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I, INTIRODUGCIION

The root system of higher plants is associated not
only with an inanimate environment composed of organic
and inorganic substances but also with z vast populztion
of metabolically active microorganisms. The plant creates
a unique subterranean habitat for microorganisms; and,
in turn, is markedly affected by the population it has
stimulated since the root zone is the site from which
mineral nutrients are obtained and through which pathog-
ens must penetrate. Consequently, interaction between the
plants and {the microorganisms in this locale can have =z
considerable significance for crop preduction and soil

fertility. .

Several relationships between the plants and their
rhizosphere inhabitants can be recognized. Symbiotic phen~
omensa are observed between legumes and rhizobis and in
the mycorrhizal associations. Fathogenic relationships
are not uncommon because roots are attacked by a number
of fungi, bacteria, znd nematodes. Rhizobizl and mycorrhi-
zal associations contrast with parasitic infections by the
prolonged period of healthy physiological interaction

between rhizobia or mycorrhizae and host plant.

The contribution of legumes to the maintenance of soil
fertility has been of peculiar interest to agricultural scien-—
tists. The ability of leguminous plants to obtain their

nitrogen from the atmosphere isg dependent on the presence

W
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of rhizobia of a specific group which under suitable con-
ditions stimilate the plants to form rhizobial nodules on

the roots within which the rhizobia grow and multiply.

Mycorrhizae, especially endomycorrhizae of the vesi-
ular-arbuscular (VAM) type, occur in virtually every plant
family. Most of the important crop plants are capable of
forming such associations. Their benefit to plants is

easily demonstrated under poor mutritional conditions.

The most obvious effect of nematode parasitism is
growth reduction. The diversity of symptoms incited sugg—
ests a variety of mechanisms, all involving impzirment of
root function in the case of root nematodes. The root~knot

nematode, Meloidogyne incognita (Kofoid & White) Chitwood,

for example, disrupts root function and nutrient absorp-
tion, reduces number of feeder roots, and supresses plant

growth and yield (Hussey, 1985).

The objective of the present study was to determine
the reciprocal effect of M. incognita and vesicular-arbusc-

ular mycorrhizal fungi (mainly Glomus spp.) infections on:

1) the growth of Egyptian clover {(Trifolium

alexandrinum L.) plants;

2) number of nematode stages and final population;
3) the rate of mycorrhizal infection (5)3
4) total-N and P-content of clover shoots; and

5) the histology of the nodule and nem=ztode g211.
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II. REVIEW OF LITERATURE

A. The Potential Significance of kycorrhizel Associations
in Crop Production

As summarized in a review article by Ruehle znd Narx
(1979), the general majority of plants, including most
economicallyrimportant crops, form mycorrhizal associat-
ions in which the mycobiont takes over, either partially
or completely, the warious functions of root hairs. Iuch
more widespread are endomycorrhizae, in which the mycobiont
enters the cortical cells of the host rlant producing fun-
gal structures, viz., vesicules and arbuscules, but usually
do not affect the gross morphology of the root (Bartha,
1980). Externally to the roo%t, a looSe weft of mycelium
occurs. This may be differentisted into long and short
branches and may bear vesicles, spores, or fruit bodies.
The hyphae are aseptate except where vesicles or fine later—
al branches are cut off (Harley, 1965). These are mostly
of the vesicular-arbuscular endomycorrhizae (VAL). The
mycobionts of VAM are most commonly members of the family
Endogonaceae. The most important genera in this family are

Glomus, Gigaspora, Acawvlospora and Sclerocystis, They

appear to have wide distribution, both geographically and

in terms of soil tyrpes.
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B: The Importance of Vesicular-Arbuscular Mycorrhizae
to Plants

Kumerous laboratory and several field experiments
have demonstrated that VAM association can greatly imp-
rove plant growth and nmutrition. Safir and Nelsen (1980)
stated that mycorrhizal root systems are generally more
efficient at taking up nutrients. Under nutritionally
restrictive conditions, mycorrhizal plants have greater
access to inorganic nutrients, especially tc those that
have limited solubility, and mobility, e.g,, vhosghate,
zinc, molybdenum, and ammonia (Bartha, 1980). The myco-
biont receives photosynthate from the plant. The propa-
ble source of energy for hyphal uptake 6f nutrients is
most likely obtained from the host in the form of organic
compounds (Safir & Nelsen, 1880).

Four hypotheses have been proposed by Safir and
Nelsen (1980) to explain the improved nutrition of mye-
orrhizal plants. These hypotheses were discussed prima-
rily in relation to phosphorus nutrition, because the
increased uptake of phosphorus is usu=lly zssocizted with
the improved growth of mycorrhizal plants.

The first hypothesis is that the mycorrkhizal root
surface is a more efficient nutrient absorber, that is,

rhysiological changes due to infection occur in the
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infected root causing it to more readily absorb soil
nutrients. Gray and Gerdemann's study (1968) supported
this hypothesis using radioactive phosphorus. They found
that noninfected segments of inoculated roots absorbed
more phosphorus than noninoculated check roots. However,
the infected segments of mycorrhizal roots absorbed much
more phosphorus than did uninfected segments.

The second hypothesis is that mycorrhizal root
segments are able to use nutrients sources that are
unavailable or less available to0 nonmycorrhizal roct.
Murdoch et al. (1967} demonstrated that mycorrhizal
corn plants were larger and had higher phosphorus cont—
ents thag 8id nonmycorrhizal corn when phosphorus sour—
ces of low availability (rock phosphate) were added to
soil. Conversely, mycorrhizal and nonmycorrhizal plants
had equal phosphorus contents and grew equally well with
a readily available phosphorus supply. Similar results
have been obtained by Ross and Gilliam (1973) and Powell
-and Daniel (1978). However, studies by Sanders and Tinker
(1971), Hayman and MNosse (1972) and Powell (1075) indicat
ed that mycorrhizal and nonmycorrhizal plants were using
the-same scurces of phosphorus, It appears that the
increased utilization by mycorrhizal plants of lovw—avai-

lability phosphorus sources can largely be explsined by

Central Library - Ain Shams University



an increased uptake rate by mycorrhizze of phosphorus in
s0il solution (Safir & Nelsen, 1980). Fares (1986) found
that mycorrhizal peanut plants not fertilized with phos-
phate had approximately the same morphological characte-
ristics and pod yield as those of fertilized nonmycorrh—

izal plants.

The third hypothesis is that the soil network of
mycorrhizal hy?hae is able to absorb mutriens from ler-
ger soil volume and translocate them to the infected roots.
Hattingh et a2l. (1973) demonstrated that mycorrhizal
hyphae are capable of transporting large amounts of phos-
phorus to mycorrhizal roots. This was conffrmed by Rhodes
and Gerdemann (1978) who used a split plate technigue to
separate mycorrhizal plant roots from areas of soil into
which exbernal hyphae had penetrated. Fhosphorus-32 was
added to the soil containing the hyphae, and -°F uptaie
by plant roots was measured. Severing the external hyphse

32

from the reots eliminated P transport to the roots.

The fourth hypothesis is that mycorrhizal rcot segme—
nts remain functional as nutrient absorbers longer than
do nonmycorrhizal segments. This hypothesis suggests that
mycorrhizal infection alters root morphology to ensble

the entire root system to be larger and more efficient
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at nutrient absorption. Safir and Nelsen (1980) stated
that it is unlikely hypothesis because root-shoot ratios
are generally lower for mye¢orrhizal plants than for non-
mycorrhizal plants. It is also unlikely that mycorrhizal
roots take up large 2mounts of phosphorus because they
remain active longer than nonmycorrhizal roots, for myec—
orrhizal growth stimulation may occur several weeks after

inoculation.

C. Effect of Vesicular-Arbuscular Nycorrhizze (VAL) on
Rhizobiz

VAM infection has been associated with imoroved nit-
rogen fixation by Hhiozbium. Greenhouse experiments
conducted by Daft and El Giahmi on bean (1974} and
peamat (1976) showed that mycorrhizal fungi in plant
roots increased plant growth, seed ¥ields, number of
nodules, and acetylene reduction rates over plant that
had no mycorrhizal fungus present. They further demons-
trated that most but not all this increase was due to the

increase in phosphorus levels in mycorrhizal plants,

Bagyaraj et al. (1979) demonstrated that Glomus fasiculatus

could significantly increase the nodules on soybean on a
phosphorus—deficient soil in the field, but that this
increase did not result in =a significant increase in

seed yield. PFares (1986)found that all peanut plants
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