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Chapter 3

Erowth stage of Cyperus esculentus influences its allelopathic effects

on ectomycorrhizal growth and higher plant species

1. Introduction

The genus Cyperus comprises over 600 species, which occur mainly in tropical and
temperate regions of the world, causing large reductions in crop yields (Holm, et
al., 1977; Gifford & Bayer, 1995). Cyperus esculentus (yellow nutsedge) is a
herbaceous perennial weed that is characterized by prolific vegetative activity
which produces a complex underground system of rhizomes and tubers (Gifford &
Bayer, 1995). It can spread asexually by the formation of rhizomes that end in the
production of underground tubers (Wills, Hoagland & Paul, 1980; Stoller & Sweet,
1987: Gifford & Bayer, 1995). Tubers are recognized as the primary dispersal unit.
Flowering is variable and many populations do not flower after a cropping season's
growth. Sometimes mature, viable seed will develop, but seedlings from seed

apparently lack the vigour required for survival (Stoller & Sweet, 1987).

Stoller, Wax & Slife (1979) investigated the competition effect of ¢ esculentus
with Zea mays (maize). An 8% yield reduction was achieved for every 100 shoots
m?. Yield reduction of 41% occurred when no weed control was done on a field

initially infested with 1200 shoots m.

C. esculentusand C. rotundus(purple nutsedge) are also known for their allelopathic
abilities. Drost & Doll (1980) concluded that extracts and residues of C. esculentus

have an inhibitory effect on growth of &lycine max (soyabeans) and Z mays
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(maize). Tames, Getso & Vieitez (1973) found compounds in . esculentus tubers
that were inhibitory to Avena fatua(oat) coleoptiles and seed germination of other
crops. Horowitz & Friedman (1971) dried € esculentustubers and mixed them with
soil. The root and top growth of Hordeum wulgaris (barley) planted in the soil were
significantly reduced. Meissner, Nel & Smith (1979) grew C. rotundusin sterilized,
well-fertilized soil and showed that the growth of H wulgaris (barley), Cucumis
sativus (cucumber) and Lycopersicum esculenfum (tomato) were considerably

reduced after the weed was removed and the crops established.

According to Graham (1988), mycorrhizal colonization begins after seedling
germination, when the radicle is growing rapidly. Several researchers have
reported that mycorrhizae help plants to acquire mineral nutrients from the soil,
especially immobile elements such as phosphorous (P), zinc (Zn) and copper (Cu)
(Marais, 1974; Schenck, 1981; Tinker, 1984; Graham, 1988). Marx & Bryan (1971),
concluded that mycorrhizae can further reduce transplant injury and help plants
to withstand high temperatures. It is also clear from research done by Marx
(1973) that ectomycorrhizae protect trees from root pathogen infection. Robinson
(1972) demonstrated that run-off from roots of living and raw humus of Calluna
wigaris (heather) contained a factor toxic to several mycorrhizal fungi. The data
also showed that the inhibitor may have prevented infection of Calluna by certain
pathogenic fungi. Aqueous extracts of Populus temula leaves inhibited the growth
of several species of Boletus, a mycorrhizal fungus. They also have a weaker
inhibitory effect on litter-decomposing species of Marasmius. The inhibitors was

identified as catechol and benzoic acid.
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According to Rice (1995), phenols, benzoic acid and derivates have a mixed origin.
Some compounds originate directly from dehydoshikimic acid, others from acetate,
but apparently most are derived from cinnamic acid. These compounds have been
the most commonly identified allelopathic chemicals produced by higher plants.

p-Hydroxybenzoic acid and vanillic acid are the most commonly identified benzoic

acid derivates involved in allelopathy.

2. Aims

—
H

To verify that C esculentus is inhibitory towards ectomycorrhizal growth.
Z. To investigate the effects of aqueous extracts of €. esculentus of varying

age on seed germination and early seedling growth of certain crop species.
3.  To evaluate the effect of compounds identified in . esculentus on seed

germination and early seedling development.

3. Materials and Methods

Experiment 1: Effect of aqueous extracts of C esculentus tubers and parts of

varying age on ectomycorrhizal growth

Preparation of extracts

In May 1998, C. esculentus foliage and tubers were collected at the Giant's Castle
Estate of Mondi Forests (Pty) Ltd. KwaZulu-Natal province (29°59'S; 29°12'E:;
altitude 1400m). Foliage from immature and mature plants were kept fresh by
cooling it and cutting it separately info 20 mm lengths. Fifty grammes of foliage
material and tubers were mixed with 1000 ml distilled water and macerated in
Waring Commercial blender for 30 seconds. The suspension were filtered through
Whatman no. 1 filter paper and the supernatant was used for testing allelopathic

potential.
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Ectomycorrhizal growth

A modified Melin-Norkrans (MMN) agar medium (Marx, 1969) was prepared for
mycorrhizal growth. After autoclaving the mixture for 20 minutes at 121 °C, the
pHof the medium was adjusted to between 5.5 and 5.7. Sterilized petri dishes (90
mm in diameter) were filled with 30 ml of MMN medium. One method involved
placing the ectomycorrhiza (EM) inoculum (Boletus maxaria) in the middle and
applying 1 ml of the different C esculentus extracts, filtered through a 0.2 um
micropore filter and a sterilized syringe, around it in four holes in the agar
medium. In the second method, 1 ml extract was spread evenly over the agar
surface and the inoculum placed in the middle. For the control, 1 ml of distilled
water was applied. After three weeks the colony diameter was calculated,
diagonally and across.

Statistical analysis

A factorial design (2 X 4) design was used with two application methods and four
C. esculentus growth stages. Each treatment was replicated five times. Analysis of
variance was done to determine the effect of the different £ esculentusextracts
on the growth of the EM. Mean separation was done by the Least Significant
Difference (LSD) test at P=0.05.

Experiment 2: Effect of aqueous extracts of €. esculentus tubers and plants of
varying age on the germination of L. sativa

Preparation of extracts

The same weed material, extraction method and treatments were used for this
experiment as described above. Two extract concentrations (2% and 5% (m/v))

were used.
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