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ABSTRACT 

The. herbaceous aromatic plant locally known as "mhlonyane" (Artemisia afra) is indigenous to 

the Eastern Cape region of South Africa. Owing to the importance tpat this plant has always 

had in local traditional medicine and, more recently, the discpv~ry that it is the source of a · . 

valuable oil, there has been great interest in its introduction as a commercial "crop". It has thus 

been produced successfully <;>Ver the last decade on an experimental basis. Since the plant is 

indigenous to the area, it can be produced on normal arable land with little management input. 

Financial returns from even a poor crop of the plant can be more than 50-fold the return from 

the more conventional crops such as maize or sorghum. However, the sustainability of this high 

profit production system is in question as there is evidence to suggest that there may be 

significant deleterious effects on the s i , \l',-~l!,Pll-~ the introduction of this plant. 

Growth inhibition of a number of crop 

with this plant genus. Experiments w e 
, in particular, are thought to be linked 

establish whether the development of 

bare patches around the growth zones o Tni=o-n1-.::ant were the result of the accumulation of 

allelochemicals from the exu • • oij c :;~~~~=·tissue of this plant. Extracts 

from the leaves, stems and roots 1;f)Wet~filit!1li.M l/f !lqifeous extracts of the soil on which 

the plants were growing were assayed for their potential inhibitory effects on the germination 

and seedling vigour of the seeds of selected food crops, represented by a grass, maize (Zea mays 

cv. SNK 247), a broad-leaved dicotyledon, speckled sugar bean (Phaseolus vulgaris) and a 

forage grass species, Italian rye grass (Lolium perenne). Distilled water and aqueous extracts 

of soil from adjoining land with similar soils on which, however, Artemisia had never been 

grown, were used as controls. The extracts from the soils on the test sites and the plant extracts 

showed statistically significant (P < 0.05) inhibitory effects. However, increased dilutions (1: 1, 

1:2, 1:2.5 and 1:5) of the "original" extracts resulted in proportional increases in germination 

and dry matter yield, indicating a marked decrease in inhibition. In the control extracts, 

germination and seedling vigour occurred without signs of impairment. The leaf extracts were· 

the most inhibitory, followed by extracts from the other parts of the plant, the stems and roots, 

between which there was no significant (P < 0.05) difference. The soil extracts showed the 
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least efficacy. Inhibitory effect was markedly reduced after the 1:2 dilution of all original 

extracts tested on rye grass. This was less pronounced with maize and bean. Generally, effect 

on germination was more pronounced than on seedling vigour, indicating that germination is the 

main limiting factor and once seeds are able to germinate, affected seedlings manage to adjust 

gradually and approach "normal" growth. Analyses were also carried out to establish the nature 

of the compounds present in the soils on which Artemisia had been grown in comparison to 

similar soil left fallow. Soil analyses included physical tests, particularly structural stability of 

soil aggregates to examine the effect of released compounds from roots of Anemisia afra on the 

rhizosphere of "normal" agricultural lands. Root exudates of A. afra significantly (P < 0.05) 

increased the structural stability of aggregates of soil planted to this shrub. Organic compounds 

in soil planted to A. afra were, in ge.~........,......-..~~....___..yf unsaturated hydrocarbons, carbonyl 

compounds and benzenes. The compo n , bsent or present only in small amounts 

in the control soils. These compounds a high degree of certainty, considered 

to be responsible for the allelopathic e ith Anemisia afra. 

University of Fort Hare 
Together in Excellence 
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1. INTRODUCTION 

Interaction between higher plants is very complex with several phases including the concept of 

competition and that of biochemical inhibition or allelopathy (Muller, 1966). Interactions among 

and between plant species can be attributed to such specific factors as competition for nutrients, 

water and light; susceptibility or immunity to insects and diseases including viruses; and the 

effect of other environmental stresses. However, it has become increasingly apparent that there 

are other interactions which involve released substances from one plant, that have an influence 

on another plant, particularly an inhibitory effect known as allelopathy {Tukey, 1969; Putnam 

and Duke, 1974; Whittaker and Feeny, 1971). Specifically, Rice (1983) defined allelopathy as 

any direct or indirect harmful effect by one plant on another through the production of chemical 

compounds that escape into the environu,rt·tr,;t' 

These allelopathic interactions between 

micro-organisms (Putnam, 1984). Alle 

e effects mediated through associated 

n recognized as a powerful ecological. 

factor capable of altering the structure, funct1 d composition of many plant communities. 

Plants shown to exhibit allel Ja • • ~jaRJrla.J;I hfus of the genera; Artemisia, 
. Together in Excellence 
Eucalyptus and Salvia species (Putnam, 1984). One striking characteristic about such aromatic 

shrubs is the release of chemical compounds into the rhizosphere (root zone) in phytotoxic 

concentratio_ns which results in the growtb inhibition of other plants. 

The biochemical • substances involved in allelopathic interactions have been termed 

allelochemicals and they belong to a group of materials collectively known as secondary 

metabolites, which are widely distributed in plants (Putnam, 1985). Such chemicals enter the soil 

by rain leachings from foliage, by exudation from living plant parts, during decomposition of 

plant residues or as microbial by-products of residue decomposition {Tukey, 1969; Rice, 1974; 

Harborne, 1982). 
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It has been suggested that allelopathy may be involved in shifts in species distribution and the 

increase in dominance by certain annual and perennial weeds in a variety of agro-ecosystems 

(Muller, cited in Mersie and Singh, 1987). It is obvious to anyone concerned with agriculture 

that weec;Is often .exert harmful interference on crop growth. Althoug_h weed scientists have . . . . 
performed numero~s weed:crop 'competition studies', seldom has allelopathy been considered 

or mentioned and certainly never eliminated as a possible mechanism (Putnam, 1984), especially 

as it relates to weed control (Leather, 1987). 

Special interest has been devoted to chemical characterization of the compounds excreted from 

higher plants into soil and to the determination of their phytotoxic activity. These investigations 

were aided by the introduction of improved methods of chemical identification, such as paper 

and gas chromatographic techniques, o 11_ e possible more and more frequently to 

identify even small amounts of liberat 

In an attempt to elucidate the allelopath 

cited in Rice (1979) suggested that 

oth higher and lower plants, Akehurst, 

e produced by blooms of algae and that these 
might cause algal succession Mil'\cl'lltA-OL.1:n11n~~e 1 d..!fl(tl1~mers. He also stated that long 

chain fatty acids have long been '{~§lltf Cf fo We if £B5~'l1illelochemicals produced by algae. 

These compounds were recently reported to be potent toxins in decaying residues of a higher 

plant, Polygonum aviculare (Alsaadawi et al., 1983). 

Muller, cited in Rice (1985) established that several species of Salvia and Anemisia have been 

found to produce volatile compounds which inhibited growth of test plants in a Salvia and 

Anemisia stand. 

Since plant chemicals are involved in allelopathy, it is of interest to identify potential 

allelochemicals, monitor their release into the environment, as well as the quantity and extent 

of release. It is also important to assess the mechanisms of inhibition of growth of other 

associated plants. 
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2. LITERATURE REVIEW 

2.1. Chemical Nature of Allelopathic Agents 

Allelopathic compounds consist of a wide variety of.chemical types. Rice (1985) established that 

these allelochemicals arise either through the acetate or shikimic acid pathway. He also stated· 

that these compounds range from very simple volatiles and aliphatic compounds to complex, 

multi-ringed aromatic compounds. 

This is illustrated in fig. 1. 

University of Fort Hare 
Together in Excellence 
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I. HYDROLYZABLE TANNINS 

· • • carbohydrate ~- ! l )!GALLIC ACID, etc. 

pyruvate 

debydroshikimic acid 

1 
shikimic acid 

1 

E. GALLIC ACID and PROTOCATECHUIC ACID 

D. NAPHTHOQUINONES a11<lANTHRAQUINONES 

K. AMINO ACIDS and POLYPEPTIDES 

L. ALKALOIDS and CYANOHYDRINS 

M. SULFIDES and MUSTARD OIL GLYCOSIDES 

. amino acids --s::;.;.------~ N. PURINES and NUCLEOSIDES 

acetate E. SIMPLE PHENOLS, BENZOIC ACID, and 

mevalonic 

acid 

J. TERPENOIDS 

and 

STEROIDS 

DERIVATIVES 

CINNAMIC ACID 

OUMARINES 

FLAVONOIDS -......::-., I. CONDENSED TANNINS 

University of Fort Hare 
A. WATEkQ ij, d1<9 f8.Jl<t.. , STRAIGHT CHAIN ALCOHOLS, 

ALIPHATIC ALDE~YDES, and KETONES 

B. SIMPLE UNSATURATED LACTONES 

C. LONG - CHAIN FATTY ACIDS and POLYACETYLENES 

D. NAPHTHOQUINONES, ANTHRAQUINONES and COMPLEX QUINONES 

E. PHLOROGLUCINOL and POLYPHLOROGLUCINOLS 

Fig 1. Chemical categories of allelopathic compounds with probable major biosynthctic pathways 

leading to their production. Source : Rice (1985) 
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Several organic acids such as malic, citric, acetic and tartaric acids in fruits, are often 

concentrated enough to inhibit germination of seeds inside the fruits and the presence of 

acetaldehyde in unripe grains of corn and unripe seeds of peas prevents them from germination 

(Evenari, 1949). The type of allelochemical present has been found to. vary with different plant 

species. Patrick (1971) discovered that acetic and butyric acids were among the toxins produced· 

during decomposition of rye residues and salts of acetic, propionic and butyric acids were the 

major phytotoxins produced in decaying wheat straw (Borner, 1960; Tang and Waiss JR., 1978). 

Rice (1985) stated that Juglone (5-hydroxy-1, 4-naphthoquinone) is the only quinone identified 

as an allelopathic compound from higher plants. In an experiment to investigate the toxic 

influence of Walnut trees on other plants in their immediate vicinity, Gries (1943) showed that 

Juglans nigra and Juglans cinerea co tainW~1e/ (l.~aJJltl
0.t· es of hydrojuglone in the root bark as 

well as in the leaves and in the fru t ed that this compound, which is not 

phytotoxic, is oxidized immediately o ·r into toxic juglone. 

Muller (1966) reported that h wo z:£:lllr-lCl..1!! m1119n~groups of inhibitors in plants center about the 
terpenes and the phenols an~, .. ~'-l'U." - s r 1 ll1im:t\'Jl'Wetically related, the terpenes 

through the isoprene pattern and T6lfJpi{Sfdi/ 1thfuo~ 1lieHfene. In agreement with this, Rice 

(1985) stated that simple phenols, phenolic acids derived from benzoic acid and those derived 

from cinnamic acid have been the most commonly identified allelopathic compounds produced 

by higher plants and the most common allelopathic compounds identified in soil under 

allelopathic plants are p-hydroxybenzoic, vanillic, p-coumaric and ferulic acids. This is 

confirmatory to the findings of Borner (1960) who -stated that, experiments on the chemical 

structure of inhibiting compounds from cold water extracts of straw of barley, rye and wheat and 

also alcoholic extracts of roots of these plants, contain ferulic . acid (4-hydroxy-3-

methoxycinnamic acid), p-coumaric acid ( 4-hydroxycinnamic acid), vanillic acid 

(4-hydroxy-3-methoxybenzoic acid) and p-hydroxybenzoic acid. 

Coumarins are lactones of Q-hydroxycinnamic acid in which side chains often are isoprenoids. 

Coumarin, esculin and psoralen (a furanocoumarin) all strongly inhibit seed germination _and 
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these are produced by a variety of legumes and cereal grains (Rice, 1985). 

Flavonoids are widespread in higher plants and a few have been impli~ated in allelopathy. It 

has been observ~ that numerous flavonoids and their glycosides are inhibitory to nitrifying 

bacteria (Rice and Panchol y, 197 4). 

Robinson (1983) stated that higher plants produce a great variety of terpenoids but only a few 

have been implicated in allelopathy. However, monoterpenoids are the major components of 

essential oils of higher plants and they are the predominant terpenoid inhibitors that have been 

identified. Many fungi (Owens, 1969) and algae (Fenical, 1975) also produced terpenoid 

allelochemicals. 

Muller et al. (1964) discovered that t 

including Artemisia californica, inhib 

( Cucumis sativus L.). Further experim 

nds in the leaves of aromatic shrubs, 

f oat (Avena fatua L.) and cucumber 

that the volatile terpenes could escape 

into the atmosphere, become adsorbed ont • particles and, possibly, enter the seedling . . 
through the waxy cuticle of t - _.,,. J...,.,,.,,..,. A.1...,.,,.,1

.&.'°"6" ....... ...,i ... 'f!1.n_ .. s_ -u ,Ii , ). Phytotoxicity by terpenes 
. . Taaether in F.xcellence . 1s highly dependent on weather conctrnons, particularly temperature and m01sture (Kelsey et al., 

1978). This confirms the observation of Halligan (1975) who stated that soil toxicity from 

adsorbed terpenes diminishes rapidly after wetting, therefore, any terpenes that might have been 

adsorbed during a short dry period would have been lost during an ensuing rainy period. This 

explanation was given, following an experiment on soils of Anemisia tridentata subspecies 

vaseyana, in which relatively no monoterpen_es were found, due to a high moisture content of 

the soil. Another reason given for the low terpene concentration was that the soil used for the 

analysis (sandy loam) had an abundance of sand and large particles that lack fixation sites. 

Although monoterpenes were minimal in the soils, three sequiterpene lactones (arbusculin -A, -

B and -C), two coumarins (unbelliferone and isoscopoletin) and an, unknown flavonoid were 

identified in the soils beneath sagebrush plants (Kelsey· et al., 1978). 
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·Graven et al. (1990) reported that the major chemical components of Anemisia afra volatile oil 

are: camphene, 1, 8 cineole, a-Thujone, 0-Thujone, camphor and a-pinene. In a capillary gas 

chromatographic/mass spectrometric analysis of Anemisia monosperma and Anemisia judaica~ 

fresh plants, Saleh (1985) reported that volatile oil of Anemisia monosperma was found to be 

made up primarily of highly unsaturated hydrocarbons and aromatic acetylenic compounds with 

3-methyl-3-phenyl-1,4 pentadiyne being the major component. Volatile oil of Anemisia judaica, 

on the other hand, was found to be a mixture of esters, ketones and aldehydes in which 

pipertone is the major component. 

There are only a few instances in which amino acids have been implicated in allelopathy and, 

in most cases, the specific amino acids have not been identified (Rice, 1985). Owens et al. 

• (1972) reported that Rhizobitoxine, a o .-. ~ ,..,1-..a&...1~•~' •,-.•n.-1 acid is produced by certain strains of 

. Rhizobium japonicum and several of t 1 r duced by pathogenic micro-organisms 

are polypeptides and related glycopept d 1 

Niemann, cited in Bomer (1960) showed th,r+-+w~ its of numerous plant species . . 
excrete ninhydrin-positive o S n h r od. Later, other authors 

. . Toaether in E ·cellence . successfully identified numerous lTherateo ammo acids and sugars from swelhng seeds of secale 

cereale, Triticum aestivum and Hordeum vulgare, as well as Trifolium repens, Lolium perenne 

and Anemisia absinthium (Linskens and Knapp, cited in Bomer, 1960). In a study by Putnam 

and Schmidt (1959) on the free amino acid fraction of soils, they reported small but detectable 

amounts of free amino acid. However, McCalla and Haskins (1964) stated that, under usual soil 

conditions, it is unlikely that free amino acid concentrations will become sufficiently high to be 

toxic to plant growth. 

Cyanohydrins have been implicated in allelopathy in several instances. Akazawa et al. (1960) 

found that dhurrin, a cyanohydrin, occurs in grain sorghum seedlings and the seedlings contain 

enzymes that hydrolyze dhurrin to glucose, HCN (hydrogen cyanide) and p-

hydroxybenzaldehyde. Both HCN and p-hydroxybenzaldehyde are potent allelochemicals 

(Putnam, 1984). HCN and benzaldehyde are produced by the hydrolysis of amygdalin which 
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has been identified as being responsible for the peach re-plant problem in old peach orchards 

(Patrick, 1955; Borner, 1960). 

Many ~tibiotics produc~ by various micro-organisms are nucleosi~~s. Among th~se are 
nebularine, cordycepin and nucleocidin (Rice, 1985). In higher plants, purines have also been. 

found to be involved in ·alielopathy. One of the known purines shown to be involved is caffeine 

· (Chou and Waller, 1980). Evenari, (1949) included caffeine as an alkaloid and one of the most 

potent in the inhibition of seeds. 

2.2. Factors Affecting Amounts of Allelopathic Compounds Produced by Plants 

Certain factors are known to affect th aro,~.'Jr,~~,c,~f',f athic compounds released by plants. 

These include soil moisture, levels of 

Gilmore (1977) examined the effects T~.,_.,,..,._._ , ess on loblolly pine (Pinus taeda) and 

reported that a-pinene concentration was ""'""''''""- ease in water-:stressed loblolly pine 

whereas .8-pinene, myrcene auH : i • ~ l~1-~~~test, Rice (1979) stated that 

camphene concentration increased ~~~@(JiJlltAf'srJlf/Uieone test year and decreased during· 

the second test year. 

Sarkar and Phan (1974) reported that the amount of total phenols in carrot roots increased five-

fold after a 3-day exposure to ethylene, and seven-fold after a 7-day exposure. In their test, they 

also observed that more than four new phenols were produced which do not occur normally in 

carrot tissues. This mechanism could certainly enhance the effect of ethylene as an allelopathic 

agent. A large increase in the concentration of the isomers of chlorogenic acid was observed 

in extracts. of sunflowers grown under phosphate-deficient conditions (Koeppe et al., 1976). 

Moreover, more phenolic compounds were leached from the living intact roots, dried roots and 

tops of phosphate-deficient plants than from phosphate-sufficient ones (Rice, 1979). 
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2.3. Some Mechanisms of Action of Allelopathic Agents 

Evidence has been accumulating over many years that plants can influence each others' growth 

by means of exudates (Rice, 1974). However, there is still only fragmentary evidence on the 

particular processes in the receiving plant, that are primarily influenced by the exudate (Newman 

and Miller, 1977). One relatively common mechanism of action of allelopathic compounds is 

the reduction in uptake of minerals by plants (Rice, 1979). 

Muller (1966) postulated that inhibition of seedling growth by terpenes is due to the 

accumulation of this compound in the cutin of root epidermis as the roots come into contact with 

soil particle surfaces. Dissolved terpenes move throu h lipid layers of the cell wall into the 

protoplast where they disrupt vital func • • 1& components. Though the nature of this 

inhibition is not fully known, Muller € 
division in severely inhibited seedling . 

growth inhibitors, seem to suppress m1 

weed residue inhibit growth and reduce dry wi • . . 

what appears to be a failure of cell 

nes, like several other kinds of plant 

d Singh, (1987) reported that lantana 

and virginia pepperweed. TULn-ar.1mMten~t.-eJ(fU~~t10ffS h 

om, wheat, soybean, velvetleaf 

effect were the inhibition 
. . . . Toaether in Excellence of cell d1v1s1on and cell elongation ui' roots. 

Danks et al. (1975) also investigated the mechanism of action of phenolic acids in rose cell 

suspension cultures. They observed that, the phenolic acids did alter the flow of carbon from 

protein and carbohydrates to lipids in the cultures, explaining the growth and germination 

inhibition caused by phenolic compounds. 

In an attempt to elucidate the effect of allelopathic compounds on mineral absorption, Yoder and 

Scheffer (1973) exposed susceptible com roots to the host-specific toxin of Helminthosporium 
carbonum Ullst. race 1. They observed that com roots removed nitrate from solution and 

accumulated it in tissues twice as fast as did control roots. After further tests, they concluded 

that the enhanced nitrate accumulation was caused by increased uptake rather than by decreased 

nitrate metabolism or decreased nitrate leakage. In a similar test, Frick et al. (1976, 1977) 
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reported that the Helminthosporium maydis race T toxin inhibited K+ uptake by com roots. 

Inhibition was more pronounced in highly susceptible lines. 

Another and more direct way, that allelochemicals may inhibit ion absorption by plants is by 

inhibiting plasma membrane7beund A TPases that are . involved in ion transport (Balke and 

Hodges, 1977). Balke, cited in Rice (1979) surveyed various phenolic compounds for their 

effects on K+ absorption by excised oat (Avena sativa) roots and on ATPase activity of plasma 

membrane vesicles isolated from oat roots. He found that the flavonoids were generally more 

inhibitory than phenolic acids at a 104M concentration. The most inhibitory phenolic tested was 

juglone with a 79 % inhibition of K+ absorption and a 42 % inhibition of A TPase activity. Glass 

(1973) showed that various phenolic com a lied at low concentrations, could reduce 

phosphorus uptake by detached roots Ot\'01'811~~0;,2 si ce some of these substances occur in 

plants and soils, they could be involv 

In an experiment to examine the effect ,-. .. ~- --.. s of Anthoxanthum odoratum, rye grass 
(Lolium perenne), narrow • ago lanceolata) and white clover (Trifolium 

repens) on the rate of phos· .. , .. ,."', ..... ft UIJU.4.n'-'- v t e •r-t1zit1'~t ~6¥\rnn.:tR and Miller (1977) observed 
. . Toaether in Excellence . a clear reduction m phosphorus uptake· 'By all species trom Plantago leachate and mcreased 

uptake by AnthoxanthunJ from Trifqlium_ leachate. This led to the conclusion that, among 

species which commonly grow together, root exudates from one plant can influence phosphorus 

uptake by another. In some cases, phosphorus uptake is promoted, relative to the control and, 

in other cases, it is inhibited. 

It has been shown that benzoic acids are capable of inhibiting active potassium and phosphate 

absorption as well as depolarizing cell membrane electrical potentials (Glass, 1973, 1974; Glass 

and Dunlop, 1974). It was later established that the major factor in the inhibition of phosphate 

uptake by the benzoic acids is their lipid solubility (Glass, 1974). Gajic et al. (cited in Rice 

1979) reported that addition of 0.8 to 3g/ha. of agrostemmin, an extract from Agrostemma 

githago, significantly increased amounts of easily available phosphorus and potassium in 

manured eroded Chemozems and hydromorphic black soils in Yugoslavia. Results in 
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unmanured soils were variable, but, at least some concentrations of agrostemmin increased 

amounts of available phosphorus and potassium. 

Rhizobitoxine, a substance secreted by certain strains of the bacterium Rhizobium japonicum, 

firstly detected in the root nodules of soybeans has greatly revolutionized· the weedicide industry· 

by the indispensable mechanism with which it acts (Anon, 1969). The substance, very poisonous 

to young plants, has a high affinity for an enzyme that normally promotes the synthesis of 

protein in plant growth processes. It inactivates the enzyme on contact, halting further plant 

development. It is effective in applications as dilute as 85 .2 ml/acre, but causes little harm to 

mature plants. 

It has been established that many facto , environmental, affect the amounts of 

potential phytotoxins produced by all pl' ganisms which, if present in appropriate 

concentrations, can either inhibit or stimulate rowth of other plants. Once the phytotoxins 
• . . 

are produced and escape int 1 ro t, ei • • • omposed either by micro-
. b h . al . Toaether in Excellen e (Ri 1979) Th .al organisms or y c em1c action not--i:nv6lvmg m1cro-organ1sms ce, . us, potenti 

allelopathic effects depend basically on the relative rates of addition of the allelochemicals to the 

environment and decomposition or inactivation. It then becomes abundantly clear that if 

allelopathic compounds which are released into the environment were not decomposed, probably 

no plants would survive. 

In a comprehensive work done by Henderson and Farmer (1955) several fungi isolated from 

soils under a variety of vegetational types were found to attack p-hydroxybenzaldehyde, ferulic 

acid, syringaldehyde and vanillin. These compounds were used as the sole source of carbon by 

the organisms tested. Vanillin and ferulic acid were converted to vanillic acid before the 

breaking of the benzene ring, syringaldehyde was converted to syringic acid and p-• 

hydroxybenzaldehyde was converted to p-hydroxybenzoic acid (Henderson, 1956). These 

intermediate products were found to be attacked by adaptive enzymes and the formation of these 
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enzymes was . greatly decreased by the antibiotic citrinin. All of the intermediate products · are 

toxic to many organisms. So allelopathic effects could continue to be exerted for a prolonged 

period even during decomposition (Rice, 1979). 

Kunc (1971) investigated decomposition of vanillin in a Chemozem soil and reported that it 

decomposes via vanillic and protocatechuic acid before tlie aromatic ring opens. During 

incubation of the soil with vanillin, the number of bacteria capable of using vanillin as the sole 

carbon source increased. Of the twenty-one strains isolated, fifteen were identified as 

Pseudomonas spp., five as Cellulomonas spp. and one as Achromobacter sp. Ferulic acid is one 

of the major compounds resulting from decomposition of lignin and is thus one of the more 

important phenolic compounds in most soils (Rice, 1979). 

It has been established that tannins 

compounds against most test plant spec 

decompose at least some of these highl 

El generally very inhibitory allelopathic 

LM!ti~\1Ci1ttwsl~ss, there are micro-organisms which can 

unds (Lewis and Starkey, 1968, 1969; 

Grant, 1976). Condensed • T,..,. • .,..r, .... ifficult to decompose and, as a result, they 
accumulate in soil over a lon~~1cYd=~Wtil~e'_ e-'al\,et.lf'an"E!l'l~l,,~13). Grant (1976) isolated 

. f R . .
11

. ad . Tog e ther in Rxcelleuce . h d ed . h a stram o enzcz zum ametzz Za.1. trom ennclfinent cultures wit con ens tanmns as t e 

carbon source. This Penicillium grew well on the low-molecular weight tannins. However, it 

grew poorly on higher molecular weight condensed tannins which indicates it would decompose 

such compounds very slowly. 

Schreiner and Skinner; Fraps; and Funchess, (cited in Mccalla and Haskins 1964) showed that 

the harmful effect of dihydroxystearic acid could be largely overcome by adequate mineral 

fertilization of the plant. However, toxic effects of coumarin arid vanillin were not prevented 

.by the application of inorganic nutrients. Skinner and Noll (1916) reported that vanillin and 

salicyclic aldehyde persisted for several months on a silty clay loam soil. However, in the 

presence of NaN03 , these compounds were found to quickly decompose.· They also observed 

that neither vanillin nor salicyclic aldehyde persisted in limed soil. Truog and Sykora ( cited in 

McCalla and Haskins 1964) explained that finely divided soil materials such as lime, soil, 
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kaolin, or quartz largely neutralized the phytotoxicity of vanillin or guanidine carbonate. 

·2.5. The Role of Allelopathy in Agriculture • 

The concept that one plant can influence the growth of another is well known in agricultural 

plant science (Tukey, 1969). Plant to plant chemical interactions have been well recognized in 

commercial agriculture and, in fact, form the basis of many common agricultural practices. It 

is currently being utilized in modem plant science in the development of bioassay systems for 

detecting growth regulators, detection and eradication of disease and in fruit storage and ripening 

(Tukey, 1969). 

The return of plant residues to the o 

importance, especially in relation 

practices, however, sometimes result • 

n recognized as being of agronomic 

aintenance of organic matter. Such 

ects on succeeding crops. Toxicities 

arising from such residues provide chal ~ --..,:. sand opportunities for agronomists and. 
weed scientists. Where stubble-mulch far • as also been practiced for soil and water 
conservation, toxins from th • o t"R It~ ce11tMn tational crops (McCalla and 

Toaether .in Excellence . . Haskins, 1964). In recent years, 1here has been a movement toward conservation tillage 

(including no-tillage) practices which preserve surface plant residues. These residues can 

influence crop emergence, growth and· productivity and have similar influence on weed 

emerg~nce and growth. Recent work by Putnam and De Frank (1983) and Putnam (1985) 

indicates that management of selected crop residues eg. rye Secale, wheat Triticum and sorghum 

species can greatly reduce weed germination and growth. 

2.5.1. Allelopathic effects of crop plants on other crop plants 

·certain crop plants have been found to produce compounds inhibitory to the growth of the same 

and other crop plants (Rice, 1985). Willis (1985) substantiated the findings of McCalla and· 

Haskins (1964) by establishing that phytotoxic allelopathic effects on plants have been associated 

with certain agronomic practices where specific plant species grown in rotations were found to 
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be compatible, while others were incompatible with those that followed. 

The auto-inhibitory effect displayed by some crop plants has been demonstrated in a number of 

studies. . For example, th~ unharvested parts of rice plants are customaply mixed with ~e soil 
through -ploughin~ or other mechanical manipulation, because this h~ • been thought to be 

beneficial. It _has been commonly observed, however, that productivity of the second rice crop 

in a paddy is less than that of the first crop. After a comprehensive study on the effects of 

decomposing rice residues in soil on the growth of rice plants, Chou and Lin (1976) observed 

that aqueous extracts of decomposing rice residues in soil inhibited radicle growth of rice 

seedlings and growth of rice plants. The authors then concluded that the decline in productivity 

of rice relative to the first crop was d_u_e ___ _.._to_ the allelopathic effects of decaying rice 

residues in the paddy soil. This con 1 i g of McCalla and Dulley (1949), who 

suggested that the detrimental effects n subsequent crops might be due to a 

combination of toxins from the residu -organisms that were caused to grow 

more profusely by substances in the re • 

Wheat (Triticum aestivum LM • , • Iii ur11 ...... , • .r.a.&11·~ ·dergo auto-inhibitory effect. 
. Toa ether. in. Rxcellence. . A study by Kimber (1973) to examme the 1fili101tory effect of wheat straw residues on 

subsequent wheat crops revealed that both nitrogen immobilization and toxins affect the yield 

of wheat when it is grown in the presence of excess straw residues. He also pointed out that 

addition of nitrogen did not overcome the effects of the straw in several types of experiments 

and finally, inferred that this added effect was due to toxins derived from the rotting straw 

(Rice, 1979). 

Walker and Jenkins (1986) reported that sweet potato (Ipomoea batatas (L.) Lam.) interferes 

with crop growth. They observed that sweet potato plant residues inhibited the growth of sweet 

potato vine cuttings and cowpeas (Vigna unquiculata (L.) Walp.). Subsequent research ~y 

Walker et al. (1989) .showed the mechanism of growth inhibition to be reduced uptake of Ca, 

Mg and S by sweet potato plant residues. 

Leon, cited in Rice (1979) observed that the growth of Sorghum (Sorghum vulgare Pers.) in. 
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Senegal, West Africa, decreased markedly when it follows sorghum grown in sandy soil but not 

in soils high in montmorillonite. For an explanation of this observation, he concluded that the 

native microflora in the sandy soils of Senegal were not able to detoxify the soil fast enough to 

prevent inhibition of subsequent crops of sorghum in the same soil. 

Guenzi and McCalla (1962) also reported that com (Zea mays L.) residues were inhibitory to 

seed germination and seedling growth of wheat. Later in 1966, these authors, in a search for 

chemical inhibitors, identified several phenolic acids in mature com plant residues and all were 

found to be inhibitory to wheat seedling growth. Guenzi et al. (1967) also reported that the 

toxicity of decaying com residues remained high during the first 22 weeks of decomposition in· 

field tests, but declined thereafter. 

2.5.2. Allelopathic effects of weeds 

In the past few years, with the increase --------- e ore important weed grasses, it has been 
observed under field condif grasses tend to predominate (Schreiber and 

Williams, (1967). Approxi~.J!l,1~• •1 /9'~;~:,.ies ti~1-SLnlB.V€}1lJe~ eported to have allelopathic 
. _ Toaether in Ex ellence . • potential but many of those have not~oeen testea agamst crop plants (Putnam 1984; Rice 1985). 

One might, however, speculate that aggressive perennial weed species that quickly gain 

dominance may do so by allelopathic mechanisms (Putnam, 1985). 

Naqvi (1972) found in greenhouse and field tests, that Italian rye grass (Lolium multiflorum 

Lam.) suppresses germination and growth of many species in its vicinity. Later, Naqvi and 

Muller (1975) reported that leachates from the above ground parts caused by artificial rain and 

of soil previously occupied by Italian rye grass and decomposing residues were toxic to seedling 

growth of oats, Bromus species lettuce and Trifolium species. 

Holm, cited in Rice (1985) listed purple nutsedge (Cyperus rotundus) as one of the ten worst 

seeds in the world. Rice (1985) established that interference by this weed caused reductions in 

yields of various crops ranging from 23 to 89 % even on the basis of average effects of various 
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weed densities. It is noteworthy, that numerous workers have found purple nutsedge to be 

strongly allelopathic. Friedman and Horowitz (1971) observed that soil previously infested with 

this weed for 9 to 12 weeks significantly reduced germination of mustard, barley and cotton 

seeds. 

Growth and yield reductions of com by infestations of giant foxtail (Setariafaberii Herrm.) have 

been well documented and these reductions were always ascribed to competition until Schreiber 

and Williams (1967) demonstrated that decaying roots of giant foxtail inhibited growth of maize· 

roots markedly. This result occurred in spite of addition of sufficient nitrogen to reduce the 

short term effect of a high C/N ratio of the added organic matter, indicating an allelopathic 

effect. 

There is considerable evidence now to u _ of the more aggressive perennial weed 

species, including quackgrass (Agropyn n1rm~611 ow nutsedge ( Cyperus esculentus) may 

impose allelopathic influences, particul s released from their residues (Putnam, 

1985). Recent studies also indicate that grass residues release compounds that are 

inhibitory to root growth, n ! • b • t i {e - • f. number of legumes. This 

confirms the findings of Schreiblr0cfli~t \\~ifli~7fuff&J.w7}gferred to above. Rasmussen and 

Einhellig (1975) demons1:fated that aqueou_s extracts of milkweed (Asclepias syriaca L.) leaves 

significantly inhibited growth of grain sorghum seedlings and also observed that reduced 

concentrations of the extracts resulted in proportional increases in yield. They isolated two 

phenolic toxins, both of which inhibited seed germination of sorghum and radish. 

2.5.3. Possible use of allelopathy in biological weed control 

Research in allelopathy has focused mainly in the areas of agriculture, forestry, phytopathology, 

patterning of vegetation, algal succession and old-field succession. Successful biological control 

of weeds is limited to a few instances where introduced predators have reduced populations of 

a target species (Putnam and Duke, 1974). These authors stated that no biological methods have 

gained wide acceptance for selective use in agronomic crops. They further stated that, although 
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plant breeders have successfully incorporated both insect and disease resistance into cultivars of 

many crops, there has been no concerted effort to develop crops with superior competitive ability-

with weeds. However, an observation made by Muller, cited in Putnam (1985) indicated that, 

black· mustard (Brassica nigra) can form almost pure stands after invading annual grasslands of 

coastal Southern California. This was attributed to inhibitors released from the dead stalks and • 

leaves which do not allow germination and growth of other plants. Similar results could 

therefore be exploited with crops, specifically to achieve almost pure stands of crops ( over 

weeds) by use of an allelopathic mechanism. 

Direct utilization of principles of allelopathy as a weed management strategy has been recently 

attempted by some weed scientists (Putnam, 1985). Two documented approaches cited in 

(Putnam, 1985) are as follows: firstly, o"SCt~31Jill thic types in germplasm collections 

of crops, the idea being to ultimately tr ~,,,,.--....... into cultivars by either conventional 

breeding or other genetic transfer tee weed suppressing types have been 
reported from searches of cucumber (C"'.., .. ,, •• ., utnam and Duke, 1974); oat (Avena· 

et al., cited in Putnam, 1985 . 1 p "'t)t:,--1.JaN.iet.11:MtV'-Suited to crop plants that are 
. . eel • h. h d . Tnaether in Excellence d ) . rf .t' mamtam m 1g ens1ty monocunntes ·(growmg crops m pure stan s 1.e tu grasses, 1orage 

grasses, or legumes. Another approach has been to utilize allelopathic rotational crops or 

companion plants in annual or perennial cropping systems. Living rye (Secale cereale L.) and 

its residues have been shown to provide nearly complete suppression of a variety of agro-

ecosystem weeds (Barnes and Putnam, 1983). Similarly, residues of sorghum, barley 

(Hordeum), wheat (Triticum) and oats can provide -exceptional suppression of certain weed 

species (Putnam and DeFrank, 1983). 

Another input on screening was done by Fay and Duke (1977). The authors screened three 

thousand accessions of the U.S.D.A. World Collection of Avena subspecies germplasm for their 

ability to exude scopoletin, a naturally occurring compound shown to inhibit root growth. They-

observed that plants grown in close association with the toxic accession exhibited severe 

chlorosis, stunting and twisting, indicative of chemical (allelopathic) effect rather than simple 
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competition. 

Swain (1977) reported that over 10, 000 low-molecular weight secondary products have already 

been isolated from higher plants and fungi. Some of these chemicals or their analogs could 

provide important new sources of agricultural chemicals for the future. 

There is considerable interest within industry on at least two approaches involving 

allelochemicals for weed control. One involves the production of crops (perhaps through genetic 

engineering) which can either themselves suppress associated weeds or provide a source of 

chemicals to suppress the weed (Putnam, 1985). Another approach mentioned by the author is 

to produce natural herbicides through batch culture with micro-organisms. Two phosphonated 

amino acid herbicides (bialophos and ~~~t~;1~1ftJ'}r h already been discovered using this 
approach. 

Classic seed burial studies indicate that ies maintain viability after 80 years, 

with one species (Verbascum • t-n-1-nA•""mating after 100 years, due to long viability 

caused by chemical inhibito -WI'ttmi~ .t fbUl:ll- - ... nam, 1984; 1985). These 

specialized allelopathic chemicalsi;~s!P~iM~eycfil!cPlf£ prevent decay of the seeds by 

micro-organisms (Rice, 1977). Rice (1985) explained that this effect is due to unsaturated 

lactones and phenolic compounds present· in many seeds which are potent ·antimicrobial 

compounds. Fruits and seeds are also known to contain diverse germination inhibitors including 

phenolic compounds, flavonoids and/or their glycosides and tannins. Unique methods to destroy 

inhibitors could then provide an excellent weed management strategy (Putnam, 1985). 

It should perhaps be noted that, as Putnam (1985) observed, the ·major challenges to weed 

scientists are to minimize the negative impacts of weed allelopathy on crop growth and yield and 

to exploit allelochemicals as additional crop protection strategies. 
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2.6. Roles of Allelopathy in Natural Ecosystems 

• 2.6.1. Patterning of vegetation 

Patterning refers to the spatial arrangements .of individuals which are visually apparent in the 

field, such as bare areas under certain tree species (Rice, 1979). Many ecologists have 

attempted to explain the patterning of vegetation and the general distribution of plants largely 

on the basis of competition. There is little doubt that competition always plays a role in spatial 

distribution, but there is growing evidence that allelopathy probably plays a role also in most, 

if not all, spatial distributions of plants (Bell and Muller, 1973). This is observed where distinct 

zones of inhibition are present under and adjacent to a variety of woody species and, often, 

toxins from their litter are implicated ('f~J.,~¥~~-LJ!~.1:p~~uy 

s nearly pure stands, or as individuals 

spaced in rather specific densities or co is is characteristic of several weeds in 

the mustard family which tend to form ~~,~~•!;!_.pure stands after invading grasslands or 

agricultural lands (Putnam, 1 ~ i • . Ol1JlJ.n(illls zones of inhibition around 

which few, if any, aliens are all~ eJ/lftfvilie~ XffrJ!~'{fafterns often cannot be adequately 

explained by competition alone and are probably caused by a combination of factors including 

allelopathy. The phenomenon happens with herbaceous plants as well as woody, shrubs and trees 

(Putn~m, 1985). Ecologically significant biochemical interaction among plants may take a 

variety of forms, ranging from stimulation to inhibition (Muller, 1966). 

2.6.1.1. Patterning due to allelopathic effects of grasses 

Rasmussen and Rice, cited in Rice (1985) observed that a small grass, Sporobolus pyramidatus,. 
often extended the size of its stands in the University of Oklahoma Golf course from a few 

plants to large areas in a short time in spite of a heavy stand of bermuda grass, ( Cynodon 
dactylon), a more robust plant. They subsequently obtained overwhelming evidence that 

S. pyramidatus is able to spread rapidly into heavy sods of bermuda grass or buffalo grass 
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(Buchloe dactyloides) because it produces toxins that are exuded from living roots or diffuse 

from decaying roots or shoots and inhibit seed germination and growth of these species. Chou 

and Young (1975) surveyed twelve species of subtropical grasses for the presence of 

phytoto~ins.. Six phenolic acids were identified in ether extracts of the _twelve species and they . . . 
were differentiallr distributed in the grasses. Most of the compounds were also found in soil 

collected from under the various species in the field and control soil with no grasses or other_ 

herbs had significantly lower concentration of the phytotoxins than did the grass soils. The 

authors suggested, therefore, that the phytotoxins in soils under the test grasses probably 

originated from the grasses due to leaching from the plants during rain, exudation from the 

roots, decomposition of grass residues, or combinations thereof. 

encroaches into bermuda grass lawns an -----~~:;___,i grass dies in patches of prostrate 

knotweed while bermuda grass at the eed patches turns yellow. Alsaadawi 
and Rice (1982) collected soil samples fr e wo grasses and performed germination 

experiments on bermuda grass seeds using s • m under bermuda grass as controls. They 

further performed seed germ J • • · 1 ~rc~v.~n--teM~'r-4-l'-JJL- bermuda grass, using root 
. Toa ether in Excellence . . exudates, decaymg roots and shoots or prostrate -kfiotweea. ln all these tests, seed germmation 

and seedling growth of bermuda grass were inhibited. Alsaadawi et al. (1983) isolated eleven-

allelochemicals inhibitory to growth of bermuda grass from soil under prostrate knotweed and 

none of these occurred in soil under bermuda grass. Four of the compounds were found to be 

phenolics and seven were long-chain fatty acids. 

In a phytotoxic compound study on grasslands in California, Panova, cited in Rice (1979) found 
' ~---•-•:w.r.:.,...,. 

that the 0-1_0 cm horizon which was most saturated with roots had the greatest inhibitory activity 

regardless of the floristic composition of the particular steppe community under study. 

Newman and Rovira (1975) conducted a study on possible allelopathic interactions, using four 

grass and four forb species. They observed that growth inhibition was significant when 

compared with controls. However, analysis of plants for N, P & K showed that the growth 
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reductions were not due to nutrient deficiencies. Rice (1979) therefore, stated that only organic 

compounds have been considered to be allelopathic agents. He also established that most, if not 

all, organic compounds which are inhibitory at a certain concentration are stimulatory to the 

• same allelopathic process at lower concentrations. 

2.6.1.2. Patterning due to allelopathic effects of shrubs 

Numerous investigators have presented evidence that many species of Artemisia have allelopathic 

effects against neighbouring species and a considerable volume of recent research on allelopathy 

in shrubs as related to grasslands, has concerned this genus. Much of this research has focused 

on the identification of phytotoxins produced by this shrub and also the mechanisms of action 

(Rice, 1979). Hoffman and Hazlett (19 1} t'e~~,_.rru extracts of Artemisia tridentata litter 

and foliage extracts of this and several 

numerous species associated with Arte i 
the foliage were also tested against seed , 

where germination was inhib • • 

They then concluded that th 

rtemisia against seed germination of 

onditions. Volatile compounds from 

e authors reported numerous _instances 

nPr"IP4i.!---n,nile in others, germination was stimulated. 

influences of Artemisia on 

The phenomenon of patterning of vegetation was clearly demonstrated in a natural, uncultivated 

grassland in Southern California by Muller (1966). The author reported bare areas of inhibition 

adjacent to a soft chaparral vegetation formed by Salvia leucophylla and Artemisia californica 

shrubs. He observed that under and between Salvia and Artemisia shrubs and in the first two 

meters beyond the shrub crowns, the soil may be completely barren of herbs or it may exhibit 

sparsely scattered stunted seedlings of a few annual species. The third to sixth meters beyond 

the shrub bear dense but stunted few species. However, more than six to ten meters beyond the 

shrubs, this inhibited vegetation gradually merges with normal grassland, including robust plants 

of species not found closer to the shrubs. The inhibition phenomenon extends far beyond the 

reach of the shrub roots whose lateral extension barely reaches the closest inhibited herbs, falling 

several meters short of uninhibited grassland. This, Muller concluded, suggests that the toxic 
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principle of the shrub is a volatile material which moves in a vapour state. The volatiles 

involved were identified as terpenes, in the forms a-pinene, J3-pinene, camphene, cineole and 

camphor. 

Auto-toxicity is probably of wide significance in plant succession in many kinds of vegetation. 

Muller (1966) observed a localization of young Salvia and Anemisia shrubs outside the area of 

mature shrubs and stated that seedlings of either Salvia or Anemisia are rarely found among 

the mature shrubs even if there occurs abundant open space within the stand. He observed 

deterioration in the interior of the older and larger stand and what seem to be areas of bare soil. 

This led him to suggest that the same allelopathic influence that restricts the growth of annual 

2.6.2. Allelopathic activities of micr 

Soil micro-organisms produce a tre organic substances during the 

decomposition of plant and animal residues an numerous studies have shown that some of these 
substances are phytotoxic • i}{ • : f . t ...,h-'t-t,1-nf't"~·ins can have very important 

Together zn Exce lence 
effects on higher plants, indirectly, tnrough their effects on micro-organisms in the soil, which 

are important to the growth of the higher plants in both beneficial and detrimental ways (Rice, 

1979). 

Kushnir, cited in Rice (1979) found large numbers of bacteria, actinomycetes and fungi in the 

rhizosphere of (Crambe cordifolia Stev.) and (Heracleum sosnowski Mand.), even though these 

two plants are strongly allelopathic. He also indicated that several of the bacteria and fungi were 

found to synthesize allelopathic compounds. This confirms the experimental results of Patrick 

(1955) who indicated that, excreted non-toxic compounds of higher plants may be decomposed 

or transferred by micro-organisms to phytotoxic ones. He also stated that, amygdalin, a natural 

constituent of peach root bark, is non-toxic on peach seedlings, while the break-down product, 

benzaldehyde, shows a considerable toxic effect. 
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Microbes in the rhizosphere can also produce toxic compounds by enzymatic degradation of 

conjugates or polymers present in the plant tissue. Examples of this phenomenon are the action 

of. microbes on the cyanogenic glycosides of johnsongrass (Sorghum halepense) and Prunus 

species to produce toxic H C N and the corresponding benzaldehydes (Conn, 1980). 

Some of the toxic compounds produced by micro-organisms iaclude organic and amino acids, 

numerous antibiotics and substances such as gibberellin. Toxic inorganic compounds also 

produced by soil micro-organisms include nitrites, carbon dioxide and hydrogen sulfide (McCalla 

and Haskins, 1964). 

Turner, cited in Rice (1979) stated that many of the compounds produced by fungi are important 

phytotoxins which can inhibit the growth of hi her Ian ts and of other micro-organisms. He also 

mentioned that many of these com u tl W181£-llrt1oi0'mmt antibiotics which are used in the 

treatment of human ailments. Example 

as aureomycin (Whittaker and Feeny, 1 tibiotics may inhibit germination, root 
growth and production by plants of folia e, pigmen plastids (McCalla and Haskins, 1964). 

Antibiotics produced in vitro by soil micro-org isms may not be produced by them in soil due 

to either inappropriate nutn ·o • Vcfr~Ya • tQI;!ct • [tor in cases where they are 
Toaether in Excellence 

produced, they may be quickly inaclivated by adsorption to soil colloids, by chemical or by 

microbial degradation (Blad and Misaghi, 1985). On the other hand, polar lipids and, to some 

extent, volatile ammonia, produced in soil by actinomycetes and other micro-organisms during 

chitin microbial decomposition, inhibited the saprophytic and pathogenic activities of Rhizoctania 

solani Kuhn in soil (Sneh and Henis cited in Katz et al., 1987). 

In germination tests performed on Latuca sativa and Anastatica hierochuntica, it was observed 

that various isolates of actinomycetes inhibited germination of the test seeds at various rates from 

0 to 96% (Katz et al., 1987). Krasil'nikov, cited in McCalla and Haskins (1964) observed that 

some strains of actinomycetes caused chlorosis of plants such as corn and that, fungi of the 

genus Fusarium caused chlorosis of grapevines. Hodgson et al. (1947) found that filtrates frorri 

crown gall bacteria produced wilting in tomatoes. 

23 



 

 

Penicillium urticae (Bainer), a fungus, isolated from sub-surface tilled soil at Alliance, Nebraska 

was found to produce a toxic material which caused severe stunting of germinating corn. Kent 

and Heatley, cited in Norstadt and Mccalla (1963) identified the phytotoxic substances to be 

patulin, an unsa~urated lactone. They observed that adding patulin to the soil in amounts 

necessary to suppress plant growth to about 50 percent of normal, caused rapid development of 

a new microbial population. Many colonies of mould appeared on the surface of the soil. 

Isolates of these colonies grown in potato dextrose broth developed substances toxi~ to corn 

seedlings. Microscopic examination showed the isolates did not belong to the penicillia. Thus, 

although soils with the larger amounts of organic matter have a greater ability to neutralize the 

phytotoxic effect of patulin, they may have the potential to develop altered microbial populations 

that may produce substances strongly toxic to germinating seeds. 

Vaughan et al. (1983) stated that 

decomposition of plant residues, no 

allelochemicals produced by the 

• they may be, are soon inactivated, 

destroyed or transformed by the soil m~).~~~~3.~-~~t.h .. er fact, which confirms the assumption 

• • ckness' is that, toxicity can be removed by 

steaming soil or treating wi6V1(JIU~ntiG'dlS1 m,,.ilV>i~mf 11 r l1)11.tna!ft!1~riu~ting most micro-organisms 
(Borner, 1960). Together in Excellence 

2.6.3. Allelopathic effects on micro-organisms 

Organic materials which diffuse from roots are probably restricted to the immediate rhizosphere 

and do not exercise a direct influence on other plants. However, it has been shown that these 

materials do affect the micro-organisms of the rhizosphere and may indirectly affect the health 

and nutrition of the plants (Borner, 1960). In addition, Swain (1977) stated that some of the• 

secondary compounds (eg. juglone) that occur naturally in specific plants (in addition to being 

effective allelopathic agents), can also selectively inhibit the growth of micro-organisms and 

thus, protect the plant against attack or invasion by disease organisms. One such plant 

protection mechanism is the production of butyric acid and other phenolic acids during 

decomposition of rye or timothy residues in soil, which have been shown to have nematicidal 
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properties that affect plant parasitic nematodes but not saprophytic species (Sayre et al., cited 

in Patrick, 1986). 

In shoot and root growth tests performed on 21 plant species exposed to the vapours of Anemisia 

tridentata, Weaver and Klarich (1977) observed that respiration rates of soil microbes also 

declined logarithmically with exposure to increasing amounts of volatile Anemisia tridentata 

exudates. 

Moore-Landecker and Stotzky (1974) reported that, during the process of bean and cucumber 

seed germination, certain unidentified volatile compounds evolve which reduce spore formation 

in some fungi. Schenck and Stotzky 1975 also observed that germinating seeds (widely 
II separated taxonomically) , evolved vol til~~!lle1!alW1Ul:<C;5S hich increase the growth of a variety 

ul ted culture medium. They therefore of bacteria and fungi when bubbled t 10 g~h ......... ~........_ 

concluded that, since the influence on 

may probably not be species specific. 

r anisms was similar, the volatile effect 

o se ed an increase in the number of micro-

organisms in the rhizosphere and !1ear set:?s nrmosphere) and deduced that it may be due, 
in part, to volatiles and not exc~.lt!SitVeiy 1 o900tina-~r-relblsed by· the plants. 

Together in-Exce ence 

2.6.4. Algal allelopathy and its·ecological role 

The incidence of allelopathy in the aquatic environment has also been demonstrated by a number 

of scientists. Keaton (1978) observed that as lakes age, there is a replacement of diatom blooms 

of mesotrophic lakes by the blue-green algal blooms, more typical of eutrophic lakes. Further 

examination of the relationship between blue-green algal populations in Linsley Pond, 

Connecticut and diatom populations revealed that, cell-free filtrates of axenic or bacterized 

cultures of the dominant blue-green algae from the pond inhibited the growth of diatoms isolated 

from the same pond. Filtrates of cultures of planktonic bacteria growing on 14C-glycolate, were 

found to contain high molecular weight organic compounds. Subsequently, it was demonstrated 

that in both nonaxenic cultures of algae and in lake water, bacteria utilize low molecular weight 

extracellular metabolites of algal origin and form higher molecular weight compounds. Such 
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chemical interactions can result in compounds, either inhibitory or stimulatory to both algae and 

bacteria. 

Murphy et al. (1976) reported that excretion of hydroxamate chelators by certain blue-green 
. . . . . . 

algae ties up iron _ahd makes it unavailable to other algae, thus inhibiting their growth. This, 

they stated, is definitely"an allelopathic action because the resulting iron deficiency resulted from 

the addition of an organic compound to the environment. 

Boiko, cited in Rice (1979) observed that water extracts and volatile excretions of certain species 

of lichens and moss were inhibitory to radish seed germination, whereas extracts of some moss 

species were found to be slightly stimulatory. -----------

Booth, cited in Lund (1967), reported ta d 'deserts' or 'dust bowls', algal crusts 

osion and permit re-colonization by 
u~~:e=, -=t'"~'t, ~.llt , cited in Lund (1967), who observed a 

may bind soil particles together cl 
Angiosperms. 

reduction in soil erosion b Tr,,,,.....,..,, nn~at1cm in Arizona. A soil aggregate stability test 
conducted by McCalla (194 -t~~!ttq:1\a·fg t "tt • fungal hyphae parallels the. 

rise and fall respectively of aggtPjrl~tibiiUy~-IRSMm~Ctfie role of fungi as effective soil 

binding agents, though their influence is of short duration (Griffiths and Jones, cited in Molope 

et al., 1987). 

The allelopathic interaction of Artemisia tridentata, Artemisia califomica and other Artemisia 

species have been thoroughly investigated (Halligan, 1973; Hoffman and Hazlett, 1977). The 

predominant aromatic species found in the Eastern Cape region of South Africa is African 

wormwood (Artemisia afra). It occurs mainly in rangelands but occasionally found in croplands. 

However, there is no evidence of research on the phytotoxic compounds associated with this 

species and its impact on agronomic crops as well as the soil, hence the need for this study. 
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3. MATERIALS AND METHODS 

3.1. Introduction 

Routine analyses were done on the different soils -to check for trends with respect to nutrient 

status, pH, organic matter content and physical properties, including structural stability of soil 

aggregates. 

With regard to the effect of differences in soil chemicals arising from the presence or absence . 

of Artemisia, one laboratory and one greenhouse experiment were conducted in 1994. The first 

. experiment involved seed germination and seedling vigour tests, using maize (Zea mays cv. SNK 

247), speckled sugar bean (Phaseol . ?'1 ian rye grass (Lolium perenne) as 

indicator plants. Both hot and cold w t ....-----.....-----.... e test plant (Artemisia afra) materials 

were used in these tests. 

identification of organic compounds 

identification was done by chromatographic 1ques. 

• men ts involved the extraction and 

n which the test plants grew. The 

University of Fort Hare 
3.2. Soils Together in Excellence 

3.2.1. The soil environment 

The study was conducted on two plots established for the CENTOIL (Ciskei Essential Oils) 

project, initiated during 1973. Soils from the plots have been completely described by Van 

Averbeke (1991) and the descriptions have been included in the appendices (Appendix A). The 

classification of the soils is given below: 
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SOIL NAME 
1. South Africa1 FORM: Oakleaf SERIES: Jozini* (now known as Ritchie) 

FA 0 2 : Orthic Luvisol 

Soil Taxonomy3 : Typic Haplustalf 

2. South Africa FORM: Estcourt SERIES: Rosemead* (now known as Haarlem) 

FAO : Eutric Planosol 

Soil Taxonomy : Aguie Arenic Haplustalf 

3.2.2. Soil physical properties 

Samples were taken from sites close o 

Anemisia had resulted in virtual exclu ie 

3.2.2.1. Soil sampling procedures 

, ts on patches where the presence of 

lants (Plate 1). 

An auger of 8cm internal di PP a fon,ciu,, .. ":.,:A,w 8 randomly chosen 'spots' 
Toaether in Rxcellence around the plants at the two Artenttsza sites ancl at U-15, 15-30 and 30-45cm depths. For 

'controls', 8 randomly se~ectea spots with ~imilar soils on adjoining land which had no previous 

record of Anemisia production were sampled at similar depths. Individual soil samples, per site, 

from the various depths were air dried and ground to pass a 2mm sieve. Structural stability tests 

were performed on soil aggregates (by the wet sieving method) from 0-15cm depth, employing 

the method of Sumner (1958). Dry bulk density tests were performed on samples taken (by the 

core method) from 0-15 and 15-30cm depths, employing the method of 

2 

3 

Van Averbeke (1991) 

Van Averbeke (1991) 

Van Averbeke (1991) 

* These soil Series are .no longer in use. They have been replaced by soil Families and the new 

Family names shown in brackets. 
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Blake and Hartge ( 1986). In order to estimate the quantity of combustible organic material in 

the soil, percentage loss on ignition tests were performed on the various soil samples taken from 

0-15cm depth, employing the method of Blakemore, Searle and Daly (1987). 

Plate 1: Anemisia afra shrub. Bare area between adjacent shrubs depicts zone of inhibition. 

3.2.3. Soil moisture 

Soil samples were also taken from different parts of the sampling site at different depths and 

were sealed in aluminium cylinders and weighed. Weighed samples were dried in an oven for 

48 hours at 105°C and re-weighed thereafter. Soil moisture content at the time of sampling was 

then calculated on a wet basis. 

3.2.4. Assessment of biological changes 

Samples were taken from the soil surface by scraping with a spade, for determination of 
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presence or absence of macroscopic growths such as fungi, algae etc that may affect soil surface 

properties. The samples were also observed under a microscope to identify the growth found. 

3.2.5~ Soil chemical properties 

3.2.5.1. Routine chemical analyses 

Soil chemical analyses procedures employed .on each sample were as follows: pH by the glass 

electrode method of Blakemore et al. (1987); extractable phosphorus by the Bray 1 method of 

Jackson (1958); organic carbon content by the Walkley-Black method (Allison, 1965). 

3.2.5.2. Analyses for organic comp~ 

Organic compounds were extracted fro d control soils by equilibrating 200g 

soil samples with 250mls of anhydrous =-----.....,,...- ~8hrs. The supernatant was decanted, 
dried with a spatula full of anhydrous sodium p ate and the ether evaporated with a rotary 

evaporator (BUCHI RotavapJ • 'ti;, • n<l o t · of concentrated soil extract 
Together i·n xcellence . (Muller and Muller, 1964) (Plate 2). The fol owmg tests were performed on the sotl extracts 

obtained. 

3.2.5.2.1. Infrared OR) Spectroscopy: A Perkin Elmer-1600 Infrared spectrophotometer was 

used for infrared analysis of the soil extracts. Spectra obtained were compared with published 

infrared spectra of commercial compounds (Saleh, 1985). 

3.2.5.2.2. Nuclear Magnetic Resonance <NMR): NMR analysis was performed on the soil 

extracts using a Bruker AMX 400 NMR instrument. In this analysis, ether was completely 

evaporated from the sample. Each dried sample was dissolved in 0.5ml chloroform-D and about 

0.05ml of tetramethylsilane (TMS) was added (Silverstein et al., 1981). The resulting solution 

was filtered through fine cotton wool and analyzed. 
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3.2.5.2.3. Gas Chromatography and Mass Spectrometry (GC-MS): 

A Jeol AX505W double focusing mass spectrometer, integrated with a Hewlett Packard HP5890 

gas chromatograph was used. 0.3µ1 of each extract was injected into the GC. The flow rate 

of the carrier gas (helium) was lml/min. Chromatographic conditions were as follows: 

injection port and interface temperature, 250°C; column temperature, 100°c for l min and 

programmed to 250 ° C at the rate. of 5 ° Cl min. All spectra were recorded in the electron impact 

ionization (El) mode at 70 e V. Identification of the organic components in each sample was 

carried out by the interpretation of their mass spectra (MS), by an MS search against the 

NIST/NIST library and by comparison of their retention times (Ris) with authentic compounds 
(Saleh, 1985). 

University of Fort Hare 
Ti ether in Excellence 

Plate 2: Concentrated diethyl ether extracts of soil planted to A. afra (Al, A2 & A3), control 

soil (Cl, C2 & C3) and blank ethyl ether (B). 
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3.2.6. Experimental design and statistical analyses 

The experimental design was a completely randomized one with 4 treatments and 6 replications 

for dry bulk density and 4 treatments with 8 replications for each of the following tests: organic 

carbon content, extractable phosphorus, pH, loss on ignition and structural stability of soil 

aggregates. The different treatments consisted of soils from· under Anemisia (from both sites) 

and control soils. 

All data were analyzed using the Student Edition of Statistix 4.1. Analysis of variance 

(ANOVA) was used to test for significance (p < 0.05) of treatments and differences due to· 

changes in the rhizosphere were compared using Fisher's protected LSD (Gomez and Gomez, 

1984). 

3.3. Greenhouse experiments 

Thirty-two Anemisia plants, approximately .... f-' ... ~----W"1gh were randomly chosen from the test site 

for this experiment on 30 JJ i .S • )6 f n~umierer and 20cm deep was dug 

d h 1 ed 1 ( Toae her .inRxcellenced 1 . h h. . • d .1 aroun eac se ect test p ant to m1:mm1ze sou ctisluroanceJ an pants, wit t eir roots an sm 

intact, were transferred into pots, 25cm in diameter and 20cm deep with narrow slits at the base 

and weighed. To obtain a total weight of 6kg, excess soil was removed from the sides·. Pots 

were placed in trays and were kept in a glass·fibre greenhouse under natural lighting conditions. 

All pots received 150ml of full nutrient solution (Aquafert 1 and 2), twice a week, for a period 

of 8 months. In order to prevent chemical compounds from being leached out of the soil, potted 

plants were supplied with moisture by a wick mechanism from the base of the pots with the 

water moving up the root zone by capillary action. 
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3.4. Germination tests 

Seeds of agronomic crops (maize and bean) and a forage crop (rye grass), economically 

important in the Eastern Cape region of South Africa, were chosen as indicator seeds in this 

study. ·Toe plants from the greenhouse pot experiment were harvested and each plant was cut 

to separate the leaves from the stem and the roots. The different parts from all the plants were 

then further cut into 0.5cm segments and pooled for extraction of the sap. These were blended 

for 30 seconds in a Phillips HR 2810 blender (8g in 100ml water) according to the method of 

Katz et al. (1987). Half of the plant materials were blended in hot water and the other half in 

cold. These were separately transferred into evaporating basins and after a minute, the 

supernatant liquid was decanted. Pastes, obtained from the blended material were separately 

transferred into a 250µm metal sieve a 

water. The filtrates obtained were consi e __..-------...~ cts" and various dilutions (1: 1, 1 :2, 

1:2.5 and 1:5) (or 100, 200, 250 and 5"~-~,~~~,;:;;:t ~reUJ of the original extracts were made, 
stored in closed glass bottles and kept at Soil on which the test plants grew 

in the greenhouse (151.2g of soil) was soake"'~._..-n1 twas soaked in cold water and 

another in hot water (180ml)l ii • H • 'e~!HU>a~J.t -1'\.-@I-N~~.t al. (1978), then filtered 
. · Toaether in Rrcellence . through a Whatman number 30 filter paper ana-oTiuteo as oescnbed above. For 'control', 

similar soil from an adjoining land which had not been previously planted to Artemisia was 

used. The extracts were used for germination tests by soaking the indicator seeds in the various 

extracts for 6hrs prior to placing on discs of filter paper for germination. The discs were 

moistened with plant and/or soil extracts. For maize and bean, 40 seeds (10 in each of 4 petri 

dishes) were used per treatment. For rye grass, 200 seeds (50 in each of 4 petri dishes) were 

used per treatment. Six mls of appropriate extract was added daily to the seeds in each petri 

dish, to keep them moist. A secondary control was treated in the same manner, except that 

distilled water was used instead of plant or soil_ extract. Petri dishes and contents were 

maintained at 25°C. Germination percentages were recorded at 9, 15, 19 and 25 days after 

sowing (DAS). The experimental design was a completely randomized one with 50 treatments 

and 4 replications per treatment, for each indicator. The treatments consisted of the various 

dilutions from both cold and hot water extracts of A. afra plant parts, soil from under A. afra, 
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as well as extracts from the control soil. 

3.4.1. Seedling vigour tests 

3.4.1.1. General 

Growth performance of indicator seeds was tested using two separate experiments. The first 

involved watering the indicator seedlings with cold and hot water extracts of test plant leaves, 

water extracts from soil under test plants, as well as control soil (as in germination experiment). 

The second involved the growth of indicator seeds in pots containing soils on which Anemisia 

afra had been grown for at least 8 months. (The plants were transplanted from the field from 

plots where Anemisia had been growin ~rJr'1i""Jl,§lv:12 years. The 8-month period was to 

off-set any major leaching losses due t ---------~ y rains of the two previous growing 

seasons-1992/93 and 1993/94). 

3.4.1.2. Seedling vigour test (extracts) 
University of Fort Hare 

I h. . eedl" f hT'iJa ther in Excellence. 1 , . . (Pl 3) n t 1s expenment, s mgs o t e maicators were grown as p ugs m cavity trays ate on 

raised rails (Brutsch; 1994). "Hygromix", a commercial growth medium composed of peat 

moss, vermiculite and polystyrene beads was used. Original extracts obtained fiom the blended 

test plant leaves, as well as extracts from Anemisia and control soils, were diluted (as in 

germination tests). Seeds were also soaked in extracts for 6hrs before planting. For maize and 

bean, 40 seeds (10 in each of 4 rows) were planted per treatment. Each row had 10 cavities and 

one seed was sown per cavity. For rye grass, 2000 seeds (500 in each of 4 rows and 50 seeds 

per cavity) were sown for each treatment. After emergence, seedlings were thinned to 10 per 

cavity (most vigorous ones). Six mls. of appropriate extract was added to each cavity on a daily 

basis. All plants received 6mls of full nutrient solution once every week. Trays were kept in 

a glass fibre greenhouse with daily temperature in the 15-30°C range. After 4 weeks of growth, 

the seedlings were harvested, washed under gentle flow of water and dried in an oven at 60°C. 
Total dry matter yield was recorded for each replicated treatment. The experimental design was 
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a completely randomized one with 30 treatments and 4 replications per treatment, for each 

indicator. The treatments consisted of the various dilutions from cold water extracts of A. afra 

leaves, soil from under A. afra, as well as extracts from the control soil. · 

Plate 3: Bean (left) and maize (right) seedlings grown as "plugs" in cavity trays on raised rails. 
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3.4.1.3.Seedlingvigour test (soils) 

In this experiment, potted Artemisia afra plants grown in the greenhouse wgre harvested after 

a period of 8 months and the indicator seeds (maize and- bean) were planted in these soils. Ten 

maize arid 10 bean seeds were separately planted in each pot. Pots were irrigated with 250 mis. 

of distilled water thrice per week. For controls, similar soils collected from adjoining land with 

no previous record of Artemisia production were used. Control soils were of the same masses 

• as Artemisia soils. 

3.4.1.4. Evaluation of seedling growth : Since seedlings had to be harvested before they 

matured, it was necessary to use grow 

plant height and stem diameter were 

(DAE). 

........w.i-.........~.....,, reflect biomass production. For this, 

cw-cnu:l-l(J. ,;;;t;..ur ed at 14 and 28 days after emergence 

Stem diameter : a pair of vernier c to measure the diameter of stems (just 

below cotyledon) of three plants from each po ana the average was recorded. 
University of Fort Hare 

Toaether in Excellence 
Plant height : a meter rule was usetl to measure the height (tip of tallest leaf) of three plants 

from each pot and the average was recorded. 

Germination percentages were recorded 14 DAE. Whole plants in each pot were harvested 28 

DAE and roots were gently washed on a 250µm sieve under running water. Shoots were 

separated from roots and both parts were dried in an oven at 60°C. Dry matter yield per pot 

was recorded. The experimental design was a completely randomized one with 2 treatments 

(Artemisia or control soil) and 4 replications per treatment, for each indicator. 

;\11 data were analyzed using the Student Edition of Statistix 4.1. Analysis of variance 

(ANOVA) was used to test for significance (p < 0.05) of treatments and differences due to 

inhibition were compared using Fisher's protected LSD (Gomez and Gomez, 1984). 
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4. RESULTS 

4.1. Soil a,nalytical data 

These analyses were done in 1989 by Van Averbeke (1991). The data have been included in 

the present study to give a general view of some of the physical and chemical properties of both 

soils. 

4.1.1. Particle size analysis 

It is clear from the data (Table 1) ~.._.,4A.'W.A,.e._w_en large differences in the particle size 

distributions of the soils at the various . /I. -. c urt soil Form generally had higher clay 

content than the Jozini, at all depths. 'F c Ht in the B21 horizon of the Estcourt was 

more than 300% the clay content int e 
I 

r the Jozini. 

University of Fort Hare 
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Table 1. Particle size analysis for Fort Hare Jozini and Alice Rosemead (Estcourt) 

Lab. No. 67/89 68/89 69/89 70/89 71/89 

Horizon Ap A3 Bl B21 B3 

Coarse earth > 2mm ( % ) 0 0 o. 0 0 
Fine earth < 2mm (%) 100 100 100 . 100 100 

Particle size 
Fort distribution ( % ) 
Hare co Sa 0.1 0.0 0.0 0.0 0.0 

Jozini me Sa 0.3 0.1 0.4 0.0 0.0 
fi Sa 11.3 9.3 5.7 5.8 5.3 
vf Sa 36.5 32.1 33.2 28.4 29.7 

Total Sand 48.2 41.5 39.5 34.2 35.0 
co Si 29.0 33.5 32.1 32.5 
fi Si 15.5 12.9 16.1 15.1 

Total Silt 44.5 46.4 48.1 50.3 
Clay 13.9 14.3 17.8 17.4 

TOTAL 99.9 100.1 100.1 100.0 

Lab. No. 16/89 17/89 18/89 19/89 

Horizon . . ~ lP ~ 12 Un1vers1ty of ort are 
E B21 C 

Coarse earth ~in E~llenc&3 60 10 15 
Fine earth < 2mm ( % ) 75 67 40 90 85 

Alice Particle size 
Rosemead distribution ( % ) 
(Estcourt) co Sa 15.6 22.9 32.0 0.6 0.1 

me Sa 1.0 1.5 1.6 1.3 0.1 
fl Sa 10.2 9.5 7.3 3.5 1.0 
vf Sa 22.3 21.4 15.8 8.4 8.8 

Total Sand 49.1 55.3 56.7 13.8 10.0 
co Si 18.9 18.2 16.4 6.1 10.7 
fi Si. 13.0 10.8 9.1 3.7 33.1 

Total Silt 31.9 29.0 25.5 9.8 43.8 
Clay 18.7 15.7 17.9 76.5 46.2 

TOTAL 100.0 100.0 100.1 100.1 100.0 

Source: Van Averbeke (1991) 
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4.1.2. Other soil physical properties 

4.1.2.1. Structural stability of soil aggregates 

The different treatments (Anemisia and control soils) showed varying stability effects when 

tested on the various sieve sizes (Table 2). Differences 6etween the treatments were very 
significant (P < 0.05). In the Estcourt soil Form, 'the mass of aggregates retained on the 

5.0-2.0mm sieve size of the control soil (30.7g) was much higher than was the case for the 

Jozini (1.9g). 

T bl 2 St t al tab T t f ·1 a e . rue ur s 11 y O SOl ~..ega '5 _ ., J SOl orms as ec y . a 'a. 
1\/\/1,1 4 

.te fnr tu "IF affi ted b A lfa 

SOIL TREATMENT ~ PER~~ AGE WATER STABLE 

FORM 
I 
iN v1irf' k\GGREGATES LUMINE BIMus 

TIIO LUMEN 

Sieve size (mm) 

Unive. ~sitf<lfr'Fort Hctt°e1·0 1.0-0.5 

Jozini Anemisia Tog ~ther,j _,pxcellE nee 7.4 3.3 

control 1.9 2.6 4.1 

LSD (0.05) 1.0 0.6 0.6 

CV(%) 1.2 2.4 3.5 

Estcourt Anemisia 46.2 10.7 3.5 

control 30.7 6.6 - 2.9 

LSD (0.05) 1.8 0.6 0.2 

CV(%) 1.0 1.5 1.4 
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4.1.2.2. Dry bulk density 

·There were significant (P < 0.05) differences in bulk density between the Anemisia and control 

soils in the Estcourt soil Form, at both depths (Table 3). However, there were no significant 

(P < 0.05) differences between the treatments in the Jozini soil Form. 

Table 3. Dry bulk density of two soil Forms as affected by Anemisia afra. 

DRY BULK DENSITY (g/cm3) 

SOIL 
Depths (cm) 

FORM 
15-30 

Jozini 1.45 

control 1.45 

NS 

0.30 

Estcourt Anemisia 1.68 1.68 

control 1.63 1.61 

LSD (0.05) 0.04 0.05 

CV(%) 0.46 0.64 

NS : Not significant 
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4.1.2.3. Soil moisture 

Soil moisture content at the time of sampling, calculated on a wet basis was estimated to range 

from 5.3 at 15cm depth to 6.9% at 45cm depth. 

4.1.2.4. Assessment of biological changes 

Growth of some lower plants, including moss was observed on the surface of the soil at the 

Artemisia sites. Microscopic examination showed the moss samples to be Trichostomum 
brachydontium (Plate 4). 

Plate 4: Macrophotograph of moss growing on the soil surface at Artemisia sites. 
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4.1.3. Chemical data 

Apart from the B21 horizon of the Estcourt which had CEC value more than 2 x the value for 

the_ Jozini, .CEC, s~m of cations, organic carbon percentage and ~lectrical conduc!ivity values 
· were general}y greater in the Jozini soil Form than was the case for the Estcourt. pH values for 

both soil Forms were rather similar at the various depths (Table 4). 

University of Fort Hare 
Together in Excellence 
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Table 4. Chemical analysis for Fort Hare Jozini and Alice Rosemead (Estcourt) 

Fort 
Hare 
Jozini 

Lab. No. 

Horizon 

Exchangeable cations 
(me/lOOg soil) 

Ca 
Mg 
K 
Na 

S - value 
(me/lOOg soil) 

Exchangeable acidity 
(me/1 OOg soil) 

Sum of cations 
(me/lOOa clay) 

CEC 
(me/lOOg soil) 

Organic carbon(%) 

pH water 
KCL 

EC 25°C mS/m 
Lab. No. 

1:2.5 
1:2.5 

Horizon Universi 

6 /89 

Ap 

4.80 
3.20 
1.36 
0.06 

9.42 

0.09 

69.3 

68/89 

A3 

5.20 
3.60 
0.88 · 
0.14 

9.82 

0.06 

70.6 

.39 

.9 

.9 

69/89 

Bl 

6.00 
4.50 
0.74 
0.24 

11.48 

0.05 

80.3 

11.5 

0.39 

6.9 
6.1 

83 
17/89 

Alpf F Al2H E o ort are 
Exchangeable cations 
(me/lOOg soil) Togeth r in Excellence 

Alice 
Rosemead 

(Estcourt) 

Ca 
Mg 
K 
Na 

S - value 
(me/lOOg soil) 

CaCO., (%) 

Exchangeable acidity 
(me/lOOg soil) 

Sum of cations 
(me/lO0g clay) 

CEC 
(me/lOOg soil) 

Organic carbon(%) 

pH waler 
KCL 

EC 25°C mS/m 

Source: Van Averbeke (1991) 

1:2.5 
1:2.5 
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3.4 3.2 
2.7 2.5 
0.8 
0.3 

7.2 

0.0 

0.06 

38.6 

7.3 

0.53 

6.9 
6.0 

23 

0.7 
0.3 

6.7 

0.0 

o.o 

42.6 

6.7 

0.43 

7.1 
6.0 

22 

2.8 
2.9 
0.8 
0.4 

6.9 

0.0 

0.0 

38.5 

6.9 

0.28 

7.0 
6.0 

24 

0/89 

B21 

6.40 
4.80 
0.10 
0.52 

11.82 

0.05 

66.4 

11.9 

0.49 

6.7 
6.1 

174 
18/89 

B21 

8·.s 
12.9 
3.2 
1.5 

26.4 

0.0 

0.0 

30.1 

26.4 

0.43 

7.8 
6.1 

78 

71/89 

B3 

5.60 
4.40 
0.16 
0.54 

10.70 

o.oo 

61.5 

10.7 

0.49 

7.2 
6.1 

56 
19/89 

C 

14.8 
3.6 
3.0 

12.6 

0.0 

39.0 

0.10 

8.5 
6.8 
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4.1.4. Other soil chemical properties 

4.1.4.1. Soil pH 

There were no significant (P < 0.05) differences in pH between the Artemisia and control soils 

in the Jozini soil Form (Table 5). Similarly, no significant differences were obtained between 

the treatments in the Estcourt soil Form at the 15-30 and .30-45cm depths. 

Table 5. pH of two soil Forms at three depths as affected by Artemisia afra. 

SOIL 

FORM 

Jozini 

Estcourt 

NS : Not significant 

CV (%). 

Artemisia 

control 

LSD (0.05) 

CV(%) 

0.37 

5.65 

5.76 

0.05 

0.20 
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pH 

Depths (cm) 

15-30 

5.80 

5.85 

NS 

0.40 

5.73 

5.84 

NS 

0.42 

30-45 

5.96 

5.99 

NS 

0.26 

5.81 , 

5.93 

NS 

0.41 



 

 

4.1.4.2. Organic matter content 

For both soil Forms, organic matter content was higher in the test soil than in the control and 

these differences were statistically significant (P < 0.01) {Table 6). 

Table 6. Organic matter content of two soil Forms as affected by Artemisia afra. 

(0-15 cm. only) 

SOIL 

FORM 

Jozini 

Estcourt 

TREATMENT 

control 

LSD (0.05) 

CV(%) 

* Organic matter ( % ) = Organic carbon ( % ) x 1. 724 
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* ORGANIC MATTER 
CONTENT 

(%) 

.l.06 

0.71 

0.07 

1.68 

1.30 

0.76 

0.17 

3.49 



 

 

4.1.4.3. Extractable phosphorus 

The extractable phosphorus content in the test soil was higher than that in the control for both 

soil Forms. However, the difference was not significant (P < 0.05) in the Jozini soil Form 

(Table 7). 

Table 7. Extractable phosphorus content of two soil Forms as affected by Anemisia afra. 

(0-15 cm. only) 

SOIL 

FORM 

Jozini 

Estcourt 

NS : Not significant 

TREATMENT 

Anemisia 

control 

LSD (0.05) 

CV(%) 
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EXTRACTABLE 
PHOSPHORUS 

(ppm) 

27.10 

23.10 

NS 

3.81 

38.00 

24.25 • 

6.88 

4.67 



 

 

4.1.4.4. Analyses for organic compounds 

The various parts of A. afra as well as soil under this shrub contained water-soluble substances 

which varied in their inhibitory effects against the indicator seeds tested. Organic compounds 

in soil planted to A. ajra were, in general, a mixture of unsaturated hydrocarbons, carbonyl 

compounds and benzenes. Figs. A, B (blank) and C show the contrast between the two soils 

and the blank ether. The hydrocarbon nature of the organic compounds was confirmed from the 

IR and NMR spectra of the ether extracts. The major benzene compounds identified are as 

follows: 

1: Benzene, 1, 1-(dichloroethenylidene) bis 4-chloro [C14H8Clt] 

2: Benzene, 1-chloro-3-2,2-dichl fl - '\\.f---U:~ .. .,.J~~0: fu nyl)ethyl- [C14H10Cl4] 

3: Benzene, 1, 1-(2,2,2"".trichlorrn~~\l~ttl [C14H9Cl5] 

The arrows in Figs.A (Anemisia) anrr--•~..;...JJ'.,.,. the peaks for the major compounds 

found in the ether extr J i"Z..:r1..r"'l~•".'!.,."'~~ii;~' i~llet~~tt:tc>IJLsb~t1Lia are weak in comparison to those 

in the test (Anemisia) soil. Tf?g~t-lJ~lli/~ft~eJ-E'iower concentrations of the compounds 

present in the control extract. 

!he peak numbers indicate the absorption bands for the compound groupings. 

Peak number 

1. 
2. 
3. 
4. 

compound groupings 1 

region for alcohols and phenols 

region for carbonyl groups 

region for unsaturation 

region for out of plane band in aromatics. 

1 Silverstein et al., (1981) 
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PERKIN ELMER 

1 
f\'J'l' 2 3 

j ~i 

"! 
fi 

.. 
·1 j, 
•i ~, 

4 

: .. 

n,rn -t------T---,a----,-.--1------~-----,-----
.cooo :,noo 

Y: 1 SCAN, 4.0cm·1 

PERKIN ELMER 
100,00• 

11 

30110 ~11110 r.ooo JUDO 1000 

Fig. A. lnfrnrc<l spectrum of Artemisia soil extract. 

Universi 
Togethe 

o,on 1-----.----.a.------.---f-----........ -----.------
.cooo 11noo 

X: 1 SCAN, 4.0cm·1 

PERKIN EIMER 
nri.:11 .. 

JIODD 1!00D :!UUO UiOO UIOO 

Fig. B. Infrare<l spectrum of ethyl ether (blank). 

r,cn..J-----,,---~.!J.1..---,---+-------r-;._--i..a.i.-...,------
.coao 3~00 3000 21100 e000 1000 1000 

Y: I SCAN, 4.0cm·l Fig. C. Infrared spectrum· of control soil extract. 
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4.2. Loss on ignition 

Percentage loss on ignition was higher in the test soil than in the control for both soil Forms. 

These differences were statistically significant (P < 0.01) (Table 8). 

Table 8. Percentage loss on ignition of two soil Forms as affected by Artemisia afra. 

(0-15 cm. only) 

SOIL 

FORM 

Jozini 

Estcourt 

4.3. Germination Tests 

TREATMENT 

Artemisia 

LSD (0.05) 

CV(%) 

LOSS ON IGNITION 

(%) 

2.35 

2.09 

0.13 

1.20 

2.85 

2.08 

0.32 

2.73 

No significant differences (P < 0.05) were found between the cold and hot water extracts 

averaged over all dilutions. However, for the purposes of illustration, both have been included 
in the text in tabular forms. 
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4.3.1. Agronomic crops 

Tables 9 and 10 show the results of the various cold and hot water extracts respectively, on seed 

germination. Averaged over the different days of recording, there were statistically significant 
. . 

(P < 0.05) differences. between effects of the distilled water control and the dilutions of the 

various plant parts (Table 9). 

University of Fort Hare 
Together in Excellence 
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Table 9. Germination percentages of maize, bean and rye grass seeds moistened with different cold water extracts at various dilutions. 
Indicator Crop 

Plant part/ Treatment/ Maize Bean Rye Grass 
soil DAS DAS DAS 

dilutions 9 15 19 25 9 15 19 25 9 15 19 25 
original 5.0 22.5 30.0 40.0 2.5 20.0 22.5 27.5 3.5 13.0 18.5 25.0 

1:1 10.0 30.0 47.5 50.0 22.5 47.5 55.0 60.0 5.0 19.0 28.5 41.5 
1:2 30.0 57.5 65.0 65.0 20.0 45.0 60.0 62.5 13.5 38.0 57.5 82.0 

Leaves 1:2.5 17.5 47.5 70.0 72.5 40.0 67.5 75.0 75.0 15.0 47.5 65.0 79.5 
1:5 20.0 55.0 75.0 82.S 40.0 67.5 80.0 80.0 27.0 64.0 78.0 82.5 

control 90.0 97.S 97.S 97.5 97.5 100.0 100.0 100.0 : 37.0 84.S 90.0 90.0 
LSD(0.0S) 11.2 11.0 12.3 13.4 9.9 11.5 7.1 9.3 4.5 6.2 6.3 7.2 
CV(%) S.3 2.9 2.6 2.7 3.6 I"!) 2.7 1.5 1.9 3.6 1.9 1.5 1.S 
original 7.5 25.0 40.0 47.5 7.5 20.0 2S.0 35.0 6.5 18.5 28.0 37.5 

1:1 22.5 5S.0 60.0 60.0 27.5 ~ 60.0 60.0 60.0 10.0 2S.0 33.5 47.S 
1:2 27.5 51.S 72.S 72.5 27.5 1 Cs~ 67.S 70.0 16.5 44.5 66.5 79.0 

Stems 1:2.5 20.0 S7.5 75.0 82.S 40.0 , 6ij 77.5 77.5 20.0 51.5 67.0 80.0 
1:5 32.5 80.0 

It I\ 90.0--... 
, ... 147:! ( 

~ '10:D 77.5 77.S 26.5 58.5 74.0 83.5 
control 90.0 97.5 

~
0 1~0 100.0 100.0 37.0 84.5 90.0 90.0 

LSD(0.05) 13.1 10.9 (i i} .8 13.0 13.6 4.2 6.4 6.6 .8.1 
CV(%) 5.3 2.4 ==-2~ 31 5 ' t 2.6 2.6 2.9 1.8 1.5 1.6 1 h,:. 
original 7.5 35.0 )WI 215 30.0 40.0 3.0 14.0 22.5 32.0 

1:1 17.5 45.0 26.0 ' 50.0 52.S 5.5 22.0 30.5 43.5 
1:2 35.0 60.0 I/-•-- -- /"30.0 • P"""4 5S;:O 67.S 67.5 14.5 43.5 63.0 80.S 

Roots 1:2.5 25.0 62.S HH> 
_, ...,,,, 

32.5 rn. 1tD 80.0 80.0 17.0 49.0 68.5 83.0 . ··-
~ 7§) 1:5 25.0 62.5 80.0 85.0 47.S 75.0 75.0 24.5 5·9.5 74.0 79.0 

control 90.0 97.5 97.5 97.5 97.5 . e:1~ 100.0 100.0 37.0 84.5 90.0 90.0 

...-4 
lO 

LSD(0.05) 12.4 13.9 11.4 12.6 8.4 14.3 '15.4 14.6 3.7 6.9 6.7 8.9 
CV{%) 5.0 3.1 2.2 2.3 • 3,0 L D 3.2 3.1 2.9 2.9 2.0 1.6 1.8 
original 30.0 62.5 70.0 70.0 17.5 35.0 42.5 42.5 12.5 28.5 38.0 44.0 

*original 75.0 92.5 92.5 92.5 75.0 97.5 97.5 97.S 32.0 68.0 80.5 82.S 
1:1 35.0 67.5 82.S 82.S 32.5 55.0 62.5 67.5 11.5 31.0 43.S 61.5 
1:2 32.5 67.5 87.5 87.5 35.0 62.5 72.5 77.5 17.5 46.5 64.5 81.0 

Soils 1:2.5 30.0 67.5 77.5 82.5 37.5 67.5 72.5 77.5 20.5 55.5 74.0 84.0 
1:5 45.0 90.0 90.0 90.0 45.0 75.0 80.0 8S.0 27.0 51.5 73.5 80.0 

**control 90.0 97.5 97.5 97.5 97.5 100.0 100.0 100.0 37.0 84.S 90.0 90.0 
LSD(0.05) 15.2 14.2 10.6 10.2 11.7 15.1 10.7 14.3 4.8 6.2 7.1 7.0 
CV{%) 4.0 2.3 1.6 1.5 3.1 2.7 1.8 2.3 2.7 1.5 1.4 1.2 

* : undiluted extract of control soil. 
** : distilled water used to moisten seeds (secondary control). 



 

 

Table IO. Germination percentages of maize~ bean and rye grass seeds moistened with different hot water extracts at various dilutions. 
Indicator Crop 

Plant part/ TreatmenU Maize Bean Rye Grass 
soil DAS DAS DAS 

dilutions 9 15 19 25 9 15 19. 25 9 15 19 25 
original 0.0 15.0 27.5 35.0 • 0.0 2.5 10.0 15.0 1.5 12.0 20.0 29.5 

1:1 12.5 35.0 45.0 52.5 15.0 42.5 52.5 57.5 2.5 16.5 29.0 41.5 
1:2 27.5 62.5 72.5 72.5 15.0 52.5 62.S 65.0 15.5 40.5 61.5 81.0 

Leaves 1:2.5 20.0 50.0 70.0 72.5 30.0 55.0 67.5 67.5 18.5 46.0 61.5 82.0 
1:5 22.5 52.5 70.0 82.5 42.5 62.5 75.0 75.0 25.0 62.5 79.0 83.5 

control 90.0 97.5 97.5 97.5 97.5 100.0 100.0 100.0 37.0 84.5 90.0 90.0 
LSD(0.05) 10.6 9.6 12.6 13.3 9.9 12.2 11.8 12.4 4.0 4.9 5.8 7.4 

CV(%) 5.0 2.5 2.7 2.6 4.0 9 ) 3.2 2.6 2.7 3.3 1.5 1.4 1.5 
original 10.0 45.0 52.5 55.0 17.5 B 21.5 37.5 47.5 5.5 17.5 26.0 38.5 

1:1 20.0 50.0 55.0 60.0 22.5 =:r ~o 60.0 62.5 9.5 26.0 34.0 47.0 
1:2 35.0 60.0 72.5 75.0 17.5 t ~o 67.5 72.5 17.0 44.0 66.5' 79.0 

Stems 1:2.5 27.5 70.0 Sl~ n RS~ 45.0 t J ']:2).5 85.0 85.0 19.5 49.5 69.5 82.5 
1:5 50.0 90.0 ~ tt ;,~t~ ~

47.s c ~o 82.5 82.5 24.0 58.0 74.0 82.5 
control 90.0 97.5 ~~rs l.s ~ 1~.o 100.0 100.0 37.0 84.5 90.0 90.0 

LSD(0.05) 11.2 10.9 U .94- ~3 13.0 10.8 4.8 7.8 8.2 7.1 
CICl...1 

CV(%) 3.9 2.2 ~ 2..1 ti 2 C ~~2 2.4 2.0 3.5 2.3 1.9 1.4 
origmal 10.0 42.5 

-~ 1~J ~
?.o .C..__ h t:5 

37.5 52.5 2.0 17.5 24.0 33.5 
1:1 20.0 47.5 _.5 I' 0 60.0 60.0 7.0 22.0 31.5 45.0 

32.5 67.5 
. ,.. 

~o 1:2 · 7 22.S 65.0 65.0 15.0 37.0 54.0 74.0 
Roots 1:2.5 25.0 57.5 //.5 80.0 40.0 q ~o 75.0 75.0 16.5 45.0 65.5 81.0 

1:5 30.0 65.0 80.0 87.5 55.0 ...:: > 12.S 82.5 82.5 21.5 62.0 80.5 86.5 
control 90.0 97.5 97.5 97.5 97.5 • 1qyo.o 100.0 100.0 37.0 84.5 90.0 90.0 

LSD(0.05) 13.1 17.4 12.3 12.4 16.9 ~ 14.5 11.8 11.2 3.7 5.8 6.2 7.1 
CV(%) 5.1 3.7 2.3 2.2 5.5 t,- 3.1 2.3 2.1 3.1 1.8 1.5 1.4 
original 27.5 60.0 75.0 75.0 10.0 37.5 45.0 45.0 12.5 26.0 35.5 • 47.0 

*original 70.0 90.0 90.0 90.0 70.0 95.0 95.0 95.0 • 30.5 68.0 78.0 80.0 
1:1 35.0 67.5 77.5 77.5 35.0 57.5 67.5 70.0 13.0 30.5 43.0 60.0 
1:2 37.5 72.5 85.0 85.0 32.5 60.0 70.0 70.0 21.0 49.5 68.5 80.0 

Soils 1:2.5 35.0 75.0 92.5 92.5 37.5 65.0 77.5 77.5 19.0 57.0 75.0 84.0 
1:5 45.0 90.0 92.5 92.5 45.0 70.0 72.5 72.5 25.5 63.5 79.5 84.5 

**control 90.0 97.5 97.5 97.5 97.5 100.0 100.0 100.0 37.0 84.5 90.0 90.0 
LSD(0.05) 12.4 17.9 11.2 11.2 15.3 12.7 13.9 13.9 4.7 6.2 6.3 8.4 

CV(%) 3.2 2.9 1.6 1.6 4.2 2.3 2.4 2.4 2.6 1.5 1.2 1.4 

* : undiluted extract of control soil. 
** : distilled water used to moisten seeds (secondary control). 
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Fig. 2 shows the effect of Artemisia leaf extracts on the germination of maize seeds, as shown 

in Plate 5. At 9 DAS, germination percentage for distilled water (control) was 90, whereas the 

. next lower value (1 :2 dilution) was 30. This shows a strong inhibitory effect associated with 
A. afra leaf extracts during the early stages of germination. Thereafter, the inhibitory effect. 

diminishes. 

100 LSD(0.05)- I I I I 
80 

E 
:z 
O 60. 

--<t: :z 
:E 40 
a: w 
(!1 

EXPLANATION OF SYMBOLS 

20 

"Q • ~r V 
0 Togetlfer in Etcellen& 20 25 
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Plate 5: Radicle and plumule lengths of maize seeds as affected by cold water extracts of A. afra 
leaves at various dilutions (7 DAS). 

[A] control ( distilled water) 

[B] 1 :5 dilution 

[C] 1 :2.5 dilution 

[D] 1 :2 dilution 

[E] 1: 1 dilution 

[F] original undiluted extract. 

54 



 

 

Fig.3 shows the effect of Anemisia stem extracts on the germination of maize .seeds. Similar 

to the effect in fig.2, germination percentage at 9 DAS was 90 for the distilled water (control) 

and 32.5 for the next lower value (1 :5 dilution). 
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The effect of extracts from the roots of Artemisia on the germination of maize seeds is shown 

in fig.4. At the various dates after sowing, the statistical results show no differences between 

the 1 :2, 1 :2.5 and 1 :5 dilutions. At 9 DAS, germination percentages for the distilled water and 
the next lower value (1:2 dilution) are 90 and 35 respectively. Fig.5 shows the effect of 

Artemisia leaf extracts on the germination of bean seeds, as shown in Plate 6. At 9 DAS, a 

difference of 95 % was observed between germination means for distilled water ( control) and the 

undiluted extract. At the various dates after sowing, no significant (P < 0.05) differences 

existed between the 1: 1 and the 1 :2 dilutions. Similarly, the statistical results show no 

significant (P < 0.05) differences between the 1:2.5 and 1:5 dilutions for all four dates after 

sowing. 
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Plate 6: . Radicle and plumule lengths of bean seeds as affected by cold water extracts of A. afra 

leaves at various dilutions (5 DAS). 

[A] control (distilled water) 

[B] 1 :5 dilution 

[C] 1 :2.5 dilution 

[D] 1 :2 dilution 

[E] 1 : 1 dilution 

[F] original undiluted extract. 
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Fig. 6 shows the effect of Artemisia stem extracts on the germination of bean seeds. A difference 

of 90 % was observed between germination means for the distilled water effect and the undiluted 

extract. At 15 DAS, germination percentages for the 1: 1 dilution and the undiluted extract are 

60 and 20 respectively, which is a relatively large difference between the two concentrations. 
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Fig(6). Effect of different concentrations of A. afra stem 
extracts on germination of bean seeds at four different 
dates after sowing. 
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(.b) 1 :2 dilution 
(111) 1 :1 dilution 
(<D)orlginal undiluted extract 

Fig. 7 shows the effect of Ar(emisia root extracts on the germination of bean seeds. A difference 

of 95 % was observed between germination means for distilled water ( control) and the undiluted 

extract, as in fig.5. Apart from the 25 DAS where no significant (P < 0.05) difference existed 

between the 1: 1 dilution and the original extract, the statistical results show differences between 

effects of these two solutions at 9, 15 and 19 DAS. 
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The effect of extracts from soil planted to Artemisia on the germination of maize seeds is · shown 

in fig.8. At 9 DAS, no significant (P < 0.05) difference was observed between effects from 

the distilled water and, that from the control soil extract. Similarly, no significant (P < 0.05) 

differences existed between means of the various dilutions at 9 DAS. Fig.9 shows the effect of 

extracts from soil planted to Artemisia on the germination of bean seeds. Unlike the maize, 

significant (P < 0.05) differences were observed between effects from the distilled water and 

that from the control soil extract, at 9 DAS. Whereas no significant differences were observed 

between the 1 :2, 1 :2.5 and 1 :5 dilutions, clear significant difference existed between effect of 

• the original extract and that from the various dilutions. 
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Fig.10 shows the effect of extracts from the various parts of Artemisia, as well as extracts from 

soil planted to this shrub, on maize seeds. For all four dates of recording, no significant (P < 
0.05) differences were observed between effects of distilled water and the extract from the 

control soil. Similarly, no clear significant (P < 0.05) differences existed between effects of 
extracts from the various ·parts of the shrub .. However, there was a significant (P < 0.05) 

difference between effect of extract from soil planted to Artemisia and, the other extracts. 
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F ig(10). Effect of extracts from the various parts of A. afra 
and soil planted to this shrub on germination of maiz.e seeds 
at four different dates after sowing. 
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The effect of extracts from the various .parts of Artemisia, as well as extracts from soil planted 

to this shrub, on bean seeds is shown in fig.! 1. At 15 DAS, there was no significant difference 

between the effect of distilled water and extract from the control soil. However, the statistical 

results show significant (P < 0.05) difference between the effect of extract from .the control soil 

and extracts from the various parts of the shrub, including soil planted to the shrub. No 

significant difference was observed between the effect of extract from soil planted to Artemisia 
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and, extracts from the various parts of the shrub at 15 DAS. A percentage difference of 80 was 

observed between germination means for distilled water (100 % ) and Artemisia leaf extract (20 % ) 

at 15 DAS. 
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For both agronomic crops tested, A. afra leaf extracts were found to be the most inhibitory. 

There was no significant (P < 0.05) difference between the potency of stem and root extracts. 

Extract from soil planted to A. afra was less inhibitory than was the case for the plant parts. 

However, extract from soil· planted to A. afra was found to be more inhibitory than extracts 

from the control soil. Generally, inhibition effect decreased gradually with increase in dilution. 
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4.3.2. Forage crop 

Effect of extracts from the various parts of A. afra followed a similar trend to the agronomic 

crops, in ·which significant (P < 0.05) differences were obtained b~tween distilled water and the 

various dilutions of extracts. For all extracts assayed, di{fer~nces 'due to dilution effect were 
significant (P < 0.05) among the means during the first 19 DAS. However, such differences 

were markedly reduced thereafter. Fig.12 shows the effect of Artemisia leaf extracts on the 

germination of seeds of rye grass. At 19 DAS, significant (P < 0.05) differences were 

observed among the effects of the various dilutions. All means were significantly (P < 0.05) 
different from each other. The highest mean (90%) was obtained from the effect of distilled 

water, whilst the lowest (18.5%) was from the original undiluted extract. 
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Fig(12). Effect of different concentrations of A. afra leaf 
extracts . on germination of seeds of rye grass at four, 
different dates after sowing. 
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Fig.13 shows the effect of Artemisia stem extracts on the germination of seeds of ry'e grass. 
Significant (P < 0.05) differences were apparent among the effects of the various dilutions at 
15 DAS. All means were significantly (P < 0.05) different from each other. The highest mean 

(84.5 % ) was obtained from the effect of distilled water and, the lowest (18.5 % ), from the 

original undiluted extract. The effect of Artemisia root extracts on the germinatio~ of seeds of 

rye grass is shown in fig.14. Apart from the 1 :2 and 1 :2.5 dilutions which showed no 

significant (P < 0.05) difference between their mean values, differences existed among the 

effects of the other dilutions at 15 DAS. The effect for distilled water gave the highest mean 

(84.5%) and that for the original undiluted extract, the lowest (14%). 
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Fig( 13). Effect of different concentrations of . A. afra stem 
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Fig( 14). Effect of different concentrations of A. afra root 
extracti on germination of seed• of rye grass at four 
different dates ajter sowing. 

(*)distilled water 
(O) 1 :5 dilution 
(v)1 :2.5 dilution 

(&) 1 :2 dilution 
(m) 1 :1 dilution 
(m)orlginal undiluted extract 
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The effect of extracts from soil planted to Artemisia on the germination of seeds of rye grass is 

shown in fig.15. Among the 1 :2, 1 :2.5, 1 :5 dilutions and the control soil extract, no significant 

(P < 0.05) differences were observed at 25 DAS. There were significant differences between 

the abov~ dilutions and the distilled water control (90%) as well as.the original undiluted extract 

( 44 % ) from soil• planted to Artemisia. 
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Fig.16 shows the effect of extracts from the various parts of Artemisia, as well as extracts from 

soil planted to this shrub, on the seeds of rye grass. The statistical results show that significant 

(P < 0.05) differences existed among the two soil extracts and the distilled water control, the 

latter showing the highest germination percentage at 9 DAS. The extracts from the various parts 

of the shrub showed significantly (P < 0.05) different effects. The roots, stems and leaves gave 

3%, 6.5% and 3.5% germination respectively, at 9 DAS. 
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In general, the 1 :2 dilution was the least inhibitory for the various extracts assayed. This is 

demonstrated by the germination percentages for leaf extract at 25 DAS, which were 82.0 as 

against 82.5 and 90.0 for control soil extract and distilled water respectively (Table 9). 
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4.4. Seedling Vigour Tests 

4.4. 1. Extracts 

The effect of cold· water extr.acts from leaves of Artemisia as well as from soil planted to this: 
shrub,. on the seedling vigour of maize is shown in fig.17a. Averaged over all dilutions, the 

statistical results show (P < 0.01) that the leaf extracts had the same effect as th_e extracts from 

soil under Artemisia. Significant differences were observed between extracts of the test 

(Artemisia) and control soils. Plates 7 and 8 show the harvested seedling~ of maize and bean, 

grown as tlplugs" in cavity trays on raised rails, as affected by extracts from the various parts 
of A. afra, as well as extract from soil planted to A. afra. 
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Fig(17a). Seedling vigour as shown by dry matter yield 
of maize troated with three dlifferent.. co~d water extracts. 
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Plate 7: Effect of A. afra plant and/or soil extracts on the growth of maize seedlings grown as 

"plugs" in cavity trays. 

1 SC, 1 LC, 1 RC- original undiluted extracts from A. afra stems, leaves and roots respectively. 

1 SoC, 1 S;C - original undiluted extracts from soil planted to A. afra and control soil 

respectively. 

2 LC - 1: 1 dilution of original leaf extract. 

CT - distilled water (secondary control). 
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Plate 8: Effect of A. afra plant and/ or soil extracts on the growth of bean seedlings grown as 

"plugs" in cavity trays. 

1 SC, 1 LC, 1 RC- original undiluted extracts from A. afra stems, leaves and roots respectively. 

1 SoC, 1 S; C - original undiluted extracts from soil planted to A. afra and control soil 

respectively. 

2 LC - 1: 1 dilution of original leaf extract 

CT - distilled water (secondary control). 
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Fig.17b shows the effect of hot water extracts, (unlike cold extracts as in 17a), on the seedling 

vigour of maize. Averaged over all dilutions, the statistical results show (P < 0.01) that the 

hot -water extracts had the same effect as the cold water extracts. 
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Fig( 17b). Seedling vigour as shown by dry matter yieM 
of maize treated woth three different hot water extracts. 

Figs. 18a and 18b show the effect of extracts from cold and hot water respectively, from the 

leaves of Anemisia, as well as from soil under this shrub, on the seedling vigour of beans. As 

in figs. 17a and 17b, the statistical results show (P < 0.01) that the hot water extracts had the 

same effect as the cold water extracts. Also, leaf extracts had the same effect as the extracts 

from soil under Artemisia. Significantly greater means were obtained from the effect of co11:trol 

soil extract than was the case for soil under Artemisia. 

71 



 

 

---.. ., 
c:: -~ 

0.60 

.. 9· 0.54 
O> -

0 
@ 0.48 
s: 
a:: 
IJlJ 0.42 ..... 
1-.. u: 
:~E 0.36 

LSD(0.05)• I LEAVES 

• ARTEMIS,iA SOIL m CONTROL SOIL 

.,.. .- N 

DILu·noN (%) 
Fig(18a). Soodling vigour as shown by dry matter yuold 
of bean troatedl with three different cold wator extracts. 

72 



 

 

--.... c: 
0.60 

LSD(0,05)• I LEAVES 

II ARTEMISIA SOIL 

CONTROL SOIL 

.. e.· 0.54 
O') -

DILUTION (%) 

0 
0 
LO 

Fig( 18b). Soodling vfgour as shown by dry matter yield 
of bean troatod with throo difforont hot vtator extracts. 

73 



 

 

The effect of cold and hot water extracts from the leaves as well as from soil under Artcmisia 

on the seedling vigour of rye grass is shown in figs. 19a and 19b respectively. The statistical 

results show that the hot water extracts had the same effect as the cold water extracts. The 

effect of. extracts from. the test soil was significantly different from that of the control soil at all . . . . 
dilutions. The· ·100% dilution and the original extract were the only concentrations which 
showed significant differences between the effect of leaf and test soil extracts. Other dilutions 

did not show any significant (P < 0.01) differences between the two extracts. 
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4.4.2. Soils 

Table 11 shows the effect that soils planted to A. afra have on some growth parameters of maize 

and bean seedlings. For both agronomic crops~ germination percentages were much lowef}n 
. . 

the Artemisia soils thaQ was the case for the controls and the differences were statistically 

significant (P < 0.05). There was a 50% difference between the germination means of the two 

treatments and this was observed for both crops. In contrast, stem diameters for both crops 

were significantly (P < 0.05) greater _in the Artemisia soils than in the controls. For maize, 

plant height was greater in the test soils than was the case for the control soils, for both 14 and 

28 DAE, while for the bean, plant height was less in the test soils than in the controls. There 
was no particularly clear trend observed for shoot and root dry matter yields for both crops. 
In maize for instance, shoot dry ma~~'J:.l:Vfl"'e!O~,,, •• ,,.s reater in the test soil than was the case for 

the control, while the reverse w t dry matter yield. In bean, both shoot and 

root dry matter yields were grea 1
01 than was the case for the Artemisia soils. 

However, these differences were 

University of Fort Hare 
Together in Excellence 
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Table 11. Germination and growth parameters for maize and bean as 
affected by soil previously occupied by Artemisia afra. 

CROP DAYS SOIL GERMINATION STEM PLANT DRY MATTER 
AFTER (%) DIAMETER HE;IGHT (g) 

EMERGENCE (mm) (mm) 
SHOOT ROOT 

Artemisia 37.50 7.76 60.50 - -
control 87.50 6.05 50.53 - -

14 LSD(0.05) 45.01 0.89 6.21 - -
CV(%) 11.31 2 . 02 1. 76. - -

Maize Artemisia "'\\\\J\/1;; ,4 12.68 88.00 21.85 9.66 

control (? 8.39 75.50 19.66 10.16 
-:,, ~, - VIIJE ~, .28 LSD(0.05) .JN 2. 77 8.14 NS NS LU MINE BIMU 

I 

CV(%) 
\ II u~ - -' - 3/ 4.14 1.56 9.42 10.74 

......_ --Artemisia 40.00 3.90 19.44 - -TT __ !_ _____ ! I _ _ r , , -
I TT - --

u111, c;1.:,1LY, Ul J Ul l .l .ldJ. t, 
controlTi _ . 90.00 "11 ,r, 3. 44 25.25 - -

111µ_1 npr in :-v r.P. pnr-_p .., 
14 LSD(0.05) 12.99 0.47 3.29 - -

CV(%) 3.14 1.99 2.31 - -Bean 

Artemisia - 4.39 39.50 8.08 1.98 

control - 4.00 43.75 10.88 2.45 

28 LSD(0.05) - 0.16 NS NS NS 

CV(%) - 0.61 1.64 7.15 5.44 
' 

NS Not significant. 
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5. DISCUSSION 

5.1. Soil analytical data 

.5.1.1. Particle size distribution 

The differences in particle size between the two sites is attributed to differences in parent 

material (Table 1). The recent alluvial deposit of the Jozini soil Form resulted in a high fine 

sand and silt fraction, whereas the mudstone of the Estcourt soil Form had abundance of clay 

sized particles. 

5.1.2. Other soil physical prope 

Table 2 reveals relatively high diffi ~. ~f.ffi:etw e aggregate stability values for Anemisia 

soils and those of the control soils fi o s. The relatively low difference between 

the effect of treatments in the orm (5.0-2.0 mm. sieve size) is most probably 

attributable to the presen M _ e ~J'l~-a•--rder of 1-2 mm. diameter which 

h 1 . ed . Toa ether. in Excellence h . . fi . ed . h are omogeneous y mix w1tfi tne soil vn suu) and are a c aractenst1c eature associat wit 

that soil Form (Van Averbeke, 1991). These concretions may have contributed to the high mass 

of aggregates retained on the 5.0-2.0 mm. sieve size. 

As reported by Van A verbeke ( 1991) that the aggregates of the surface horizon of the J ozini soil 

samples from the control sites were found not to be water-stable and they degrade rapidly 

following wetting, it was, however, observed in the present study that aggregates of the same 

soil, planted to A. afra, were very stable in water and did not degrade rapidly on wetting. This 

suggests that A. afra shrubs have a stabilizing effect on the aggregates of these soils. One most 

probable mechanism by which this is achieved may be the release. of exudates from the roots of 

the shrubs into the rhizosphere, where they influence the binding of soil particles. Pojasok and 

Kay (1990) reported that root exudates promote the release of polyvalent cations into the ·soil 

solution and their increased concentrations result in increased aggregate stability. 
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The moss which were found growing on the soil surface at • the Artemisia sites may also have 

contributed to the stability of the aggregates by binding soil particles, as reported by Lund 

(1967), for fungi. 

The significant differences in bulk densities, observed between the treatments in the Estcourt soil 

is probably the result of the effects of root exudates and other organic compounds ·found in the 

rhizosphere of the soils under Artemisia. This notion is further strengthened by the results for 

the loss on ignition, discussed below. 

5.1.3. Chemical 

Soil pH values for the tests done b 

followed the same trend, in which 

differences in pH values and lack o 

(1991) and those for the current study 

itti depth. In the current study, the minimal 

.,,,.,...-~---.s~.~nomt; ance between the test and control soils for 

both soil Forms, suggests that grow _____ lants in the vicinity of A. afra shrubs may 

not be attributed to changes in soil pH. 
• University of Fort Hare 

Th . .fi d.ffi . Toqether in Excellence h d . . h . e s1gm 1cant 1 erences m organic matter content suggest t at, un er Artemisza, t ere 1s 

considerably more accumulation of organic matter in the soil. The conditions under which the 

experiments were conducted were such that there was no meaningful contribution of organic 

m~terial from leaf fall. It would therefore be reasonable to conclude that the higher levels of 

organic matter in the Artemisia soils were the result of accumulations not from above but from 

within the root zone, in which case, the only· possible sources would be root exudates or 

increased microbial biomass or both. The duration of the experiment was also such that any 

possible major contribution from the decomposition of root tissue can be discounted. 

Although in the Jozini soil Form, there was no significant difference between the phosphorus 

levels of the two treatments, the actual amount of phosphorus was higher in the test soil. In the 

Estcourt soil Form, the differences were even greater and statistically significant. With regard 

to plant nutrition, it should be noted that the presence of certain allelochemicals in the 
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rhizosphere can impair the plant's ability to take up phosphorus. Glass (1975) found that P 

uptake in barley roots was impeded by hydroxy-benzoic acids, which are known to be 

allelochemicals. The presence of Artemisia therefore has an effect on soil P levels. The actual 

diffe~ences between the two soil Forms are likely to be due to intrinsic differences in other soil 

properties. , 

Apart from the sharp increases in the CEC values for the B21 and C horizons of the Estcourt 

soil Form, CEC and sum of cations were quite uniform in the various horizons for both soil 

Forms (Table 4). The sharp increases in _CEC are considered to be related to the high clay 

contents in the B21 and C horizons. 

Generally, electrical conductivity v th depth. Sharp increases were observed 

in the B21 horizon for both soil F F o sibly also a result of the _increase in clay 

content. 

From the chemical data presented in Tab , • 1s abundantly clear that differential soil fertility 

can be ruled out as bei • • :}t efo~~ttvcm.i. ~h inhibition in the vicinity of 

Artemisia afra shrubs. This Tn~~rPsefhthfe-lih~YcrJJf~he mechanism responsible being the 

release of allelochemicals from the various parts of A. afra shrubs into the rhizosphere, toxifying 

the soil and rendering it unsuitable for the growth of other plants in the neighbourhood. 

5.2. Loss on Ignition 

Loss on ignition gives a measure of the combustible organic material in the soil which, in·turn, 

can also influence such properties as soil binding and therefore aggregate stability and, to a 

degree, bulk density. The results from this experiment clearly show that the introduction of 

Artemisia in soils_ has an important influence on this soil parameter. An important corollary of 

these results is that non-humified organic materials may also have an important role in the 

binding processes in the soils under Artemisia. 
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5.3. Analysis for organic compounds 

It was of interest to note that none of the various terpene compounds identified by Graven et al. 

( 1990) in the volatile oil of A. afra fresh plants were found in soil under the shrub in this study. 

A possible reason is that, organic compounds which may enter the soil from the above ground 

parts of the plant may undergo various transformations, aided by micro-organisms and, be 

changed into other complexes quite different from the parent compounds. These may or may 

not be toxic to plants. Cheng (1992) found that soil compounds can be transformed by micro-

organisms, resulting in new products which may be either more toxic or more complex in 

structure, as well as simple in structure and less toxic. 

Although phenols, which have been sn "'" ....... ~..-1-u •""" e ature to be one of the two main groups of 

is study, it should be borne in mind that 

!M5UE!l~lll l 66), which happens to be the major group 

plant inhibitors, were not specific 1 

they are biosynthetically related to b 

of compounds identified in this stud 

5.4 .. Germination tests University of Fort Hare 
Together in Excellence 

The statistical significance between the effect of extracts from the various parts of the test plant 

and the distilled water control clearly indicates the presence of inhibitory components associated 

with this aromatic shrub. Further, the significance of effects between the test soil and control 

soil indicates that the inhibitory component was present in the test soil, but may be either absent 

or at concentrations too low in the control soil to cause inhibition of germination. The fact that 

aqueous extracts of soil under the test plants were not as effective as those of the plant materials, 

strongly supports the hypothesis that there are toxic components concentrated in the plant 

material, particularly the leaves which may get into the rhizosphere upon the death and 

decomposition of the plant materials. It is thought that phytotoxins found in the soil may have 

entered the soil due to leaching from the plants during rain, exudation from the roots, 

decomposition of residues, or combinations thereof. It is worth mentioning that, since test plants 

were kept in a greenhouse and under restricted atmospheric conditions, the contribution from 
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leaf fall and decay would, in this case, have been minimal, while leaching losses from the plants 

due to rainfall were practically absent. This, therefore, implies that root exudates would have 

in all probability, contributed immensely to the toxicity of the soil under the test plants. 

The fact that maize respon~ed more noticeably than bean to increased dilutions of extracts from,· 

A. afra, suggests that the crops have different thresholds of sensitivity to allelochemicals. 

Maize is also known to recover from water stress more quickly than bean. This is mainly due 

to the physiology of the maize plant. It is, therefore, also probable that the quick recovery of 

maize from the phytotoxicity of A. afra extracts may be partly a function of the physiology of 

the maize plant. 

Extracts from the control soil see 
seeds of rye grass. The apparent m 

e negative effects on the germination of 

ontrol soil could be related to the fact that 

the seeds of rye grass are much sm of maize and bean, thus providing far less 

mass to counter the effects of allelochem· und in the soil, even in small amounts, at least 
at germination. University of Fort Hare 

Together in Excellence 

5.5. Seedling vigour _test ·(extrac~) 

In the germination bioassay, it was established that aqueous extracts from leaves of Artemisia 
afra were more potent than those from soil under this shrub. However, in the seedling vigour 

tests, there was no significant difference (P < 0.05) between the potencies of these two extracts. 

This may be attributed mainly to the differences in the biochemical processes involved in 

germination and early seedling development. The high potency of the leaf extracts observed 

during the germination tests may possibly be due to severe suppression of enzymes responsible 

for normal seed germination. The disruption of the enzymatic process can result in nearly 

complete suppression of seed germination (Putnam, 1985). Thereafter, the effect of the 

inhibitors diminishes with time. In addition, the physiology of the plant, once it has germinated, 

determines how quickly it can overcome the effect of the inhibitors (Smith and Martin, 1994). 
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Similar to the germination test, increased dilutions of the extracts resulted in proportional 

increases in dry matter yield. The statistical significance between the effects of test and control 

soils indicates that the active inhibitory component was present in the test soil, but may be either 

absent or at con~entrations too low in the control soil to retard seedling vigour. This further 

suggests that the toxic principle may be mainly inhibitory .to .seed· germination and has most 

impact on the biochemical pathways active in the germination stage but not necessarily thereafter 

but perhaps, only inhibits the establishment of seedlings at much greater concentrations than 

achieved in this study. This evidence also strongly suggests that the bare areas in the vicinity 

of Artemisia shrubs are related to this allelopathic effect. 

5.6. Seedling vigour test (soils) 

The very poor germination of both 

in soils previously occupied by Art: 

shrubs. The 50 % difference in ger 

indicative of this effect. 

( 7.5 and 40% respectively) when planted 

~~tt}nstrates the toxicity of soils under A. afra 

maize and bean (relative to the control) is 

University of Fort Hare 
The observed trend regarding lBflij lifr&JP, ffe~l\{,fght~d biomass yield shows the inherent 

differences in the growth patterns of the crops, which may also be a reflection of their 

differences in sensitivity to allelochemicals. Bean seem to have a higher threshold of inhibition 

than maize. The results show that 28 DAE, the bean seedlings have not been able to overcome 

the toxic effect of soils planted to Artemisia afra, or are close · to the threshold for overcoming 

the toxic effect. The results of this test suggest that the germination process is the main 

determining factor and, once seeds have been able to germinate, they manage to approach 

"normal" growth, all other environmental and nutritive factors remaining unchanged. 
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6. CONCLUSIONS 

The introduction of Anemisia afra on agricultural land results in changes in the rhizosphere. 

The study sh~wed that the changes affect both the physical and chemical properties of the soil. 

.Since microbial ecology is greatly affected by the physical and chemical composition of the soil, 

it is highly probable that the microbial ecology of soils planted to A. afra -would also change. 

However, in the present study, no investigations were carried out to assess the effect of A. afra 

on the microbial spectrum of the soil but the degree of physical and chemical changes observed 

makes it more than likely that the microbiology of the soil would also change. The inclusion 

of microbial studies at this stage was outside the scope defined for this study, which was 

preliminary in nature, to identify the less com lex chemical and physical interactions before 

attempting the more complex mic ol}iViJ·•Q~·~·,@,' ... 

constitute a very fertile area for f 

known to have a direct bearing on 

the study, soils planted to A. afra sh w 

The latter, however, is considered to 

he organic carbon content of any soil is 

a tivity of microbes present in that soil. In 

els of organic carbon than was the case for 

control soils. This would suggest a grea umber and increased activity of microbes in the 
Anemisia soils. Since or • • P. -~- r ~kf.f-111.tteant role in soil particle binding, 

. . Toaether1·n Excellence aggregates of soils with greafer -revers o -organic carbon are prone to be more stable when 

wetted than those with little amounts of organic carbon. 

In the study, aggregate stability of two soil Forms, Jozini and Estcourt, was enhanced by A. afra 

shrubs. Evidence from the study strongly suggests that root exudates were most probably 

responsible for binding of soil particles, in a similar way to that reported in the literature by 

Pojasok and Kay (1990). The stability of the aggregates under wet sieving conditions may also 

be the result of the exudates containing significant levels of hydrophobic substances which would 

protect the aggregates against slaking. A detailed investigation of the nature of the exudate 

materials was well beyond the scope of the present study but is, clearly, an area in need of 

research. 
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One of the major differences between soils on which Anemisia grew and control soils is that, 

on the surface of the former, a thin but stable crust, covered with the moss (Trichostomum 
brachydontium) developed. The stability of the crust has also been attributed to soil particle 

binding by the moss, in a way similar to that of fungi reported in the literature. Microbial 

changes in any soil could have far reaching effects on the utility and potential of the soil. 

Monitoring of soil management, based on an appreciation of microbial ecology is therefore 

extremely important. The role of such biota as moss in stabilizing soil aggregates is therefore 

an area which also merits more direct investigation. Results from the study thus generally 

indicate that the structural stability of soils is enhanced when agricultural lands are planted to 

A. afra. An important practical implication of this would be its potential applications in 

protecting soils against erosion and physical degradation. 

It has also been shown from the £ s from the various parts of A. afra are 

inhibitory to germination and early ent. In view of this deleterious effect of 

the sap·1 great caution should be exe deration is being given to the cultivation 

of the shrub close to cropping lands. - • reason, perhaps, even small-scale farmers and 

households which cultiv J • M LF.&.,.,, ... ...---- ft i 1i>tm1>(;)S1~suneed to be advised of the risk 
. ed . h 1 . . h Toaether in Excellence h ti b . assoc1at wit cu ttvatmg t e snn.ms concurrently wnn ot er crops meant or su s1stence, on 

the same piece of land. 

An_ important possible practical application of the allelopathic principle established in relation 

to this plant is that of weed control. Management of weeds by utilizing natural plant products 

rather than chemicals is ecologically and socially desirable. Considering the challenges faced 

by small-scale farmers and the weedicide industry regarding the successful control/eradication 

of certain weeds, it becomes of prime importance to develop mechanisms of employing natural 

products from allelopathic plants at certain threshold concentrations, necessary to suppress the 

growth of some of the more prevalent weeds in commercial agriculture, under various weather . 

conditions. This is an area which needs more detailed investigation, with a view to identifying 

natural weedicides which, in addition to their ecological benefits, could also significantly reduce 

production costs. 
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APPENDIX A 

TABLE Cl. Description of the Fort Hare Jozini ecotope. 

PROFILE DESCRIPTION OF THE FORT HARE JOZINI 

SOIL NAME 
South Africa 1 : • 

FA0 2 
: 

Oakleaf Jozini (now known as Oakleaf Ritchie) 
O1thic Luvisol 

Soil Taxonomy3 Typic Haplustalf 

DATE: 05/09/89 
AUTHOR: W. Van Averbeke 
LOCATION: Ciskei (South Africa), Alice, F01t Hare Research Farm, laud No D2, border 

strip No 13, lOm north west of the farm ring road. 

LATITUDE: 32° 47' 51" S LONGITUDE: 26° 50· 55" E 

ALTITUDE: 508111 

LANDFORM 
General: 
Regional: 
Local: 

Flat or nearly t land, sloping gel}-1 • down .pi_.a South Ea stem direction 
with a gradie • i}5 Slty 01 Oft ttare 

SLOPE: 

Together in Excellence 
VEGETATION AND LAND USE: Annually cropped land which has been irrigated at 

least for the last 10 years, presently under oats. 
CLIMATE: 
Mean annual temperature: 
Mean annual rainfall: 

PARENT MATERIAL: 

18, 1 °c 
575 mm with a distinct winter minimum and more or less 
pronounced spring and autumn maxima. 

Recent alluvial deposit consisting mainly of fine sand and 
silt, ~ut containing significant amounts of clay. 
Mineralogically the sand .fraction consists mainly of qua1tz 
and lesser amounts of plagioclase, rock .fragments and iron 
and manganese oxides. In the clay .fraction 

1 Macvicar, De Villiers, Loxton, Verster, Lambrechts, Merryweather, Le 
Roux, Van Rooyen and Von Hannse ( 1977) 

2 FAO (1974) 

3 USDA (1975) 
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both 1: 1 and 2: 1 type clay minerals are present. 

'DRAINAGE 

Superficial: No run-off occurs except during continued heavy rains 

Permeability: rather slow; behaves more like a clayey soil than a sandy soil (Russell, 
1982) 

Internal drainage: water drains readily but not rapidly 
Drainage class: Class 4, well drained (FAO, 1977) 

MOISTURE CONDITIONS OF THE PROFILE: dry up to a depth of 0,5m ; slightly 
moist up to a depth of3m.and moist lower down. 

GROUND WATER TABLE: By augerln o 4m it was established that there 
is no permanent water table pre e the ro • a zone of this soil. A few 
faint grey and some high chrom lllt~~~~-t:a~ a depth of3,5m and 

I E lower suggest that tempora1y s u o 1 at depths greater than 
3,5m might occur following floo in or inigation. 

EVIDENCE OF EROSION: There a 11ta1eat10®11 ,Alil~teiW • r water erosion 
occurring at . to accumulate. 
During perio o by the river. The 
frequency of flood ..Ps'JK '6~ lffi fBm eJ{; fy ten years but the recent 
damming of the Tyume river should reduce the flooding hazard 
considerably. • 

HUMAN INFLUENCE: Locally, the Oakleaf type soils situated in bottomland positions 
are regarded as having a high cropping potential. Most of these 
soils have been cultivated for a considerably long time. Where cultivation 
involved the application of organic matter and chemical fertilizer, the 
fertility of the plough layer has been.improved. Phosphorus levels 
(127ppm, Bray 1) and (280 ppm, ISFEI) and potassium levels (532 ppm) in 
the top soil of the experimental land are particularly high. 

SPECIAL FEATURES: The aggregates of the surface horizon are not water stable and 
degrade rapidly following wetting. Rain or inigation generally 
results in the formation of surface crust, which reduces the infiltrability of 
the soil. Traffic is responsible for the presence of a plough pan, which 
adversely affects the permeability of the soil. As a result temporary 
aeration problems can occur in the surface layer following irrigation. The 
susceptibility of this soil to crusting and soil compaction could be related to 
the texture of the soil, which is characterised by a high fine sand faction. 
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Bennie and Krynauw (1985) list a high fine sand content as one of the 
factors affecting the susceptibility of soils to compaction and soil crusting, 
the latter being the compaction of surface layer. 

BRIEF DESCRIPTION OF THE PROFILE: The texture of the profile .is a more or less 
uru.fo~ fine sandy clay loam, characterised by a small and ·gradual increase· 
in clay content with depth. The upper 0,5 m of the profile i_s browu. 
Lower down in the profile the colour changes to dark brown due to the 
illuviation of clay and organic matter. The soil is more than 4 m deep 
and generally allows for a normal distribution of the roots. However, the 
presence of a plough pan at a depth of 300 to 500 mm has a limiting effect 
on root development and water movement. In th.is layer roots 
preferentially grow in fissures that separate the weak to moderately 
developed coarse angular blocks. There is abundant evidence of faunal 
activity cspccinlly in the subsoil layers. 

University of Fort Hare 
Together in Excellence 
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PROFILE DESCRIPTION 

Ap 0-300 mm 

A3 300-500 mm 

DI 500-700 

Uni 

B21 700-1200 

B3 1200-1800+ 

Dry: dark brown ( 10 YR 3/3) moist and brown 
(10 YR 5/3); fine sandy loam; generally massive 
but in places weak medium subangular blocky; hard 
(dry), · friable (moist}, slightly sticky and slightly 
plastic (wet); many fine roots; clear smooth 
transition, broken in places. 

Dry; dark brown ( 10 YR 3/3/) moist and brown 
(10 YR 5/3) dry; fine sandy loam; weak to 
moderate coarse angular blocky; hard to very hard 
(dry), friable to firm (moist), slightly sticky and 
slightly plastic (wet); many fine roots preferentially 
growing interpedal but also intrapedal; gradual 

t stt n. 

0 YR 3/3) moist and brown 
ne sandy clay loam; massive; 
( dry), friable to firm (moist); 

.. ~~~~~J,ightly plastic (wet), patchy thin 
(10 YR 3/2} moist/dry cutans of 

many fine roots; 
; undant evidence 

tttDC!llfll.1 smooth transaction. 

Slightly moist; dark brown to very dark greyish 
brown (IO YR 3/2,5) moist and brown ( 10 YR 5/3) 
dry; slightly hard to hard ( dry), friable to firm 
(moist), slightly sticky and slightly plastic (wet), 
broken thin very dark brown ( 10 YR 3/2) moist/ dry 
cutans of clay and organic matter; few to many fine 
roots; abwidant evidence of fawial activity, mostly 
worm casts, often filled or partially filled with darker 
(10 YR 3/2) moist/dry soil material. 

Slightly moist; dark brown to very dark greyish 
brown (10 YR 3/2,5) moist and brown (10 YR 5/3) 
dry; fine sandy clay loam; weak coarse subangular 
blocky; slightly hard to hard ( dry); friable to firm 
(moist), slightly sticky and slightly plastic (wet); 
patchy thin cutans of clay and organic matter; few 
fine roots; abundant evidence·offaunal activity; 
few charcoal fragments at 1500 mm. 
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Table C7. Description of the Alice Rosemead ecotope. 

PROFILE DESCRIPTION OF THE ALICE ROSEMEAD ECOTOPE 

South Africa 
FAQ 

. Soil Taxonomy 

FORM: Estcourt SERIES: Rosemead (now known as Haarlem) 
: Eutric Planosol 
: Aquic Arenic Haplustalf 

LOCALITY: Alice, Fort Hare Farm, 32° 47' 0"S, 26° 51' OO"E 

CLIMATE: Semi-arid 

PARENT No. of kinds: single 
MATERIAL: Lithology: mudstone 

Underlying material: mudstone 
Mode of ncculation: combination of colluvium and 

weathering in situ -----~ 
FACTORS Weathe 
OF SOIL (a) phy 
FORMATION: (b) che 

TOPOGRAPHY: ical Wiit: 4, old terrace 
s 
Ku • Univ~ Hare 

Together in Excellence 
VEGETATION: Annually cropped land 

HORIZON DEPTH 
(mm) 

Alp 0-230 

Al2 230-390 

DESCRIPTION 

Dry; dark brown ( 10 YR 3/3) moist and greyish 
brown ( 10 YR 5/2) dry; loam; massive to weak, 
fine to mediwn subangular blocky; hard (dty), 
very small Fe/mn concretions, many fine roots, 
gradual smooth transition. 

Dry; non-homogeneous, dark brown (IO YR 3/3) 
moist matrix colour and greyish and brown (IO YR 
5/2) dty matrix colour with few msty mottles; silt 
loam; massive; hard ( dry); few to many Fe/Mn 
concretion, many fine roots; gradual smooth 
• transition. 
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E 390-420 

B21 420-660 

C 660-1350+ 

Dry; dark brown (10 YR 4/3) moist and pale 
brown (10 YR 6/3) dry; silt loam; loose (dry); 
very many small Fe/Mn concretion, many fine roots; 
abrupt smooth transition. 

Dry; non-homogeneous, ·very dark brown ( 10 YR 
2/3) moist and dark brown (IO YR 3/3) dry; clay; 
strong medium prismatic; hard; continuous very 
dark brown cutans on ped faces; few to many, 
small Fe/Mn concretions, many fine roots in upper 
part of horizon decreasing gradually with depth; 
gradual smooth transition. 

Dry; non-homogeneous, patchy colours, yellowish 
br ;....:....a..;a~;;...;;;..._=.=.;;a..=.:......:.+--i oist matrix colour and 
yem>..,NJSJ~~~~~r~ YR 5/4) dry matrix colour; 
co~..,_~ .. ; hard ( dry); many Fe/Mn 

e lime nodules consisting of 
autle, roots extend to a depth 

University of Fort Hare 
Together in Excellence 
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APPENDIX Bl 

Coefficient of variation and standard error results for a b the wet sievin 

SOIL TREATMENT SOIL Percenta e water stable a re ates 
FORM REPLICATES 

5.0-2.0 2.0-1.0 1.0-0.5 5.0-0.5 

mm. mm. mm. mm. 

1 35.8 7.8 3.1 46.7 
2 . 35.2 6.9 4.0 46.1 
3 33.9 8.0 2.4 44.3 
4 36.2 7.8 3.5 47.5 
5 36.0 7.6 3.8 47.4 

Artemisia 6 33.6 8.2 3.3 45.1 
7 36.1 5.9 3.6 45.6 
8 34.6 7.2 2.9 44.7 

Mean 35.2 7.4 3.3 45.9 
S.E 1.03 0.75 0.52 1.21 

c.v (% 2.9 10.1 15.8 2.6 
Jozini 

2.4 4.0 8.3 
2.8 4.7 8.9 
2.5 4.4 9.0 
2.8 • 3.2 7.9 • 
2.6 4.2 8.4 

control 3.0 3.7 9.2 
2.4 4.3 8.7 
2.4 4.6 8.6 
2.6 4.1 8.6 
0.23 0.50 0.42 

12.2 4.9 

e 10.8 3.8 60.8 
2 45.5 10.7 3.7 59.9 
3 44.5 11.2 3.7 59.4 
4 46.0 11.8 3.6 61.4 
5 47.2 11.3 3.3 ·61.8 

Artemisia 6 45.8 9.5 3.5 58.8 
7 49.0 11.0 3.3 63.3 
8 45.7 9.3 3.3 58.3 

Mean 46.2 10.7 3.5 60.5 
S.E 1.34 0.87 0.21 1.68 

c.v % 2;9 8.1 6.0 2.78 
Estcourt 

1 29.5 6.9 3.1 39.5 
2 29.8 7.4 3.4 40.6 
3 28.5 7.7 3.2 39.4 
4 29.8 6.7 2.6 39.1 
5 31.6 6.1 2.5 40.2 

control 6 33.0 5.2 2.7 40.9 
7 30.0 7.0 3.0 40.0 
8 33.2 5.7 2.6 41.5 

Mean 30.7 6.6 2.9 40.2 
S.E 1.72 0.86 0.33 0.82 

c.v (%) 5.6 13.0 11.4 2.0 
Electrical conductivity of water used= 12. 7mSm·1 (at25°C) 
pH of water used= 7 .0 (at 16°C) 
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APPENDIX B2 

Coefficient of variation and standard error results for dry bulk density by the core method. 

SOIL TREATMENT SOIL DRY BULK DENSITY (g/cm3) 

FORM REPLICATES 
Depths (cm) 

0-15 15-30 

1 1.47 1.46 
2 1.44 1.42 
3 1.47 1.44 
4 1.49 1.47 
5 1.50 1.48 

Artemisia 6 1.46 1.45 
Mean 1.47 1.45 

0.02 0.02 
1.5 1.5 

1.45 1.44 

J.ozini 1.44 1.42 
1.48 1.47 
1.47 1.45 

control 1.47 1.45 
1.46 1.44 

Univ rti ar 1.45 

eth lle 0.02 
c.v (%) 1.0 1.1 

1 1.71 1.69 
2 1.67 1.64 
3 1.70 1.70 
4 1.66 . 1.65 
5 1.67 1.67 

Artemisia 6 1.69 1.70 
Mean 1.68 ··1.68 
S.E 0.02 0.03 

c.v (%) 1.2 1.6 

1 1.64 1.62 

Estcourt 2 1.66 1.65 
3 1.59 1.58 
4 1.62 1.62 

control 5 1.65 1.63 
6 1.62 1.58 

Mean 1.63 1.61 
S.E 0.03 0.03 

c.v (%) 1.6 1.7 
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APPENDIX B3 

Coefficient of variation and standard error results for loss on ignition of two soil Forms . 

SOIL FORM TREATMENT 

Artemisia 

Jozini 

Unive 

Artemisia 

Estcourt 

control 

104 

• SOIL 
REPLICATES 

1 
.2 
3 
4 
5 
6 
7 
8 

Mean 
S.E 

c.v (%) 

2 
3 
4 
5 
6 
7 
8 

Mean 
S.E 

c.v (%) 

1 
2 
3 
4 
5 
6 
7 
8 

Mean 
S.E 

c.v (%) 

LOSS ON IGNITION 
(%) 

2.2 
2.2 
2.4 
2.5 
2.2 
2.4 
2.6 
2.3 
2.4 
0.15 
6.4 

1.8 
2.0 
2.3 
2.0 
2.1 
2.2 
2.4 
1.9 
2.1 

0.20 
9.7 

3.0 
2.4 
3.0 
2.5· 
2.8 
3.0 
3.2 
2.9 
2.9 
0.27 
9.6 

2.4 
2.2 
1.9 
1.9 
2.3 
2.2 
1.8 
1.9 
2.1 
0.23 
10.9 



 

 

APPENDIX B4 

Coefficient of variation and standard error results for organic carbon content of two soil Forms. 
SOIL FORM 

Jozini 

Estcourt 

TREATMENT 

Artemisia 

Universi 

. SOIL 
REPLICATES 

1 
2 
3 
4 
5 
6 
7 
8 

Mean 
S.E 

c.v (%) 

Together in ExcelleFce 
2 
3 
4 
5 

Artemisia 6 

control 
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7 
8 

Mean 
S.E 

c.v (%) 

1 
2 
3 
4 
5 
6 
7 
8 

Mean 
S.E 

CN (%) 

ORGANIC CARBON 
(%) 

0.62 
0.68 
0.65 
0.62 
0.60 
0.60 
0.58 
0.59 
0.60 
0.03 
5.4 

0.42 
0.39 
0.40 
0.39 
0.42 
0.41 
0.41 
0.45 
0.40 
0.02 
4.8 

0.73 
0.71 
0.68 
0.69 
0.61 
0.77 
0.91 
0.91 
0.80 
0.11 
14.4 

0.45 
0.45 
0.45 
0.44. 
0.46 
0.42 
0.42 
0.45 
0.40 
0.01 
3.4 



 

 

APPENDIX B5 

Coefficient of variation and standard error results for extractable phosphorus content of two soil Forms. 

SOIL FORM 

Jozini 

Estcourt 

TREATMENT SOIL 
REPLICATES 

Artemisia 

1 
2 
3 
4 
5 
6 
7 
8 

Mean 
S.E 

c.v (%) 

Together in Excelle ce 
2 
3 
4 
5 

Artemisia 6 

control 
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7 
8 

Mean 
S.E 

c.v (%) 

1 
2 
3 
4 
5 
6 
7 
8 

Mean 
S.E 

c.v (%) 

re 

EXTRACTABLE 
PHOSPHORUS (ppm) 

.16.8 
23.6 
28.8 
22.8 
30.4 
21.2 
23.6 
17.6 
23.1 
4.78 
20.7 

32.0 
25.2 
28.0 
27.2 
28.0 
28.0 
28.0 
20.4 
27.1 
3.29 
12.1 

30.8 
34.0 
44.4 
29.2 
42.4 
36.8 
50.8 
35.6 
38.0 
7.33 
19.3 

17.6 
21.6 
30.4 
27.2 
30.4 
22.4 
19.2 
25.2 
24.3 
4.86 
20.0 



 

 

APPENDIX B6 

Coefficient of variation and standard error results for the pH of two soil Forms. 

SOIL TREATMENT SOIL pH 
FORM REPLICATES 

Depths (cm) 

0-15 15-30 30-45 

1 5.7 5.9 6.0 
2 5.7 5.7 6.0 
3 5.7 5.9 5.9 
4 5.6 5.7 6.0 
5 5.7 5.8 6.0 

Artemisia 6 5.7 5.8 6.0 
7 5.8 5.8 5.9 
8 5.7 5.8 5.9 

Mean 5.7 5.8 6.0 
S.E 0.05 0.08 0.05 

c.v (%) 0.9 1.3 0.9 
Jozini 

5.8 1 6.I 
5.9 5.9 
5.8 5.9 
5.8 5.9 
5.9 6.0 

control 5.7 6. 1 
6.0 6.0 
5.9 6.0 
5.9 6.0 

af/8: 0.08 
1.4 

6.0 6.0 
I 2 5.7 5.7 5.8 

3 5.6 5.6 5.7 
4 5.6 5.7 5.9 
5 5.6 5.8 5.8 

Artemisia 6 5.7 5.7 5.9 
7 5.7 5.7 . 5.8 
8 5.5 5.6 5.6 

Mean 5.7 5.7 5.8 
S.E 0.09 0.13 0.12 

c.v (%) 1.6 2.2 2.1 
Estcourt 

1 5.9 5.9 6.0 
2 5.8 5.9 6.0 
3 5.7 5.8 5.9 
4 5.7 5.7 5.8 
5 5.8 5.8 5.9 

control 6 5.7 5.8 5.9 
7 5.8 6.0 6.0 
8 5.7 5.8 5.9 

Mean 5.8 5.8 5.9 
S.E 0.07 0.09 0.07 

c.v (%) 1.3 1.6 1.2 
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APPENDIX B7 

Structural stability of soil aggregates for two soil Forms as affected by Anemisia afra (wet 

sieving technique. 5.0-2.0mm sieve size only). 

ANALYSIS OF VARIANCE TABLE FOR JOZINI 

Source 

Rep 

Treat 

Error 

Total 

Degrees of 

Freedom 

7 

1 

7 

15 

Sum of 

Squares 

2.93000 

Mean 

Square 

0.41857 

.76000 

F-value 

0.55 • 

5836.26 

Grand M~ = 18.525University of Fo..,.:t"-'l+, ....... '"-r ... ul",,, rt_ rror = 0.2179 

Coefficient of Variation = 1~ ether in Excel 

ANALYSIS OF VARIANCE TABLE FOR ESTCOURT 

Source Degrees of 

Freedom 
-
Rep 7 

Treat 1 

Error 7 

Total 15 

Grand Mean = 38.456 

Coefficient of Variation = 1.0% 

Sum of 

Squares 

18.0244 

968.766 

15.3694 

1002.16 

108 

Mean F-value 

Square 

2.57491 1.17 

968.766 441.23 

2.19563 

Standard Error = 0.3704 

LSD(0.05) = 1.8 

Prob 

0.7752 

0.0000 

Prob 

0.4194 

0.0000 



 

 

APPENDIX B8 

Dry bulk density of two soil Forms as affected by Artemisia afra (0-15cm only). 

ANALYSIS Of VARIANCE TABLE FOR JOZINI 

Source Degrees of Sum of Mean F-valuc 

Freedom Squares Square 

Rep 5 0.00277 0.00055 4.61 

Treat 1 0.00030 0.00030 2.50 

Error 5 o.o;~l~ f\ A 11~o;r)O 12 

Total 11 0.( OS~ -~--- -~ 
II ... BIMUs LU MINE 

TUQ__ !:!JMEN 
J Grand Mean = 1.4667 - , ~ndard Error = 0. 0032 

- - -Coefficient of Variation 0.22% LSD(0.05) 0.0163 

Source 

Rep 

Treat 

Error 

Total 

University of Fort Hare 
Together in Excellence 

ANALYSIS OP.VARIANCE TABLE FOR ESTCOURT 

Degrees of Sum of Mean F-value 

Freedom Squares Square 

5 0.00167 0.00033 0.48 

1 0.00853 0.00853 12.31 

5 0.00347 0.00069 

11 0.01367 

Grand Mean = 1. 6567 

Coefficient of Variation = 0.46% 

Standard Error = 0.0076 

LSD(0.05) = 0.0391 
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Prob 

0.0594 

0.1747 

Prob 

0.7797 

0.0171 



 

 

APPENDIX B9 

pH of two soil Forms as affected by Artemisia afra (0-15cm only). 

ANALYSIS OF VARIANCE TABLE FOR JOZINI 

Source Degrees of Sum of Mean F-value 

Freedom Squares Square 

Rep 7 0.07000 0.01000 1.40 

Treat 1 0.01000 0.01000 1.40 

Error 7 0.0:~~~~ l/\/l/pju714 

Total 15 0.1 
-~ 

rug_ _!:!!MEN I 
LuMiNE e1Mus 

Grand Mean = 5. 7250 .. ,L~1dard Error = 0.0211 

- - -Coefficient of Variation 0.37% LSD(0.05) - 0.0999 

Source 

Rep 

Treat 

Error 

Total 

University of Fort Hare 
Together in Excellence 

ANALYSIS OF VARIANCE TABLE FOR ESTCOURT 

Degrees of Sum of Mean F-value 

Freedom Squares Square 

7 . 0.08438 0.01205 5.87 

1 0.05063 0.05063 24.65 

,.., 0.01437 0.00205 I 

15 0.14938 

Grand Mean = 5. 7063 

Coefficient of Variation = 0.20% 

Standard Error = 0.0113 

LSD(0.05) = 0.0536 
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Prob 

0.3341 

0.2753 

Prob 

0.0163 

0.0016 



 

 

APPENDIX BlO 

Organic matter content of two soil Forms as affected by Artemisia afra (0-15cm only). 

Source 

Rep 

Treat 

Error 

Total 

ANALYSIS OF VARIAN CE TABLE FOR JOZINI 

Degrees of 

Freedom 

7 

1 

7 

15 

Sum of 

Squares 

0.00677 

0.50410 

Mean 

Square 

0.00097 

0.50410 

0.535~'~ -~ 
' --- ,,,;:-;:-

LUiilNE BIMUg 
TUQ___ !!!_MEN 

F-value 

0.27 

142.86 

Grand Mean = 0.8862 \ i: J1dard Error = 0.0149 

Coefficient of Variation = 1.68% - LSD(0.05) = 0.0702 

Source 

Rep 

Treat 

Error 

Total 

University of Fort Hare 
Together in Excellence 

ANALYSIS OF VARIANCE TABLE FOR ESTCOURT 

Degrees of Sum of Mean F-value 

Freedom Squares Square 

7 0.10684 0.01526 0.74 

1 1.12891 1.12891 54.60 

7 0.14474 0.02068 

15 1.38049 

Grand Mean = 1. 0294 

Coefficient of Variation = 3.49% 

Standard Error = 0.0359 

LSD(0.05) = 0.1700 

111 

Prob 

0.9453 

0.0000 

Prob 

0.6506 

0.0002 



 

 

APPENDIX Bll 

Extractable phosphorus ~ontent of two soil Forms as affected by A. afra (0-15cm only). 

ANALYSIS OF VARIANCE TABLE FOR JOZINI 

Source Degrees of Sum of Mean F-value 

Freedom Squares Square 

Rep 7 133.280 19.0400 1.30 

Treat 1 64.0000 64.0000 4.38 

Error 7 10f~~Kf\t V,;1)t-6286 

Total 15 29S ;l&tv_ 
-~ '----: , .. .. 

LU Mi NE BIMUg 
TUQ__ !!!_MEN 

Grand Mean = 25 .100 ~}u,dard Error = ·o.9562 

= -Coefficient of Vanat10n 3.81 % LSD(0.05) 4.5220 

Source 

Rep 

Treat 

Error 

Total 

University of Fort Hare 
Together in Excellence 

ANALYSIS OF VARIANGE TABLE FOR ESTCOURT . . . 

Degrees of Sum of Mean F-value 

Freedom Squares Square 

7 305.270 43.6100 1.29 

1 756.250 756.250 22.36 

7 236.790 33.8271 

15 1298.31 

Grand Mean = 31.125 

Coefficient of Variation = 4.67% 

Standard Error = 1.4540 

LSD(0.05) = 6.8765 
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Prob 

0.3684 

0.0748 

Prob 

0.3730 

0.0021 



 

 

APPENDIX B12 

Loss on ignition of two soil Forms as affected by Artemisia afra (0-15cm only). 

ANALYSIS OF VARIANCE TABLE FOR JOZINI 

Source Degrees of Sum of Mean F-value 

Freedom Squares Square 

Rep 7 0.36938 0.05277 4.65 

Treat 1 0.27562 0.27562 24.31 

Error 7 134 

Total 15 

Grand Mean = 2.2187 dard Error = 0.0266 

Coefficient of Variation = 1.20% LSD(0.05) = 0. 1259 
University of Fort Hare 

Together in Excellence 

ANALYSIS OF VARIANCE TABLE FOR ESTCOURT 

Source Degrees of 

Freedom 

Rep 7 

Treat 1 

Error 7 

Total 15 

Grand Mean = 2.4625 

Coefficient of Variation = 2. 73 % 

Sum of 

Squares 

0.36750 

2.40250 

0.50750 

3.27750 

113 

Mean F-value 

Square 

0.05250 0.72 

2.40250 33.14 

0.07250 

Standard Error = 0.0673 

LSD(0.05) = 0.3183 

Prob 

0.0300 

0.0017 

Prob 

0.6595 

0.0007 



 

 

APPENDIX Cl 

Effect of A. afra leaf extract at various dilutions on the germination of maize seeds at 25 DAS 

ANALYSIS OF VARIAN CE TABLE 

Source Degrees of Sum of Mean F-value 

Freedom Squares Square 

Rep 3 145.833 48.611 0.62 

Treat 5 88flt\zf\1 ,1111 j 4.17 22.57 

Error 15 11 -~ -. ----- . 

~11 
1111 

eiMus II Total 23 10 9 ~
MINE 

\ TU_Q_ .!:!!MEN I 
-

Grand Mean = 67.917 U . ·t f F Staqd _ Error = 1.810 n1vers1 y o ort are 
Coefficient of Variation = 2.61$, th . E LSD(0.05) = 13.36 Toge er zn xceaence 
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Prob 

0.6138 

0 .. 0000 



 

 

APPENDIX C2 

Effect of extracts from soil planted to A. afra at various dilutions and soil from an adjoining 

crop land (control) on the germination of maize seeds at 25 DAS 

ANALYSIS OF VARIANCE TABLE 

Source Degrees of Sum of Mean F-value Prob 
Freedom Squares Square 

Rep 3 525.000 175.000 3.71 0.0309 

Treat 6 1892.: I~ ~6 6.68 0.0008 

K:" -7 _ 
Error 18 850.0 ---i...------~-

I 
IN ""°4:• • ~" 

LI MINE ~IMus 

Total 27 3267~86~ """- "'-"'"'"' 

-

Grand Mean = 86.071 University Ot5ta11era~ ...... 1ar-~ 1.299 

Coefficient of Variation = 1.51 % Toge[her in fs£t6~6s7f~ 10.21 
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APPENDIX C3 

Effect of A. afra leaf extract at various dilutions on the germination of bean seeds at 25 DAS 

ANALYSIS OF VARIANCE TABLE 

Source Degrees of Sum of Mean F-value Prob 

Freedom Squares Square 

Rep 3 83.333 27.778 0.74 0.5471 

Treat 5 118~.0 ~~~".00 62.47 0.0000 
(\ 1\/1/1,4 

.6w ~
I 

Error 15 566 ;P.~ 78 
7 

124: o l 
IN VIDE 

Total 23 l uMU E BIMus 

' 
TUQ ~MEN 

' "-~ , 

Grand Mean = 67.500 Standard Error = 1.255 

ffi . f . . T Coe 1c1ent o V anation = . •0versity of . ~ 9.264 
Together in Excellence 
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APPENDIX C4 

Effect of extracts from soil planted to A. afra at various dilutions and soil from an adjoining 

crop land (control) on the germination of bean seeds at 25 DAS 

Source 

Rep 

Treat 

Error 

Total 

ANALYSIS OF VARIANCE TABLE 

Degrees of 

Freedom 

3 

6 

18 

27 

Sum of 

Squares 

210.714 

Mean 
Square 

70.238 

IUIJ_ .,., .... ,, 
110..., •' I 

' 

F-value 

0.76 

16.47 

Grand Mean = 78.214 University of F d;:t.rll.C~f:Ar = 1.817 

Coefficient of Variation = 2.32tf?9ether in Exc~rJl.6:os) = 14.29 
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Prob 

0.5313 

0.0000 



 

 

APPENDIX C5 

Effect of A. afra leaf extract at various dilutions on the germination of seeds of rye grass at 25 

DAS 

Source 

Rep 

Treat 

Error 

Total 

ANALYSIS OF VARIANCE TABLE 

Degrees of 

Freedom 

3 

5 

15 

23 

Sum of 

Squares 

13.8333 

Mean 

Square 

4.61111 

F-value 

0.20 

124.64 

Grand Mean = 66.750 University of F = 0.9763 
Coefficient of Variation = 1.4 ~gether in Exc~05) = 7.21 
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Prob 

0.8937 

0.0000 



 

 

APPENDIX C6 

Effect of extracts from soil planted to A. afra at various dilutions and soil from an adjoining 

• crop land (control) on the germination of seeds of rye grass at 25 DAS 

ANALYSIS OF VARIANCE TABLE 

Source Degrees of Sum of • Mean F-value 

Freedom Squares Square 

Rep 3 111.429 37.1429 1.66 

Treat 6 t2"r-.~~'i~/\i J43.95 46.68 

-~ 
I ' 7 2 Error 18 AU . ¾J -'11Df"' t3651 

I I 11MINE B Mu~ 

Total 27 
_ _TUO 

67·, . _ L MEN3/ 

--- ---
Grand Mean = 74.714 University of Fo'.J).Wl.l-(llet.l1Q.1Dvf0f = 0.8937 
Coefficient of Variation = 1.2TPJJether in Excel~.05) = 7.03 
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Prob 

0.2109 

0.0000 




