bhowmik, P.C., Inderjit., 2003. Challenges and opportunities in implementing allelopathy for

natural weed management. Crop Protection 22, 661-671.

Blum, U., Sharfer, S.R., Lehman, M.E., 1999. Evidence for inhibitory allelopathic
interactions involving phenolic acids in field soils: Concept vs Experimental model.
Critical Review in Plant Science 18, 673-693.

Blum, U., Gerig, T.M., 2006. Interrelationship between p-coumaric acid evapotranspration, soil
water content and leaf expansion. Journal of Chemical ecology 32. 1817-1834.

Bogatek, R.A., Gniazdowska, W., Zakrzewska, K.O. Gawronski, S.W., 2006. Allelopathy
effects of sunflower extracts on mustard seed germination and seedling growth.
Biological Plants. 50, 156-158.

Breazeale, J.F., 1924. The injurious after effect of Sorghum. Journal of American Society,

Agronomy 16, 689-7000.

Calabrese, E.J., Blain, R., 2005. The occurrence of hermetic dose-response in the toxicological

literature, the hermetic database: an overview. Journal of Toxicology and Applied
139



Pharmacology 202, 289-301.

Calabrese, E.J., Bachmann K.A., Bailer, A. J., Bolger, P.M., Borak, Cai, L., Cedergreen, N.,
Cherian, M.G., J., Chiueh, C.C., Clarkson, T.W., Cook, R.R., Diamond, D.M., Doolittle,
D.J., Dorato, M.A., Duke, S.O., Feinendegen, L., Gardner, D.E., Hart, R.W., Hastings
K.L., Hayes, A.W., Hoffmann, G.R., Ives, J.A., Jaworowski, Z., Johnson, T.E., Jonas,
W.B., Kaminski, N.E., Keller, J.A., Klaunig, J.E., Knudsen, T.B., Kozumbo, W.J.,
Lettieri, T., Liu, S., Maisseu, A., Maynard, K.l., Masoro, E.J., McClellan, R.O.,
Mehendale, H.M., Mothersill, C., Newlin, D.B., Nigg, H.N., Oehme, F.W., Phalen, R.F.,
Philbert, M.A., Rattan, S.1.S., Riviere, J.E., Rodricks, J., Sapolsky, R.M., Scott, B.R.,
Seymour, C., Sinclair, D.A., Smith-Sonneborn, J., Snow, E.T., Spear, L., Stevenson,
D.E., Thomas, Y., Tubiana, M., Williams, J.M., Mattson, M.P., 2007. Biological stress
response terminology: integrating the concepts adaptive response and preconditioning
stress within a hermetic dose-response framework. Toxicology and Applied

Pharmacology 222, 122-128.

Chaniago I, Taji, A., Kristiansen, P., Jessop, R., 2008. Soyabean Root-Tip-Cell  Mitosis under
the Influence of Aqueous Extracts of Three Weed Species Akta Agrosia 11, 1-6.
Cheema, Z.A., 1988. Weed control in Wheat through sorghum allelochemicals. Ph.D Thesis,

Department of Agronomy, University of Agriculture, Faisalabad, Pakistan.

Cheng, H.H., 1992. A conceptual framework for assessing allelochemicals in the soil
environment. In: Allelopathy: Basic and Applied Aspects. pp. 21-29. Rizvi, S. J. H. and
Rizvi, V., Eds., Chapman and Hall, London.

Chhabra, S.C., Viso, F.C., Mshiu, E.N., 1984. Phytochemical screening of Tanzanian medicinal

140



plants. Journal of Ethnopharmacology 11, 157-179.

Chon, S.U., Jang, H.G., Kim, D.K., Kim, Y.M., Boo, H.O., Kim, Y.J., 2005. Allelopathic
potential in lettuce Lactuca sativa (L.) plants. Scientia Horticulturae 106, 309-317.

Chung, LLM., Ali M., Hahn, S.J., Siddiqui, N.A., Lim, Y., Ahmad, A., 2005. Chemical
constituents from the hulls of Oryza sativa with cytotoxic activity. Chemistry of Natural

Compounds, 41, 182-189.

Chung, .M., Kim, K.H., Ahn, J.K,, Lee, S.B., Kim, S.H., Hahn, S.J., 2003. Comparison of
allelopathic potential of rice leaves, straw, and Hull extracts on barnyard grass.

Agronomy Journal 95, 1063-1070.

Daizy, R., Harminder, P.S., Nipunika, R., Ravinder, K.K., 2006. Assessment of Allelopathic
interference of Chenopodium album through its leachates, debris extracts, rhizosphere
and amended soil. Agronomy Soil Science 52, 705-715.

Dakshini, K. M. M., Foy, C. L., Inderjit., 1999. Allelopathy: one component ina multifaceted
approach to ecology. pp. 3-14. In: Principles and Practices in Plant Ecology: Allelo-
chemicals Interactions. Inderjit, Dakshini, K. M. M., and Foy, C. L., Eds., CRC  Press,

Boca Raton, FL.

Dayan, F.E., Hernandez, A., Allen, S.N., Morales, R.M., Vroman, J.A., Avery, M.A., Duke,

S.0., 1999. Comparative phytotoxicity of artemisinin and several other sesquiterpene

Analogues. Phytochemistry 50, 607-614.

Dayan, F.E., Romagni, J.G., Duke, S.O., 2000. Investigating the mode of action of bio-

synthesized phytotoxins. Journal of Chemical Ecology 26, 2079-2094.
141



de Candolle, M.A.P., 1832. Physiol. Veg. Bechet Jeune Lib. Fac. Med. Paris 3, 1474-1475.
De Martino, L., Roscigno, G., Mancini, E., De Falco, E., De Feo, V., 2010. Chemical
composition and antigerminative activity of the essential oils from five Salvia species.

Molecules 15, 735-746.

Dos Santos, W.D., Ferrarese, M.L.L., Finger, A., Teixeira, A.C.N., Ferrarese-Filho, O., 2004.
Lignification and related enzymes in soybean root growth-inhibition by ferulic acid.

Journal of Chemical Ecology 30, 1199-1208.

Dudai, N., Larkov, O., Mayer, A.M., Poljakoff-Mayber, A., Putievsky, E., Lerner, H.R., 2000.
Metabolism of essential oils during inhibition of wheat seed germination. In: Black, M.,
Bradford, K.J., Va'zquez-Ramos, J. (eds) Seed biology: advances and applications.

CABI, Wallingford, UK, p 315.

Duke, S.O., Lydon, J., 1987. Herbicides from Natural Compounds. Weed Technology 1, 122-

128.

Duryea, M.L., English, R.J., Hermansen, L.A., 1999. A comparison of landscape mulches:
chemical, allelopathic, and decomposition properties. Journal of Arboriculture 25, 88-97.

Edeoga, H.O., Okwu, D.E., Mbaebie, B.O., 2005. Phytochemical constituents of some
Nigerian medicinal plants. African Journal of Biotechnology 4, 685-688.

Einhellig, F.A., 1985. Allelopathy - a natural protection, allelochemicals. In: Handbook of
Natural Pesticides: Methods. Volume I. Theory, Practice, and Detection. pp. 161- 200.

Bhushan Mandava, N., Ed., CRC Press, Inc. Boca Raton, FL

Einhellig, F.A., Leather, G.R., 1988. Potentials for exploiting allelopathy to enhance crop
142



production. Journal of Chemical Ecology 14, 1829-1844.

Einhellig, F.A., Rasmussen, J.A., Hejl, A.M., Souza, |.F., 1993. Effects of root exudate

sorgoleone on photosynthesis. Journal of Chemical Ecology 19, 369-375.

Einhellig, F.A., 1995. Allelopathy: Current status and future goals. In Inderjit, Dakshini, K.M.M.
and Einhellig, F.A. (eds.). Allelopathy: Organisms, Processes and Application. American

Chemical Society Washing, D.C, pp. 1-24.

El-Khatib, A.A. Hegazy, A.K., Galal, H.K., 2004. Allelopathy in the rhizosphere and amended

soil of Chenopodium murale L. Weed Biology and Management 4, 35-42.

Faber, M., Van Jaarsveld, P.J., 2007. Review, the production of provitamin A-rich vegetables in
extracts on early seedling growth of five agricultural crops. South African Journal of
Botany 74, 149-152.

Fatunbi, A.O., Dube, S., Yakubu, M.T., Tshabalala, T., 2009. Allelopathic potential of acacia
mearsii De Wild. World Applied Science Journal 7, 1488-1493.

Fischer, N.H., 1986. The function of mono and sesquisterpenes as plant germination and growth
regulators. In: The Science of Allelopathy: Putnam, A. R. and Tang, C. S., Eds., Wiley,
New York. pp. 203-218.

Flyman, M.V., Afolayan, A.J., 2006. The suitability of wild vegetables for alleviating human

dietary deficiencies. South African Journal of Botany 72, 492-497.

Fujii, Y., Shibuya, T., Yasuda, T., 1992. Allelopathy of velvetbean: its discrimination and
143



identification of L-DOPA as a candidate of allelopathic substances. Jpn. Agricultural
Resource Q. 25, 238-247.

Fujii, Y., Parvez, S.S., Parvez, M.M., Ohmae, Y., lida, O., 2003. Screening of 239
medicinal plant species for allelopathic activity using sandwich method. Weed
Biology and Management 3, 233-241.

Fujii, Y., Shibuya, T., Nakatani, K., Itan, | T., Hiradate, S., Parvez, M.M., 2004. Assessment
methods for allelopathic effect from leaf litter leachates. Weed Biology and

Management 4, 19-23.

Funk, V.A., Bayer, R.J., Keeley, S., Chan, R., Watson, L., Gemeinholzer, B., Schilling, E.,
Panero, J.L., Baldwin, B.G., Garcia-Jacas, N., Susanna, A., Janseen, R.K., 2005.
Everywhere but Antarctica: using a super tree to understand the diversity and
composition of the compositae. In: I. Friis and H. Balslev [eds.], Proceedings of a
symposium on plant diversity and complexity patterns-local, regional and global

dimensions, 343-374.

Hadfield, J., 1995. Vegetable gardening in South Africa, Struikhof publishers, Cape Town South

Africa.

Harborne, J.B., 1973. Phytochemical methods, London. Chapman and Hall, Ltd. pp. 49-188.

Hassan, M.S., Alsaadawi, |.S. E1-Behadli, A., 1989. Citrus replant problem in lrag. Il
Possible role of allelopathy. Plant and Soil 116, 157-160.

Hassan, S.M., Ghareib, H.R., 2009. Bioactivity of Ulva lactuca L. acetone extract on

germination and growth of lettuce and tomato plants. African Journal of Biotechnology

144



8, 3832-3838.

Hedge, R.S., Miller, D.A., 1990. Allelopathy and autotoxicity in alfalfa: Characterization and
effects of preceding crops and residue incorporation. Crop Science 30, 1255-1259.

Hegazy, A.K., Fadl-Allah, E.M., 1995. Inhibition of seed germination and seedling growth by
Cleome droserifolia and allelopathic effects on rhizosphere fungi in Egypt. Journal of

Arid and Environment 29, 3-13.

Hegazy, A.K., Farrag, H.F., 2007. Allelopathic potential of Chenopodium ambrosioideson
germination and seedling growth of some cultivated and wed plants. African Journal of

Biotechnology and Biochemistry 2, 01-009.

Hoagland, R.E., Williams, R.D., 1985. The influence of secondary plant compounds on the
associations of soil microorganisms and plant roots. In: The Chemistry of Allelopathy.
Biochemical Interactions between Plants. pp. 301-325. Thompson, A. C., Ed., ACS

Symposium Series 268, Washington, D.C

Hopkins, B.G., Whitney, D.A., Lamond, R.E., Jolley, V.D., 1998. Phytosiderophore released by
sorghum, wheat and corn under Zinc deficiency. Journal of Plant Nutrition 21, 2623-
2637.

Inderjit., Dakshini, K.M.M., 1995. Quercetin and quercetrin from Luchea lanceolata and their
effects on growth of Asparagus bean. pp. 86-95. In Inderjit, Dakshini, K.M.M. and
Einhellig, F.A. (eds.). Allelopathy: Organisms, Processes and Application. American
Chemical Society Washing, D.C.

Inderjit., Olofsdotter, M., 1998. Using and improving laboratory bioassays in rice allelopathy

145



research. In: Allelopathy in Rice. Proceedings of the workshop on Allelopathy in Rice,
25-27 Nov. 1996 (eds. Olofsdotter, M.), pp. 45-55. IRRI, Manilla.

Inderjit., Cheng, H.H., Nishimura, H., 1999. Plant phenolics and terpenoids transformation,
degradation and potential for allelopathy interactions. In: Inderjit and Dakshini, K.M.M.
Foy, C.L. (eds). Principles and practices in plant ecology: allelochemical interactions.

CRC, Boca Raton, pp. 255-266.

Inderjit., Kaur, M., Foy, C.L., 2001. On the significance of field studies in allelopathy. Weed

Technology 15, 792-797.

Inderjit., Duke, S.O., 2003. Ecophysiological aspect of allelopathy. Planta 217, 529-539.

Inderjit., Weston, L.A., 2003. Root exudation: an overview. In Root Ecology, Eds. De Kroon and

E.J.W. Visser Springer-Verlag, Heidelberg, Germany. (in press).

International Allelopathy Society, (IAS) Constitution and Bylaws. First World Congress on
Allelopathy: A Science for the Future Cadiz, Spain. September, 1996.
International Rice Research Institute (IRRI) 1979: Program Report for 1978; Los Banos,

Philippines.

Jaderlund, A., Zackrisson, O., Nilsson M.C., 1996. Effect of bilberry (Vacinium myrtillus L.)
litter on seed germination and early seedling growth of four boreal tree species. Journal
of Chemical Ecology 22, 973-986.

Javaid, A., Shafique, S., Bajwa, R., Shafique, S., 2006. Effects of aqueous extracts of
allelopathic crops on germination and growth of Parthenium hysterophorus L. South

African Journal of Botany 72, 609-612.

146



Javaid, A., Shafique, S., 2009. Herbicidal activity of Withania somnifera and Datura Alba

against Rumex dentatus. Journal of Agricultural Resource 47, 37-45.

Jefferson, L.V., Pennacchio, M., 2003. Allelopathic effects of foliage extracts from four
Chenopodiaceae species on seed germination. Journal of Arid Environment 55, 275-

285.

Jones, J.B. (JR)., Large , R.L., Pfleiderer, D.B., Klosky, H.S., 1971. How to properly sample
for a plant analysis, 3" eds, Soil Science Society of America, 677 Segoe Rd., Madison,
W1 53711, USA, SSSA Book series no 3.

Joubert, T.G., Boelema, B.H., Diaber, C.C., Hattingh, 1.D., 1980. The production of carrots in
South Africa. Root Crops A.2/1980. Farming in South Africa.

Kambizi, L., Adebola, P.O., Afolayan, A.J., 2006. Effects of temperature, prechilling and light
on seed germination of Withania somnifera: a high value medicinal plant. South African

Journal of Botany 72, 11-14.

Khalid, S., Ahmad, T., Shad, R.A., 2002. Use of allelopathy in agriculture. Asian Journal of

Plant Science 1, 292-297.

Khan, A.L., Gilani, S.A., Fujii, Y., Watanabe, K.N., 2008. Monograph on Inula britannica L.

Mimatsu Corporation, Tokyo-Japan. ISBN 978-4-903242-24-8.

Khan, A.L., Hamayun, M., Javid, H., Hamayun, K., Gilani, S.A., Kikuchi, A., Watanabe, K.N.,
Jung, E.H. and In-Jung, L., 2009. Assessment of allelopathic potential of selected

medicinal plants of Pakistan. African Journal of Biotechnology. 8, 1024-1029.
147



Kobayashi, K., 2002. Behaviors and phytotoxic activities of herbicides in soil. Journal of Weed
Science Technology 47, 89-96 (in Japanese).
Kobayashi, K., 2004. Factors affecting phytotoxic activity of allelochemicals in the soil. Weed

Biology and Management 4, 1-7.

Koitabashi, R., Suzuki, T., Kawazu, T., Sakai, A., Kuroiwa, H., Kuroiwa, T., 1997. 1, 8-
Cineole inhibits root growth and DNA synthesis in the root apical meristem of

Brassica campestris L. Journal of Plant Resource 110, 1-6.

Kovécik, J., Klejdus, B., Backor, M., Repcak, M., 2007. Phenylalamine ammonia-lyase
activityand phenolic compounds accumulation in nitrogen-deficient Matricaria

chamomilla leaf rosettes. Plant Soil 288, 47-56.

Lam, T. B. T., Kadoya, K., liyama, K., 2001. Bonding of hydroxyl-cinnamic acids to lignin:
ferulic and p-coumaric acids are predominantly linked at the benzyl position of  lignin,
not the B-position, in grass cell walls. Phytochemistry 57, 987-992.

Lambert, J., Srivastava, J., Vietmeyer, N., 1997. Medicinal plants. Rescuing a global heritage.

Washington DC, World Bank (World Bank Technical Paper 355).

Leather, G.R., 1987. Weed control using allelopathic sunflowers and herbicide. Plant Soil 98,

17-23.

Leather, G.R., Einhellig, F.A., 1985. Mechanisms of allelopathic actions in bioassay. In Thompsor

A.C. (ed). The chemistry of allelopathy, biochemical interaction among  plants: 197-205.

148



ACS Symposium series 268, American Chemical Society. Washing, D.C.

LECO Corporation 2003. TruSpec CN Carbon / Nitrogen Determinator. Instruction manual.

Leco Corporation 3000, Lakeview Avenue St Joseph, M149085-2396.

Lichtenthaler, H.K., Wellburn, A.R., 1983. Determinations of total carotenoids and
chlorophyll a and b of leaf extracts in different solvents. Biochemical Society

Transactions (London) 603, 591-592.

Lin, D. Sugiyomo, Y., Dong, Y., Terao, H., Matsuo, M., 2006. Natural herbicidal potential  of
saururaceae (Houttuynia cordata Thunb) dried powders on paddy weeds in transplanted

rice. Crop Protection 25, 1126-1129.

Llusia, J., Pefiuelas, J., 2000. Seasonal pattern of terpenes contact and emission from seven
Mediterranean woody species in field condition. American Journal of Botany 87, 133-
140.

Lovett, J., Ryuntyu, M., 1992. Allelopathy: Broadening the context. In Allelopathy: Basic and
Applied Aspects. Eds. S.J.H. Rizvi and V. Rizvi. Pp. 11-20. Chapman and Hall Press.
New York.

Ma, R., Liu, X., Yuan, G., Sun, S., 1997. Allelochemicals and allelopathy from microorganisms
in wheat rhizospheres. Journal of Environmental Science 9, 108-112.

Macias, F.A., Molinillo, J.M.G., Varela, R.M., Torres, A. Troncoso, R.O., 1998. Allelochemicals
in sunflowers: Implications for crop and soil management in agroecosystems. In: VII
International Congress of Ecology 19-25 July 1998. (ed.) A. Farina, J. Kennedy and

Bossu, pp. 266, Firenze, Italy.

149



Macias, F.A., Galindo, J.G.G., Molinillo, J.M.G., Castellano, D., 2000. Dehydrozaluzanin C:
a potent plant growth regulator with potential use as a natural herbicide template.
Phytochemistry 54, 165-171.

Maharjan, S., Shrestha, B.B., Kumar Jha, P., 2007. Allelopathic effects of aqueous extract of
leaves of Parthenium Hysterophorus L. on seed germination and seedling growth of
some cultivated and wild herbaceous species. Science World, 5, 33-39.

Mallik, A.U., 1998. Allelopathy and competition in coniferous forests. Environmental Forest
Science 54, 309-315.

Mandava, N.B., 1984. Chemistry and biology of allelopathic agents. Ecology 7, 1035-1047.
pp. 33-54. In A.C. Thompson (ed.) The chemistry of allelopathy. American Chemical
Society Washington, DC.

Maria, P.Z., Julio, AZ., 2004. Effects of monoterpenes on lipid oxidation in maize. Planta. 219,
303-309.

Masika, P.J., Afolayan, A.J., 2003. An ethnobotanical study of plants used in the treatment of
livestock disease in the Eastern Cape Province, South Africa. Journal of Pharmaceutical

Biology, 14, 16-21.

McConkey, M.E., Gershenzon, J., Croteau, R.B., 2000. Developmental regulation of

monoterpenes in the glandular trichomes of peppermint. Plant Physiology 122, 215-223.

Mersie, W., Singh, M. 1987. Allelopathic effect of parthenin (Parthenium hysterophorus L.)
extracts and residue on some agronomic crops and weeds. Journal of Chemical Ecology

13, 1739-1747.

150



Michaela, M., Andreas, S., Reinhold, C., 2000. Quantitative determination of carotene stereo-
isomers in carrot juices and vitamin supplemented (ATBC) drinks. Food Chemistry 70,

403-408.

Molisch, H., 1937. DER Einfluss einer Pflanze auf die andere-Allelopathic. Fischer, Jena.

Germany.

Morales-Payan J.P., Santos B.M., Stall W.M., Bewick, T.A., 1998. Effect of purple
nutsedge (Cyperus rotundus) on Tomato (Lycopersicon esculentum Mill.) and Bell
pepper (Capsicum annum) vegetative growth and fruit yield. Weed Technologyl1,

672-676.

Mungole, A., Day, S., Kamble, R., Kanfade, H., Chaturvedi, A., Zanwar, P., 2010. Active
phytochemical and antibacterial potentiality of in-vitro regenerated plantlets of Canscora

decurrens (Dalzell). Indian Journal of Science and Technology 6, 679-683.

Narayana, K.R., Reddy, M.S., Chaluvadi, M.R., Krishna, D.R., 1999. Bioflavonoids
classification, pharmacology, biochemical effects and therapeutic potential. Indian

Journal of Pharmacology 33, 2-16.

Navarez, D., Olofsdotter, M., 1996. Seeding technique for screening allelopathic rice (Oryza
sativa L.). pp 1285-1290. In: H. Brown et al. (ed.) Proceeding of international Weed
Control Congress, 2", Copenhagen, Denmark. 25-28 June 1996. DJF Flakkebjerg,

Denmark.

151



Nazir, T., Uniyal, A.K., Todari, N.P., 2007. Allelopathic behaviour of three medicinal plant
species on traditional agriculture crops of Garhwal Himalaya, India. Agroforest System

69, 183-187.

Neumann, G., George, E., Romheld, V., 1998.White lupin-a model plant to study mechanisms
involved in root-induced mobilization of sparingly available-sources. In International
Workshop on Role of Environmental and Biological Factors of Toxic and Essential

Elements by Plants. Skierniewice, Poland.

Nye, P.H., Tinker, P.B., 1977. Solute movement on the soil root system. Studies in Ecology,

Blackwell, Oxford 4, 342-355.

Odeyemi, O.0., Masika, P.J., Afolayan, A.J., 2008. Evaluation of the activities of five
essential oils against the stored maize weevil. Journal of Natural Product

Communication. 3, 1097-1102.

Okalebo, J.R., Gathua, K.W., Woomer, P.L., 2002. Laboratory Methods of Soil and Plant
Analysis: A Working Manual. TSBF Program UNESCO - ROSTA Soil Science Society

of East Africa Technical Publication No. 1. Marvel EPZ Ltd. Nairobi, Kenya.

Oyedeji, O.A., Yani, V.V., Afolayan, A.J., 2005. Chemical composition of the essential oil
from Arctotis arctotoides (L.f.) O. Hoffm. (syn. Vendium arctotoides L). Journal of
Flavour and Fragrance 20, 232-234.

Pandey, D.K., Kauraw, L.P., Bhan, V.M., 1993. Inhibitory effect of Parthenium (Parthenium

152



hysterophorus L.) residue on the growth of water hyacinth (Eichornia crassipes Mart.
Solms). Journal of Chemical Ecology 19, 2663-2670.
Parekh, J., Chanda, S., 2001. Antibacterial and phytochemical studies on twelve species of

Indian medicinal plants. African Journal of Biomedical Research, 10, 175-181.

Parvez, S., Parvez, M., Fujii, Y., Gemma, H., 2004. Differential allelopathic expression of bark

and seed of Tamarindus indica L. Plant Growth Regulator 42, 245-252.

Pearcy, R.W., Ehleringer, J.E., Money, H.A., Rundel, P.W., 1989. Plant Physiological Ecology,

Field Method and Instrumentation 1% Edn. Chapman and Hall, New York, pp 423.
Phillips, R., Rix, M., 1993. Vegetables. Random House, Incorporated, New York, U.S.A.

Pooley, E., 1998. A field guide to wild flowers of Kwazulu-Natal and the eastern region. Natal

Flora Publications Trust.

Pue, K.J., Blum, U., Gerig, T.M., Shafer, S.R., 1995. Mechanisms by which non inhibitory
concentration of glucose increase inhibitory activity of p-coumaric acid and on morning-

glory seedling biomass accumulation. Journal of Chemical Ecology 21, 838-847.

Putnam, A.R., Duke, S.0O., 1978. Allelopathy in agroecosystems. Annual Review Phyto-

pathology 16, 431-451. In: Rice, E.L. 1984. Allelopathy. 2nd (eds). pp. 72.

Putnam, A. R., 1985. Allelopathic Research in Agriculture. In: The Chemistry of Allelopathy.
Biochemical Interactions between Plants. pp. 1-8. In: Thompson, A.C., Ed., ACS
Symposium Series 268, Washington, D.C.

Putnam, A.R., Tang, C.S., 1986. Allelopathy: State of the science. In: A.R. Putnam, &

153



C.S.Tang (ed.). The science of allelopathy. Wiley, New York. pp. 1-19.

Razavi, M.S., 2011. Plant coumarin as allelopathic agents. International journal of

Biological Chemistry 5, 80-90.

Reardon, T., Timmer, C.P., Berdegué, J.A. 2003. ‘The Rapid Rise of Supermarkets in Latin
America and East/South-East Asia: Implications for Domestic and International Markets
for Fruits and Vegetables’, in Anita Regmi and Mark Gehlhar (eds), Global Markets for
High Value Food Products, Agriculture Information Bulletin. Washington, DC: USDA-

ERS.

Reese, J.C., 1979. Interaction of allelochemicals with nutrients in herbivores: their

interaction with secondary plant metabolites. Academic Press, New York. pp. 309-330.

Rice, E.L., 1979. Allelopathy-an update. Botanical Review 45, 15-1009.

Rice, E.L., 1984. Allelopathy 2nd ed. Academic Press, New York. pp. 422.

Rizvi, S. J. H., Haque, H., Singh, H.K., Rizvi, V., 1992. A discipline called allelopathy. In:
Allelopathy: Basic and Applied Aspects. Eds. S J H Rizvi and V Rizvi, Chapman and

Hall Press. New York. pp. 1-10.

Roth, C.M., Shroyer, J.P., Paulsen, G.M., 2000. Allelopathy of Sorghum on Wheat under
Several Tillage Systems. Agronomy Journal 92, 855-860.

SAS, 1999. SAS (Statistical Analysis System). Users guide: statistic. SAS Institute, NC.

Sanchez, M., Pefia, M. J., Revilla, G., Zarra, 1., 1996. Changes in dehydrodiferulic acids and
peroxidase activity against ferulic acid associated with cell walls during growth of Pinus

154



pinaster hypocotyl. Plant Physiology. 111, 941-946.
Scrivanti, L.R., Zunino, M.P., Zygadlo, J.A., 2003. Tagetes minuta and Schinus areira

essential oils as allelopathic agents. Biochemical Systematic and Ecology 31, 563-572.

Shanker, S., Ajaykumar, P.V., Sangwan, N.S., Kumar, S., Sangran, R.S., 1999. Developmental
analysis of essential oil gland count and ultrastructure in Mimondica arvensis L. leaf.
Biological Plant 42, 379-387.

Sharma, P.K., Bhushan, L., 2001 Interpretation of effect of organic matter on soil- water
retention. Journal of Indian Soil Science 49, 494-495.

Sharma, S., Sangwan, N.S., Sangwan, R.S., 2003. Developmental process of essential oil

glandular trichome collapsing in menthol mint. Current Science 84, 544-550.

Singh, H.P., Batish, D.R., Kohli, R.K., 2003a. Allelopathic interaction and allelochemicals: new
possibilities for sustainable weed management. Critical Review in Plant Science 22, 239-

311.

Singh, H.P., Batish, D.R., Kaur, S., Kohli, R.K., 2003b. Phytotoxic interference of Ageratum
conyzoides with wheat (Triticum aestivum). Journal of Agronomy Crop Science 189,

341-346.

Sodaeizadeh, H., Rafieiolhossaini, M., Havlik, J., Damme, P.V., 2009. Allelopathic activity
of different plant parts of Peganum harmala L. and identification of their growth

inhibitors substances. Plant Growth Regulator 59, 227-236.

Sofowara, A., 1993. Medicinal plants and Traditional medicine in Africa. Spectrum Books

Ltd, Ibadan, Nigeria. pp. 289.

155



Sultana, N., Afolayan, A.J., 2007. A novel daucosterol derivative and antibacterial activity
of compounds from Arctotis arctotoides. Journal of Natural Product Resource 21, 889-
896.

Taiwo, L.B., Makinde, J.O., 2005. Influence of water extract of Mexican sunflower
(Tithonia diversifolia) on growth of cowpea (Vigna unguiculata). African Journal of

Biotechnology 4, 355-360.

Terzi, 1., 2008. Allelopathic effects of Juglone and decomposed walnut leaf juice on
muskmelon and cucumber seed germination and seedling growth. African Journal

Biotechnology 7, 1870-1874.

Tian, G., 1992. Biological effects of plant residues with contrasting chemical compositions on
plant and soil under humid tropical conditions, Ph.D Dissertation Wageningen

Agricultural University, Wageningen the Netherlands pp 114.

Trease, G.E., Evans, W.C., 1989. Pharmacognsy. 11th Eds. Brailliar Tiridel Can. Macmillian
publishers.
Tripathi, S., Tripathi, A., Kori, D.C., Tiwari, S., 1998. Effects of tree leaf aqueous extract on

germination and seedling growth of soybean. Allelopathy Journal 5, 75-82.

Tukey, H.B., 1969. Implications of allelopathy in agricultural plant science. Botanical
Review 35, 1-16.
Turner, G.W., Gershenzon, J., Croteau, R., 2000. Distribution of peltate glandular trichomes on

developing leaves of peppermint. Plant Physiology 124, 655-664.

156



Uren, N.C., 2000. Types, amounts and possible functions of compounds released into the
rhizosphere by soil-grown plants. In The Rhizosphere: Biochemistry and Organic
Substances at the Soil Plant Interface. Eds. R. Pinton, Z, Varanini and P.Nannipieri. pp.
19-40. Marcel Dekker, Incorporation, New York.

Vaishali, C.J., Khan, I.A., Sharaf, M.H.M., 2008. Use of Scanning Electron Microscope in the

Authentication of Botanicals. Pharmacopeial Forum 34, 1075-1078

Van Wyk, B.E., Van, O.B., Gercke, N., 1997. Medicinal Plants of South Africa. Briza,

Pretoria, pp. 1-304.

Vaughn, S.F., Spencer, G.F., 1993. Volatile monoterpenes as potential parent structures for new

herbicides. Weed Science 41, 114-119.

Viles, A.L., Reese, R.N., 1996. Allelopathic potentials of Echinacea angustifolia D.C. Journal of

Experimental Botany 36, 39-43.

Vyvyan, J.R., 2002. Allelochemicals as leads for new herbicides and agrochemicals.

Tetrahedron 58, 1631-1636.

Weidenhamer, J. D., Hartnett, D.C., Romeo, J. T., 1989. Density-dependent phytotoxicity:
distinguishing resource competition and allelopathic interference in plants. Journal of
Applied Ecology 26, 613-624.

Weidenhamer, J. D., 1996. Distinguishing resource competition and chemical interference:

overcoming the methodological impasse. Agronomy Journal. 88, 866-875.

Weir, T.L., Park, SW., Vivanco, J.M., 2004. Biochemical and physiological mechanism

mediated by allelochemicals. Current Opinion in Plant Biology 7, 472-479.
157



Weston, L.A., 1996. Utilization of allelopathy for weed management in agroecosystems.
Agronomy Journal 88, 860-866.

Weston, L.A., Duke, S.0., 2003. Weed and Crop allelopathy. Critical Review in Plant

Science 22, 367-389.

White, R.H., Worsham, A.D., Blum, U., 1989. Allelopathic potential of legume debris and

aqueous extracts. Weed Science 37, 674-679.

Whittaker, D.C., Feeny, P.P., 1977. Allelochemicals: chemical interactions between species.

Science 171, 757-770.

Willis, R.J., 1985. The historical bases of the concept of allelopathy. Journal of the History of

Biology 18, 71-102.

Wilson, R.G., 1981. Effect of Canola thistle (Cirsium ravens) residue on growth of some crops.

Weed Science 29, 159-164.

Wu, H., Pratley, J., Lemerle, D. Haig, T., 1999. Crop cultivars with allelopathic capability. Weed

Science Resource 39, 171-180.

Xuan, T.D., Shinkichia, T., Khanh, T.D., Chung I.M., 2005. Biological control of weeds and
plant pathogens in paddy rice by exploiting plant allelopathy: an overview. Crop

Protection 24, 197-206.

Young, .M., 1998. Biophysical interactions at the root-soil interface: a review. Journal of
Agricultural Science pp. 130.

158



Zhang, Q., Yu, X., 1989. Studies on enzyme activities and fertilities of soils in Chinese-fir

repeated plantation woodland. Journal of Fujian College of Forestry, China (In Chinese,

abstract in English) 9, 263-271.

159



APPENDICES

160



Appendix I: Tomato transplants at 4 weeks after transplanting

Key: A=Control; B=10g; C=20g;D =40 g residue
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Appendix 2: Cabbage transplants at 4 weeks after transplanting

Key: A =Control; B=10g; C=20g; D =40 gresidue
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Appendix 3: The Foliar Micromorphology of Arctotis arctotoides using Scanning

Electron Microscope (Published article).

163



