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SUMMARY

The mycophagous nematode ApheLenchus auenae Bastian, 1865 was

found to be abundant in soil from South Australian wheat-fields. Mean

population density from 57 fields under wheat was 349 , 242 r-2 ir, ah"

top 20cm of soil and comprised 9% of all nenatodes. Population

density was positively correlated with soil pH and the nematode tended

to be relatively more abundant in sandier soils and in soils with

higher levels of soluble salts. Studies on the distrioution and

abundance of A. auena,e in saline soils surrotrnding brackish lagoons

suggested that type of plant cover - and associated soil mycoflora - was

a more important influence than salinity pez, se on population

density of the nematode. The eff,ects of salinity and pH of culture

nediun on population increase of,4. aÐenae in monoxenic culture

suggested that these factors were more likely to influence population

density in soil by their actions upon host fungi rather than on the

nematode. Subsequent studies concentrated on the relationship between

the soil mycoflora and population density of A. auena.e.

Abundance of A. auenae was studied in two soils, a field under

wheat and a pine-forest, which, because of the differences in their plant

covers, were expected to differ in composition of the nycoflora.

A. auena,e hlas more abundant in the wheat-field soil than in the pine-

forest soil and litter where it was conparatively rare. ApheLenchoides

spp. appeared to be the nost conmon mycophagous nematodes in the pine-

forest, particularly in litter. Various methods were used to compare

nycofloras of soi1, roots and organic debris fron the two sites. It

was concluded that the sites possessed distinct mycofloras and that

the nycoflora of the wheat-field soil was nore diverse than that of
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the pine-forest soil which was dominated by PenieiLLiun spp. It is

suggested that composition of the soil mycoflora is a najor factor

influencing abutrdance of á. aÐenae.

To test the hypothesis that composition of the soil nycoflora

influenced abundance of /. auena.e, feeding trials were conducted using

isolates of A. auena,e and various fungi derived from wheat-field and

pine-forest soi1s. Other mycophagous nematodes - ApheLenchoides spp.

fron these soils were also tested to deternine the degree of resource

overlap between them and /.. aÐena.e. Genera and speci", gtorrp, of

fungi, and individual isolates, varied markedly in their suitability

as food-hosts for .4. auenae and other mycophagous nematodes. The

more diverse mycoflora of wheat-field soil afforded a greater range of

suitable fungal hosts than that of pine-forest soil. PenícíLLi;am spp. ,

the fungi which dominated pine-forest soil, ü/ere comparatively poor

hosts for the. nematode. Individual isolates of ,4. auenq,e from the

wheat-fie1d and pine-forest soils varied greatly in their rates of

population increase in feeding trials, suggesting an underlying genetic

diversity, apparently in the forn of genetically distinct clones.

Little host specialization appeared to exist between .,4. auenae and

ApheLenchoides spp. that would preclude the possibility of cornpetition

for food resources. Feeding tTials indicated that actinomycetes and

bacteria fron the two soils were little used, if at aII, by A. auenae

as food sources.

All nainland isolates of .4. al)enae examined were apparently

parthenogenetic, however, a population frorn Dangerous Reef, an island

in Spencer Gu1f, proved to be anphimictic. Parthenogenetic isolates of

A. auenae, even when derived from the sane field, varied rnarkedly in

their propensity to produce males at te¡nperatures above 25"C.
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Populations of the nematode sampled north of 34oS latitude were found

to have n = 9 chromosomes while those to the south had n = I

chromosomes. There üIas no relationship between karyotype and propen-

sity to produce males at high tenperatures, nor were the two karyoty¡res

correlated with any known environmental variables. Intraspecific

variation between parthenogenetic populations was also observed in

rates of egg-laying and population growth in rnonoxenic cultures. It

was concluded that evolutionary developnent had not halted with the

adoption of parthenogenesis in A. auenqe and that mutation rates and

the autornictic mode of reproduction of this nematode allowed for

considerable genetic flexibility. A mechanism by which heterozygosity

could be maintained in this nenatode is discussed.

At 25oC rates of egg-laying by fe¡nales of a parthenogenetic

isolate of A. auena,e rtrere equal to those of anphirnictic females,

prompting an expectation of a twofold advantage in reproductive rate

for the parthenogenetic isolate. However, when inoculated together

on to fungal cultures the anphinictic isolate was not selectively

displaced by the parthenogenetic isolate, possibly because of an

inhibitory effect on egg-laying of parthenogenetic fenales induced by

amphimictic ¡nales. Thus, anphimictic populations nay be able to

maintain themselves in nature in the presence of parthenogenetic

conpetitors. The parthenogenetic population appeared to be better

adapted to higher temperatures than the amphimictic population, the

rates of egg-laying and egg-hatching at 30"C being higher for the

forrner population. The ecological correlates of parthenogenesis in this

nematode are discussed.
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I. INTRODUCTION

Although A. avenae has been found in lesions on plant roots

(Christie and Arndt, 1936), within root parenchyma tissue (Steiner, 1936)

and to feed upon root hairs (Chin and Estey , L966) and to multiply to somè

extent upon plant callus tissue (Barker and Darling,1965), it is regarded

as being primarily mycophagous (Hooper, L974). Evans and hlomersley

(1980) considered that the reproduction of A. avenae in tomato root tissues

observed by Chin and Estey (1966) conclusively demonstrated that at least

some populations of the nematode nay acL as facultative plant pathogens.

However, Chin and Estey allowed that the nematodes may have entered the

roots to feed upon Tert iciTTiun aTbo-atrum with which the test plants had

also been inoculated. Nevertheless, it is clear that the classification

of,4. avenae as a strict, obligate fungivore made by Mankau and Mankau

(1963) r./as premature. The high rate of reproduction of this nematode upon

a wide range of fungi (Townshend, L964), certainly suggests that fungi are

it.s preferred food. ThaL some browsing on roots may also occur is not

surprising and is in accord with the hypothesis put forward by taxonomists

(Maggenti, L97I; Triantaphyllou and Hirschmann, 1980) in deriving the

evolutionary development of plant parasitic nematodes from mycophagous

ancestors.

Plant pathologists have concentrated mainly on the effects of

A. avenae on root-pat.hogenì-c fungi (Rhoades and Linford, 1959; Barker,

L964; Klink and Barker, 1968; Barnes et a7.,1981; Caubel et a7.,1981)

ín the hope of enlisEíng the nematode as an agent for biological control

and, more recently, on possible adverse effects on plants through feeding

on mycorrhízaL fungi (Sutherland and Fortin, 1968; Hussey and Roncadori,

1981). Apart from these aspects iLs ecological role in the soil has re-
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ceÍved scant attention. Evans and Womersley (1980) have recently reviewed

information on it.s behaviour, physiology and experimental uses. The

factors controlling its distribution and abundance are largely unknown

and are liable to remain so until there is a better understanding of the

ecology of its food resources - soil fungi - and of its relationships with

other soil fauna. Studies of soil fungi pose many problems owing to

their enormous diversity and variety of form and all isolation methods are

more or less selective for particular groups and/or types of propagules.

New techniques, which aim to quantify the amount of living and actíve

mycelium in soil (Frankland, 1975; Söderström, I977)r mây eventually be

of use in studies on soil fauna which feed on fungal prot.oplasm, but pre-

sent great analytical problems when comparing different soils (tsååth and

Söderström, 1982).

In surveying the literature on this nematode it was found that

at least 92 species of fungi from 50 genera and including all sub-divisions

of the Eumycota have been recorded as food sources for various ,4. avenae

isolates in culture. Studies in which a single A. avenae isolate has been

tested on a variety of fungi in culture (Mankau and Mankau,1963;

Townshend, L964) also suggest that this nematode acÈs as an ecological

generalist (that is, utilizing a wide range of resources), but that it

prefers planÈ pathogenic fungi. However, a study has not previously been

made using A. avenae and fungi isolated frorn the same soi1. The present

study aims to test Ehe hypothesis t.hat abundance of A. avenae is in-

fluenced by composition of the soil mycoflora. Population densities of

A. avenae and soil mycofloras have been examined in uwo habitats - a field

under wheat and a pine-forest - which differ markedly in the composition of

their surface vegetation and hence are expected to differ in the composition
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of their soil mycofloras (Waid, 1960). The suÍtability of these myco-

floras to support population growth of .4. avenae h/as compared by measuring

rates of population growth of.4. avenae reared on fungi from bot.h soils.

Other mycophagous nematodes from the same soils were tested on these fungi

to determine the extent of resource overlap and, hence, the likelihood of

competiLive interactions between t,hese nematodes and ,4. avenae.

Parthenogenetic plant parasitic nematodes (Triantaphyllou and

Hirschmann, 1980) and, indeed, all parthenogenetic organisms, (l^Jhite, l-973),

are commonly regarded as having strictly limited evolutionary potenÈial.

In this study, the genetic diversity amongst parthenogenetic populations

oL A. avenae from soils given ovcr to the same regime of land use - to

minimize differences in the composition of the soil mycoflora - v/as examined

as an indication of the genetic flexibiliLy allowed by this mode of repro-

duction. In t.hese soils, planted Èo wheat, population density of

A. avenae r{as compared with physico-chemical properEies of the soil to

determine their influence on abundance of the nematode. Different popu-

lations of the nematode h¡ere reared in culture under different environment.al

conditions to investigate the possible adaptive significance of existing

genetic variation in relaEion to soil factors. Genetic variation between

parthenogenet.ic isolates of. A. avenae from wheat-field and pine-forest

soils was also studied by comparing reproductive rates of the nematode

reared on various fungi.

Amphinictic populations of A. avenae have been found from

l,/estern Australia (Evans, 1968; Evans and Fisher, 1970) and Malawi (Evans

and ï'lomersley, 1980; Hooper and Clark, 1980). All other populations ex-

amined from various parts of the world including Australia (Evans and

Fisher, 1970), North America (Triantaphyllou and Fisher, L976), South America
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(Dao,1970) and Europe (Goodey and Hooper, 1965; Dao, 1970) have apparenrly

been parEhenogenetic. Three part.henogenetic A. avenae populations ex-

amined by Triantaphyllou and Fisher (1976) were found t.o undergo meiosis

and their mode of reproducLion can thus be classified as automictic or

meiotic parthenogenesis (hlhite, 1973). The transition from amphimixis to

meiotic parthenogenesis is viewed as a relatively simple phenomenon by

cytogeneticists (I,rlhite , I973; Suomalainen et a7. t 1979), spontaneous or

tycho-parthenogenesis - Lhought to involve automictic mechanisms - being

reported from a variety of otherwise bisexual species (h/hite, L9731'

Cuellar , 1977). The nature of the selective forces which maintain sexual

reproduction in nature and the advantages accruing to an organism which

adopts parthenogenesis have become central issues in evolutionary biology

(Williams, L975; Cuellar, L977; Maynard Smith, 1978; Charlesworth, 1980;

Tooby, 1982). Although parthenogenesis has arisen repeatedly amongst all

families of plant parasitic nematodes (Triantaphyllou and Hirschmann, 1980) ,

nematologists have contributed little to this discussion (but see

Triantaphyllou and Hirschmann, L964, and Poinar and Hansen, 1983, for

reviews of reproduction in nematodes). Species, like A. avenaer which

exist in both amphimictic and parthenogenetic forms may present opporLunities

to test some of Ehe predictions made by evolutionary biologists. In this

study, the supposed two-fold advantage of parthenogenesis (Maynard Smith,

1978) is examined with respect to .4. avenae.
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II. MATERIALS AND METHODS

I SAMPLING SITES

(a) Mid-North WheatTands Environnen ta7 Repion

In 1977 the CSIRO Division of Land Use Research published Lhe

results of its ecological survey of South Australia, a study intended to

be used as a test case for assessing the suitabiliuy of LANDSAT imagery for

this purpose (Laut et a7. ¡ L977). The approach used to map and describe

the environments of South Australia v/as a modified form of integraEed re-

connaissance survey in whì-ch regions were characterized by combinations

of attributes (rather than one single attribuÈe such as soils, vegetation

or land use) but with emphasis being given to geomorphology. A simple

four-level hierarchy of areal units was used to provide the necessary scales

to describe environmental conditions, ranging from the sma1lest., rrenviron-

mental unitstr, through tfenvironmental associationstt and ftenvironmental

regionsfr to tfenvironmental provincestr. This system is suitable for use in

organizing field surveys of soil fauna, more so than mapping systems which

use an arbit.rary grid because the areal uniEs relate to actual environment.al

conditions. The northern-most region of the Mt. Lofty Block Province,

named the Mid-North Wheatlands Environmental Region (Fig. .1) after its pre-

dominant land use, provì-ded an ideal basis for a survey of ApheTenchus avenae

in wheat-fields. It extends from Adelaide to Quorn, the northern boundary

marked by the approximaEe northern limit of wheal cultivation, and encom-

passes considerable climatic heterogeneity. Mean annual rainfall ranges

from 250-700 mm while mean annual evaporation ranges from 1800-2400 mm. It
consists of 19 environment,al associations covering an area of 13rl8O km2;

the associations ranging in size from 20 kr2 to 2,OgO kn2.. The geomorphology

is characterized by narrow ridges separated by wide plains. The dominant
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FIG. 1 The Mid-North I^lheatlands Environmental

Region (hatched area) of South Australia
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soil type is a hardsetting pedal red duplex soil, Dr 2.23 in the cl-assifi-

cation of Northcote (1974). This red-brown earth is t.he mainstay of wheat

growing in South Australia (Stace et a1.¡ 1968).

Fifty-seven soil samples were taken from fields under wheat in

the ì{id-North hlheatlands Environmental Region during the 1980 wheaL season

between 28 July and 17 October. All 19 environrnental associaLions were

sampled at least once, some as many as 8 times (Table 1, Fig.2).

(b) WilTianstown Wheat-Fie7d and Pinp-Fnrps.f

The wheat-field and pine-forest chosen for a more detailed study

of the abundance of A. avenae were selected on the basis of their proximity,

boLh being located near tr^lilliamsLown (34o40rS, 138"53rE), South Australia in

Ehe Rosedale Environmental Association (3.3.1, see Fig. 2). Mean annual

rainfall in this area is about 560 mm.

The pine-forest, planted wj-th Pinus radiata D. Don ln 1966, ls

located on the northern shore of the Sout.h Para Reservoir. The field,

under wheaL at Ehe time of sampling, is situated 5 km north-west of the

forest on the northern face of a hill sloping au 10-15". It had had a

rotation of cereals and pasture grasses since at least before 1960. Wood-

land dominated by EucaTyptus Teucoxylon and.E. odorata originally covered

much of the surrounding region (Laut et a7. ¡ 1977) while the dominant soil

type is a hard setting pedal red duplex soil (Dr 2.23 ín the classification

of Northcote, 1974).

2. SOIL SAMPLING

(a) l"lid-North WheatTands EnvironmentaT Region

In the survey of mid-north wheat-fields, soil samples 18.5 cm wide
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TABLE 1: Soil samples Eaken from fields under wheat from Environmental
AssociaLions of the Mid-North Wheatlands Environmental Region
during the 1980 growing season

Environment.al Association No. Samples Dates Sampled

Rosedale

Freeling
Stockport

Tarlee
Shearers Hill
Mopami

Rufus

Neales Flat
Burra Hill
Apoinga

Hansen

Bald Hill
Clare

Yongala

Yacka

Appila
Tarcowie

I'lirrabara
Mt. Remarkable

(3.3. 1)

(3.3.2)
(3.3.3)
(3.3.4)
(3.3. s)
(3.3.6)
(3.3.7 )
(3.3.8)
(3.3. e)
(3.3. 10)

(3.3. 11)

( 3.3. 12 )

(3.3.13)
(3.3.14)
(3.3.15)
(3.3.16)
(3.3. 17 )

(3.3. 18)

(3.3. 19)

28/7

28/7 (7) ,

28/7
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FIG. 2 (A,B & C): ùIid-North lrlheatlands Environmentál Region

showing Environmental Associations (3.3.1 - 3.3.19)

and the locaËions (numbered) of the 57 fields under

wheat sampled. The wheat-field and pine-forest sampled

near l,lilliamstown (in Environmental Association 3.3.1)

are marked by stars, the more southerly of which

corresponds to the pine-forest.

The northern boundary (top of page) of

Map A joins the southern boundary of Map B; Map C

similarly joins Map B.
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and 20 cm deep, were taken with a spade. Three sub-samples were arbitrarily

taken from each wheat-field sampled and bulked to give a combined sample of

5-7 kg in weight. Large stones v/ere removed and soil clods broken by

hand and the sample r¡/as thoroughly mixed by shaking in a polythene bag for

one minute.

(b) IùiTTianstown Wheat-Field and Pine-Forest

A 3-hectare area, 200 by 150 m, v/as arbitrarily chosen for study

at each site and soil sampled from each of 12 quadrats, 50 m square. The

locality within each quadrat sampled was chosen by a random-walk technique

in which numbers of paces (from 0-60, 60 paces corresponding to about 50 m)

north and east of the souÈh-west corner of each quadrat were assigned by

random number tables. At Èhe locality so chosen, six sub-samples were

taken wiEh a 5 cm diameter auger to a depth of 10 cm from an area of one-

metre square and bulked together. Large stones h/ere removed and soil clods

broken by hand and the sample was thoroughly mixed by shaking in a polythene

bag for one minute. An additional sample was taken from each quadrat of

the wheat.-field with a spade from the nearest row of wheat to measure plant

height.

The surface litter was brushed away from the floor of the pine-

forest before sampling of the mineral horizons but coverings of mosses and

liverworts h¡ere noL removed. Samples of litter from each of the L, F and

H-layers defined by Hesselman (1926) and Kubiena (1953) were also taken from

each quadrat in the pine-forest. These layers could be distinguished by

the stage of decomposition of the pine-needles. The L-layer q¡as character-

ized by undecomposed, non-compacted litter composed of brown, intact needles.

The F-layer r{¡as more compacted and was composed of darker brown, partially

fragmented needles. hlhere the litter v/as sufficiently deep it could be
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divided into F1- and F2-layers. Needles were often intact in the F1-layer

but were more fragmented and compressed in the F2-layer. Fungal hyphae

were very dense in the F2-layer, with basidiornycetes, especially Anphinena

byssoìdes, forming a continuous mat. The H-layer was composed of dark,

amorphous humus.

3. PHYSICO-CHEMICAL CHARACTERISTICS OF SOILS

(a) Mid-North VlheatTands EnvironnentaT R

(1) Soil pH

Soil pH was measured with soil suspended in 0.01 tl CaCl2

solution (Peech' 1965).

(2) tal soil salini

Electrical conductivity of 1:5 soil:h¡ater extracts in

U S cm-l aL 25"C was determined to give an indication of total

soil saliniÈy.

(3) Soil texture

Soil texture h/as estimated using the method of Jaenike et

e7. (1980). Soil was first dried at 90oc for 72 hours and

sift.ed through a 2 mm sieve. Ten g of soil was added to a

large tesL-tube, mixed with 30 ml disEilled water and agitated

lor 2 min. at maximum speed on a laboratory test-tube shaker.

The suspension was allowed to seLtle for 30 sec. ' the components

separated, dried at 90oC f.or 72 hours and weighed. The compo-

nent tha¡ settled in 30 sec. l{as designated sand , and that re-

maining in suspension was designated silt and clay.

The results obtained by this simple technique were found to be

reproducible. For example, results from 5 replicate assays on soil from

sample no. 40 are given on the next page.
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Replicate Z Silt and Clay Total

Totals do not attain 100% due to smal1 losses of material, ranging from

0.04-0.07 g, during separation of components. Results obtained by this

method on wheaE-field soils are very similar to those obtained with more

elaboraLe hydromeEer methods (Table 2).

(b) WiTlianstown I'lheat-Fie7d and Pine-Forest

Soil pH and total soil salinity were det,ermined for soil samples

from these sites by the meÈhods described above. In addi-tion , 7A soíL

moisËure was determined for 2 replicate 50 g sub-samples per sample by drying

in a 90oC oven for 72 hours. Soil texture was determined for a sample from

each site by both the methods of Jaenike et a7. (1980) and the hydrometer

met.hod (Piper, 1950) , allowing a comparison of these methods to be made.

Results obtained by the two methods were similar, especially with the wheat-

field soil (TabLe 2). l,Iith the much coarser pine-forest soil the hydrometer

methods gave somewhat higher readings for the silL and clay componenL.

4. EXTRACTION OF NEMATODES

A modified Baermann method (after hlhitehead and Hemming, 1965)

was used throughout for extraction of nematodes from soil. Large numbers

of samples can be processed simultaneously by this method. Fifty ml of

soil were evenly spread over a 2-pLy facial tissue supported by a stainless-

sEeel wire mesh placed in water in a 140 mm Petri dish. Nematodes v/ere ex-

tracted over 48 hours at room temperaLure and counted in Doncaster dishes.

ApheTenchus avenae could be readily identified under a stereoscopic dissecting

60
59
59
57
54

I
5
8
I
3

1
2
3
4
5

99
99
99
99
99

5
0
8
6
0
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40
39
4L
45

6
5
6
4
3
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TABLE 2: Comparison of hydrometer (H) method and method of Jaenike et a7.
(1980) for determining soil texture in wheat-field (l^J) and pine-
forest (P) soils

Soil Replicate % silt and clay % sand

H JJH

hr 1

2

3

4

I
2

3

Mean

50.36

5r.96

52.16

5L.49

t4.56
L4.76

15. 16

14.82

53. s

s0.6

54.0

53.0

52.8

8.7

8.5

8.5

8.6

49.6t+

48.04

47.84

48.51

85.44

85.24

84.84

85. 17

46.2

49.2

45.8

46.4

46.9

91.0

9L.4

9L.2

91.2

Mean

P
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microscope and specimens removed for starting culEures. Two replicat.e

50 ml soil samples were processed for each sample from the hlilliamstown

wheat-field and pine-forest.

Nematodes v/ere extracted from basidiomycete fructifications

using a Èhermal misting apparatus or the modified Baermann method. Thermal

misting and a modi-fied lulinderman (1956) technique were used to extract

nematodes from pine-forest litter. Pine-needle fragments hrere supported

on a nylon mesh with 1 mm openings in a beaker of water and agitated gently

aL 20 oscillations per minute in an orbital shaking water bath for 24 hours

at 20"C. Reproducible results could be obtained by this t.echnique; 10

replicate 300 mg samples of liuter from the F2-Layer yielded a mean of. 9L.2 +

6.f (S.8.) nematodes. Yields from litter extracted by thermal misting

attained 2I2 nemaEodes per g of litter.

5 MONOXENIC CULTURES OF MYCOPHAGOUS NEMATODES

Monoxenic cultures of A. avenae obtained from all soil samples

hrere established using a fungus as a food source growing on neutral Dox

yeast (NDY) agar (Appendix 1), pH 5.5 with 100 ppm streptomycin and 10 ppm

tetracycline, in 90 mm Petri plates. Cultures were normally sÈarted using

two adult female specimens of the nernatode. These were treated hrith 0.52

chlorhexidine gluconate, a bacteriocidal and fungicidal agent (Peacock,

1959), for 5 minutes and washed in sterile distilled water before being

Èransferred by hand to a drop of st.erile v/ater on the surface of the agar.

Plates were incubated at 25"C. Once eultures v/ere established a single

female from each was used to start new cultures and thus obtain nematodes

of common descent for use in experiments.

A strain of Rhizoctonia soTani obtained from Dr. J.M. Fisher

was initially used as a food source to establish á. avenae from Mid-North
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llheatlands soil samples but this proved to be an unsuiLable host for a

number of isolates of t,he nematode. A strain of Botrytis cinerea isolated

from a Myoporun sp. by Dr. J.H. hlarcup proved to be a universally acceptable

host for A. avenae isolates and was subsequently used to maintain all

cultures of the nematode.

The same procedures were used to attempt culture of other

possible mycophagous nemaLodes such as ApheTenchoides spp. and Dorylaims.

6, KARYOTYPE DETER},IINATION IN APHELENCHUS AVENAE

Meiotic chromo-somes in A. avenae oocytes were stained with

acetic orcein following a similar procedure to that of Triantaphyllou and

Hirschmann (1966). Adult female A. avenae \¡/ere smeared across clean micro-

scope slides wiÈh the tip of a hypodermic needle and the cuticles removed.

Slides were hydrolyzed in 1N HCl for 5-10 min., fixed in 1:3 acetic acid:

eLhanol for 2O-4O min., stained ín 2% orcein in 451. acetic acid for 20-30

min. and rinsed briefly ín 45Z" acetic acid before mount.ihg.

SEPARATTON OF POLYPEPTIDES IN NEMATODE HOMOGENATES
BY POLYACRYLAMIDE GEL ELECTROPHORESIS

A. avenae were cultured in mass on Botrytis cinerea as a food

source using t.he method of Evans (f970). The nematodes were concent.rated

into a small volume, suspended in cold 0.125 M Tris-HCl buffer, pH 6.8, spun

down for several mi-nuLes in a bench centrifuge and the supernatant. removed.

Further buffer was Èhen added êqual to the wet weight of the nematodes.

Nematodes were homogenized at 5oC with a teflon pestle, spun down for 10 min.

aE L2,800 g and the supernatant stored at -70oC until use.

7
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8. SEPARATION OF LENGTH-CLASSES OF áP¡JET,ENCHUS AVE,NAE

AttempLs were made Lo separate mass culLures of A. avenae into

uniform length-cl-asses to compare polypeptide patterns of adult and larval

sLages by polyacrylamide ge1 electrophoresis. Laboratory sieves and poly-

amide monofilament cloth (Myers et a7.¡ 197f) were found to be more

convenient for this purpose than glass microbeads (Chow and Pasternak, L969).

Sieves were placed in containers partially filled with water and a suspension

of nematodes added. After varying periods of time nematodes retained on

sieves r{ere separated from those having passed through and the lengths of ten

randomly selected nematodes from each group measured from drawings rnade with

a camera lucida (Appendix 2). Although useful separations of lengLh-classes

could be achieved by this technique, results varied with cultures of differenÈ

ages.

9. GENERAL METHODS OF ISOLATION OF FUNGI FROM SOIL

Fungi were isolated from hlilliamstown soil samples using dilution

and soil plate methods (l^/arcup, 1950) with neutral Dox yeast (NDY) agar , pH

5.5, conLaining 100 ppm streptomycin.

Dilution plates $/ere prepared at a dilution of 10-4, incubated

at 25"C and colonies sub-cultured onto NDY after 2-5 days. Soil plaLes were

prepared by transferring about 5 mg of soil with a sterile spatula to a drop

of sterile r^¡ater in a Petri dish, dispersing the soil in the drop and pour-

ing cooled but molten NDY into the dish. Soil plates were treated in the

same manner as dilution plates.

Mycelial cultures of basidiomycetes were starLed from fruiting

bodies by inoculation of. 2% malt agar (Appendix 1) with small portions of

cap or stipe tissue.
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10. ISOLATION OF FUNGI FROM PLANT ROOTS

hlashed wheat and Pinus rooÈs h/ere cut into 1 cm lengths,

treated with either a solution containing 1000 ppm of both neomycin and

streptomycin (30 min) or 0.5% sodium hypochlorite (1 min), washed in sterile

water and plated onto NDY with 100 ppm streptomycin.

11. ISOLATION OF ACTINOMYCETES AND BACTERIA FROM SOIL

Actinomycetes and bacteria were isolated frr:.,n \dilliamstown soil

samples using dilution plates \riiuh 27" water agar' pH 7.2 (Lingappa and

Lockwood, L962). Dilution plates were prepared at a dilution of 1/5000 and

incubated at 2B"C for one week before counts were made of colonies and sub-

culLures made. Actinomycetes v/ere sub-cult.ured onto Krainskyrs medium and

bacteria onto nutrient agar (Appendix 1).

T2. FEEDING TRIALS

Nematodes to be used in feeding trials v/ere extracted from 2-week

old cultures mainLained aE 25"C on Botrytis cinerea on NDY agar using

Baermann funnels through 4 layers of facial tissue. This procedure removed

much of the fungal debris and, provided cultures were kept in the dark to

inhibit sporulation, fungal spores v/ere rarely a problem. Since stock

cultures were rnaintained on B. cinerea and nemaLodes used in feeding trials

were subsequent.ly discarded, each feeding trial represenLed a novel situa-

tÍon in thaL neither the nernatodes nor their progenitors had been previously

exposed (aE least in the laboratory) co.Ehe test organism before.

Nematodes v/ere treated with either 0.5% chlorhexidine gluconate

for 2-10 min or a solution containing 1000 ppm benzyl-penicillin, 1000 pm

streptomycin and 10 ppm teLracycline for t hour before washing in sterile
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hrater. A drop of sterile water was placed on the surface of the agar of

tesL plates and 5 adult female nematodes transferred to the drop by hand.

(a) Funsi

Fungi to be tested as food sources were gro\,{n at 25oC on NDY

'agar plates. Discs, 6 mm in diameter, were taken from the growing margin

of 2 week-old cultures, or¡ in the case of slow-growing forms such as many

of the basidiomycetes, from 4-6 week-old cultures. One disc was placed in

the centre of the agar surface in each test plate which consisted of 9 cm

plastic Petri dishes containing 10-12 ml of NDY agar, PH 5.5, with 100 ppm

streptomycin and 10 ppm tetracycline.

(b) Actinonvcetes

Actinomycetes were maintained on Krainskyrs medium at 25oC and

9 cm plastic Petri dishes containing IO-I2 ml of the same agar medium in-

oculated with actinomycetes by streaking with a sterile loop passed over the

surface of the stock culture.

(c) Bacteria

Bacteria v/ere tested as food sources of nematodes in the same

manner aS h¡ere actinomycetes, except that nutrienE agar was used.
I

(d) Harvestinp of Nenatodes

Plates inoculated wit.h nemaLodes and test organisms were incu-

ba¡ed for 2 weeks in the dark at 25oC before harvesting. Plates were

harvested by dicing the agar and placing on 2-pLy facial tissue supported

in a Petri dish of water by a coarse nylon mesh for 48 hours. An aliquot

of the nematode suspension v/as examined under a dissecting microscope and

the number of adults (of each sex) and larvae counted such that at least

100 individuals u/ere counted per plate. The total number of nematodes per
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plaËe was then calculated. If there were less than 100 nematodes per plate

the total number was counted.

At least 4 replicate plates per test organism were used and in

many cases this number was exceeded. However, plates were discarded if

contaminated with extraneous bacteria or fungi.
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III. INTRASPECIFIC VARIATION AND ABUNDANCE OF

APHELENCHUS AVENAE

Variation between populations of A. avenae and abundance of the

nemaLode were studied firstly, in soil from a single type of habitat from a

defined area - wheat-fields of the l,lid-North l,rlheatlands Environmental Region

- and secondly, in soil from a variety of habitats from different areas.

ABUNDANCE OF APHELENCHUS AVENAE IN WHEAT-FIELDS
OF THE MID_NORTH I^IHEATI,ANDS ENVIRONMENTAL REGION

A. avenae was found in soil from all 57 fields under wheat from

the Mid-North hlheatlands Environmental Region. Mean population density was

g2.2 ! 15.0 (S.E.) per 50 ml soil (corresponding to 349, 242 *-2 in the top

20 cm of soil) with numbers ranging from 4 to 520. It is clear that

A. avenae comprises a numerically important part of Ehe nematode fauna of

South Australi-an wheaE-field soils, a fact emphasized by a comparison with

data from other sites. For instance, A. avenae ranged from 3000-28OOO m-2

in the top 10 cm of soil from five New Zealand sites under pasture (Yeates,

1981). Under permanent pasture at the h/aite Agricultural Research Insti-

tute, A. avenae was found aE a mean populaEion density of. I2.9 per 50 ml soi1.

A. avenae made up 9.0 t 1.2 (S.8.) 7, of total nematodes extracted

from wheat-field soil. Relative abundance ranged from 0.4 to a massive

50.9% of total nematodes, Ehe latter figure coming from soil first planted

to wheat in the year of sampling on the edge of a brackish lagoon (see Black

Springs Lagoon transect p. 31). Relative abundances r^/ere generally lower

in Ehe other wheat-fields which normally also had much longer cropping

hisËories. A. avenae is known to be a significant componenE of the nematode

fauna under other field crops; thus it made q 2-7% of total nematodes in

soybean fields (Norton et a7., I97I). Relative abundance in wheat-field
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soil h¡as, however, much higher than that found in soils under pasture.

A. avenae made up only 1.5% of total nematodes under permanent pasture at

the Waite Agricultural Research Institute, while Yeates (1981) found it

comprised 0.3-3.5% of total nematodes in five New Zealand soils under grazed

pasture.

l"fean population density of nematodes from wheat-field soil was

1105 t 127.3 (S.E.) for 50 ml soil corresponding to 4184 000 m-2 in the top

20 cm of soil; a moderate value compared with other terrestrial ecosystems

(Sohlenius, 1980) and exceeding that - 638.4 t 83 (S.E.) - calculated from

data of Oostenbrink et aI. (1956) for an equivalent amount of soil from 8

DuEch wheat-fields.

lllashed wheat roots from several soil samples v/ere treated with

boiling lactophenol containing 0.1% cotton blue to stain nematodes buÈ

A. avenae vlere not detected in roots.

2. ASSOCIATIONS BETVEEN ABUNDANCE OF APHELENCHUS AVENAE AND ENVIRON_
MENTAL FACTORS IN MID-NORTH I^IHEATLANDS ENVIRONMENTAL REGION

Correlation and regression analyses u/ere applied to data on

abundance of A. avenae (no. per 50 ml soil and 7. of total nematodes) and the

following environmental variables: EC 1:5 - electrical conductivity of 1:5

soil - water suspension in u S cm-l at 25oC; nC" - electrical conductivity

of soil-water suspension (EC f:5) multiplied by a conversion factor (F)

which varies with soil texture (Berstein, 1964). Conversion factors used

were those listed in Heanes (f98f) and soil texture classes of Chittleborough

(1981) were assigned on the basis of. % clay content; soil pH; % sand - soil

fraction settling in 30 sec; P/E - mean annual precipitation/mean annual

evaporation (mm) for the particular Environmental Association as listed by

Laut er al. (1977); MA - mean altitude (m) of the particular Environmental

Association as listed by Laut et a7. (1977).
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The resulting correlation matrix is presented ín Table 3. At

sites where A. avenae was abundant the nematode also tended to be relatively

more abundant (as % of xotal nematodes), that is, the density of this nernatode

did not vary simply with the total population of nematodes. This suggests

that some fields were more favourable than others for population development

of A. avenae. Population densit.ies of A. avenae tended to be higher in more

alkaline soj-ls and the nematode tended to be relatively more abundant in

soils with higher levels of soluble salts (as reflected by higher ECe and

EC 1:5 values). This does not necessarily mean that A. avenae prefers soils

of higher pH or that it is less sensitive to salinity than other nematodes of

wheat-field soils; these factors may be influencing population densities

indirectly. A. avenae tended to be relatively more abundant in sandier soils.

NorÈon et a7. (1971) also found A. avenae tended to be rel¿¡tively more

abundant in sandier soils compared with soils with higher clay contents from

40 soybean fields.

Soil pH was positively correlated with the level of soluble salts

(EC 1:5 and, to a greater extent, with ECe). ECe (but not EC l:5) was

positively correlated with soil pH and, not surprisingly , 7" sand. A higher

correlation hras found between % total nematodes and ECe Ehan with EC 1:5.

These results suggest conversion of data to ECe is a useful step to take in

ecological surveys of soil fauna. Mean altitude was negatively correlated

with the precipitation/evaporation ratio and with soil pH.

Regression analyses !¡ere summarized in Table 4 and data are

depicted in Figs. 3-8. Conclusions drawn were that A. avenae tends to be

relatively more abundant in soils with higher levels of soluble salts (a

relationship more clearly illustrated, once again, by the use of ECe) and

in sandier soils; and numerically more abundant in more alkaline soils.
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CorrelaLion maLrix (55 d.f.) between absolute and relative (% of.
total nematodes) abundance of 1. avenae in 57 wheat-fields in
the Mid-North h/heatlands Environmental Regì-on and various environ-
mental factors

No. % totaL EC 1:5 pH % sand P/E ECe l,tA

No.

% totaT
EC 1:5

pH

Z sand

PlE

ECe

MA

1 .00

0.46;ç

o.25

0.36r+

-0.18
-0.01
0.01

0.03

1.00

0.31*

0.18

O.26-Y'

0.08

0.41.*

0. 18

1 .00

0.52+f

-0.03
-0.09

0.83^*

0.18

1.00

-0.04
0.07

o.27x

-o.26x

1.00

0.04

0.38rÉ

-o.22

1.00

-0.01

-0.36rs

1.00

0.14 1.00

tl
Correlation coefficient significant at 5% level.
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summary of regression analysis and analysis of variance for
absolute and relative (% of total nematodes) abundance of
A. avenae in 57 wheat fields of Mid-North l.lheatlands Environ-
mental Region on various environmental variables

Regression Regression
Coefficient

F-value Z Variance
accounted for

No. on EC 1:5

% totaL on EC 1:5

No. on ECe

% Tota]- on ECe

No. on pH

% Total on pH

No. on % sand

7" TotaI on % sand

No. on P/E

% ToLaI on P/E

No. on MA

% Total- on MA

1.88

2.37x

0.07

3.30*

2.89x

1 .35

-1 .38

L.97x

-0.08
o.57

o.2r
r.32

3.54

5 .64^*

0.01

10.90*

4.3

7.6

R

15.0

11 .6

r.4
1.6

4.9

R

R

R

1.3

8.33"$

L,82

1.90

3.89

0.01

o.32

0.05

1.73

ts
Significant at, 5% leve1.

R - Residual variance exceeds variance of y-variate.
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Fitted regression lines for number of

A. avenae per 50 ml soil (a) and as

% of total nematodes (b) on electrical

conductivity of 1:5 soil:q¡ater sus-

pension from 57 wheat fields of Mid-

North hlheatlands Environmental Region.



6('0

500

400

300

200

100

40

oo

oo

o

o
oo

o

(a) No. j¡ avenae

(b) % Total Nematodes

o o

o

o

o o

o o
o

o

oo

o

o
o€

o
oo

oo
æ

ooo
9o

o

o

o

o

o
oo

€

o50

30

20

10

o

o

o

o
o

o

o o

o ooO6

o
o oo

o
oo o
o

o

o
o oo

OO
o

oO
o

oooo
o

o
oo o

oo oo

50 lOO 15O 2OO 25O 3OO 35O 4OO 45O

o
o

o

EC
1:5



FIG. 4:

26

Fitted regression lines for. number of

A. avenae per 50 ml soil (a) and as Z

of total nemaÈodes (b) on electrj-cal

conductivity of soil-water suspension,

modified to take account of,variation

arising from different soil textures

(ECe) from 57 wheaÈ fields of Mid-North

lrlheatlands Environmental Region.
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FIG. 5

27

Fitted regression lines for -number of

A. avenae per 50 ml soil (a) and as %

of total nematodes (b) on soil pH for

samples from 57 wheat fields of Mid-

North l,/heatlands Environmental Region.
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FIG 6:

28

Fitted regression lines for number of

A. avenae per 50 m1 soil (a) and as Z

of total nematodes (b) on soil texture

(% sand) from 57 wheat fields of Mid-

North Llheatlands Environmental Region.
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FIG. 7

29

Fitted regression lines for number of

A. avenae per 50 ml soil (a) and as %

of total nematodes (b) on ratio of pre-

cipitation over evaporation for 57

r,,¡heat fields from I'fid-North hlheatlands

EnvironmenEal Region.

a
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FIG. 8: Fitted regression lines for number of

A. avenae per 50 ml soil (a) and as %

of tot.al nemaLodes (b) on mean altitude

for 57 wheat fields from Mid-North

hlheatlands Environmental Region.
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3. ABUNDANCE OF APHELENCHUS AVENAE IN SALINE SOILS

Since A. avenae was found to be relativel.y more abundant in

wheat-field soils wit.h higher levels of soluble salts the distribution of

the nematode in saline soils was investigated by sampling along transects on

the edge of several saline lagoons. Both lagoons are situated in the

Hansen Environmental Association (3.3.11), 25 to 30 km east of Clare (33o50rs,

138"38 I E) .

(a) BTack Sorinps øoon Transect

Soil samples were taken along a transect from the edge of a field

under wheat to the shores of the lagoon, 265 m distant (Fig. 9). l,lheat

(var. Halberd) had been planted for the first time during the year of sampling

around the edge of the lagoon and occupied the first 30 m of the transect.

The remainder of the transect \./as uncultivated and \^/as covered by samphire

and grasses. Soil samples were taken every 30 m (every 10 m under wheat)

with an auger 75 mm in diameter to a depth of 145 mm. Three sub-samples

were bulked per sample.

Soil surrounding the lagoon v/as highly saline; aË a mere 65 m

from the edge of the wheaL-field, electrical conductivities reached levels

sufficient to exclude agricultural crops entirely (Bower, 1963). 0n the

edge of the wheat-field nearest the lagoon, EC 1:5 values reached 500 U S cm-l.

Salinity of soil was influenced by topography; increasing in depressions and

generally towards the lagoon, but decreasing again on a rim of higher ground

near the edge of the lagoon. Soil pH followed a similar trend to EC 1:5

values; the more saline soils being higher in pH. The distribution of

A. avenae was highly disjunct; the nematode being limited to the area under

wheat, suggesting either a sensitivity to increasing salinity or a dependence



FIG 9:
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Abundance of nematodes and A. avenae,

and soil characterist.ics along a !ran-

sect line aÈ t.he edge of Black Springs

Lagoon, South Australia.
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upon food sources associated with wheat. That the latter is the more

likely explanation is suggested by the absence of. A. avenae from soil in

the rim of high ground where salinity levels were welL within the range

found under wheat. Population density of A. avenae was very high in the

soil under wheat and relative abundance uras much higher than generally en-

countered in wheat-fields elsewhere. This may be related to the fact that

wheat had been planted for the first time in this soil. The parthenogenetic

mode of reproduction of A. avenae (or, at least, of the isolates examined in

this locality) makes it ideally suited to colonizirng a ttnu"tr habitat. Soil

newly planted to wheat may be rapidly colonized by fungi associated with

wheat and with soil fauna such as Á. avenae. Rapid build-up of population

levels may be possible while fields \diEh longer cropping histories may

harbour a greater diversity of mycophagous competitors.

(b) Porter Lapoon Transect

A soil sample taken from under pasture at the edge of this lagoon

yielded male l. avenae in numbers up to L87. oL a11 adult A. avenae extracEed.

Since males had only rarely been isolated from soil during widespread

sampling of wheat-fields, although seen regularly in laboratory cultures in

small numbers (cultures established from wheat-field isolates v¡ere all found

to be parthenogenetic), it was decided to investigate this phenomenon further.

Soil samples were taken along a transect from near the edge of the lagoon at

30 m intervals to a point 150 m into a field of unseeded pasture containing

rye grass, wild oats and other grasses (Fig. 10). Samples were taken with

a spade, 153 mm wide anð 225 mm deep.

Laboratory cultures of ,4. avenae from all samples were started

using B. cinerea as a food source. All cultures were found to be partheno-

genetic. Males were found only in soil near the edge of the lagoon and were
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Abundance of nematodes and A. avenae,

and soil characteristics along a tran-

sect line at t.he edge of Porter Lagoon,

South Aust.ralia.
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not seen in samples from higher ground. Soil near the lagoon was highly

sal1ne, much more so than soil from Black Springs Lagoon from which

A. avenae was found. l4any fectors, such as temperature, ethanol, carbon

dioxide and fungi are known to induce the formation of males in various

parthenogenetic strains of A. avenae in cul-ture (Hansen, Buecher and Yarwood,

1972, 1973). It is possible that high salinity levels may operate in this

way in field soils. However, since the soil from which males were found

aE Porter Lagoon was also saturated, it may be that some other factor such

as carbon dioxide level was responsible. A further indication that the

population v/as under stress in soil near the edge of the lagoon h¡as the low

density seen here. Population densities under pasture \{ere generally lower

than those seen under wheat.

4. EFFECTS OF ENVIRONMENTAL VARIABLES ON POPULATION
GROI4/TH OF APHELENCHI]S AVENAE IN XENIC CULTURE

Since iE appeared that certain environmental variables such as

salinity and soil pH were influencing, directly or indirectly, distribution

and abundance of A. avenae in the field, it was decided to assess the in-

fluence of these factors on population growth of A. avenae in xenic culture

by modifying the culture medium. Changes to the culture medium wiI1, of

course, influence the host fungus in its growth rate andfor physiology, a

mechanism by which the nematode is most likely to be affected in the soi1.

The basic medium used was potato dextrose agar (Difco) containing

100 ppm streptomycin and 100 ppm vancomycin, amended with lM NaOH to give a

pH of. 7.t+. Nine cm Petri dishes containing 25 ml of culture medium were

inoculated with an 11 mm disc of fungus taken wit.h a cork-borer from agar

cultures of either Botrytis cinerea or Rhizoctonia soTani. Nematodes, 6 L3

per plate and surface - sterilized in 0.5% chlorhexidine gluconate for 5 min,

were inoculated by hand onto plates. Plat.es were incubated for 3 weeks at
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25oC unless otherwise indicated, the agar removed, diced and nematodes

extracted and counted. There were 6 replicaEes per treatment. The maximum

diameters of fungal colonies $/ere measured after successive days to give an

indication of growth rate. Alt.hough this method does not indicate the

actual total production of mycelium it has the advantage of being non-

destructive.

(a) SaTinitv

Potato dexrrose agar (PDA) amended with 0.2% NaCl was used to

examine the influence of salinity of fhe culture medium on population growth

of the nematode. NaCl adversely affected the linear growth rate of both

Botrytis cinerea and Rhizoctonia solani, during the laLer stages of growth

of the former whilst only early in the mycelial growth of the latter

(Tab1e 5). Yield of nematodes was significantly reduced on NaCl-amended

plates in the case of Rhizoctonia soTani.

(b) ü-

PDA (pH 5.6) and PDA anended with 1l"l NaOH to give a pH of 7.4

were used to determine influence of pH of the culture medium on population

growth of A. avenae. Isolates 37 (from soil of pH 4.8) and 50 (from soil

of pH 7 .6), as well as an isolate from Brownhill Creek originally cultured

by Evans (1968) and since maintained in culture by Dr. J.M. Fisher at the

tlaite Agricultural Research Institute, were used in these experiments.

The linear growth of Botrytis cinerea was significantly higher

at the lower pH, as also was Rhizoctonia soTani but only in the latter

stages of growth (Table 6). Most fungi prefer acid conditions (Park' 1968)

and further tes¡s showed that the optimum pH for growth of the strain of
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TABLE 5: Effect of 0.2% NaCl in agar medium upon radial growth of host
fungi and numbers of nematodes produced

Host Fungus A. avenae
Isolate

PDA PDA + NaCl

Isolate #4 257L42 !
s4381 (S.E. )

198479 !
32295

Botrytis
cinerea

Rhizoctonia
solani

Diameter

Fungal

Colony

(mm)after

Isolate # 7

2 days

3 days

4 days

5 days

6 days

30.5 t 1.s(S.E.)
46.7 ! 2.8

62.2 ! 4.2

76.2 ! 4.r
82.8 r 1 .6

3L.2

43.0

54.2

64.0

69.3

1.1

r.7
2.8

4.4

4.2x

+

+

+

t
+

84610 ! 12324 49276 ! t29rx

DiameÈer

Fungal

Colony(mm)

after

2 days

3 days

4 days

5 days

6 days

34.2

44.8

s8.5

67.9

77 .2

30.3 r
43.2 !
56,1 r
65.7 !
75.3 r

O.7Y"

0.6

1.0

I.7
2.3

+

+

+

t
+

0.5
0.6

L.7

2.O

1.9

oPui." of means for two media significantly different at 57" level.
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TABLE 6: Effect 9f pH of agar medium upon radial growth of host fungi
and numbers of nemaLodes produced

Host Fungus A. avenae
Isolate

PDA pH 5.6 PDA pH 7.4

Isolate #37 210558 +
70273 (S.E.)

206518 I
19080

Botrytis
cinerea

Rhizoctonia
soTani

Diamet,er

Fungal

Colony(mm)
after

2 days

3 days

4 days

Isolate #50 283057 !
4143s

30.8 r 1.7(S.8.)
55.3 r 2.1

81 .3 r 2.3

22 .5 t 0.9r.

30.8 t 1.0.*

45.2 ! 3.gx-

413985 r
57580

DiameËer

Fungal

Colony(mm)
after

2 days

3 days

4 days

35.5 r 1 .8

56,2 + 2.I
81.0 I 1.7

22.3 + I.7x'

31.5 ! 2.4x
45.2 ! 3.gx-

443242 !
24r69

Brownhill Creek
Isolate

Brownhill Creek
Isolate

28576r !
45946

58646 !
3170v'

Diameter

Fungal

Colony(mm)
after

2 days

3 days

4 days

5 days

29.7 ! O.3

42.7 ! 0.3
67.7 ! 2.1

76.2 ! I.L

30. 7 r 0.3

43.8 i 0.3x

58.3 r 0.5*
70.5 10.4*

lÉ
Means at different pHts significantly different at 5% 1evel.
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Rhizoctonia used in these experiments was on the acid side (Table 7).

In the case of the Brownhill Creek isolate on Hlhizoctonia solani, signifi-

cantly more nematodes were produced in the more acid medium. No significant

differences between nematode yields could be demonstrated on Botrytis

cinerea at the two pH levels despite Ehe marked influence of pH on growth

of the fungus. Intraspecific variation hras suggested by the significantly

higher yields (P = 0.05) of the Brownhill Creek and #50 isolates on

Botrytis cìnerea at pH 7.4 compared with isolate #37.

(c) Tenperature

The temperaEure response of isolates 13 (taken from latitude

34"29fS) and 57 (latit'¡de 32"47 tS) on Botrytis cinerea h'ere compared at 20o

and 28"C.

Raising the temperature to 28oC had an adverse effect on the

linear growth of Botrytis cinerea but toEal production of .4. avenae was

significantly higher at the higher temperature (Table 8). There were no

significant differences in total production of nemaÈodes of bot.h isolates

at either temperature, buE the sex ratio was markedly higher in isolate 57,

especially at 28"C where males outnumbered females. It is interesting

that despite the abundance of temperature-induced males in this isolate at

28oC, the total production of nematodes was not apparently affected.

Fisher (L972) found that males from an amphimictic populaLion reduced Ehe

number of eggs laid by parthenogenetic A. avenae females.

TEMPERATURE-INDUCED MALES IN PARTHENOGENETIC
ÏSOLATES OF APHELENCHUS AVENAE

Different isolates of A. avenae from the Mid-North hlheatlands

Environmental Region responded very differently to increased incubation

temperatures, some producing an abundance of males whíle in others the sex

5
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TABLE 7: Mean radial growth af Rhizoctonia s'tlani on NDY/6 at 25oC on' agar rnedia of differing pH (n = 12)

Diameter of Fungal
Colony (mm) pH 5.3 pH 7.0

After 2 days

3 days

4 days

31.8 + 0.8(S.8.)

48.0 f 0.5

63.8 + 0.4

lð
Pairs of means at different. pHts significantly different at 5ià leve1.
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TABLE 8: Effect of incubalion temperature on radial growth of Botrytis
cinerea and numbers of nematodes produced

A. avenae
Isolate

Diameter Fungal
Colony (mm) 200c 2goc

14737 r 5968(S.E.) 246043 ! 36372x

13

After 2 days

3 days

4 days

5 days

23.O ! 1.s (S.E.)
35.5 ! 2.2

53.8 + 3.1

79 .5 ! 2.L

24.3 ! O.9

35.0 r 1 .6

47.8 r 1.8ì3

62.2 ! I.6x

Sex ratiox^* -07. ts.oiL

t2544 r 3036 25668I r 10203v.

57

After 2 days

3 days

4 days

5 days

23.3 ! r .9

36.7 ! 2.5

54.5 I 3. 1

79.2 ! L.7

22.8 ! O.5

32.8 ! I.zx
46.5 ! 1.2ìþ

59.3 r 1.4*

Sex ratio o.4i¿ 57 .57"

oP"i." of means at the tr^/o temperatures significantly different aE Ehe 5%

1eve1.
oos"* ratio = No. adulc males/No. adults of both sexes x IOO%. No males

recorded in isolate 13 at 20oC amongsË over 400 adult females counted.
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ratio remained essenEially stable (Table 9). This response to temperature

amongst the different isolates did not appear to follohr any'. pattern, gêo-

graphic or otherwise, arguing against a direct adaptive function in

relation to Eemperature for this trait. This fact was emphasized by the

very different responses from two isolates originating from a pine-forest

near Williamstown; the P-isolate showing almost complete sex reversal at

30oC, a temperature which elicited only a marginal increase in frequency of

males in the S-isolate (Table 9). The sex ratio tended to increase with

age of the culture; thus, the stimulus for production of males may have been

associated with overcrowding, shortage of food or ttstalingtt products from

the fungus.

Some organisms, such as certain aphids, rotifers and cladocerans

exhibit cyclical parthenogenesis (llaynard Smith, 1978) in which Ehe sexual

and asexual phases have different ecological roles; the sexual phase

commonly occurring during periods of adverse environmental conditions.

This, however, is not the case in .4. avenae. Although temperature-induced

males may inseminate both parthenogeneEic females - particularly of their

own population - and amphimictic females, Eheir spermatozoa are non-functional

and actual fertilizaLíon has not been observed (Fisher and Triantaphyllou,

1976). Poinar and Hansen (1983) suggested that differences in chromosome

number between populations (Triantaphyllou and Fisher, L976) may have con-

Eributed to sperm incompatibility observed between temperature-induced males

of a Californian population and amphimictic females of a hlestern Australian

population. However, Fisher and Triantaphyllou (L976) observed the sarne

phenomenon between amphimictic males and parthenogenetic females of an

Australian population having the same number of chromosomes.
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Sex ratio of. A. avenae isolat-es in monoxenic culture on Botlytis
cinerea at different temperatures (sex ratio = No. adult males/
No. of adults of both sexes x 1002).

A. avenae
Isolate 200c 25"C zgoc 300c

AmbienÈ
Temperatursà'x

6I

I9

(
(

(
(

wk
wk
wk

3
4
6

42 (
(
(

lrk)
wk)

(3
(7

13 (3 wk)x -07,

50 (2 wk)

52 (3 wk)

o.4iL

hI (2 wk)

P (2 wk)

S (2 wk)

-o%

-07"

wk
wk

wk
wk

4
6

4
6

)
)

)
)

ro.9%
73.8%

o.27,

l.o%

15.0%

57.s%

o.6%

<o.o47.

89.3%

o.57"

7 .47.

3.8%

-o%

38.77"

42.57.

43.97"

37 (3 wk)

57

)
)
)

0

0

0

4Z

47.

27"

rr Age of culture in weeks in brackets. h/illiamstown isolates of A. avenae
denoted by l^/ (wheat-field soil isolate); P (pine-forest soil isolate)
and S (isolate from specimen obtained from sporocarp of SuiTTus Tuteus
from pine-forest).

oo Cultures kept in a non-refrigerated incubator set to 25"C but exposed
to temperatures above 30oc for several days during a heat-\./ave.



6

44

AMPHIMICTIC AND PARTHENOGENETIC POPULATIONS
OF APHEI,ENCHUS AVENAE

A. avenae occurs in both amphimictic and parthenogenetic popu-

lations in Australia (Evans,1968; Evans and Fisher,1970) and Fisher (1972)

reported different egg-laying responses by females of an amphimictic and

parthenogenetic population to males of the amphimictic population. Males

reduced the number of eggs deposited by parthenogeneEic females while an

increase in density of males sometimes increased and, at other times, de-

creased the number of eggs laid by amphimictic females. All other factors

being equa1, the reproductive rate of a parthenogenetic strain which does

not produce males should be twice that of a corresponding sexual strain

(l4aynard Smith, 1978). It is of interest to determine whether, in

A. avenae, all other facEors are in fact equal, and whether the adverse

effect of males noted by Fisher on the egg-layi-ng of parthenogenetic females

could at least partially explain why the amphimictic population is not

selectively displaced by parthenogenetic A. avenae in nature. The continued

existence of sexual reproduction in nature and the observed rarity of

parthenogenesis is of course normally explained by the limited ability of

parEhenogenetic forms to evolve and their consequent high rate of extinction

(Maynard Smith, 1978).

(a) Interactions between anohimictic and oarthenooen eti c
popuTations of A. avenae in monoxenic cuTture

Petri plates containing PDA (25 ml per 9 cm plate) pH 5.6 with

100 ppm streptomycin and 100 ppm vancomycin \,üere inoculated with Botrytis

cinerea as a food source and with adult A. avenae of the lr/estern Australian

(tlA) and Brownhill Creek (BHC) isolates, surface-sterilized for 5 min in

O.57. chLorhexidine gluconate. Initial densities of males and females u/ere:

1)20WAcf + 20I^lA$. + 20BHCt; 2)6t¡llõ + 6l^lA+ + 6BHC9,and

3) I^IA d + 6 hrA + + 6 BHC +. Some plates containing PDA with 0.2% NaCL
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hrere also used in this experiment. There were 6 replicates per treatment

and plates were harvested after 3 or 5 weeks incubation at 25oC.

Total production of nematodes after 5 weeks was always signifi-

cantly higher (P = O.O5) than that after 3 weeks but no significant

differences in sex ratio were detected over this time (Table 10). Although

sex ratios declined from those at the starL of the experiments, no further

decline \¡ras seen from 3 to 5 weeks and, in fact, mean sex ratios increased

ovtr this period of time except in the case of plates where amphimictic

females initially outnumbered males 2:1. By about Z "e.Ls 
plates had been

denuded of aerial mycelium but it is not known if an actual food shortage

existed such that amphimictic and parthenogenetic forms were in competition.

The failure to observe a decline in the sex ratio between the

two harvests suggests that the amphimictic form was not selectively displaced

by the parthenogenetic form under the conditions used. If the trend

towards an incieased sex ratio with time is real then the opposite may in

fact occur. It seems likely that an inhibitory effect of amphimictic males

on the egg-laying of parthenogenetic females may be involved in this

phenomenon. h/hether these results reflect the situation as it occurs in

naturêis not known, but they suggest a basis by which the amphimictic

population could maintain itself in the presence of parthenogenetic competitors.

Fisher (1972) suggested that the amphimictic population in hlestern Australia

may be geographically isolated by the Nullabor P1ain, however, there is no

evidence that parthenogenetic populations do not occur in l,lestern Australia.

(b) Rate of eøp-Tavinp bv anph inictic
and oarthenog,enetic fenales

Rate of egg-laying was determined by washing nematodes from

monoxenic cultures on Botrytis cinerea with sterile $tater and transferring



TABLE 10:

2AWt4z 20lrrA?:20BHC?
Mean Sex Ratio (%)
Mean diameter fungal colony (mm)

after 2 days
after 3 days

6wA&:6hrA1:6BHC1
Mean Sex Ratio (%)
Mean diameter fungal colony (mm)

after 2 days
after 3 days

3l^lAl :6W4 1:6BHC1
Mean Sex Ratio (%)
Mean diameter fungal colony (mm)

after 2 days
afÈer 3 days

45
85

.1(S.8.1

0 2(S.E.

0.7

Total productlon of nematodes on Botrytis cinerea with differenf, initial densities of parthenogenetic
femaleã (BHC l) and amphimictic males (l^lA I ) and females (hlA +) aE 25"C. Mean diameters of fungal
colonies combine data from plates harvested at both 3 and 5 weeks. Sex ratios represent numbers of
adult males as 7" of total adults (parthenogenetic and amphimictic females could not be distinguished
morphologically )

3 week harvest 5 week harvest

PDA

242250 ! t0329
10.I r 1.3

NaCl - PDA

208667 ! 12054
11 .5 È 2.5

65.6 t 5

PDA

330188 ! 27781
16.4 ! 4.r

325333 ! 44336
25.3 ! 5.7

287500 ! Lr369
10.3 r r.6

NaCl - PDA

336375 r 18355
10.7 r 2.0

410625 ! 28135
19.1 r 5.2

(s.E.)
(s.8. )

so\

.8+

.8 1
)
)

206¡'l+542rl

(+
.8+

111
4.215

47
B5 0.2

232683 ! t6670
13.0 I 4.r

I

47.
85.

0.8
0.3

0+
8+
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adult females to glass we1ls containing sterile water (5-10 $ per wetl)

stored in an incubator and counting number of eggs laid. Alternatively,

nematodes were placed on the surface of agar (NDY/6, ph 7 containì.ng 100 ppm

vancomycin and 100 ppm neomycin) in 35 mm plastic Petri dishes.

Mean rate of egg-laying by arnphimictic (l^lA) females and partheno-

genetic (BHC) females was not significantly different, either in sterile

water aL 16o or 25oC (Fig.11c) or on agar at 25"C (Fig.llb). At 30oc,

however, BHC females had a significantly higher rate of egg-laying than ülA

females (Fig.11c). Analysis of variance of the data "ut*utir"d 
in Fig.llc

using a split-plot design (Table 11) indicated that incubation temperature'

number of hours incubation and the interaction between these cwo terms l¡iere

significant sources of variation.

On agar, amphimictic males at a ratio of one male to one female

did not significantly depress the rate of egg-laying of amphimictic females

(Fig.lfb). To deterrnine whether heat-induced males in a parthenogenetic

isolate had any effect ' Er¡/o males of isolat e #52 were placed with five

females of uhe same isolate on each of six Petri dishes containing NDY/6'

pH 7. Rate of egg-laying hlas not significantly depressed by the addition

of this number of males although the mean rate v/as significantly below that

of either BHC females or h/A females in the absence of males.

Several other parthenogenetic isolates tested (Fig.lla) were

found to have rates of egg-laying significantly less than those of either

ll52 or BHC isolates, suggesting intraspecific variation i,n this character.

After 2 hours incuba¡ion at 25"C, females of isolate 19 had a significantly

higher rare of egg-laying than those of isolate 4 (Fig.11a).



48

FIG.ll: Mean rate of egg-laying by adult female A. avenae reared on
Botrytis cinerea.

(a) Mean rates of egg-laying of isolates 4 and 19 in sterile
hrater at 25oC. Bars represent standard errors of means.

(b) Mean rates of egg-laying of isolates from Brownhill Creek
(parthenogenetic, with heat-induced males rare), tr{estern
Aust.::alia (amphimicLic) and of isolate 52 (parthenogenetic,
!ùith heat-induced males common) at 25oC on agar. BHC
females (represented by squares) incubated without males
Dresent. WA females
inratioll:f1

(circles) incubated both wj-th (l{A) males
(circles connected by broken lj-nes) and

without (circles connected by unbroken lines), and isolate
52 fernales (triqngles) incubated with heat-induced males in
ratio 2 & : 5 Y (triangles connected by broken lines) and
without (triangles connected by unbroken lines).

(c) Mean rate of egg-laying of females of Brownhill Creek (BHC)
and I^Iestern Australian (I,rlA) isolates at 16o (arrowed lines),
25o (broken lines) and 30oC (unbroken lines) in sterile water.
Data was ana1-yzed according to a spliE-plot design and least
significant differences (at 57" leve1) are given for comparing
pairs of means at both differing temperatures and times.
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Analysis of variance for rate of egg-laying by females of the
parthenogenetic Brownhill Creek population aná the amphimictic
ü/estern Australian population at three different temperatures
(data summarized graphically in Fig. 9c). since successive
measurements were not independent, the data was analvzed using
a split-plot design

Source of variation df Sum of squares Mean square F

Stratum

Main plot analvsis:
Nematode isolate
Temperature

Nema x Temp

Residual

5 589 .41

62.66

I 148. 70

r55.25
Lr70.94

62.66

574.35

77 .62

46.e4

1 .34 N. S.

12.26 xàt

1.66 N. S.

1

2

2

25

Total 30 2537.55

Sub-olot anal vsis:
Time

Time x Nema

Time x Temp

TimexNemaxTemp
Residual
Total

4

4

8

8

r20
t44

47 .49

7 .84

44.30

11.02

141 .90

11 .87

r.96
5.54

1 .39

1.18

10.04 x.*

1 .66 N. S.
t a^ úv
4. Oõ à-7r

1 .17 N. S.

252 55

Grand total L79 3379,5r

*têSignificantatP=0.01; N.S. = Non-significant.
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(c) Hatching of eggs of anphimictic
and parthenopenetic isoTates

Eggs of Ëhe amphimictic (l,rlA) isolaLe had a higher initial rate

of hatch than the parthenogenetic (BHC) isolate (Table I2a) aL 25oC in

sterile v/ater. A much higher % oL eggs of the hlA isolate failed to hatch

at 30"C than at 25"C, while this increase in temperature failed to affect

hatch of BHC eggs (Table 12b). This factor, along with the observation made

earlier that an increase in temperature from 25 to 30oC increased the raEe

of egg-laying by BHC females but decreased it in WA females (Fig. 9c),

suggests that the BHC isolate is better adapted to higher temperatures than

the hlA isolate. It is also interesting that males are sti1l rare in BHC

cultures grov/n at 30oC, such that egg-laying would not be inhibited at this

temperature by males. YeE parthenbgenetic isolates obtained from localities

further north than the BHC isolate and subjected to higher temperatures in

the field exhibit marked induction of males at this temperaÈure. Hatching

of eggs of both isolates was markedly inhibite.d at 16'C (Table 12).

It is concluded that, in many important parameters such as rate

of egg-laying and hatching of eggs, differences exist between the amphimictic

and parthenogenetic populations of A. avenae that influence the so-called

trtwo-fold advantage of parthenogenesistt (Maynard Smith, 1978).

7. APHELENCHUS AVENAE FROM OTHER HABITATS

To study variation between populations of A. avenae from other

habitats, both natural and agricultural, soil was collected from various

locations over a wide area. Nematodes were extracEed using a modified

Baermann method (see Materials and Methods) unless otherv,rise indicated.
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TABLE 12a: % of eggs hatching with time at 25"C in sterile water of
Brownhill Creek (BHC - 596 eggs) and hlestern Aust,ralian
(hrA - 344 eggs) isolates

Hours Incubation at 25oC

48 72 78 96 L20 192

BHC

VJA

1.7

20.r

92.O

90. I

92.O

91 .3

8t.2

87.8.* 84.0

92 0

*
For 156 eggs only examined.

TABLE 12b: Z of eggs not hatching after 192 hours incubation at 16o , 25o
and 30"C of Brownhill Creek (BHC) and l,/estern Australian (l^lA

isolates

Incubation Temperature ( oC)

L6 25 30

BHC
(No. eggs)

hIA
(No. eggs)

46.2
( 1s8)

32.4
(7t)

8.0
(se6)

8.7
(344)

7.4
(2s6)

22.3
(tzr)
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(a) Dangerous Reef, South AustraTia (34"49'5, 136"12'E)

This reef, situated in Spencer Gulf, consists of a series of

low-lying rocks, the main one of which possesses a thin covering of guano-

rich soil supporting a sparse vegetation dominated by AtripTex nueTTeri

BenEh.. Soil samples were collected here on 28 October 1980, and a

nematode, thought to be A. avenae, was found at a mean density of 4.8 per

50 ml soil (n = 4 sanples), representing 2.87" o1, total nematodes. Males

$rere common and no morphological differences !/ere detected between the

nematode and A. avenae from other populations except that a greater varia-

bility j-n the shape of the female tail was observed. Females usually

had the blunt tail typical of A. avenae but some tended towards a more

conical shape. The isolate was cultured readily on Botrytis cinerea and

the ability of the isolate to reproduce asexually was tested by inoculating

35 mm Petri plates containing PDA seeded with B. cinerea with one L2 or L3

larva per plate. Plates v/ere maintained at 25oC and after 5 weeks nema-

todes were extracted. There was no evidence of reproduction although single

adult nematodes were still alive; it was surmised that males and fernales

r{ere necessary for reproduction.

The only oEher amphimictic population of A. avenae known from

Australia is in lJestern Australia (Evans, 1968) and it has been suggested

that this population is geographically ísolated by the Nullabor Plain

(Fisher, 1972). The Dangerous Reef population is, of course, geographically

isolated and it is tempting to speculate that this distribution may represent

amphimictic ancestral populations occupying relictual habitats. It has been

commonly observed that some parEhenogenetic animals are more widespread in

distribution than their sexual progenitors (Cuellar, L977).
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(b) SoiT fron under Dernanent Ðas ture, Waite AsricuTturaT
Research Institute, coTTected 23 Januarv 7987

Two samples consisting of 3 cores each were taken with a 75 mm auger

to a depth of 140 mm from a field plot of permanent pasture. A total of

700 m1 of soil was processed by the centrifugal-flotation technique (Jenkins,

1964), and A. avenae was found at a mean density of. I2.9 per 50 ml soil,

representing I .5% of. total nematodes. No male á c âvêriâê ì¡/ere seen and the

sex ratio of a monoxenic culture suggested that the population vt¡as partheno-

genetic.

(c) Snowv Mountains' New South WaTes (soi7 sanoTes
coTTected bv Prof. H.R. WaTTace durinp the southern
winter in earTv l'lav, 1987)

In soil from under open heath near Kiandra (35o23rS, 148'30fE)

and under pasture near Cooma (36o15tS, 1.49"07 tE) ,4. avenae made un approxi-

mately 2.5 and O.27" respectively of total nematodes extracted. The sex

ratio seen in monoxenic cultures of these isolates suggested that the popu-

laÈions were parthenogenetic.

(d) IlavPTains, New South WaTes (soi7 coTTected
bv Prof . H.R. IiaTTace in earT Ì4a v 1981)v

A. avenae made up approximately 0.3% of. nematodes extracted from

soil near Hay (34o31tS, 144'31tE). The sex ratio of a monoxenic culture

suggested that the population v/as parthenogenetic.

(e) Macquarie IsTand (54"29' S. 158"59' E)

Soil samples were collected from this sub-Antarctic island

during the southern spring on 28 October 1981, by Messrs. Montgomery and

Cronin of the Tasmanian National Parks and h/ildlife Service. Samples were

taken from under Poa grasses (P. foTiosa and P. annua), StiTbocarpa polaris
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(Araliaceae) and a moss (Azore77a sp.) to a depth of 10 cm from the northern

end of the island between North Head and the southern end of the Isthmus.

A. avenae was not recovered from any of the soil samples and it

is interesting that Bunt (1954) failed to record this nematode from 42

different localities sampled on Ùfacquarie Island 30 years prior to this study.

It may be that conditions on this island are too harsh for Á. avenae to

survive or that the nematode has not yet reached there.

Large numbers of larvae of a cyst nematode we.re found in two of

the samples. This nematode was identified as Punctodera natadorensis

l"lulvey & Stone, l-976 by Dr. J.M. Fisher; recorded here for the first time

in the Southern Hemisphere. It was previously described from natural grasses

in Canada (Mulvey & Stone, L976) and is probably parasitic upon Poa grass on

Macquarie Island. Bunt (1954) makes no mention of any nematode which

mighf fit the description of P. matadorensis in his comprehensive survey of

nematodes on Macquarie Island. A possible early source of introduction of

the nematode to Macquarie Island was through the many North American sealing

vessels which called there shortly after its discovery in 1810.

Total nematodes recovered from Macquarie Island soil ranged

from 7 Lo 947 per 100 rnl soil, much lower than those Eypically recovered

from temperate soils. It is curious that Bunt (1954) recorded much higher

nematode populations; ranging from 5000 to 17000 per 100 g soil. His

method of extraction differed in thaE much smaller (10 g) samples of soil

were extracted using water heated to 40oC and this may have contributed to

the wide discrepancy in results.

8. INTRASPECIFIC VARIATION IN KARYOTYPE IN APHELENCHUS AVENAE

The haploid chromosome number of A. avenae has been reported as

either n = 8 or n = 9 for several populations studied by Triantaphyllou and



TABLE 13: Nematodes extracted from soil under various types of vegetation on Macquarie Island.
Counts represent means of 2 replicate 50 ml-samples; figures in brackets give 7" of totaL
nematodes extracted

Sample No.
Associated vegetation*

Stylet-bearing nematodes

Punctoder a matadorensis

ApheTenchoides sp.

Tylenchus spp.
(sensu Tato)

Nematodes without stylets
(several spp. )

5
P.f .

3
S. p.

2
P.f.

6
A

1

P.f .

L7.5
(34.3)

13.5
(26.5)

20
(3e.2)

10
(20.8)

38
(7e.2)

0.5
( 14.3)

3
(8s.7)

4
P.a.

8.5
(4.3)

191 .5
(es.7)

246
(s2.0)

227.5
(48.0)

32L
(80.3)

79
(re.7)

(¡
(.tl

oP.f. 
= Poa foliosat S.p. = StiTbocarpa poTaris; P.a. = Poa annua; A. = Azorella sp.
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Fisher (1976), and it was decided to determine the karyotype of a number of

isolates from the l4id-North l{heatlands Environmental Region to determine che

extent of intraspecific variation in this character.

As noted by Triantaphyllou and Fisher (1976), metaphase chromo-

somes in oogonia v/ere rarely observed and determination of the somatic

chromosome number was often difficult due to fusion of chromosomes. hlhen

bivalents could be distinguished, B or 9 could be seen (Fig. 12). Trianta-

phyllou and Fisher (L976) reported a haploid chromosome number of n = B for

the Brownhill Creek population (B in Fig. 13). There appeared to be a

pattern in the distribution of the I and 9 chromosome populations (Fig. 13);

those with 9 chromosomes being distributed north of about 34oS and those with

I chromosomes to the south.

9. VARIATION IN PROTEIN PATTERNS BETI^JEEN APHELENCHI]S AVENAE POPULATIONS

Denatured proteins from hornogenates of various A. avenae isolates,

including a series of isolates derived from points along a transect at Porter

Lagoon, h¡ere separated by electrophoresis on polyacrylamide ge1s. Protein

patterns of all isolates, including the amphimictic isolate from Dangerous

Reef, shared many bands of similar mobility (Fig. 14a). However, differ-

ences were noticed in protein patterns beEween isolates, particularly amongst

the less mobile bands or proteins of higher molecular weight. Some differ-

ences could even be observed in protein patterns of the various isolates

from Porter Lagoon.

Evans (I97I) also observed differences in protein patterns and

enzyme polymorphisms in populations of A. avenae. However, as in the

present study, analyses were made on mixtures of nematodes in different

developmental stages. Enzyme patEerns have been shown to vary between stages

in several nematodes (see Hussey, 1979). Hussey (1979) suggested that some



TABLE 14:

57

Number of counts of meioËic oocyte chromosomes stained with
acetic orcein made in determining karyotype of A. avenae
isolates from Mid-North hlheatlands Environmental Region

A. avenae isolate Haploid chromosome
number

No. counts made

2

1

27

20

2

3

9

3

8

8

I
9

9

9

9

9

8

11

}I

44

50

52

s4

57



FIG. I2z

58

Meiotic chromosomes (metaphase) from oocyte of A. avenae

isolate #50, stained with acetic orcein. The bar

represents 5 pm.
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FIG. 13: Distribution of populations of A. avenae with n = 8

(diamonds) or 9 (circles) haploid chromosome number.

$f = population from l,lilliamstown r^rheat-field,
B = Brownhill Creek population studied by Triant.aphyllou
and Fisher (1976)

Numbers denote isolates from Mid-North l,Iheatlands

EnviÍonmenfal Region as depicted in Fig: 2:
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FIG. It+z Denatured proteins from homogenates of A. avenae isolates
separated by electrophoresis on polyacrylamide gels and

stained with Coomassie brilliant blue. The following
molecular weight markers were used: bovine serum

albumin (BSA) - 68,000; glutamate dehydrogenase (GDH) -
53,000; ovalburnin (0va1) - 43,000; lysozyme (Lyso) -
14,300; cytochrome C (Cyto-C) - 12,300, and insulin -
5,700.

A. avenae isolates:-
(a) IsolaLes from transect at Porter Lagoon (see Fig.10)

derived from soil taken at 32(a) , 62(b), 92(c),
722(ð) and 152 m(e) respectively from the edge of
the lagoon; BH = Brownhill Creek isolate;
DH = Dangerous Reef (amphimicti-c) isolate; and
G = isolate from wheat-field from Hundred of
Gilbert. Numbered i-solates refer to those from
wheat-fields of Mid-North hlheatlands Environmental
Region.

(b) IsolaÈes 1 and 52 separated by sieving into groups
a (those nematodes passing through a 45 Um-mesh
sieve), b (those retained on both 45 and 355 ¡tm-
mesh sieves) and c (those retained on 45 pm-mesh
sieve but passing through 355 Um-mesh sieve).
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of the variability reported in enzyme patterns of nematodes may have

stemmed from the use of mixtures of stages. To determine whether this

factor may have been responsible for sorne of the variability in protein

patterns reported in this study, length-classes of several A. avenae iso-

lates were tìeparated on sieves of different mesh-sizes and proteins

separated by electrophoresis (Fig. 14b). Nematodes from culLure jars were

placed on a 45 ¡-rm-mesh sieve for one minute and those retained on the sieve

were placed on a 355 pm-mesh sieve, also for one minute. Thus, nematodes

vrere separated into three groups; those having passed tÀrough the 45 Um-

mesh sieve (mean length of ten nematodes : 490 + 56 Um S.E.), those having

been retained on che 45 Um-mesh sieve but passing through the 355 Um-mesh

sieve (679 f. 58 Um) and those having been retained on both sieves (888 t 43 Um).

There appeared to be differences in protein patterns between the first and

last of these groups and Lhese differences l/ere, as before, seen amongst

the bands of lower mobility (marked by an arrow-head in Fig.14b). It was

concluded that mixed developrnental stages could contribute to variability

in protein patterns and that improved methods of separating stages would be

needed before electrophoresi-s could be used with confidence to study intra-

specific variation in .4. avenae.
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IV. THE ASSOCIATON BET\\IEEN SOIL MYCOFLORA AND ABUNDANCE OF
APHELENCT]US AVENAE ]N A I^/HEAT-FIELD AND PINE-FOREST

Although correlations between abundance of A. avenae and certain

physico-chemical properties of soil had been found in a survey of wheat-

fields, laboratory sEudies suggested that Ehese factors h¡ere more likely

to influence population density through their effects on host fungi. To

study the influence of the soil mycoflora on abundance of A. avenae, these

components of the soil biota v/ere compared in two contrasting habitats; a

wheat-field and a pine-forest.

1. SOIL CHARACTERISTICS OF THE STUDY SITES

The forest soil was more acidic than the wheat-field soil

(Table l5), as would be expected for a mor soil (Griffin, 1972). The

higher moisture content of the forest soil was also anticipated as a result

of the shading and cover provided by the canopy and surface litter. However,

soil texture differed markedly between the two siEes; ttre forest soil being

classed as a sandy loam and the wheat-field soil a clay loam on the basis of

international particle-size distributions (Table 15). This may suggest a

fundamental difference in basal materials between the two sites.

In Ehe wheat-field, a gul1y ran in an east-1^resterly direction

through quadrats E and I and soil here was noticeably heavier than in the

rest of the field. hlheat growing in this gully hras stunted compared with

plants in the surrounciing soil (Fig. 15).

. 
The forest floor was covered by pì-ne-needle litter and where

litter had accumulated to a sufficienE depth the different layers described

by Hesselnan (L926) and Kubiena (1953) could be discerned. In places

mosses and liverr^/orts formed thick mats and patches of grass occurred also



TABLE 15: Soil characteristics of the hlilliamsË,own wheat-field and pine-forest

Mean pH

(n = 12)

Ylean 7"

moisture
(n=24)

Mean EC 1:5
p Siemens cm

(t = 24)
-1

% Sand Z Silr Z CLay

26.7

9.9

o\
UJ

lùheat-f ield 5.93* 5.95x 48. s 24.8

Pine-forest 5.r7 7.30 25r 85,2 4.9

oM".n" for wheat-field and pine-forest soils significantly different at 5% lei'el.

286



FIG. 15

64

QuadraLs of Llilliamstown wheat-field showing

mean heights (from tip to point of attachment

of grainr n = 6) of wheat plants at time of

soil sampling.
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hrhere a break in the canopy permitted sunlight to penetrate to the forest

floor. Soursobs (Oxaiis pes-caprae L.) were also cornmon, as were the

fruiting bodies of higher fungi. Basidiomycete hyphae, especially Anphinena

byssoides, formed almost a continuous mat in the pine litter. The ground

covers at the locations sampled in the 12 quadrats are given below:

Quadrat A: Almost entirely pine litter with sparse moss and

OxaTis pes-caprae

Thick moss mat with pine litter and numerous sporo-

carps of TheTephora terrestris

As for A

As for A

Quadrat B:

Quadrat C:

Quadrat D:

Quadrat E:

QuadraE F:

Pine litter with sparse moss

Pine litter with sparse moss and sporocarps of

HebeTona sp.

Pine litter, sparse moss and O. pes-caprae, and

abundant Epor-ocarps of f/ebeJoma sp."

Pine litter with sparse moss, O. pes-caprae and sporo-

carps of HebeTona sp. and TheTephora terrestris

Almost entirely pine litter

Pine litUer with sparse moss and O. pes-caprae

Pine litter with sparse moss, liverworts and sporo-

carps of. HebeTona sp

Pine litter with sparse moss and O. pes-caprae.

Quadrat G:'

Quadrat H:

Quadrat I:

Quadrat J:

Quadrat K:

Quadrat L:

2. ABUNDANCE OE APHELENCHUS AVENAE IN I{HEAT_FIELD AND PINE-FOREST SOILS

Although nematodes r¡rere more abundant in the forest soil ,

A. avenae was significantly more abundant in the wheat-field soil (Tab1e 16).

A. avenae comprised over IO% of. all nematodes extracted from wheat-field soil

compared with only 0.257" from pine-forest soil. A correlate to its low
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TABLE 16: Abundance of nematodes and A. avenae in Írrilliamstown wheat-
field and pine-forest soils (per 50 m1 soil, n = 24)

Mean total
nematodes

Mean No. A. avenae
(% total nematodes)

Wheat-field soil l13.. gl+x-ãq 11 .4x.x-x

(10.04)

Pine-forest soil 201 .1 0.5
(0.2s)

oooM"un" for wheat-field and pine-forest soils significantly different
at 0.1% level.
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abundance in the forest soil was the observed patchiness of distribution

there (Poisson indices of dispersion 30.1 for the wheat-field and 56.1 for

the pine-forest with a critical 1evel of 35.2 aL P = 0.05). A. avenae

l¡as recovered from on1-y 25% of soil samples from the forest compared with_

96% f.ron the wheat-field. Higher numbers of A. avenae than had previously

been seen in the pÍne-forest lvere found in several soil samples, subsequently

taken from areas where sunlight penetrated the canopy and allowed a denser

growth of grasses.

ApheTenchoides spp., a genus known to include fungivores

(Franklin,1978) were also found in both pine-forest and wheat-field soils

at densities of 2.9 and 3.3 per 50 ml soil respectively (n = 12 samples).

Thus á.avenae was more abundant than tota1- ApheTenchoides in wheat-field soil

while the reverse was true of forest soil. Many of Lhe ApheTenchoides spp.

found klere reared successfully on Botrytis cinerea, indicating at least

partial mycophagy.

3. ABUNDANCE OF NEMATODES IN FOREST LITTER

A. avenae was not found in forest litter extracted by the modi-

fied Minderman (1956) Èechnique (Table 17d), but its presence was revealed when

larger (10 g) samples rrrere processed using a thermal misting apparatus. In

contrast, an ApheTenchoides sp. wiEh a tufted mucro which appeared to be

closest Eo A. coffeae (Zimrnerman, 1898) Filipjev, L934 (after key of

Fortuner , L97O), occurred in all samples of all litter layers by either method.

Aphelenchoides spp. v/ere most abundant in the F-layers where fungal mycelium

was also dense, a fact reflected in the high moisture content of these

layers (Table L7a). These nematodes multiplied readily on fungal. cultures

suggesting at least some degree of mycophagy. Thermal misting (of 10 g

litter samples) yielded ApheTenchoides in numbers up Eo 80 per g of litter
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TABLE 17a: Abundance of A. avenae and Aphel-enchoídes in pine-forest l-itter
(per g litter, means of n = 12 samples)

Litter V(ean %

noisLure
Mean total
nematodes

Mean no.
A. avenae

Mean no.
Aphelenchoides sp.
(% total nemaLodes)

L 48.8

F1 63.3

F2 70.6

H, 53.8

7.2

23.r

65.3

59.4

g 0.8
(11_. s)

3.6
( ls.6)

L.4
(2.4)

)(
2
3

2
4

*Dash indicates not recorded at 1evel of sampling intensity used.
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Nematodes in pine-forest litter other than /. avenae anð,
Aþhe.Tenchoides. Mean number nematodes per g litter.
Figures in brackets represent 7" of total nemat.odes extracted

Litter-
l-ayer

Rhabditids Dorylaimids Mononchids Tylenchids* Others

L 6.2
(84.62)

18.8
(81 . e)

55.0
(84.4)

0.3
(3.97")

0.5
(0.1)

0.3
(1.2)

F1 0.3
(r.2)

)
7
I

F2 3.3
(o. e)

(
0.3

(0.5)

)
7
2

4

I
2

51.7
(86.8)

H

(1.

4.5
(7.s)

oOth". Ehan ApheTenchoides.
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from the F1-layer and comprising 757" of. total nematodes extracted, much

higher relative numbers than those from 300 mg samples extracted with the

Minderman technique.

Nematodes were most abundant in the lower litter-layers (F2

and H), while ApheTenchoides were most abundanË in the F-layers and reached

their highest relative abundance in the upper litter-layers (F1 and L)

(Table I7a). Rhabditids h'ere the most numerous nematodes found in litter

and reached their highest densities in the lower litter-|ayers (Table 17b).

Rhabditids r,i¡ere also numerous in forest soil, especially Acrobeles.

4. NEMATODES FROM FUNGAL SPOROCARPS COLLECTED FROM THE FOREST FLOOR

Sporocarps of 17 species of higher fungi were collected from the

forest f1oor, among them representatives of the genera CTitocybe, Co17ybia,

GaTerina, HebeTona, Laccaria, Rhizopogon, SuiTTus and TheTephora. Nema-

todes were extracted from sporocarp tissue (free of any adhering soil

parficles) of several of these spp. The most, commonly encountered myco-

phagous nematode \¡/as an Aphelenchoides sp. with a tufted mucro, apparently

the same as that found in litter. This nematode \^/as recovered from

fructifications of 5 out of 6 basidiomycete spp. examined, while A. avenae

was found in only 2 of these species. In SuiTTus Tuteus, Aphelenchoides and

A. avenae \4rere recovered in numbers up to 3.9 and 3.2 per g fresh weight

fructification respectively. Corresponding densities in Rhizopogon TuteoTus

reached 2.2 and 0.95 per g respectively. Desiccated nematodes of both

species r"rere commonly recovered from fructifications, suggesting that ex-

ploitation of these food sources may depend on favourably moist conditions.

Rhabditid nematodes were very common on sporocarps. DityTenchus was rarely

recorded . Ty.Ienchus sensu Tato hras not recorded from sporocarps although

it was common in one sample containing mycelium from the stalks of several
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Suillus caps and adhering soil. Tylenchus comprised 1-1-.9Z of nematodes

extracted from this sample, with the remainder consisting of. ApheTenchoides

- 9.77., Doryaimids - 3.8% and Rhabdirids - 74.67").

The ability of A. avenae to feed on sporocarp tissue was tested

on tissue of. a Coprinus comatus cap, selected because thin sections allowed

some passage of lighf whilst observations r,rere made through a microscope.

Thin sections of tissue from the top of the cap and fragments of gill tissue

were placed in drops of water on a microscope slide. Adult female

A. avenae: surface-sterilized in 0.5% chlorhexidine gluconate, of an isolate

from the pine-forest soil kept in monoxenic culture, were place<l on the

surface of the sporocarp tissue, a coverslip applied and the nemaËodes ob-

served at 420 x magni-fication. Feeding k'as observed on both cap and gill

tissue; the nematodes punctured cell walls w-ith their stylets and evacuation

of cell protoplasm v/as accompanied by pulsat.ion of the valve pla¡es in the

median oesophageal bulb. Feeding v/as not observed on thin sections of

stalk tissue, perhaps because cell wa11s here appeared to be thicker.

Surface-sterilized A. avenae were also placed in drops of water on the gil1s

of upturned caps of 5 species collected from the foresE and incubated in

sealed plast.ic jars at 25"C. However, multiplication did not occur possibly

because caps soon decayed or dried out.

USE OF FUNGAL BAITS TO TRAP MYCOPHAGOUS
NEMATODES IN PINE-FOREST LITTER AND SOIL

To determine whether potential competitors of. A. avenae other

Lhan ApheTenchoides spp. h¡ere present in the pine-foresL, fungal baits in
porous bags were used to attract mycophagous nematodes in litter and soil.
Bags, about 2 cm x 2 cm, were made of either silk, with pores up to about

90 x 50 Um, or cotton with pores up to about 950 x 700 Um and were closed

on three sides. Two PeniciTTium isolates (P86B and P94B) from pine-forest

5
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soil h'ere grovrn on a 27" solution of malt extract (Difco) in l"lcCartney

bottles, the mat of mycelium removed, washed well under running water and

placed in a bag. The opening to the bag was sealed with high vacuum grease

and bags containing mycelium \./ere transported to the forest in a container

of water to ensure they did not dry out. Two sites were selected at

random for depositing the baits, one site for each fungus. At each site

a bag of each type was placed aE the following levels through the litter and

soil:

(a)

(b)

(c)

In the middle of the L litter-layer.

Au che inÈerface between the F1 and F2 litter-layers.

Between the boÈtom of the H litter-layer and the top

of the mineral soil, and

At 10 cm below the top of the rnineral soil.(d)

The disturbed soil and litter was replaced over the baits and left for 48

hours before removal and extraction of nematodes from mycelium by the modi-

fied Baermann technique.

No nematodes were recovered from baits placed below the surface

of the mineral soil but nematodes were recovered from mycelium which had

been placed in the litter, albeit in small numbers. The ApheTenchoides sp.

with the tufted mucro previously encountered'was most commonly recovered,

followed by bacteria-feeding Rhabditid nematodes. No .4. avenae were isolated

by this method. Orher mycophagous nematodes may have been presenE but not

detecEed by this technique. The small numbers of nematodes found suggested

that the technique was inefficient. Different results may have followed

from more extensive sampling or from the use of different baits.
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6. FUNGI FOUND IN \4IHEAT-FIELD AND PINE-FOREST SOILS

(a) IsoTation of funpi fron soiT on diTution and soiT pTates

Fungal colonies isolated from dilution plates (325 and 468 from

wheat-field and pine-forest soils respectively) and soil plates (252 and

234 respectively) were classified according to their morphology on NDY;

166 morphological groups were identified from the wheat-field and 121 from

the pine-forest. Lactophenol cotton-blue or acid fuschin mounts were then

prepared and isolates ident,ified where possible to at leäst generic 1eve1

(see Appendices 3-4) using the keys of Domsch et a1. (1980) and Barron

(1968). Fungal cultures failing to fruit on NDY were classified as Itsterile

culturesrr. A sma1l number of colonies sub-cultured from dilution plates

(L.857" of wheat-field soil colonies and 0.272 of pine-forest soil colonies

examined) and soil plates (0.797" and 0.437 respectively) failed to grow on

NDY and were discarded.

Comparison of the fungal genera and species groups most commonly

isolated (comprising more than I% of either total dilution plate or soj-1

plate cultures) from wheat-field and pine-foresE soils revealed markedly

different mycofloras i¡ these two soils (Table 18). PeniciTTium dominated

the fungi isolated by both methods from forest soil, whereas a more diverse

mycoflora was revealed in wheat-field soil with many genera, commonly re-

corded from this soi1, being either rare (AspergilTus and Fusarium) or not

recorded at all (Acrenoniun, BroomeTTa, CTadosporium, Myrothecium and

Torulomyces) from Ehe forest soi1. Sterile fungi and Mucorales were more

prominently represented in wheat-field soil compared with pine-forest soil

while Trichoder.':?â u¡âs more frequently recorded from the latEer soil.

PeniciTTium isolates were classified according to subgenus after the key of

Pitt (1979) and a significant association between habitat and incidence of
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Frequency of fungal- genera and species groups commonly isolated
from wheat.-field and pine-forest soils by dilution and soil
plate methods as 7" of total colonies isolaEed

Dilution plates Soil plates

V'lheat-f ield
7"

Pine-forest
/o

Vrlheat-f ield
Ø
/o

Pine-foresL

7.

PeniciTTiun

AspergiTTus

Mucorales

(a) Total
(b) MortierelTa
(c) Iúucor

Fusariun

BrooneTTa

Cladosporiun

Ì{yrotheciun
PaeciTonyces

ToruTonyces

Acrenoniun

Trichoderma

Sterile cultures

33.2

L2.O

6.s
3.7
0.6

14.5

ro.2
0.6
1.9
1.9

1.5

0.9

1.5

90.2

0.4

r.7

0.2

1.1
_*

1.5

1.9
0.6

34.1

9.s

11.5

6.4

3.2

15.1

6.9

3.2

0.4
1.6

1.6

o.4

9.s

86.3

o.4

3.4

3.0
0.4

3.9

0.9

2.r

51

8.0 r.7

Total 92.7 97 .4 93.7 98.7

*Dash indicates fungi not recorded at level of sampling intensity used.
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sub-genera \^¡as found (Table 19), indicating that Èhe two habitats differed

in composition of this component of their mycofloras.

l"lany genera with a frequency of (I% on dilution or soil plates

from wheat-field soil (,4bsidia¡ Actinonucor, ConidioboTus¡ Coniothyrium,

CunninghaneTTa, Doratomlces t GTiocTadium, GongronelTa' Graphiun,

Metarrhiziun, PhialocephaTa, Rhizopust Stachybotrys, UTocTadium and several

unidentified Coelomycetes) were not recorded from pine-forest soi1, but

very few genera (Botrytis, VerticiTTiun) were recorded only frorn the latter.

Similarly, many individual species v/ere recorded solely iror wheat-field

soil whereas few species, other than some PeniciTTiun spp, k¡ere found only

in forest soil (Appendices 3-4). l'fore Trjchoderna spp. h¡ere recorded from

pine-forest soil (T. hanatunt T. harzianum and T. koningij) than from

wheat-field soil (7. harzianun and T. viride).

Mean propagule counts per g soil of fungal genera and speci-es

groups commonly recorded from dilution plaEes of wheat-field and pine-forest

soils are presented in Fig. 16. No significant differences result from

converting propagule counts to per unit dry soil (Table 20). Fungal pro-

pagules were far more numerous in the forest soil but belonged predominantly

Lo PeniciTTiun spp. whereas other genera, apart lrom Trichodernar made up

greater proportions of the Eotal propagule count in wheat-field soil.

Propagules of Fusarium and sterile fungi were significanEly more abundant

in wheat-field soil.

(b) SeTective isoTation of specific fungi fron soiT

Certain fungi- are only rarely isolated if at all from dilution

or soil plates, hence selective isolation methods were used Eo augment the

picture obtained of the nrycoflora by the former methods.



TABLE 19: Isolates of PeniciTLiun from wheat.-field and pine-forest soils classified according to subgenus
(afrer pirr, 1979)

Subgenus

AspergilToides Furcatun

Section

Total

Furcatun Divaricatun

PeniciTTiun

BiverticiTTiun

T7

10

{
o\

Wheat-field

Pine-forest

1g* 24

16

11

23

7T

8839

Total 58 27 40 3l+ 1s9

oTh"r" is a significant (P <0.01) association between habitat and incidence of subgenera (X2 = 12.9 with
3 d.f .).
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Mean propagule counts per g soil of common genera arrd

species groups of fungi from r+heat-field (shaded bars)

and pine-forest (open bars) soils. Pairs of means

marked with a star are significantly different at the

27" LeveI or better
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Mean propagule counts per g soil (a) and per g dry soil (b) of
common genera and species groups of fungi from wheat-field and
pine-forest soils (n = 24 for Lotal fungal propagules, n = 12
for genera and species groups)

Propagules x 104 l,lheat-field soil Pine-forest soil

13.33
L4.L4

1.63 r 0.41
1.73 r 0.43

r.96
2.O8

0.21 I 0.13
0.23 r 0.14

0
.18
.18

.20

.22

.20(s.E.)

.30
/ o-Áã-?r

30-xx*

7 .7gx-xxr
8.45x-nì+

r6.
+7

55.58
-r9.75

6t
0r

t 0.42
r 0.45

)xã-r
t 0.1
r 0.1

33
35

r0.
+0.

1.35 r 0
1.46 r 0

(a)
(b)

19*.*
20.)3x.

+0.
r0.

34
36

+1
+1

(a)
(b)

Total fungal

PeniciTliun

AspergiTTus

Fusariun

Trichoderna

Mucorales

Sterile cultures

49.4
53.4

85
93

+0.
r0.

50
81

(a)
(b)

(a)
(b)

)
)

a
b

(a)
(b)

1.08 r 0
1.16 I 0

(a)
(b)

4
4

50
s4

26
28

40
44

83
90

0.97 I 0.
1.05 r 0.

t0
r0

88
92

0

0
0

0
0

(
(

0
0

Pairs of means for wheat-field and pine-forest soils significantly
differenr a¡ p = 0.02 1xx¡ or p = 0.001 (***).
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(1) Rhizoctonia sofani sensu Tato

(i) Using the selective medium of Ko and Hora (1971):- soil

from Quadrat I of rhe wheaE-field (15 x 2 g sub-samples) was mixed

into a paste with sterile distilled water and applied in clumps (10

per 2 g sub-sample per plate) to Petri plates containing the

selective medium. These were incubated at 28oC lor 24 hours and then

those hyphae showing the greatest linear growth (greater than 5 mm)

away from Lhe edges of the soil clumps were sub-cultured onto NDY for

subsequent identification. Rhizoctonia was not found using this

method, an unidentified hyphomycete being the most common fungus iso-

lated followed by several sterile hyaline fungi.

A modification of Ko and Horats medium was used incorporating

selective agents in place of "Dexontt to suppress the growth of other

fungi. The base medium of Ko and Hora, minusttDexonttand with

streptomycin increased to 100 ppm, was amended with rrHymexazol"

(50 ppm) and "Ridomil" (10 ppm) and tested as before with 15 x 2 g

sub-samples of wheat-field soil. After 24 hours at 28"C, maximum

growth away from clumps was lower than on the unmodified medium, rang-

ing from 1.5 to 6 mm compared with 3-9 mm. Rhizoctonia h/as not

isolated but the medium did prove selecLive for Actinonucor, 63% oÍ

isolates from hyphae 5 mm in lenglh or more afler 24 hours belonging

Lo Lhis genus.

SubsequenLly, Rhizoctonia was readily isolaLed from organic

debris parLicles in wheaL-field soil. Ko and Hora (I9lL) claimed

Lhat the diluLion plaLe meLhod was unsuiLable for esLimaLing abundance

of R. soTani due Lo Lhe low populaLion level of rhis fungus in mosl

field soils and recommended Lheir selecLive method for Lhis purpose
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because of its sensitivity. The failure of the method here may have

to do with variability amongst isolates; for example ' temperature

requirements of R. soiani isolates are very variable (Domsch et a7.,

19BO) yet the above isolation method relies upon a high rate of growth

at 28oC.

(ii) Baiting:- the rrinfected host methodrr of Davey and Papavizas

(1962) v/as tested for isolation of Rhizoctonia from wheat-field soil.

Soil from Quadrats G and J was placed in dishes, 60 mm deep, watered

freely with distilled water and covered with about 80 surface-sterilized

wheat (var. Halberd) seeds (5 min in 47" sodium hypochlorite followed

by rinsing in sterile waEer). The seeds were then covered in a thin

layer of soi1, Ehe dishes sealed in plastic bags and stored in

darkness (to stress the seedlings) at 25"C for 7-10 days. The root

systems of 35(G) and 50(J) plants were examined for lesions and 138

and 179 root segments respectively plated onto NDY (with 100 ppm

streptomycin and 10 ppm tetracycline) after surface sterilization in

0.5% sodium hypochlorite (30 sec) and washing in sterile water.

Rhizoctonia was not detected by this method suggesting that

pathogenic isolates of this fungus were not common in the soil examined.

(iii) From the organic debris fraction of soil:- Boosalis and

Scharen (1959) considered fhat. this fractionwas the natural habitat

of Rhizoctonia in soi-l and, indeed, the fungus v/as readily isolated

from wheat-field soil using a modification of fheir method.

Soil (100 g) from wheat-field Quadrat K and pine-forest Quadrat I

L,as suspended in 2.5L of. hlater in a bucket' stirred vigorously and

allowed to settle for 30 sec before the supernatant h¡as passed through
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a 25O Um-mesh sieve. This procedure was rePeated 6 Eimes and the

residue on Ehe sieve washed thoroughly for one minute under running

water whilst agitating the sieve. The organic debris was further

cleared of soil particles by rubbing with a rubber pi-pette bulb on

the end of a pencil under running h/ater for another minute ' Petri

plates wíEh 2% hlater agar pH 7.2 wete cleared of excess moisture by

evaporation in a laminar flow and then spotted (4 spots per plate)

with 2 drops of a solution containing 17" of both streptomycin and neo-

mycin. After the antibiotic solution had been abåorbed by the agar'

individual organic particles blotted dry on sterile filter paper ' h¡ere

placed, one per spot, onto plates. Some 104 and 100 organic debris

particles from wheat-field and pine-forest soils respecÈive1y were

plated and incubated at 25"C. Hyphal tips were sub-cultured up Eo

9 days later onto NDY/6 for subsequent j-dent.ification, alUhough

Rhizoctonia could be immediately recognized by its distinctive

characterist.ics .

Those fungi which remained sterile in culture, especially the

dark forms, constituted the most commonly isolated group of fungi from

wheat-field organic debris (Table 21). lJarcup (1957) obtained a

similar result using the hyphal isolacion method on wheat-field soi1,

and it is interesting that many of the hyphae isolaced by this method

are found to be attached to humus particles (trrlarcup, 1955). Fusariun

was also more commonly isolated from. organic debris particles than

with dilution and soil plate analyses of wheaE-field soil; PeniciTTium

on the other hand was much reduced in frequency. A possible Fusidiun

sp., not otherwise isolated, r¡/as common on organic debris particles

and a nunber of otl -r fungi (for exampLe, Rhizoctonia and HumicoTa)

were isolated only from organic debris. It appeared that the organic

fraction was characËerized by a different array of fungi to that found
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Frequency of fungi isolated from washed,
as % of. total (wheat-field soil n = 116,

organic debris particles
pine-forestsoiln=55)

llheat-f ield 7"7" Pine-forest

Fusariun spp.

Fusidiun sp.?

AspergiTTus spp.

HunicoTa sp.

MortiereTla sP.

PaeciTonyces 7 iTacinus

Rhizoctonia soTani

Chaetoceratostona sP.?

Chaetoniun indicun
GTiocTadiun soTani

PeniciTTium sp.

Unidentif ied Coelomycete

Dark sterile cultures
Hyah-ne sÈerile cultures

PeniciTTiur? spp.

Trichoderma spp.

Fusarium spp.

MortiereTfa spp.

PaeciTonyces sp.

Dark sterile culÈures

Hyaline sterile culLures

26.7

14.6

6.9
2.6

L.7

L.7

I.7
0.9

0.9
0.9

0.9

0.9
28.4

TL.2

47 .6

19 .0

14.3

9.5

2.4

4.8

2.4

Total 100.0% ToLal 100.02
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for soil generally by dilution and soil plate analyses.

Fungi were both more frequently isolated from organic debris

particles from wheat-field soil than from pine-forest soil (116

isolations cornpared with 55) and in greater diversity (Table 21).

As in dilution and soil plate analyses of forest soil, PeniciTTiun vlas

the most commonly isolated genus from organic debris. Trichoderma

and Fusarium exhibited an increased frequency of isolation by this

method. The nature of organic debris in forest soil, being high in

phenolics ¡ mây dictaEe a more specialized and limited array of fungi

associated with it than in the wheat-field.

(2) Pvthiun spp.

Pythiun spp. r.rere rarely found on soil and dilution plates hence the

dilution plate technique combined with a selective medium based on the methods

of Vaartaja and Bumbieris (1964) and Tsao and Ocana (1969) was used to study

their incidence further. The medium consisted of cornmeal agar (Difco) with

trPimaricinrr (10 ppm), pentachloronitrobenzene (100 ppm), vancomycin (200 ppm)

and (optional) rose bengal (50 ppm). Five 10 g sub-samples of soil from

Quadrats I and K of the wheat-field and Quadrats C and I of the pine-forest

were serially diluted in sterile distilled hrater and two dilution plates at

a final dilution of 1/f00 prepared per sub-sample. Wheat-fietd sample I

and pine-forest sample C were processed using the medium containing rose

bengal and due to inhibition of growth, colonies were not counted until after

4 days at 25"C compared with 2 days for the other 2 samples on the medium

without rose bengal (Table 22). The first five colonies encountered growing

across each plate were sub-cultured onto cornmeal agar (with and without

ß-sitosterol at 0.01 g per litre medium) for subsequent identification, giving

a total of 50 cultures per sample.
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TABLB 22: l"lean number of fungal propagules Per g of soil growing on Pythiun
selective medium with and rsithout rose bengal after 4 and 2 days
incubation respectively at 25"C. Means for wheat-field and pine-
forest soils on medium with rose bengal significantly different at
P = 0.001; on medium without rose bengal at P = 0.02.

Selective medium Soil samPle Propagules x
per g soil

Propagules x 10¿
per g dry soil

n2

SelecLive medium
wiEh rose bengal

Selective medium
without rose bengal

l,lheat-f ield
Sample I

Pine-forest
Sarnple C

Wheat-field
Sample K

Pine-forest
Sample I

30.30 r 2.23(S.E.) 30.83 t 2.28

11.30 t 0.79 12.00 t 0.84

23.60 ! L.97 24.81 ! 2.O7

16.40 ! r.7l 17.77 r 1.86
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Mean nurnbers of fungal propagules per g soil that grew on the

selective mediurn were significantly higher in wheat-field soil compared to

pine-forest soil. Although a greater proportion of these propagules on

the medium with rose bengal were taken up by MortiereTJa spp. in wheat-field

soil (Table 23), Pythiun propagules were still more abundant than in forest

soil. A greater proporLion of colonies sub-cultured from the selective

mediurn with rose bengal failed to grow on cornmeal agar compared with that

from the medium alone.

A greater diversity of Pythiurn spp. Ì{as isolated from wheat-field

soil than from pine-forest soil (Table 23). Species lacking oogonia and

sporangia on cornmeal agar (although sometimes possessing thick walled

chlamydospores) dominated both soíl types but were Ehe only ones isolated

from forest soil at all. Pythiun acanthicum was subsequently isolated from

pine-forest soil using pine-needles as bait and P. dissotocurn r^Ias isolated

from soil on a Phytophthora selective medium.

Four isolates of these non-fertile species from bottr habitats and

which vJere very similar in appearance were tested for rate of growth on

cornmeal agar (with 100 pprn vancomycin) at 25"C, l,{ean linear growth of the

pine-forest isolates over 24 hours was 12.1 mrn (range LL.5-I2.5 mm) compared

with 9.1 rirm (range 8-10.5 mm) for the wheat-field isolates; suggesting that

different species were involved. To induce formation of oogonia and

sporangia, agar blocks of the fungi v/ere transferred to h'ater and fungi sub-

cultured onto lima bean agar (with and without ß-sitoscerol) and cornmeal

agar (Difco) with fresh grated carrot (I5 g/L), soil G g/L) and ß-sitosEerol

(0.01 g/L) (Middleron, 1943). Oogonia failed to appear and the isolates

(probably heterothallic) were assigned to Lhe Pythiun afêrtile species group

after Middletonrs classification.
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TABLE 23: Identity of fungi sub-cultured from Pythiun selective media onto
cornmeal agar from wheat-field and pine-forest soils (% of total
cultures examined)

Selective Medium hlith rose bengal Without rose bengal

Soil sample irlheat-f ield I Pine-f orest C h/heat-f ; eld K Pine-f orest I

Pythiun
aænthicun
afertiTe
irreguTare
nonospernun

paroecandrun

Other fungi*

Fungi failing
to grow

2

20

6

2

6

42

22

48

2

62

30

2

86

t2

30 4

222

Total roo7. roo7" IOO1L LOO7,

*PredominanÈly MortiereTla sPP.
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A. avenae isolates earlier obtained from a number of wheat-field

soils failed to reproduce upon an isolate of Pythiun uTtinun (supplied by

Mr. M. Bumbieris), as was also found for the Brownhill Creek population by

Evans (1968). It was therefore of interest to determine whether this

fungus was present in soil at the study sites, and the selective method of

Stanghellini and Hancock (1970) was used for this purpose. Soil (1 g)

from wheat-field Quadrats I and K and pine-forest Quadrats C and I r¿as shaken

in 99 ml sterile distilled water for 2 min on a test-tube shaker, 1 mI with-

drawn f.rom 2 cm below the meniscus and placed drop by drop on the margin of

3-day old water agar (2%) in Petri plates. The suspension \^Ias agitated

for a further 2 min and another I ml sample applied to other çlates in the

same manner. Plates were incubated at 24"C f.or 18-24 hours at which time

any hyphae growing away from the margins of the drops were sub-cultured onEo

cornmeal agar for subsequent i-dentification. Only 9 out of I79 drops pro-

duced hyphae and none of these was Pythiun uTtinun. It was concluded that

this fungus was rare if present at all in the soil examined.

(3) Phvtooh thora soo.

Selective methods used to study the incidence of Phytophthota

spp. included pear baiting, and pine-needle baiting (Dance et a7.t Ig75)'

combined with the selective medium of Tsao and Guy (1977). This selecLive.

medium was also used directly with soil, as recommended by Tsao and Guy

(1977).

About 200 g of soil from Quadrats I and C of the forest and

Quadrats I and K of the wheat-field was placed in 120 mm-diameter dishes,

a clean pear placed on top and rainwater added to several cm above the soil.

Lesions on pears were sub-cultured onto cornmeal agar (Difco) over the course

of a week. Phytophthora spp. were not detected by this method.
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In using pine-needles as bait, soil (from forest Quadrats I, B

and C and wheat-field Quadrats I and K) was added to dishes as before and

covered with either distilled water, autoclaved peptone/soil extract (1 g

Bacto-peptone incubated for 2 days with 100 g soil and extracted in 1 L

water) or autoclaved pond hrater/distilled water (1:2). The basal portions

of fresh Pinus radìata needles (6 per dish) were Ehen floated on the surface

of the liquid and dishes incubated at room temperature or 16"C for 3 days.

Needles were then surface-sterilized for 30 sec in 0.5% sodium hypochlorite,

washed 3 times in sterile distilled water and plate¿ ontà the PhyËo phthora

selective medium of Tsao and Guy (1977). Plates were incubated at 25"C

and fungi sub-cultured onto cornmeal or lima bean agar up to one week later.

phytophthora spp. v/ere not isolated by this method and it was concluded

that, if present, they were rare in these soils. 0f 92 fungi isolated from

pine-needles exposed to pine-foresË soil, al1 but one (a Trichode;-na êp.)

proved to be Pythiun acanthicum, a fungus not isolated from this soil pre-

viously on Pythium selective media.

Soil (100 mg) from forest Quadrat C and wheat-field Quadrat I

was sprinkled evenly over the surface of the selective medium (Tsao and Guy,

Lg77) in Perri dishes (10 mg of soil per dish) and incubated at 25"C in the

dark. Colonies krere counted after 72 hours and the first 5 colonies en-

countered per plate (giving a toEal of 50 per sample) sub-cultured onto

cornmeal agar for identification. After 72 hours the wheat-field soil had

produced IOg.2 ! 4.7 (S.8.) colonies per plate compared with only I8.7 ! 2.L

(S.E.) for the pine-forest soil. No Phytophthora s¡)p. r.{erê recovered by

this method; the most commonly isolat.ed fungi from foresE soil were

I1ortiere¡la spp. (587") and Pythiun afertile spp. (36i1), while GongroneTTa

butTeri (68%) and MortiereTTa spp. (2O%) r,/ere most commonly isolated from

wheat-field soil.
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(4) Botrvt is soo.

A Botrytis sp..had been isolated from pine-forest soil from

dilution plates and the selective medium of Kritzman and Netzer (1978) was

used to further study its incidence.

Soil (10 g) from forest Quadrat C and wheat-field Quadrat Ï was

serially diluted in sterile distilled water to give 5 plaEes at a final

dilution of 1/100 and one plate at a dilution of 1/10 per sample. Plates

v/ere poured with the seleclive medium and after 48 hours aL 25oC brown-

pigmented colonies v/ere counted and sub-cultured onto NDY for identification.

Most colonies so isolated proved to be Fusarium' Phoma or

StenphyTiuflr spp.. No Botrytis spp. were isolaEed, suggesting that they

rrrere rare in these soils.

7 . FUNGI ISOLATED FROM ROOTS OF \^IHEAT AND PINUS

Penìci77iuø and TrichoderÍ,a spp. were the dominant fungi isolated

from Pjnus roots, while wheat roots yielded a greater diversity of fungi

(Tables 24, 25). The composiEion of the mycoflora from Pinus roots was

generally similar to that found for organic debris from pine-forest soil but

differed from that of soi1. In particular, the frequency of Trichoderna

(especially T. koningii) was higher than that for soi1. I'lheat roots exhibited

a higher incidence of dark sterile fungi and a reduced frequency of. Peni-

ciTTiun and ,Aspergi17us spp. compared with soil. Data for sodium hypochlorite-

treated wheat roots are not given (Table 25) due to destruction of cultures

by mites. Of 20 cultures not destroyed, 75% were of dark sterile fungi,

suggesting a similar picture to that found for streptomycin-Ereated roots.
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Frequency of fungi isolaEed from streptomycin-treated root
segments as 7" of total (wheat n = 80, Pinus n = 95)

l,lheat roots Pinus roots
7"iL

Paecílonyces TiTacinus

AspergiTTus sPP.

Penicil-7iun sPP.

Phona spp.

MortiereTla sPP.

PhiaTocephala sP.

Fusariun ro,seu/n sP. gr.

F. soTani

Fusarium sp.

BrooneTTa sp.

CochTiobolus sativus

Myrotheciun ver rucar ia

Per iconia nacrosPinosa

Hyaline sterile cultures

Dark sterile cultures

7.5

3.8

3.8

3.8

3.8

2.5

2.5

T,2

I.2

r.2

r.2

L.2

t.2

3.8

61 .3

PeniciTTiun sPP.

Trichoderna koningii

T. harzianun

MortiereTla spp.

Hyaline sterile cultures

Dark sterile cultures

s2.6

29.5

2.r

6.3

8.4

1.1

Total 100.02 Total 100.0%
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TABLE 25: Frequency of fungi isolated from sodium
hypuchlorite-treated Pinus roots (n = 54)

Pinus roots

PeniciTTiuri, spp.

Trìchoderna

ko:ningii
harzianum

Pythiun spp.

Fusariurn spp.

MortiereTla spp.

Phona eupyîena

35.2

24.r
5.5

13.0

9.3

9.3

3.6

Total- 100.02
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8. ACTINOMYCETES AND BACTERIA IN I,'IHEAT.FIELD AND PINE-FOREST SOILS

Actinomycetes and bacteria $rere extracted from soil sarnples from

wheat-field Quadrat I and pine-forest Quadrat C using a dilution plate

technique (Lingappa and Lockwood, 1962). Total available propagules of

both actinomycetes and bacteria were significantly higher in wheat-field

soil compared with pine-forest soil (Table 26). This may be related in

part to the preference by these organisms for neutral-alkaline conditions

(Griffin , 1972).
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TABLE 26: llean numbers of actinomycete and bacuerial
propagules per g of wheaL-field and pine-
forest soil (n = 5). Numbers ir. brackets
represent mean numbers of propagules per g

of dry soil

I'lheat-field soil Pine-forest soil

Actinomycetes

Bacteria

10 460 000r+**
(10 641 960**x-)

g 796 000x-x-*
(8 948 17ox*òq)

812 000
(862 s10)

2 062 000
(2 r9O 260)

oooM."rt

sr-gn
s for wheat-field and pine-forest soils
ificantly different at 0.01% 1evel.
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V. SOIL FUNGI BACTERIA AND ACTINOMYCETES AS FOOD

RESOURCBS OF APHELENCHUS AVENAE AND OTHER NEMATODES

It had been established that. .4. avenae was significantly less

abundant in the pine-forest soi.l compared with the wheat-field soil and that

these two soils possessed different mycofloras. To test the hypothesis

that this difference in abundance rnay have resulted from differences in the

suitability of these mycofloras as food sources of. A. avenae' feeding

trials between the nematode and fungi from the two soils were conducted.

To determine whether differences existed in rates of reproduction achieved

on given fungi by A. avenae from the wheat-field and pine-forest popula-

tions, isolates of both populations were tested on fungi from both soils.

Several isolates from the same nematode population were also tested to

determine the level of intra-pçulation variability in reproduction rates on.

different fungi. Lastly, other presumed mycophagous nematodes from wheat.-,

field and pine-forest soils were tested on fungí also obtained from these

soils to determine if resource overlap in food occurred between them and

A. avenae. Such resource overlap would be a pre-requisite to establishing

the existence of competiEion for food between these nematodes; a possible

alternative hypothesis in explaining differences in abundance of. A. avenae

between the two sites. In this regard it should be noted that the nematodes

tested here are most certainly not Ehe only'mycophagous organisms (or,

indeed, nematodes) present in these soils.

Tikyani and Khera (L969) reported that an isolate of A. avenae

failed to reproduce on the bacterium Baci 17us megateriun but was I'cultivated

on an unidentified bacterium when transferred in massestt. Feeding trials

between ,4. avenae and various cultures of soil bacteria were conducted to

determine whether bacteria could be significant food resources for this

nematode. Although actinomycetes are abundant in soil they have not pre-

viously been tested as food sources for A. avenae
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Fungi, bacteria and actinomycetes isolated from wheat-field and

pine-forest soils hrere tested as food sources for A. avenae and other nema-

todes isolated from the same soils and maintained in monoxenic culture on

Botrytis cinerea.

1. BACTERIA AND ACTINOMYCETES

Three randomly selected bacterial isolates from each soil, four

actinomycetes from wheat-field soil and three actinomycetes from pine-

forest soil were tested as food sources for .4. avenae isolated from soil of

Quadrat A of both sites.

A. avenae failed to reproduce above those numbers on uninoculated

agar when placed on cultures of bacteria from either soil (Table 27). It was

concluded thaE A. avenae was not able to utilize these bacteria as food

sources.

, Actinomycetes on which A. avenae were tested were also found to

be unsuitable as hosts, and although several yielded numbers slightly in

excess of controls (Tab1e 27) they k¡ere very smal1 when compared with yields

achieved on fungal hosts, which may exceed hundreds of thousands. Numbers

of adult.s recovered from plates did not exceed t.he initial inoculum and uhe

small increases in numbers presumably resulted from hatchi-ng of eggs laid

by females. Females transferred from a suitable fungal host will Iay a

sma11 number of eggs without any further feeding, however, the larvae which

hatch from these eggs require a suitable food source to reach maturity.

It therefore appeared unlikely that á. avenae utilized bacteria

or actinomycetes as food sources in the soils tested.
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Mean numbers of A. avenae (wheat-field and pine-forest cultures)
reared on cultures of bacteria and actinomycetes from whea¡-
field and pine-forest soíls. Controls refer to plates inocu-
lated with nematodes alone

Nutrient agar ' Krainskyrs medium
Control Actinomvcetes

r234Control Bacteria
t23

hlheat-f ield 0.8

Pine-forest

1.0 0.6 1.0 1.8 7.4 4.0 2.4 2.0

0.8 00.80 o.4 2.8 7.2 3,4
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2. FUNGI

(a) Description of Nenatode IsoTates Tested on Funpi

Various isolates of A. avenae and ApheTenchoides spp.

originating from the Ewo sites were used in feeding trials with fungi from

pine-forest and whear--fie1d soils, viz.:

A. avenae -

(1) Pine-forest

(i)

(ii)

isolate from pine-forest soil, Quadrat A.

isolate from stalk of Suil 7us Tuteus sporocarp

from pine-foresE.

(i) isolate from wheaL-field soil, Quadrat A.

(2) Wheat-fie7d

ApheTenchoides spp.

(1) Pine-forest

(i)

(ii )

isolate from L-litter layer of pine-forest, appearing to

be closest to á. coffeae (Zimmerman, 1898) Filipjev , L934

(aft.er key of Fortuner , L97O). Adult females 734.5 !

22.7 pn (S.E.) in length (mean 20 specimens, range 508-874

¡-tm), with four incisures in lateral field, oocytes in a

single row and bearing a tufted mucro on the tip of the tail.

(411 measurements from specimens from tv¡o-week old cultures

on Botrytis cinerea incubated at 25'C). Males not seen;

asexual reproduction(apparently by parthenogenesis) con-

firmed by starting cultures with sl-ngle second-stage larvae.

isolate from fruiting body of Rhizopogon TuteoTus' apparent-

ly belonging Eo the same species as the isolate from

L-litter layer.



(iii)

(2) tlheat-f ieTd
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isolate from pine-foresE soil, Quaddrat C. Adult females

597 x 15.4 pm (S.E.) in length (mean 10 specimens, range

543-689 Im), with three incisures in the lateral field, and

bearing a simple mucro on the Eip of the tail. Stylet 11-12 Um

in length. Sex ratio of males to females l:19, asexual

reproduction (apparently by parthenogenesis) confirmed.

Adult males 568.8 t 16.5 Um (S.E.) in length (mean 10 speci-

mens, range 441-639 Um), curved ventrally when killed by

heat, spicules paired, cuniform, with piominent apex and

rostrum and measuring 20.7 t 0.7 irm (S.E.) around the arc

of the dorsal limb (mean of 5 specimens, range 18.6-22.6 Um).

Mail tail without bursa or gubernaculum but r+¡ith three pairs

of papillae. Tail of female more bluntly rounded than de-

picted f.or A. conposticoTa by Franklin (1957) and also

differing from this species by the presence of annules in

the head region.

isolate from wheat-fie1d soil, Quadrat B, and similar in

appearance to the isolate from L-litter layer of the pine-

forest. Adult females 696.5 ! I4.9 Um (S.E.) in length

(mean 21 specimens, range 568-804 pm) and bearing a tufted

mucro on the tip of the tail. Males absent, asexual re-

production (parthenogeneLic) confirmed.

isolate from whear-field soil, Quadrat H. Adult females

597,5 f 15.4 Um (S.8.) in length (mean 20 specimens, range

499-739 ¡rm), with three incisures in lateral field and tail

without a mucro. Males absent, asexual reproduction

(parthenogenetic) confirmed.

(i)

(ii )
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In these feeding trials t'Hibitane" (chlorhexidine gluconate),

an agent that is both bacteriocidal and fungicidal, was at first used to

free nematodes of surface contaminants prior to inoculation. Peacock (1959)

recommended an immersion time of 15 rnin for treati-ng l'leToidogyne egg-masses.

In the feeding trials an immersion tirne of 10 min was initially used and was

subsequently decreased to 5 min and then to 2 min. Although no immediate

mortality resulted f rom treatment v/ith rrHi-bitanerr, toxic ef fects became

evident when nematodes were observed over several days. Consequently, this

agent was replaced by a mixture of ant.ibiotics (penicillin, streptomycin and

tetracycline) which was found to give better survival of nematodes and

reduce variability in the results, but to lead to more plates being discarded

due to contamination by fungi. The tl^/o sets of results (from nematodes

treated with "Hibitanerr or antibiotics) are analyzed separately, data from

the latter being subjected to an analysis of variance.

(b) Results of Feedi nø TriaTs on Funpi

Evans (1968) found that the Population (on a log. scale) of

A. avenae reared on a fungus in culture followed a sigmoid curve at tempera-

tures between 20oC and 30oC. From several fungi he tested, highest numbers

of nematodes were produced on an isolate of Rhizoctonia solani and after

fourteen days at 25oC Uhe population was nearing the end of the 1og. phase

of growth and was approaching a plateau. A similar result was indicated in

the present study on Botrytis cinereat the fungus used to maintain cultures

of the nematode. Given a suitable host fungus, the conditions used in

this study - fourteen days incubation at 25oC - h¡ere sufficient to allow

build-up of large nernatode poulations. However, Evans (1968) pointed out

that interpreEation of results showing different populations on different

host fungi at a single harvesE was difficult unless it is known at which

phase in the growth curve the harvest is made. In this study, fungal groups
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involving many isolaEes rather than individual fungi were compared.

Control plates in which nematodes were inoculated onto agar

hrithout fungi did not support any population increase. Production of the

various isolates of A. avenae and ApheTenchoides spp. on genera and species

groups of fungi from wheat-field and pine-forest soils are summarized in

Tables 28a and 29a respectively. A log transformation [y = loge (total

nematodes + 1] was applied to this data and analyses of variance performed

both for individual fungal genera (Appendices 5a-v and 6a-l) and for the

data overall (Tables 28b and 29b).

Variation in numbers of nematodes produced between both nematode

isolates and fungal groups was highly significant (P = 0.001; Tables 28b

and 29b). These two variables were clearly not independent, as the inter-

action berween them was found to be highly significant (P = 0.001; Tables

28b and 29b). It was concluded that the nemaEode isolates differed in

their rate of population growth on fungi, that numbers of a given nematode

isolate produced on some fungal groups were higher than on others, and that

the suitability of different fungal groups as food-hosts. tended to follow

a consistent pattern across nematode isolates (that is, fungi that were

ttpoortt food-hosts for one nematode isolate tended to be poor hosts for other

isolates).

Overal1, the A. avenae isolates produced higher numbers on fungi

from both habitats compared with any of the Aphelenchoides isolates (Figs. I7-

18, Tables 2Ba and 29a). Since all of th,e ApheTenchoides isolates used were

smaller in body length than á . avenae and probably smaller in volume, the

above finding suggests that the rate of assimilation of fungal protoplasm

and conversion to biomass was considerably higher in á o âvêr7âê. This may

indicate a higher degree of specilizaLion towards mycophagy by Á. lvêfiâêt

it being possible that some or all of the. ApheTenchoides spp. were only

facultative fungal feeders. Yields from ApheTenchoides isolates C (pine-



TABLE 28a:

Fungi

PeniciTTiun
Fusariun
Trichoderna
MortiereTTa
Mucorales'\
AspergiTTus
l,letarrhiziun
CTadosporiun
PaeciTonyces
Acrenoniun
GTiocTadiun
Graphiun
Broonelfa
Phona
CochlioboTus
l4yrotheciun
ToruTonyces
Doratonyces
Coniothyriun
Periconia
UTocTadiun
Sterile fungi

A. avenae

Table of means for production of nematoA""f?ung"1 genera and species grouPs from wheat-
field soil. A. anànae isolates: P - pini:-foiest soil; I'rl - wheat-field soíl.
ApheTenchoides isãlates: pine-foresr - L (litter); C (soil)i wheat-field soil - B,H.

L942.9
10216.7

1305.0
12135.0
7023.8

73.6
3312 .5
1485 .0
3960.0
630.0
26s.O

892s.0
9875.0

rr929.4
10000.0
1s09.7
9410.0
485.0

1940 .0
15458.3
9266.7
6966.4

5965.7
16599.9

2447.3
12843.9
16577.0

320.0
8375.0
6800.0

178t2.5
31968. B

662.s
17375.0
32500.0
2486L.5
25375.O
469r.9

30531 .3
14093.8

2730.O
20562.5
I24BT.3
t6324.6

L

262L.8
5775.0

1267.3
1507.1

29.5
7990.8

e7

1432.
2602.

0.5
15.5

1176 .0
335 .0
939.0

205.
86s.

1240.

H

364.6
528.6

1305 .0
257.5
332.5

201.3
232.5

12.5
1085.0

190.0

2100.0

19.0
542.5

5TL.2

Total

6777 .5

2642.7
8077 .9
3457.4

ro825.6
6409.7
T2I.6

5843.8
4142.5

rr875.7
9665.7
235.2

77 40 .9
7655 "O

10286 .5
20250.O

1610.7
t9970.6
6L69.5
1867.4

1 7500 .0
6728.6
7255.7

1236.3 103s.0

enchoides isolates
B

1068.0
2803.1
7177.5
9143.3
I27r.7

51 .5

Anh

P \^/

3. 8
6
5

Ho
H

1.
0.

it

5
5
0
3
0

5.4 693.7

229.O 5827.5

595.8 2636.2

69
0
8

Total 7462.8 L4237 .6 3609 .2

{
_-{i.- m
@

>z
= ,t^,

=_;xOther Ehan MortiereTTa (lfiucort GongroneTla and CunninghaneTTa).



TABLE 28b:

LOz

Analysis of variance of data as summarize¿ in Table 28a.
Before analysis a 1og. transformation (y = loge (total
no. nematodes + 1)) was applied Lo the data.
Sisnificance levels for variance ratios:
p I O.OOr (lt+rx); p = 0.01 (x"\); p = 0.05 1*¡.
N.S. = non-significant.

Source of variation df Sum of squares Mean square F

Fungal genera

Nematode isolates

Interaction

Residual

2L

66

1111

5

t942.90

3267.t+7

1066.51

2889.r7

92.52

653.50

16. 16

2.60

35.58 r+r+*

25I.29 xxx

6.21 *x.l(

Total t203 9166.0s



TABLE 29a:

Fungi

PeniciTTiun
Pae:ciTonyces
Trichoderna
I,lortiereTTa
l{ucor
Fusariun
VerticiTTiun
PestaTotia
Botrytis
Chaetoniun
Sterile fungi
P16.*

Total

Table of means for production of nematodes on fungal genera and species groups-from
pine-foresu soi1. Nematode isolates as given in legend to Table 28a, except for
À. ur"n"" isolate S from sporocarp oL Sui77us Tuteus collected in pine-forest

A avenae eTenchoides isolates
P S

I5IT7 .7

15657.L

9500.0

7708.3
1567s .0

B H Total

L982.5
31 10.3

13337.5
12277.3
7400.0
4668.2
3481 . s
7946.3

20ss0.0
6425.O
5164.5
4245.6

10536.3
r40r2.5
t7ro9.4
14168.8
4808.8

16357.6
8609.1

2804r.7
39625.O
8366.7
8085.2

tt6r2.5

2523.8
1600.0
91s.0

1631 .1
2370.0

15600.0

1031 .2

12.6
3247.5
864.4

I 170.6

366.6
2.r

877.5

237.9
140.0

1.0
285.0

1311 .3
2924.0

2s53.8
4287.5

22877.5

27.5
13 .0

4474.8
641L.5
9906.8
9303.7
6620.0
7B8B .4
4220.6

T3L7L.2
26265.9
7257.I
6899.1
7554.5

Ho
u)

4286.6 r4r10.3 13874.4 273r.2

ounkno"n Hyphomycete bearing conidia.

372.3 6767.0 20.3 6770.3
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TABLE 29b: Analysis of variance of data as summarized in Table 29a.
Before analysis a 1og. transformation (y = 1og. (tota1
no. nematodes + 1)) was applied to the data'

source of variation df sum of squal:es Mean square F

Fungal genera

Nematode isolates

Interaction

Residual

1l-

6

75r.46

3082.11

383.77

1954.01

68.31

513.69

10.66

2.68

25.45 x'*'t+

191 .38 xåçår

3.97 xx.+s
36

728

Total 781 6171 .35

*llx^^^F-value significant at P = 0'001'
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FIG. 1-7z Mean production of antibi-otic-treated nematodes on
genera and species groups of fungi from wheat-field
soil.

(a) A. avenaez
shaded bars - wheat-field soil isolate;
unshaded bars - pine-forest soil isolate.

(b) Pine-foresi Aphefenchoides isolates:
shaded bars - isolate C from soil;
unshaded bars - isolate L from L-litter layer.

(c) lr/heat-fieId Aphelenchoides isolates :
shaded bars - isolate H from soil;
unshaded bars - isolate B from soi1.
(question marks indicate isolates not tested
on those fungal groups).

PEN = PeniciTTiun; PAE = PaeciTonyces; l"lOR =
I,lortiereTTa; MUC = Mt'corales other than MortiereTTa
(Mucor, GongroneTTa and CunninghaneTTa) r TRI =
Trichoderna; FUS = Fusariunr ASP = AspergiTTus,
MET = Metarrhiziun; CLA = CTadosporiuni ACR =
Acrenoniun¡ GLI = GTiocTadiun; GRA = Graphiun;
BRO = BrooneTTa; PHO = Phona; COC = Cochliobolus;
MYR = l{yrotheciun; TOR - ToruTonycesi DOR =
Doratonycess CON = Coniothyriun; PER = Periconia;
ULO = UTocTadium¡ STE = sterile cultures.
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FIG. 18: ì4ean production of antibiotic-treated nematodes on
genera and species groups of fungi from pine-forest soi1.

(a) A. avenaez
shaded bars - isolate from SuilTus Tuteus sporocarp

from pine-forest;
partially shaded bars - isolate from wheat-field

soil;
unshaded b:rs - isolate from pine-forest soi1.

(b) Pine-foresL ApheTenchoides isolates:
shaded bars - isolate
unshaded'bars - isolat

rom soil;
from L-litter 1ayer.

Cf
eL

(c) hlheat-fieId Aphelenchoides isolates:
shaded bars - isolate
unshaded bars - isolat

Hf
eB

rom soil;
from soil.

PEN.= PeniciTTiun; PAE = Paecilonyces; MOR =
MortiereTTa; MUC = Mucort TRI = Trichod.ernai
FUS = Fusarium; VER = VerticiTTiun; PES = PestaTotia¡
B0T = Botrytist CHA = Chaetoniuni STE = sterile
cultures; P16 = unknov/n Hyphomycete bearing conidia.
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forest) and H (wheat-field) were particularly low compared with ,4. avenae.

Yields of isolates L (pine-forest) and B (wheat-field) were similar for many

groups of fungi. The similarity in morphology between these two

ApheTenchoides isolates was noted earlier. 0vera11 yields of ApheTenchoides

isolates from the pine-forest were not markedly different from those from

the wheat-field.

The á. avenae isolate from wheat-field soil generally yielded

higher mean populations on fungal genera and species grorrps from both wheaL-

field and pine-forest soils compared with the isolate from pine-forest soil

(Figs. L7a, 18a, and I9-2O; Tables 2Ba and 29a). However, it became

apparent that this result could not be used to account for the higher density

of. A. avenae in wheat-field soil compared wit.h pine-forest soi1. Thus,it

was found that isolates of A. avenae from the same habitat could vary as

much in their rates of population growth in monoxenic culture as between

isolates from different habitats. This was demonstrated by a pine-forest

isolate of A. avenae originating from a SuiTTus Tuteus sporocarp which, like

the wheat-field soil isolate, also produced higher populations than the

pine-forest soil isolate (Fig. 18a). It appeared that withi-n the 3-hectare

area of forest sampled there co-existed A. avenae with substantially differ-

ing intrinsic rates of populat j-on gro\^rth in monoxenic culture. This

further suggested an underlying genetic diversity, possibly in the form of

distinct (parthenogenetic) clones. There is no reason to believe that this

situation would not apply equall¡ to the wheat-field or any other habitat.

l4ean producti-on of A. avenae. isolates over the range of fungi

tested from wheat-field soil was not markedly different from thai of pine-

forest soil (see total means Tables 2Ba and 29a), although the total mean

for the pine-foresE isolate h¡as somewhat higher on the wheat-field fungi.

However, different fungal genera and species groups varied markedly in their

capacities to support population growth of i4. avenae and, as h¡as noEed



FIG. 1g:

108

Mean n-umbers of pine-forest soil (shaded bars) and
wheat-field soil (unshaded bars) isolates of á. avenae
produced on Sorne common fungal genera and species
groups from both wheat-field and pine-forest soils.

Means for genera were obuained by averaging means
for the individtal isolates belonging to a genus and
were determined for both nematodes treated with
chlorhexidine gluconate (a) and antibiotics (b)
prior to inoculation.

Number of isolates tested are given below the bars.

PEN.= PeniciTTiuni ASP : AspergiTlus;
Mucorales; STER = sterile cultures.

MUC =

i .:-'
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l4ean numbers of pine-forest soil (shaded bars) and
wheat-field soil (unshaded bars) isolates of
A. avenae on common fungal genera and species groups
from wheat-field soi1. (Nematodes treated with
chlorhexidine gluconate (a) and antibiotics (b)).
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earlier, the wheat-field and pine-forest soils differed in Ehe frequency

with which many of Ehese genera could be isolated by various methods. In

particular, it appeared that PeniciTTiurn spp. hrere especially abundant in

pine-forest soil compared with wheat-field soil. Mean rate of reproduction

of. A. avenae and, indeed, of all the nemaEodes on PeniciTTium isolates r^/as

comparatively low (Tables 28a and 29a). Ic appeared that PeniciTTiun

spp. $/ere generally poor food-hosts of. A. avenae. 0ther fungi which fell

into this category were AspergilTus, GTiocTadium' Coniothyriun and

I{yrotheciun.

In contrast, those fungal groups which were isolated in signifi-

cantly greater frequency from wheat-field soil - Fusariun and sterile fungi -

tended to be more productive food-hosts of A. avenae. Other ttgoodtt hosts

of the nematode included:

(a) from pine-forest soil; Botrytist llortiereTTa, PaeciTonyces,

PestaTotia and Trichoderna'

from wheat-field soil; Acrenoniunt BroomeTTa, CochTioboTus'

Doratonyces, Graphiun¡ Mortierella and other Mucorales,

PaeciTonyces, Periconia, Phona, ToruTonyces and UTocladiun

(Tables 28a and 29a). Concomitant, then, with the greater

diversity of fungi found in wheat-field soil was a larger number

of good food-hosts in that soil compared with the pine-forest

soil. l{ankau and }4ankau (1963) and Townshend (1964) concluded

that á. avenae exhibited a distincE preference for plant para-

sitic fungi but, as can be seen from the above, fungi which

are presumed to be saprophytic (such as Doratomyces, Graphiun,

I"IortiereT-la and other Mucorales, PaeciTomyces, Periconiat

ToruTomyces and Trichoderma) can serve adequately as hosts for

(b)
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this nematode. Pine-foresL Trichoderma isolates appeared to

be more productive food-hosts for A. avenae than those from the

wheat-field.

For many individual fungal genera and species groups, particularly

those such as PeniciiTium in which it was possible to test a large number of

isolates, variation in numbers of nematodes produced between both nematode

isolates and fungal isolates hras highly significant (Appendices 5 and 6).

The interaction between the latter two terms was also often highly signifi-

cant. IÈ was concluded that wiÈhin these fungal groups the nematode

isolates differed in their rate of population growth, that some of the fungal

isolates were better food-hosts for a given nematode than others and these

also Eended to be the same isolates that were better hosts for the other

nematodes. Thus, fungal groups contained as much variability within them-

selves as between different groups in regard to suitability as food-hosts

for these nematodes. This suggests that host suitability may depend on

some property, such as some chemical factor, which varies below the generic

and specific levels.

A similar pattern was seen with ,4 . avenae treated \n¡ith rtHibitanerr;

with the wheat-field soil isolate generally reaching higher populations than

the pine-forest soil isolate and fungi such'as PeniciTLium and AspnrgiTTus

being poor food-hosts in comparison with others such as Fusariun and sterile

cultures (Figs . f9-2I). Some apparent exceptions are seen in the case of

certain fungi (other than PeniciTTiun) from pine-forest soil (Fig. 21a),

probably due to an insufficient number of isolates being tested. Populations

of the A. avenae isolate from the SuiTTus Tuteus sporocarp were at least

egual and, often, greater than those of the wheat-field soil isolate (Fig. 23a).

The very low populaEions of the former isolate recorded on PeniciTTiun and



FIG. 2I

LT2

Mean numbers of pine-forest soil (shaded bars) and

wheat-field soil (unshaded bars) isolates of
A. avenae on common fungal genera and species groups
from pine-forest soi1. (Nematodes treated with
chlorirexidine gluconate (a) and antibiotics (b))'
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Mucorales reflect the fact that this isolate hlas tested upon cnly one

isolate from each of these groups. With certain exceptions - ApheTenchoides

isolates L and B on Chaetonium and Sporotrichun (?), and on BrooneTTa re-

spectively - the ApheTenchoides isolates produced lower numbers than

A. avenae on fungi from both wheat-field and pine-forest soils (Figs, 22,

23b). The pattern of host suitability observed for the ApheTenchoides

isolates was similar to that seen for A. avenae. Thus ¡ penicirfi¿¡n and

AspergilTus were also poor food-hosEs for Lhe Aphelenchoides isolates while

Fusariun and sterile cultures \¡/ere more productive hosts (Fig. 23b). The

most productive hosts lor A. avenae v/ere, firstly from pine-forest soil:

Botrytis, Fusariun, PestaTotia' Trichoderma and VerticiTliuø (Fig. 22a),

and, secondly, from wheat-field soi-12 Fusariun, MortierelTa and other

Mucorales, Phoma, sterile cultures and uTocTadiun (Fig. 22b). The mean popu-

lation of the pine-forest soil isolate of. A. avenae on five basidiomycetes

from the pine-forest v{as comparatively low (Fig. 22a). 0f these, Suiflus

/uËeus was by far the most productive host, yielding a mean population of

LO,549 per Petri dish. Numbers of the Aphelenchoides isolate from the L-

litter layer produced on these basidiomycetes, apart from Sui-Z 7us Tuteus

(mean population 13r075), h¡ere also very low.

Comparison of result.s with those of previous studies is frequenLly

not possible as different conditions were used as well as different nematode

and fungal isolates. Evans (1968) used an initial inoculum of five adult

female A. avenae and media which were similarly ttrichtt in nutrients as the

one used in this study. He obtained highest numbers of nematodes,141000

Lo 2Ir000 after th¡o weeks at 25"C, with an isolate of. Rhizoctonia soTani.

The isolate of R. solani sensu lato used in the present study was found to

be a poor host for A. avenae, but marked differences in the suitability of
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(a) Mean numbers of pine-forest soil /. avenae
(shaded bars) and ApheTenchoides from L-litter
layer (unshaded bars) on fungal genera and
species groups from pine-forest soi1. Initial
inoculum treated with chlorhexidine gluconate.

PEN = PeniciTTiuni PAE = PaeciTonyces; ASP =
AspergiTTus; FUS = Fusariun; TRI = Trichodermai
VER = VerticilTiuni B0T = Botrytis; l4UC = Mucori
PES = PestaTotia; P16 = unknown Hyphomycete bearing
conidia; BAS = Basidiomycetes; CHA = Chaetoniun;
SPO = Sporotrichum (?); PYT = Pythiun; STE =
sterile cultures; T0T = total.

(b) Mean number of wheat-field soil .4. avenae
(shaded bars) and Aphelenchoides isolate frorn
wheat-field soi1, Quadrat B (unshaded bars) on
fungal genera and species groups frorn wheat-
field soil. Initial inoculum treated with
chlorhexidine gluconate.

Fungal groups as above except f or: l"iUC -_ Mucorales other than
I"lortiere77a; MOR = MortierelTai GLI = GTiocTadiun;
CLA = CTadosporium; PHO = Phona; ULO = UTocTadiun;
BRO = Broonel-7a; TOR = ToruTomyces; MYR = Myrotheciun;
MET = Metarrhiziun; PHI = PhiaTocephaTa; ACR =
Acrenoniun; RHI = Rhizoctonia; ALT = ATternaria.

Question marks indicate isolaEes not tested on those
fungal groups.
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(a) Mean numbers of wheat-field soil A. avenae
(shaded bars) and Á. avenae isolate from Suillus
Tuteus sporocarp frorn pine-forest (unshaded bars)
on wheaL-fie1d soil fungi. Initial inoculum
treated with chlorhexidine gluconate.

(b) Mean numbers of Aphetenchoides isolates on
wheat-field soil fungi. Initial inoculum
treated with chlorhexidine gluconate.

Shaded bars = L-litter layer isolate; unshaded bars =
pine-forest soi1, Quadiat C isolate; bars with shaded
squares = isolate from Rhizopogon TuteoTus sporocarp
from pine-forest; bars with cross-hatching = isolate
from wheat-field soil; Quadrat B.

Fungal groups for both Figs. as in Fig. 22b.
(Note: MUC = Mucorales).
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R. solani isolates as hosts for Á. avenae have been noted previously (Barker,

1964). Nurnbers of A. avenae on certain other fungi in this study rnatched

and exceeded those observed by Evans (1968).

Isolates of the AspergiTlus niger species group from both wheat-

field and pine-forest did not support any population growth of either

A. avenae or any of the ApheTenchoides isolates tested and few living nema-

todes were recovered from such cultures. Mankau (1969arb) found that an

isolate of this fungus was toxic to Á. avenae and deterrnined that this

toxicity was due to oxalic acid produced by the fungus. Results reported

here suggest Ehat such Eoxicity may be widespread amongst isolates of these

fungi.

Mankau and Mankau (1963) found that the pythiaceous fungi they

tested h/ere poor hosts f.ot A. avenae. Pythiut? spP. (P. acanthicum¡

P. afertife species group, P. irreguTare, P. nonospermum and P. patoecandrun)

tested here were similarly poor hosts for A. avenae. However, the large

numbers of nematodes produced on many isolates of MortiereT-la demonstrated

that not all pythiaceous fungi are such poor hosts.

Highest numbers of A. avenae were produced on a Botrytis sP.

isolated from pine-forest soil. 0f the fungi used to rear A . avenae by

Townshend G964), highest numbers were also'produced on Botrytis spp..

Evans (1968) observed that the ratio of adults to larvae of

A. avenae in culture underwent periodic fluctuatíons over time and inter-

preted this periodicity as reflecting the generation time of the nematode

under the conditions given. He also noted significant variation in t.he

adult/larvae ratio of A. avenae reared on several different host fungi and'

in particular, observed the lowest ratio from the host which produced the

highest numbers of nematodes. It was therefore of interest to determine
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whether the adult f\arvae ratio of the various nematodes here used varied

significantly between host fungi and whether a relationshíp existed between

the ratio and host suitability over the much larger number of fungi from

the present studY.

For this purpose, the data for antibiotic-treated nematodes

reared on pine-forest fungi were chosen as a representative sample ' The

parameter analysed was Ehe percentage of the population made up by adult

nematodes at harvest (number of adult nematodes /totaL number of nematodes

x 1002). An angular transformation was applied to this data and analyses

of variance perforrned both for individual fungal groups (Appendix 7a-1) and

for the data overall (Tables 30, 31).

Variation in % adults produced between both nernatode isolates

and fungal groups was highly significant, as was the interaction beEr'¡een the

latter two variables (P = 0.001; Table 31). It was concluded that there

was significant variation in % adults produced both between nematode iso-

lates and between fungal groups and that fungi which produced high (or 1ow)

% adults for one nematode tended also to produce high (or Low) % adults for

the other nematodes. Analyses of data for individual fungal groups showéd

that these sources of variation were equally significant for many groups be'

th¡een different fungal isolates (Appendix 7). PeniciTTium and I'etticiTTiun

had the hì-ghest mean values of % adults over all nematode isolates. þfean %

adults over all fungi was particularly high for Lhe ApheTenchoides isolate

from Quadrat C of the pine-forest (Table 30), a result which receives

comment in the regression analysis below.

To determine whether a relationship existed between % adults

and si-ze of the population on different fungi, regression analysis was applied

to (untransformed) data for several antibiotic-treated nematodes on pine-

forest fungi. In all cases, there appeared to be a significant inverse



TABLE 30:

Fungi

PeniciTTium
PaeciTonyces
Trichoderna
þlortiereTTa
Mucor
Fusariun
VerticiTTiun
PestaTotia
Botrytis
Chaetoniun
Sterile fungi
P16x-

Total

l4ean % adults of nemaLode isolates at harvest on fungal genera and species groups from
pine-forest soil

A zVCn2C A enchoides isolates
P I{ S C H Total

32.64
32.r7
25.O7

76.03
13.39
L4.49
48.62

100.00
28.88
15.51
23.59

31.45
18.76
15,64
19.31
9.70

i8.95
P
H
@

38.45
26,42
22.09
8.08

42
94

7L
55

25.57
18.62

7 .60
5.86
7 .78

16. 18
22.t4
ro.26
10.05
8.64

L5.69
13.03

19.78
13.95
17.92
13.77
t4.r7
15.50
25.84
17 .03
t4.56
7.34

19.53
7.5L

22.28

12.56

38.33

25.r4
9.95

19. 85
L8.92
23.r8

3r .54

28. B0
100.00
38.r2

60.91
100.00

17 .96
41.13

10.38 25.3r
24.95

19.93 L7.69 2r.55 29.93 58.49 23.18 63.68 26.67

o Unkno"n Hyphomycete bearing conidia.
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TABLE 31: Analysis of variance of data as summarized in Table 30.
Before analysis an angular transformation was applied to
the data

Source of variation df Sum of squares Mean square F

Fungal genera

Nematode isolates

Interaction

Residual

11

6

36

703

19830.7

85153.9

37L90.2

ro3484.4

1802 .8

r4t92.3

1033. I

r47.2

ll.lJ lrai*

96.41 **ì+

7.02 +r**

Total 7s6 24s6s9.2

***F-ualue significant at P = 0.001.
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relationship between the size of the nematode population achieved on

different fungi i¡ culture and the proportion of that population made up by

adulus (Table 32). The regression coefficient for the Aphelenchoides

isolate from Quadrat C of the pine-forest was significantly different from

those of all other nematodes examined (Table 32). The value of a (where

the regression equation is in the form Y = a + bx) for chis nematode was

also much higher than for Ehe others, reflecting the many fungal isolates

upon which li-ttle or no reproduction of this nematode occurred such thaE

the % adulUs approached the ini-tial value (100%). 0n other fungir rê-

production r^¡as comparatively rapid and many larvae lvere produced; these

factors combined to produce a significantly higher negative regression co-

efficient for this nematode. This result suggests that the ApheTenchoides

sp. in question is comparatively nore specialized in the range of fungal

hosÈs it utilizes than either the other ApheTenchoides sp. from pine-litter

or A. avenae. This apparent restriction in rrniche breadthtt could also be

associated wj-th utilization of food resources other than fungi by the

particular ApheTenchoides sp.. That is, in comparison with the other nema-

todes, this species may be a facultative fungal feeder, utilizing other food

resources such as plant roots while remaining only partially adapted to

mycophagy upon a limited range of fungal hosts. This hypothesis will re-

quire further testing, in particular, the eluci-dation of alternative food

sources.

Regression coefficients for the pine-forest and wheat-field soil

isolates of A. avenae hrere not significantly different but the a-value was

somewhat higher for the wheat-field isolate. This probably reflects the

higher mean populations observed for this isolate as % adults for the two

isolates vtere comparable (Table 30).



TABLE 32:

Nematode isolate

A. avenae:

Fitted regression lines f.or 7" adults on total population of various nematodes reared in agar
cultures on (n) fungal isolates from pine-forest soil

n FitEed Regression Line

y = 27.06 - 0.0016 x

y = 35.19 - 0.0013 x

y = 37.82 - 0.0020 x
y = 77.7L - O.O4I2 x

Regression Coefficient t S.E.

Pine-forest soil
Llheat-field soil

AoheTenchoides:

L-litter layer
Pine-forest soil
(Quadrat C)

arb

*tç*

54

38

-0.001584 r 0.00023

-0.001344 r 0.00019

-0.001964 r 0.00506

-o.o4L24b r 0.00538

gv-I

ã_-,Sr

N)
F

29

32

Regression coefficients with different letters are significantly different at P = 0.001.
Statistical methods as used by Bailey (1959); t-test with pooled sums of squares used where n(30
except when variance ratio signíficanL aL P = 0.05.

Regression coefficient significantly different from zero aL P = 0.001"
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The finding of periodic fluctuations in the ratio of adults to

larvae of á. avenae reared on fungi by Evans (1968) suggests particular

caution needs to be taken in comparing results for different fungi at a

single harvest. However, it appears from the present study that results

for different fungal groups are sufficiently consistent for valid comparisons

Èo be made.
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VI. DISCUSSION AND CONCLUS IONS

Intraspecific variation between parthenogenetic populations of

A. avenae from South Australian wheat-field soils was observed in karyotype

and in the frequency with which males are produced at high temperatures.

There appeared to be a distinct geographical distribution of populations

with n = 8 and n = 9 chromosomes whereas the distribution of populations

producing numerous males at high temperatures appeared to be haphazard; popu-

lations (and, perhaps, individuals within those populations) varied markedly

in this capacity over the course of a few kilometres. Tri-antaphyllou and

Fisher (1976) noted that the Californian population they examined with n = 9

chromosomes produced numerous males at high temperatures whereas an

Australian population with n = 8 chromosomes did not. Results presented

here suggest that these two traits are not causally related (that is, popu-

lations wiEh n = 9 chromosomes may or may not produce numerous males at

high temperatures). The adaptive significance, if any, of these differences

in karyotype and propensity Lo produce ma1es, is not clear and such differ-

ences do not appear to be correlated with any obvious environmental

variables. Gradual increases in chromosome numbers are thought to have taken

place in other genera of plant parasitic nematodes through fragmentation of

chromosomes or addition of whole chromosomes (Triantaphyllou and Hirschmann,

1980).

Intraspecific variation was also observed in rates of egg-laying

and in rates of population growth on fungi in monoxenic cultures. Pheno-

typic differences observed between individuals of parthenogenetic animals

. are usually interpreted as indicating an underlying genetic diversi-ty ín the

form of dis¡inct clones which may or may not be adapted to different environ-

ments (for example, in earthworms - Jaenike et a7.t 1980; spear-winged flies

- Qchman et a7.,1980; and in the hybridogenetic fish PoeciTiopsis -
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Angus, 1980). Results presented here for Á. avenae collected from a pine-

forest indicate that major differences in phenotype (in rates of reproduction

on fungi in monoxenic culture) may occur between individuals from "iihin "

three-hectare area. This suggests that such an area may encompass several

clones or that several clones may co-exist at the one site, the clonal

composition and frequency with which individual clones occur perhaps varying

between sites as has been found for other parthenogenetic animals (Angus,

1980; Jaenike et a7., 1980; Ochman et a7., 1980). However, some pheno-

typic variation may possibly result from other mechanisms. In particular,

the apparently haphazard dist.ribution of populations and/or individuals

with a propensity to produce males at high Eemperatures could conceivably

arise through the action of transposable elements (thaU is, segments ,of

deoxyribonucleic acid which can shift between -loci within the genome and

affect the expression of neighbouring structural genes). It has'been

suggesUed that unstable mutants observed in some eukaryotes may result from

the action of such elements (calos and Miller, 1980).

Evolutionary development, then, in ,4 . avenae has not been brought

to a standstill by the adoption of parEhenogenesis as a mode of reproduction'

Parthenogenesis in this nernatode is automictic, that is, meiosis is retained

(Triantaphyllou and Fisher, Lg76). The genetic consequences of automixis

depend upon the manner in which diploidy is restored and Ehe Pattern of

chiasma loca\izalion (l'/hite, 1973; l'laynard smith, 1978). In A. avenae

the second reduction division is supPressed such that a second polar body

is not formed and it appears that diploidy may be restored by inclusion of

both groups of chromosomes at telophase II in the same egg nucleus

(Triantaphyllou and Fi-sher, Lg76). Such a restitution nucleus would be

formed by duplication of the chromatids which have separated in the egg cell'
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a process genetically equivalent to fusion of sister pronuclei and expected

to produce homozygosity for all loci between the centromere and the first

chiasma of each chromosome (\^lhite, 1973; Maynard Smith, 1978). Trianta-

phyllou and Fisher (1976) found no evidence of centromeres on A. avenae

chromosomes and indicated that a diffuse-kinetochore activity along the

entire central euchromatic region of the chromosomes v/as possible. Such a

modification could act to limit the tendency tov/ards homozygosity, preserve

existing heterozygosity over much of the length of the chromosomes and

facilitate the genetic diversity apparent in this study generated by new

mutations.

At 25oC, rates of egg-laying by parthenogenetic females of the

Brownhill Creek isolate were equal to those of amphimictic females. Thus,

a twofold advantage in reproductive rate (Maynard Smith, 1978) might be

anticipated for the parthenogenetic isolate, although t.his would be parEially

offset by the rr'igher initial rate of hatch of eggs observed for Ehe amphi-

micEic isolate at this temperature. However, the amphimictic isolate was

not selectively displaced by the parthenogenetic isolate when inoculated

together onto cultures. That is, a net advantage in reproductive rate was

not observed for the parthenogenetic isolate in the presence of the amphi-

mictic isolate. This may have been due to a reduction in fecundity and

longevity of parthenogenetic females in the presence of amphimictic rnales

(Fisher, 1972) or other factors (such as differences in ages of maturation

of females between the two isolates) may have acted to obscure any potential

differences in reproductive rate. In any case, these results suggest that

the amphimictic form of ^4. avenae may be able to maintain itself in nature

in the presence of parthenogenetic competitors.
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The question then arises as to the reasons for the more wide-

spread distribution of parthenogenetic compared with amphimictic forms of

A. avenae. Parthenogenetic animals have often been observed to be more

widespread in distribution than thei-r sexual progenitors (Cuellar, L977 i

Suomalainen et a7.t L979). Triantaphyllou and Hirschmann (f980) noted this

in the case of certain plant parasitic nematodes, especíally root-knot

nematodes and believed that it reflected adaptation to environments of con-

tinuous monoculture of susceptible crop plants. Parthenogenetic animals

are also widely known to be associated with newly created or disturbed

habitats (Cuellar, 1977). In this study the parthenogenetic form of

A. avenae was found to be abundant in soil under wheat in fields given over

to rotation cereal cultivation. Significantly, the highest abundance of

the nematode was recorded from a wheat-field which had been put under culti-

vation for the first time. A. avenae was far more abundant in these wheat-

fields than has been found in less disturbed agricultural habicaEs such as

permanent pasture (for example, the Waite permanent pasEure in this study

and pastures studied by Yeates (1981)) or the pine-forest of this study.

Disturbed agricultural habitats are likely Eo be characterized by sudden

declines in food resources and those organisms which utilize them. For

example, in South Australia following harvest of wheat the soil remains

fallow during the hot, dry summer and fungal activity - that ís, abundance

of viable hyphae and spores - declines markedly (hlarcup, L957). An organism

such as A. avenae which depends upon fungal protoplasm from livì-ng hyphae

will then face a food shortage if it is not limited before by the lack of

soil waEer. A proportion of the population will survive over summer in a

quiescent anhydrobiotic state (De Meure et a7.¡ 1978) but we would expect

the surviving population to be comparatively sparse on arrival of suitable

conditions - rain and the planting of another crop - for population growth.
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Under these conditions the ability of a parthenogenetic organism to establish

a population from a single individual will be important. For A. ayenae this

is more likely since many soil fungi (particularly members of the Deuter-

mycotina) appear to be acti-ve in soil over very short periods in restricted

areas (hlarcup, 1957). The preference of this nematode for plant parasitic

over saprophytic fungi (Mankau and Mankau, 1963; Townshend, 1964) may

reflect a partial specialization towards fungi which, through their parasitic

mode of nutrition, have longer periods of activity in the mycelial state in

the soi1. However, soil fungi known to have long-lived mycelium in soj-l

(Burges, 1960) such as the basidiomycetes tested as food sources for

A. avenae in this study did noE appear to be particularly favoured hosts

for the nematode. An ability to establish a population from a single in-

dividual would also be imþortant for the spread of an organism which is

dispersed passively by wind, particularly in an agricultural environment.

Viglierchio and Schmitt (198f), in examining the nematodes recovered from

dust raised by agricultural implements traversing dry fields and further

carried by wind, found that á . avenae comprised over 297" on average of all

living nematodes from such dust. The ability of A. avenae to undergo

anhydrobiosis and adopt a tightly coiled form of decreased weight undoubtedly

assists with this dispersal.

Gerritsen (1980) considered t.he problem of sexual reproduction

in sparse populations entailed in finding a mate and developed a model to

predict the critical density for successful sexual reproduction (that is,

that required to sustain the population) in zooplankton. He was able to

make a number of predictions from,this model, certain of which can be tested

against the data available for plant parasitic nematodes. Thus, encounter

probability (between mates) is correlated with size of the organism and an
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inverse relationship between size and critical density is predicted such

that there may be a minimum size for obligate outbreeders. Using data

published by the Commonwealth Institute of Helminthology (1972-77), plant

parasitic nematodes can be classified according to maximum length of adult

females and to breeding system (Table 33). Nematodes for which in-

sufficient information were available were not included, as lÂ/ere those

species whose adult fenales are sedentary since the model assumes both sexes

are vagile. There is a significant association between these classifica-

tions and sexual reproduction is less common than expected due to chance

amongst the smaller nematodes (Table 33). 0f the species listed by the

Commonwealth Institute of Helminthology with maximum length of adult females

less than or equal to 800 ¡.rm, obligate arnphimicts comprised on1_y 337" while

parthenogenetic species made up 612. Thus, plant parasitic nernatodes

appear to conform to the predictions of the above rnodel, lending support to

the hypothesis that parthenogenesis is advantageous to nematodes in disturbed

habitats where the problems associated with sparse populations periodically

occur. Unfortunately, not enough is known regarding the ecological corre-

laËes of different breeding systems in A. avenae to determine whether the

amphimictic form tends to be more commonly found in less disturbed habitats

than the parthenogenetic form. Certainly, the amphimictic population from

Dangerous Reef occurred in a natural environment.

In wheat-field soil, abundance of. A. avenae appeared to be corre-

lated wiEh a number of physico-chemical properties of the soi1. For example,

the nematode tended to be more abundant in more alkaline soils. Tests to

examine the influence of these factors on population growth of A. avenae in

culture revealed nothing of the nature of Ehese correlations. Thus, higher

populations of the nemaEode were produced on the more acid media which
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TABLE 33: Association between size of plant. parasitic nernatodes and
breeding system (X' = 6.96, signifi-cant at P = 0.05).. Data
from Commonwealth Institute of Helminthology (1972-77).
Expected frequences in brackets'

Breeding System 200-600Um 600-1000pm )iÙ00um Total

Parthenogenetic
(obligate and facultative)

Amphimictic

11

(7.0e)

2

(s. el )

16

( 16.36)

t4
( 13.64 )

9

(12.55)

T4

( 10.46 )

36

30

Total 13 30 23 66
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supported a higher rate of growth of the host fungus. Although A. avenae

tended to be relatively more abundant in more saline soils, i-n culture

smal1 increases in salinity of the culture rnedium tended to reduce the rate

of growt.h of both the host fungus and the nematode population. Changes to

composition of the culture medium appeared Eo affect population growth of

the nematode through t.he hosE fungus. As expected, temperature appeared

to exert a direct effect on Ehe reproductive rate of the nematode in culture.

These results, then, seem to point to marked differences between the soil

environment and that provided in monoxenic cultures. In addítion to the

greater uniformity of the latter environment, in the soil physico-chemical

factors could influence and be influenced by abundance of fungi and other

biota such as predators and competitors of. A. avenae.

In the pine-forest here studi-ed, A. avenae hras rarely found in

soil. Other studies on the soil nematodes of coniferous forests have either

not recorded.4. avenae at all or only rarely (Bassus, 1962; Riffle, 1968;

Boag, L974i Sohlenius et a7.¡ 1977; Magnusson, 1983a,b). In the

lrlilliamstown pine-f orest a higher abundance of .4. avenae was observed in

certain more densely grassed areas, suggesting that the rarity of the nerna-

tode was more to do with a lack of suitable food sources - perhaps fungi

associated with graminaceous plants - than v¡ith some other aspect of this

environment such as the acid conditions which characterize coniferous forest

soils. Yeates (1979) noted that these acid conditions were inimical to

certain organisms such as lumbricid earthworms, millipedes and woodlice,

but that fungal-feeding Tylenchida flourished in coniferous forest soils.

Thus, nematodes which v/ere, at least partially mycophagous and belonging

to a closely related genus - ApheTenchoides - hrere comparati.vely abundant

in the pine-forest, particularly in litter. Bassus (1962), Riff1e (1968)'
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Boag (1974), Sohlenius et a7. (1977) and l"lagnusson (1983a,b) also found

ApheTenahcides spp. to be abundant in the coniferous forests they studied.

These findings suggest the possibiliCy of host specialization or competitive

interactions between .4. avenae and these nematodes.

Soils of the two study sites - the wheat-field and the pine-

forest - differed markedly in texture, that of the wheat-field being classed

as a clay-loam while that of the pine-forest being a sandy-loam. Correla-

tions between soil type or texture and abundance of various nematodes have

often been suggested by nematologists (see l,lal1ace, 1973; Norton, 1978).

Nôrton et a7. (1971) found that .4. avenae made up a higher proportion of the

total nematode population and was more abundant in sandy-loam than in clay-

loam soils, while Geraert (L967) concluded that it showed no preference for

any soil type (sandy vs. heavy soils). It appears unlikely that the

differences between the two study sites in soil texture were themselves re-

sponsible for the marked difference in abundance oL A. avenae, particularly

since the highest abundance was observed in the clay-loam soil. 0f more

potential importance to population densities of. A. avenae between the two

sites are differences in management practices and of rates of decay of

organic material. hlallwork (1976) noted that absence of permanent plant

cover or leaf litter (as in a field in fallow) and mechanical disturbance

of the substratum caused by ploughing exposes the soil to marked fluctuations

in temperature and moisture, producing high mortality among soil animals and

leading to a reduction in species diversity. He observed that Collembola

and Acari hrere particularly rqduced in densities by such disturbance.

Many collembolans and oribatid mites are' known to feed on soil fungi

(Griffin, L972), and certain mites also feed on nematodes including

A. avenae (Imbriani and Mankau, 1983). Thus, disturbed soi-l, such as that

of the wheat-field, may harbour smaller and less diverse populations of
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of important competitors and predators of A. avenae than pine-forest soil.

Crop rotations also decrease species diversity of soil fauna (!'/allwork,

1976). In comparing forest and grassland ecosystems, hlallwork (1976)

observed that the latter was characterized by in situ decomposiLion of root

systems and by higher rates of energy turn-over and breakdown of organic

magerial. Mor humus, because of its acidity and high content of lignì-n,

is particularly slow Eo break down. The higher rate of breakdown of

organic material in a wheat-field compared with a pine-forest could be

important for both saprophytic fungi and plant parasitic fungi in the sapro-

phytíc phase of their life cycles. Thus, many important wheat pathogens

such as Gaeunannonyces graninis and Rhizoctonia soTani are often found

associated with organic fragments in the soil (Griffin, L972). As against

these factors is the observation that the acid conditions prevailing in

coniferous forest soils Promote the growth of soil fungi, leading to a

proliferation of fungal-feeding Tylenchida (Yeates, 1979). From the present

study, results with monoxenic cultures indicated that more acid conditions

which favoured the growth of the host fungus could result in a higher rate

of population growth of A. avenae. Hence it is by no means clear, on a

prìori grounds, v¡hy A. avenae should be comparatively rare in pine-forest

soil.

Resulcs presented for fungi isolated from wheat-field and pine-

forest soils using a variety of methods indicated t.hat these soils possessed

characteristic and different mycofloras. Although dilutíon and soil plate

methods of fungal isolation mainly record species present in the soil as

spores (I,rlarcup , L957), a similar picture emerged with isolations by selective

methods and from roots and organic debris. The pine-forest soil was

dominated by PeniciTTiun spp. and Pinus roots and organic debris were also

dominated by these fungi and Trichoderma spp.. The wheaE-field soil was
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characterized by a more diverse mycoflora. The frequency with which

PeniciTTium and Trichoderrra spp. are isolated from coniferous forest litter

and soil by various methods has often been remarked upon (Kendrick,1958;

Simpson, 1967; \riidden and Parkinson, L973; Widden, 1979; Nelson, 1982).

These fungi are heavy sporulators and the fact of their high incidence -

on dilution plates, for example, in the case of PeniciTTiurn spD. - is in-

dicative of fungal activity mainly jn chat spores are a product of past

active growth (Nelson, 1982). Nevertheless, the qualitative differences

between the mycofloras of the two soils are clear. The positive correla-

tion between abundance of A. avenae and diversity of the soil mycoflora in

the two habitats suggests that composition of the mycoflora is an important

influence on abundance of Ehis nematode. Basidiomycete hyphae were

abundant i-n pine litter as v/ere mycophagous ApheTenchoides, but A. avenae

was correspondingly rare, suggesting possible competitive exclusion or host

specialization between these nematodes.

The soil bacteria and actinomycetes tested in this study were

found not to be significant as food sources for ,4. avenae and it Fppears

likely that the nematode is unable to utilize them as such. The stylet,

lumens of tylenchid nematodes are usually less than 1 pm in diameter and

are regarded as bacterial filters (Bird, 1971-). Scanning electron micro-

graphs of the head region of A. avenae show that the oral aperture, through

which the stylet passes, is about 0.3 to 0.4 pm in diameter (Hooper and

Clark, 1980). The meaning of Tikyani and Kherars (1969) observation that

A. avenae ftcultivated on an unidentified bacterium when transferred in

massestt is not clear. In the case of actinomycete hyphae, which are usually

I ym or less in diameter (l^laksman, 1950) it is difficult Eo see how the

nematode could maintain contact with a hypha to facilitate feeding. Feed-

ing on fungal hyphae by Á. avenae appears to require sustained contact by



t34

body pressure as the lips of the nematode are pressed against the cell walI

(Fisher and Evans , L967).

The results of feeding trials with fungi from both soils showed

that different fungi differed markedly in their suitability as hosts for

A. avenae as indicated by the nematoders rate of population growth.

PenicilTiurn spp. - those fungi which had been found Lo dominate pine-forest

soil - hrere comparatively poor hosts. A greater range of more productive

hosts were available for mycophagous nematodes among the more diverse myco-

flora of the wheat-field soil than from the pine-forest soil. It is

suggested that this is a major factor in determining the higher population

density of A. avenae in wheat-field soil. Other possible factors, such as

different and/or more numerous predators and cornpetitors for fungi in pine-

forest soil can not, of course, be entirely discounted. Since many soil

fungi, particularly members of the DeuEeromycotina, are active in soil for

only short periods (Warcup , 1957 ), a greaEer diversity of suitable hosts

would provide for a nore constant supply of food across space and time.

Fungi that were good hosts for A. avenae also tended to be good

hosts for the ApheTenchoides spp. from this study. Thus, it appeared that

little host speci.a1-izatíon had taken place between these nematodes to pre-

clude the possibility of compeEition for food resources. The observed

rarity of. A. avenae in pine litter compared with mycophagous ApheTenchoides

may have more to do with the nature of this habitat than the fungi present.

For example, the thin water-films which surround needles in the litter may

favour movement of the smaller-sized ApheTenchoides as against /. avenae.

Different isolates of fungi belonging to the same genus varied markedly in

their capacities to support population growth of mycophagous nematodes,

supporting the suggesEion (Mankau and Mankau, L963; Townshend, 1964) that

host suitability may be determined by some specifj-c facLor such as compo-
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siLion of protoplasm or production d antibiotics. Such factors would

explain the similarity in response of the different nematode species to

different fungi. However, A. avenae appeared to be more efficient at

converLing fungal protoplasm into biomass than any of the Aphelenchoides

isolates.

Evans and Fisher (1970) ascribed differences observed in re-

production rates of isolates of A. avenae cultured on fungi to metabolic

differences inherent in the nematodes. This conclusion is supported by

resulEs presented here which show that even within a comparatively small

area there exist A. avenae with markedly different reproduction raEes.

Evídently, mutation rates and the automictic mode of reproduction of

A. avenae allow for some degree of genetic flexibility such that consider-

able genetic diversity can exisL in a parameter as important for survival

as reproduction rate. The extent of genetic diversity displayed by

A. avenae suggests that conclusions regardi-ng ecological differences between

populations of parthenogenetic nemaEodes which have been based on observa-

tions on experimental populati-ons derived from single individuals be treated

with caution. A number of plant parasitic nematodes have automictic modes

of reproduction, ì-ncluding certain MeToidogyne spp. (Triantaphyllou and

Hirschmann, 1980) - although parthenogenesis is not obligatory in this genus

- and may also possess mechanisms to preserve heterozygosity. Further work

on the clonal structure of parthenogenetic populations of ^4. avenae wll-I

be needed to establish the spatial and temporal dimensions of such clones.
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Formulae for media

NDY (l,larcup, 1955)

NaN03

KH2P04

MgS04.7H2O

KC1

FeS04.7H2O

Yeast extract (Difco)
Sucrose

Agar

Distilled water

Krainskyrs Medium

Glucose

Asparagin

K2HP04

Agar

Di-stilled water

Nutrient Aear

Nutrient broth (Bacco)

Yeast extract (Difco)
Peptone (Bacto)

NaCl

Agar (Bacto)

Distilled water

136

VII.

2.o e

1.0 g

0.5 g

0.5 e

0.01g

0.5 g

30.0 g

15.0 g

1L

( t'Plant Pathologist t s Pocketbook'r .
Commonwealth llycological Institute,
1968)

10.0 g

0.5 g

0.5 e

15.0 g

1_L

(based on formula from rfPlant Pathologistrs
Bqçketbqoktt, Commonwealth Mycoiogical In-
btitute, 1968)

(NDY/6 consists of these ingredients in amounts
one-sixth of those given above except for agar
and water which remain unchanged)

8.0 g

2.Q e

5.0 g

5.0 g

15.0 g

1L

continued/. . .
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27" l(aLt ract Asar

l"lalt extracE (Difco)

Agar

Distilled vilater

20e
15g
1L

Proprietary media (Potato dextrose agar ' cornmeal

agar, lima bean agar) htere prepared according to

instructions given by the manufacturer (Difco).
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A. avenae isolate
(age of culture)

Isolate 34 (6 wks)

Nemas retained on 45 ¡¡m'mesh
after 1 min.

Isolate 52 (8 wks)

Nemas retained on 45 Um-

mesh after 1 min.

Size classes of A. avenae separated on sieves of various mesh sizes. Mean lengths are-given for ten

randornly serected nematodes itor amongst those passing through and retained by sieves afLer various

periods of time

Nemas/trial

s2500

18600

73000

73000

l^lidth of openings
(u')

45

150

250

355

450

45

355

Mean length of nernas (Prn) t S.E.
Passed Retained

Time
(min)

37r ! 52
692 ! 84
613 t 85
536 ! 87

7
34
30
20

1+
1+
1+
1+

1
2
3
5

1
2
3
5

1

1

1

24
28
28
28

359 t 45
323 ! 25
294 ! 25
613 I 83

369 r 50

BI4 x 94

490 ! 56

679 ! 58

702 r 100
82t+ ! 51

1063 ! 126
744 ! 87

719 r 100

979 ! 49
1055 I 84

999 + 35

888 r 43

H(,
@

1

3

56
84

t
t

652
967
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Fungi isolated from wheat-fie1d soil on dilution plates (dp)
and soil plates (sp). Isolations recorded for Quarlrats A-L;
multiple isolations denoted by figures in brackets

Isolate
No.

Fungus dp sp

Fusariun isolates
\^l I
hr3

\À133

I,ü55
IrJ64

I4184

!ù85
I^r90
I4r93
Ivüg4

hr112
hrl21
I,'7125

wr26
wI27
lVJI29

F. roseun sp. gr
F. roseun sp. gr

F. soiani sensu Tato

F. nerisnoides F
D

C

F. oxysporun sensu Tato F

H, J(2) A,
K

G,
E(
A,
E(
c,
^
r¡ t
K

H

E

A,B
J,L
A(2
G

B(2
A,D
F,G
A

,E(3),F(2),G(3),
(3)
),8,H(2) ,L(2)

),D,L(4)
,F,GrrrK(2)
,H

F,G(2),r,J,K

J,L(2) ,A(2),
2),F
G,r,J(2)
2)
D,F,K
E,H(2),K

H

c

Mucorales

l4l1 1
[t2r
1416 1

tñ62
I^r65

vJ66
1,^167

WB6

l^lBB

WB9

\^1105

1^1130

W182

Rhizopus (oryzae? )
Mucor
MortiereTTa
Ì4ortiere77a
MortiereTTa
MortiereTTa
MortiereTTa

Mucor (gTobosun? )
GongroneTTa butTeri L
Actinomucor eTegans J
Absidia spinosa C

CunninghaneTTa (elegans? ) B
*l'lortiereLla

L(2)
A,C

K
I
I
A

J

H,r(5)
c(5),L
c(2),K(4)

A,D, J

B,C,H,L,D,F(2),G,r(2),
,K(2)

I
I
I

G

Trichoderna isolates
I4151

l^l$3
T- harzianun
1'. viride

D(3) , L
I

B

conLinued/. . .
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APPENDIX 3/continued

Isolate
No.

Fungus dp sp

AsoerpiTTus isolates
hr3

I,16

tù8

hr15
I^135

fü36
l^¡37
trr38

A. niger sp. gr.

A. terreus

C,F
D

D(2)
B(3)
J(6)

D(e)
L(2)

,E,F(2),H(2)
,K(3)

B(2),H,J(2),K

A

B(2),D(2),F,J(3), D,J,K(2)

Bhr40
hr71
rJ91

l^l101
!t157
1^1158

t{167
wI72
1^1189

I

A

K

c
C

B

G

J
H

F

PeniciTTium isolates
r,\l4

V'I5

w7
I',/23
r¡124

I'/ù25

tt26
l'//.27

tù28
ii29
I4I30

hr31
l'/¡.32

I^141

+Fd
Bs
Pp
Ae

B
A
D

A

D

B

c

Ff

Ff

F
D

A(2),C
A(2),0,F(12),H,J(3)
K(4)

,F(2)
(3),c(2)
, B, J(2)
,J
(2),C(4),D,J

D

B,C(2),F,J

c, L( 5)

D(3),H(2),
)

t

t

E, F( 2)
3)
I

K
E

4),JD(
B,
J

A(2),
J,K(3
H

I
A,C,J
F
D,F(3),K(2)
H'J

C,
F(
E,
B,
A,
D,
B

Ff
Ff
Ae

(s)c
D

A

c

v¡42
l.\r43
I'/ü44

I'J45
ri46
l'/ü47

\,\I48

I^156

1^¡69

I{r70
I',/-72

lyJ73

I/J74
I^175

lrJ76

Ae
Ae
Ff
Ff
Pp

Pp
Ff
Fd
Fd
Fd
Fd
Ff
Ff
Fd
Bs
Ff
Ff
Bs
Ae
Ff

I
A

F

E

D,F(3),H(2)
C,H,J
c(2)
B'D
A

L
L

continued/...
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APPENDIX 3/continued

Isolate
No.

Fungus dp sp

v177
I\I78
I',J79

I{r102
tù108
I^t109
I,'1113

I{114
vrl15
hrl16
1,1117

tìrl18
l^1119

wI22
Ivür23

\tL24
I^¡128
1,1137

I{r138
I.\r139

l^1140

f,¡l41
vII42
Ivür44

hr145
hr146
\tI47
I^t148
l^t149
I'I150
t1I151
Ì\l152
I^¡153
tJ154
I4r163
t.tll66
1ù168
I,/169
hr170
141171

t']185
I,1188

Ff
Aa
Ae
Ff
Bs
Bs
Ae
Ae
Ff
Bs
Pp
Ff
Bs
Bs
Bs
Pp
Fd
Ae
Pp
Fd
Ff
Fd
Aa
Ff
Ff
Ff
Ff
Ff
Fd
Ae
Ae
Ae
Bs
Aa
Bs
Ae
Ff
Fd
Ae
Ae

*Ae
*Ff

C

F
L
I
A
L

H
I
K

J

I

A

B

I
K

F,G

B,F, J(2)

D

I
J
4 )(

E
c(2)
A,B
c

B

ï
I
I
J
c

B

J
D,J
F
G

D

D
r(2)
L

c
c

C

I

K

lll0rt^182 CTadosporiun cTadosporioides GrL c,H(5) , r ,L

Metarrhizium anisopliae
var. anisopTiae

c,E,J(2)1,113

continued/...
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APPENDIX 3/continued

Isolate
No.

Fungus dp sp

Mvrothecium isolates
líüI4,\t92

l,il95
I4r133

M. verrucaria
M. cinctun
M. toridun

J
B
G

3L ( )

I,\I16 PaeciTonyces TiTacinus E(2) 'G,I(2),K
B

ToruT isolates
1,i117

l^l18
l^119

A,J
B,K
c

A,J(2)

B

hr20 PhiaTocephaTa C,E

Acrenoniurn isolates
I|/ü22

1^1155

!'1159

D(2),J

B

A(3)
J

GTiocTadium isolates
I^134

hrl73
G. catenuTatum
G. roseuin

E(3) L
I

Phona isolates
hr57
hr58

l,J104
vü181
I^I187

. eupyrenaP

ã-

J

A

A

1^160 UTocTadiun C'G

W64a Pythium G E

I^168

t^I100
1,ü131

BrooneTTa

BrooneTTa
PestaTotia sensu Tato

A(6),B
F(7),G
r, J(2)
J

(B),c(4),
(2),H(2),

A(4),B(3),C(3),
E(2) ,F (2) ,H, K ,
L

B

continued/. . .
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APPENDIX 3/continued

Isolate
No.

Fungus dp sp

I^1107 Graphium (buTbicoTa? ) I I

wl10 Chaetoniun indicun B

1^ll 1 1 Stachybotrys F

ti162 ConidioboTus I

l^1164 Coniothyriun (?) E

I^/165 Doratonyces G

hr179 xCochTioboTus sativus

I.1193 xPericonia nacrospinosa

Sterile cultures
Ivü49

hr50
\¡52
I^J53

I^154

Id59
rü80
!,181

trl87
I',J97

t'¡98
l,\l99

11103

hr106
I.\Il20
Itr32
trr134
l^¡135
I,rr136

I^I143
l,\1156

I,{161
lvrr74
I^1175

I,¡176

(D

F
c

I

I

B
A

D,E(2),G,H(2),K(2)
L

A, D, L(
BrFrG(

H)2
K
D

A,E

c

A

E
A

E

c

A

B

2)
2),H(3)

A(2)
G

D(2)
F

G

D

H

*
*
*

continued/. . .
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APPENDIX 3:/continued

wr77
1,1178

!,t180
!ù183
r\l184
t^I186
vJ190
hrl91
IvJ192

I^1194

!ù195
!'¡196

T

*

+í

lÉ

'Ã

âÉ

g

*
T

J+

Unidentified hvphomvcetes

I^¡9

1^1160

r(3),L
I

1^Il2 Coelomycete (unidentified) L(2)

xlsolated from wheat roots
+Sub-generic classifications of Peni ciTTiun isolates after
PiUt (1979). Subgenus AspergilToides.' Sectj-on AspergiTloides
(Aa), Section ExiTicauTis (Ae); subgenus PeniciTTiun'
Section PeniciTTium (Pp); subgenus BiverticiTTiun¡
Section SinpTicia (Bs); subgenus Furcatunt

Section Furcatun (Ff), Section Divaricatum (Fd).
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Fungi isolated from pine-forest soil on dilution_plates (dp)
and soil plates (sp). Isolations recorded for Quadrats A-L;
multiple isolations denoted by figures in brackets

Isolate
No.

Fungus dp sp

Fusariun isolates
Pl6
P20
P22
P23
P24
P25

*F. soTani sensu Tato
F. oxysporum sensu Tato

E

B(2),H

C

B
A

A

,K(2)

Mucorales

P13
P26

PT22
PI23
PL24

MortiereTTa
l4ucor plunbeus
l4ortiereTTa
MortiereTTa
Ì4ortiere77a

F
A,H
D,F,H,J
J

, E,I,K
,L

E
H

B
K

Trichoderr¡a isolates
P5

P2T
Pl15

T. hanatun
T. koningii
T. haxzianum

c
G

H

A,L
B,G
A, E,H,I )

t
(
L
2

Aspergillus isolates
P3 A. niger sp. gr.

P32
PLLT

E

A
A

I

K
H

B
D

J

B

P enici 7 7 iur¡r i solates
P2
P6
P9

P29
P30
P31
P33
P34
P35
P36
P37
P38
P39
P40

+Fd
Ae
Ae
Bs
Ae
Aa
Ae
Fd
Ae
Ff
Ae
Fd
Bs
Ae

^(2)
J
B

L
D,L
B'L
J
B

continued/...
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APPENDIX 4/..,
Isolate

No.
Fungus dp sp

P41
P42
P43
P45
P46
P47
P48
P49
P50
P51
P52
P53
P54
P55
P56
P57
P58
Ps9
P60
P61
P62
P63
P64

Ae
Bs

Aa
Bs
Bs
Bs
Bs
Ae
Ae
Ff
Ff
Aa
Fd
Fd
Ae
Ae
Fd
Fd
Ff
Fd
Fd

B,C
G,I
A

Ff

B
F
J
A
A

D

F
H
I
H

Pp

(

(3),B(2),G,H,K

D

A(2),C
L

B(4),E
H
D,G(2),H(2) ,r(2),
J(3),K ,L(2)
H
D

F
D

,G(5),r,J(2),L

B,C(2),D(26),
F,G(3),r(6),
K(7),L(5)
) ,D,E,F,H(2) ,

J(2),L(2)

F,G(5),H,r(11),
3),K(9),L(4)

),D(12),8,
G,r,J(6),
)
H(2),I,
K,L(2)

B

)2

A(2)

H(2),L

c

A

G

E

P65
P66
P67
P68
P69
P70
P7L
P72
P75
P77
P78
P79
P80
P81
P82
P83
P84
P85

D
D

K

E
A

D

D
D
D
A(
E(
r(
A,
r(
B
D
D,
J(
D

Ae
Ae
Ae
Ae
Ae
Ae
Aa
Ae

Aa
Ff
Ae
Fd
Ff
Fd
Ae
Ae
Ae
Aa

Ff
Ae
Ae

Ae

c

3),
5),
4),
B(2
2),

A,B
E,F(2),H,8,C,
D(4)
E
L
c
D

A,C(2
F(6),
K,L(3
c(2),
J(2),

P86 Fd

P87
P88
P89

D

G ,T(2),L(2)

P90

continued/...
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APPBNDTX 4 / ...
Isolate

No.
Fungus dp sp

P9r
P92

Fd
Ae

(3
(s
(3
,F

B,EA,
A(
D(
c(
J(
A(
D,
H(
K(
A(
H,
A(
J(

),
),
),
),
),
(6

6)
7)
4)
2)
4)
E(
7)
6)
3)
J(
2)
3)

B(
F(
r(

c(4),
F(2),
r(6),
L(4)
c(2),
),c(3),
,J,

I
A(2),C,H,r,J,K,L
I
J,K
D

B,C,E,F(2),G(5)
H(2),r,J(3),K,

L(3)

A(7),B(4),C(9),D(8),
F(2),c(9) ,H(5) ,r,
J(2),K(4) ,L(6)
A,B,D
L

E
B
B

A

F

B
D

D

,B(3
,E(2
,H
,K
,B
2)
, r(6)
,L(2)
,B,D(4),E(2),
3)
,B(2) ,C,H(2),
,L

B(3),C,D(2),8,G(2),
K
E

F(2),G(3)
E

(s),8(2) ,C(2) ,

,E(2)

2)
5),G(1),H(6),
6),K(5)

c(4),H(2) ,r(2),
J(5),K,L(3)

C,D,F

B,G,H,r(5),J

H,L

E,F,G,K

A(2),8(4),C(s),
E(3)
A(5),B(4),C,D,
E(7)

P93 Ae

P94 Fd

P95 Ae

P104
P105

P106 Ff

P96
P98
P99

P100
P101
P103

P107
P108
P109
Pl10
Pl11
PTT2
Pl13
P114
Pl16
Pl18
Pl19
PL20
PLzL

Ff
Fd
Ae
Aa
Fd
Fd

Ff
Fd
Ff
Fd
Ff
Fd
Ff

Ae
Fd
Fd
Fd
Bs

Ff
Ff

Ae

PI25 Bs

A
I
A

D
L

PaeciT isolates

P1
P44

. TiTacinus

. carneus
B
G

FEP
P

,

P4 Sporotrichun (?) J

,H,J(3),L

continued/. . .
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Appendix 4/...

Isolate
No.

Fungus dp sp

P7
P11
P12

VerticiTTium isolates I
J
H

P8 PestaTotia sensu Tato D

PI4 Botrytis L

P19 Chaetonium A,B,H, J G

Sterile cultures

P10
P15
PT7
PlB
P27
P28
P73

*

l+

t

*

L

K,L J(2)

Dc

P16 Unidentified hyphomycete E

*Isolated from roots of unidentified grass sp. + subgeneric classificat,ions
of. PeniciTTiun isolates as for Appendix 2.



r49

APPENDIX 5: Analyses of variance for data of Table 2Ba pertaining to
individual fungal genera and species groups from r+heat-
field soil.

Aopendix 5a: I^lheat-field soil Peni 77iun isolates

Source of variaLion df Sum of squares Mean square F

PeniciTTium isolates

Nematode isolates

Interaction

Residual

9

4

16

108

536.7

364.4

87,4

77.2

s9.64

91.09

s.46

0.71

83.42 x-x-x-

I27.42 xr+'-tr

7.64 **x-

Total t37 1065.7

Aooendix 5b: l./heat-fie1d soil Fus um isolates

Source of variation df Sum of squares l{ean square F

Fusarium isolates

Nematode isolates

Interaction

Residual

T2

5

37

2L6

172.5

543.5

240.3

98.7

14.38

108.70

6. s0

o.46

31 .47 *x-+r

IJJ .)l YrYtx

14.22 x*vî

Total 270 10ss.0

Significance levels
P = 0.01 (ï"'Y); P -

for variance ratios: P = 0.001 (å--xvr)'

0.05 1r'¡; N.S. - non-si-gnif icant.

continued/. . .
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Aooendix 5c: I'lhea t-field soil MortiereTTa isolates

Source of variation df Sum of squares Mean square F

MortiereTla isolates

Nematode isolates

Interaction 4

Residual

4

3

5

454,78

29.04

4.08

34.99

113.69

9.68

0.82

0.65

175.42 x-xr+

l/¡. ÇJ rqxx

1.26 N.S.

5l+

Total 66 522.89

Aooendix 5 d: hlheat -field soil mucoralesz isolates
Source of variation df Sum of squares }4ean square F

Mucorales isolatesz

Nematode isolates

Interaction

Residual

2

5

6

6.75

276.33

66.6t+

27.28

3.38

55.27

11 .11

0.39

$. J{, aqaq)t

I39.79 xxrl

l$. QÇ fszt*

69

Total 82 377.O0

'Oth"r Ehan MortiereTTa.

continued/. .
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Append ix 5e: Wheat-field soil Trichoder ma isolates

source of variation df sum of squares Mean square F

Trichoderma isolates

NemaLode isolates

Residual

1

4

2.45

6.61

s.97

2

1

0

45

6s

27

9.00 +Ê.*

6.09 xx

22

Total 27 15 .03

Ooo"n¿1¡< 5 f : I,rlheat.-fie1d soil AsperpiTTus isolates

Source of variation df sum of squares Mean square F

Nematode isolates

Residual

5

22

r42.56

9.68

28.5I

o.44

64 . g x-x-x-

Total 27 r52.24

Append ix 5 e: lr/heat-f ield soll Metarrhiziun isolates

Source of variation df Sum of squares Mean square F

NemaLode isolates

Residual

I 2.77

2.60

2.77 6.39 å3

6

Total 5.37

0.43

continued/...

7
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Aooendix 5h: Wheat-field soíI CTadosooriun isolates

Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

1

6

7.so

4.01

7.50

o.67

11.23 x

Total 7 11.51

Appendix 5i: l,lheat-field soil PaeciTonvces isolates

Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

1

5

4.55

r_.98

4.55

0.40

11 .49 x-

Total 6 6. s3

Appendix 5 i: hlheat-field soil Acrenonium ísolates

Source of variation df Sum of squares Mean square F

Acrenonium isolates

Nematode isolates

Interaction

Residual

1

4

1

208.23

ro7.2r

6.57

9.05

208.23

26.80

6.57

0.45

{$Q.lJ x-Yna{

59.24 -x-x-x

L4.52 x^!

20

2Total 331.06

cont.inued/. .
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ix 5.k: \^lheat-field soi1 GTiocTadium isolatesAppend

Source of variation df Sum of squares l"lean square F

Nematode isolates

Residual

4

15

99.89

3.23

24.97

o.22

116.13 xx-*

Tot.al 19 103.11

A ix 51: \nlheat-field soil Graohiun isolaLes

Source of variaLion df Sum of squares Ùfean square F

NemaÈode isolates

Residual

3

10

60.08

7.53

20.03

o.75

26.59 )$++r+

Total 13 67.6r

Appendix 5m: I,riheat-field soil BrooneTTa isolates

Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

5 r59.79

18.75

31 .96 46.02 xx-x

o.6927

ToÈa1 32 t70.54

conLinued/.. .
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AD'endix 5n: l,rlheat-field soil Phona isolates
Source of variation df Surn of squares }fean square F

Phona isolates

Nematode isolaEes

Interaction

Residual

2

5

5

4.26

106. 19

r8.47

18.47

2.r3

2r.24

3.69

0.45

4.73 x

47. 14 **v^-

8.20 *x.à+

4L

ToLal 53 I47.39

Aooendix -5o: I^lheat-field soil CochLiobolus isolates
Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

1

4

1 .53

o.64

1.53

0.16

9.58 .*

Total 5 2.r7

Aooendix 5p: I¡lheat-field soil Mvrothecium isolates
Source of variation df Sum of squares Mean square F

Myrothecium isolaEes

Nematodes isolates

Interaction

Residual

3

5

9

2L2.86

365.10

77.23

23.59

70.95

73.O2

8.58

0.4s

156.41 .'+åÊ*

160.96 xå-"'$

18.92 *xx

52

Total 69 678.78
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Aooendix 5c: l,lhea t-field soil ?oruTonvces isolates
Source of variaÈion df Sum of sguares lufean square F

Torulonyces isolates

Nematode isolates

Interaction

Residual

1

1

1

5.99

5.4s

0.05

3. s3

s.99

5.4s

0.05

o.29

f Q. JJ aq+$fs

18.50 r(t$

0.16 N.S.

T2

Total 15 15.02

Appendix 5r: \¡/heat-field soil Doratonvces isolates
Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

3

T6

74.99

8.93

24.99

0.56

44.79 xx"^'

Total L9 83.92

Appendix 5 s: I,lheat-f ield soil Coniothvriun (?) isolates

Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

2 35.22

5. s4

17.6I

0.43

41 .33 rË-xvr

13

ToLal 15 40.76

continued/. . .
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ix 5t: \tlheat-field soil Peri conia isolates
Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

1

I

0.18

5.53

0.18

0.69

0.26 N.S

Total 9 5.7r

Aooendix 5u: I,lheat=field soil UfocTadium isolates
Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

3

15

178.68

3.31

s9. s6

o.22

269.99 -xxx

Total 18 181.99

A ndix 5v: ü/heat-field il sterile fun i isolates
Source of variaLion df Sum of squares Mean square F

Sterile fungi

Nematode isolates

Interaction

Residual

I4

5

44

L97

57r,7

944.8

s34. 1

t25.2

40.83

189.00

12.T4

o.64

64.26 **x-

297.36 x*x

19. 10 **ñq

Total 260 2I75.8
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Analysis of variance for data of Table 29a petEaining to
individual fungal genera and species groups from pine-
forest soil.

Aooendix 6a: Pine-forest soil Penici77ium isolates

Source of variation df Sum of squares Mean square F

PeniciTTiuø isolates

Nematode isolates

ïnteraction

Residual

32

4

s6

266

t219

1307

375

r25

38.09

326.80

6.70

o.47

gQ.$/ rq+ê*

693. 78 ãq**

14.23 nql+x

Total 358 3027

Aooendix 6b: Pine-forest soil Irichoderna isolates
Source of variation df Sum of squares Mean square F

Trichoderma isolates

Nematode isolates

Interaction

Residual

1

4

2

3.69

8t.47

1 .31

32 6.83

3.69

20.37

0.66

o.2r

17 .29 xxx

95.39 å-*x-

3.07 N.S.

Total 39 93.30

continued/...
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Aooendix 6c: Pine-forest so il MortiereTla isolates

Source of variation df Sum of squares Mean square F

MortiereTla isolates

Nematode isolaLes

Interaction

Residual

1

4

4

o.64

163 .01

106.69

7.r2

O.6t+

40.75

26.67

o.22

2.86 N. S.

l$J . QÇ aq*aq

119.83 *x-vr

32

TotaI 4t 277 .46

Appendix 6d: Pine-forest soil Mucor isolates
Source of variation df Sum of Squares Mean square F

Nematode isolates

Residual

1

8

o.46

0.83

o.46

0.10

4.48 N. S .

Total 9 r.29

continued/. . .
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AppendÍx 6e: Pine-forest soil Fusar iu¡¡ isolates

Source of variation df Sum of squares Mean square F

Fusariun isolates

Nematode isolates

fnteraction

Residual

3

5

9

4s.44

380.04

101 .23

33.46

15. 15

76.Or

tr.24

0.38

39.83 r+xår

199.90 å.*x

lp.l$ *aqYr

88

Total 105 560. 17

Appendix 6f: Pine-forest soil PaeciTonvces isolates

Source of variation df Sum of squares l'{ean square F

PaeciTomyces isolates

Nematode isolates

fnteraction

Residual

1

4

1

ro.92

49.48

0.38

8.98

ro.92

12.37

0.38

o.32

34.04 x-rqYÁ

38.55 x-x+ç

1.17 N.S.

28

Total 34 69.76

continued/. . .



160

Append ix 6s: Pine-forest sol- I VerticiTTiun isolates

Source of variation df Sum of squares Mean square F

VerticiTTiurn isolates

NemaLode isolates

Interaction

Residual

1

4

2

r34.97

2L4.85

33.70

14.24

r34.97

53.71

16 .85

o.49

274.88 *rÊ?r

109.39 ;+x-å+

34.32 x"r*

29

Total 36 ,397.76

Aooendix 6h: Pine-forest soil PestaTotia isola tes

Source of variaLion df Sum of squares Mean square F

Nematode isolates

Residual

4

24

r49.33

7.49

37.33

0.31

119.57 ì*?"r*

Total 28 156.82

continued/. . .
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ADDendix 6i: Pine-forest so lI Botrvti s isolates

Source of variaEion df Sum of squares Mean square F

Nematode isolate

Residual

2 186.14

6.s7

93.07

0.41

226.49 "^-x-^*

16

TotaI 18 r92.7L

Appen dix 6i: Pine-forest soil Chaetonium isolates

Source of variation df Sum of squares }4ean square F

Nematode isolates

Residual

1

5

0.13

0.89

0.13

0.18

0.73 N. S.

Total 6 t.o2

conÈinued/. . .
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Aooendix 6k: Pine-forest soil sterile funei i-solates

Source of variation df Sum of sguares Mean square F

Sterile fungi isolates 3

Nematode isolates 5

Interaction 9

Residual 60

53.10

3Ot+.24

133.11

20.92

L7.70

60.85

14.79

0.35

50.75 *rqx

L74.47 x-xx

{l . {f x-rraq

Total 77 51 I .37

A endix 61: Pine-forest soil unknown H ete P16

Source of variation df Sum of squares Mean square F

Nematode isolaEes

Residual

3 83.67

18.23

27.89

t.22

22.94 xxx

15

Total 18 101.90



APPBNDIX 7:
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Analyses of variance for Z adults at harvest of nematode
isolates on fungal groups frorn pine-forest soi1. Data
subjected to an angular transformat.ion.

Aooendix 7a: Pine-forest soil PeniciTTiuø isolates
Source of variation df Sum of squares Mean square F

PeniciTTium isolates

Nematode isolates

Interaction

Residual

32

4

56

248

t9290

s1660

21610

23970

602.8

12920.O

38s.8

96.7

S.l/¡ xnaq

133.61 *x-ãq

J. Çp å-x-aq

Total 340 116500

Aooen dix 7b: Pine-forest soil Tri oderna isolat,es
Source of variation df Sum of squares lufean square F

Trichoderma isolates

Nematode isolates

Interaction

Residual

1

4

2

Itr.25

880.62

t57.63

1990.79

TIL.25

220.16

78.81

62.2I

1.79 N.S.

3.54 *

I .27 N. S.

32

Total 39 3L40.29

continued/. . .
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A ndix 7c: Pine-f est soil isolates
Source of variation df Sum of squares Mean square F

MortiereTJa isolates I

Nematode isolates

Interaction

Residual

4

4

904.53

9618. s9

L2922.8L

2047.47

904.53

2404.65

3230.70

66.0s

13.70 å-x-*

36.41 xx¡q

48.91 x-x-x1

31

Total 40 25493.40

Appendix 7 d: Pine-forest soil Fusariun isolates
Source of variation df Sum of squares Mean square F

Fusarium isolales

Nematode isolates

Interaction

Residual

3

5

9

2240.53

3980.41

4837.57

7039.70

746.84

796.08

s37.51

9.02 r+x-x-

9.61 *xr+

$. {Ç **aq

85

Total r02 18098.21

continued/...
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A IX e: Pine-forest soil Paeci isolates

Source of variation df Sum of squares Mean square F

PaeciTonyces isolates

Nematode isolates

Interaction

Residual

1

4

I

30.91

L4tt.97

39.63

252t.r3

30.91

3s2.99

39.63

90.04

0.35 N.S.

3.92 x

0.44 N. S

28

ToÈa1 34 4003.64

Appendix 7f: Pine-for est soil VerticiTTium isolates

Source of variation df Sum of squares Ùlean square F

VerticiTLium isolaÈes

Nematode isolates

Interaction

Residual

I
4

2

t82r.26

28013.57

345.48

t870.24

I82r.26

7003.39

L72.74

26.29 xxx

101.11 *ì+*

2.49 N. S.

27

Total 34 32050.5s

continued/. . .
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Appendix 7g: Pine-forest soil PestaTotia ísolates

Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

4

24

rr572.52

2245.O2

2893. 13

93.s4

30.93 x-rêå-

Total 28 13817. s4

Appendix 7h: Pine-forest soil Botrytis isolates
Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

2

16

587s.6

49s3.6

2937.8

309.6

9.49 x'x'

Total 18 ro829.2

Appendix 7i: Pine-forest soil Chaetoniu¡¡ isolates
Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

1

5

2.88

188.41

2.88

37,68

0.08 N. s .

Total 19r,28

continued/...
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App endix 7i: Pine-foresL Mucor isolates

Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

1

I

81 .10

86.49

81.10

10.81

7.50 -F

Total 9 167.59

Aopendix 7k: Pine-fore st sterile funsi

Source of variation df Sum of squares Mean square F

Fungal isolates

Nematode isolates

InLeraction

Residual

3

5

9

5826.65

19432.77

168s2. s0

5698.33

7942.22

3886.55

t872.50

96.58

20. 11 x-l+rq

40.24 xvÈ-x

19.39 -xvf"'E

s9

Total 76 47gt].25

Appendix 71: Pine-forest so il unknown Hvphomvcete (P16)

Source of variation df Sum of squares Mean square F

Nematode isolates

Residual

3

15

13007.38

624.42

4335.79

4r.63

Total 18 13631.80

104. 16 rq++.)f



Results of feeding trials of mycophagous nematodes on fungi from wheat-field and píne-forest soils-
Five adult female nematodes, Lreated hrith either antibiotics or chlorhexidine gluconate, were in-
oculated onto fungal cultures growing on NDY agar. After two weeks at 25"C, nematodes vlere
extracted, a sub-ãample counteã and the number of adults (a) and larvae calculated (number of adults
+ larvae = b).
A. avenae isolates: P - from pine-forest soil

hl - from wheat-field soil
S - from SuiTTus Tuteussporocorp collected from pine-forest

ApheTenchoides isolates: L - from L-litter layer
C - from pine-forest soil
B)- from wheat-field soil
H)

A Po ulations of nematodes re-treated with antibiotics on fun i from wheat-field soil

Pi ne-forest Llheat-f ield
Fungi C

a a a a

APPENDIX 8

PeniciTTiun

H
Oì
@

BL

isolates
1. I,J4lH

2. W42

500
900
500
800

L92
252

2160
2160

9400
10600
11400
15100

882
870

1 1040
13080

270
396
255
165
960
240
r20
300

1785
2332
1 I55
r275
5040

900
780

2460

7
13
68
30

24
3
4

L2
2

1

0
0

1 5
3
4
4
0
1

0
0

5
4

T2
10



conÈinued (i)

3. hr43

4. l,¡48J

5. t^/56

6. I4r70H

7. W73B

5
13
11
L2

400
100
900
300

4300
4700
7800
4100

18
77
24
46

a

70
110
300
320

195
34s
510
34s

105
360
285
195

9I
165
168
99

100
50
50
20

800
4000
1500
3000
3500
1000
2500
2000

60
320
50

250

180
260
630
540

705
1245
1410
1305

345
1335
1380

660

196
399
501
372
410
2ro
180
150

9600
27250
16750
23750
13000
7000

18000
17500

480
2760

370
1310.

2
2
1
0

1

3
1
0

4
2
6
5

1

4
2
1

2
2
1
1

4
4
1
0

15
L4
16

6

3
9
5
2

52
L27
81

r42

6r20
3720
2730

120

1140
2145
2325
3135

17
7

36
13

450
420
330
270

630
1070
1090
680

I
1

I
0

1

6
1

0

o\
\o

65
40
7L
58

11
39
28
40

300
600
630

25

330
390
225
255



continued (ii)

9. W79

10. I4r108

Fusariun isolates
1. !,15 5L

2. W64

260
200
160
90

870
810
420
150

250
1000
500
250

1250
2000

3750
10500

6750
4s00
9000

197s0

400 9000
1000 6400
400 13600
600 15400

4000 18000
4500 27500
1000 12000
2000 12500

300
900
800
600

450
750
900
600

2000
400
350

1500
2000
1750
2750
r250

1400
600

2400
2400

13000
13000
14000
7000
7500
9500

I 1500
7500

9200
10300
8100

10700

4800
5100
9450
6150

16000
3800
2750
8000
9s00
8500

r2250
47sO

14600
18400
28600
27600
33000
34000
41000
33000
41500
44000
37500
37000

r26
5

20
T7

360
630

84
L32
168
90

750
600
480
780

L240
1680
1080
2280

r494
17
9L
74

1560
7230

222
246
276
156

2400
L740
1 140
3060

4000
7569
3180
8040

240
190
300
440

90
240
170
240

2I
19

9
3

51
r28
r07

73

260
440
240
6s0

360
330
400
680

46
92
77
65

\¡o

768
r440
1020
600

4224
5220
2t60
2160

25
25
13
6



iontinued (i|i)

3.

4. I,rr85I

5. !,I90G

6. hr93A

375
1950
4s0

1200
1400
2600
1600
4400

I^184K 150
r_50

30
90

800
150
500
600

7000
3000
4000
1000

800
900

1500
800

2070
480
960
720

6000
I620
3200
4700

7750
17400

4950
10650
14400
11000

9200
17400

46500
34000
41000
26000

7000
18600
12000
L2400

5500
2500
7500
6000
2000
1500
3750
3500
2000
2500
3000
1000

1500
600

2850
750

750
750

1000
750

1650
750

3750
7250
2750
1750

20500
22500
26500
21500
22500
r62so
35250
25750
11500
15500
18000
17500

12150
6750

20250
109s0

7500
5250
4750
6500
5100
4950

16500
5250

L2750
11250

60
80

150
75

150
r20
390
300

405
I2I6

64s
675

2730
1080
L920
2430

6300
4400
6300
4400
5400
3500

800
200
800
200
400
700

180
r20
180
150

990
1650
2790
1350

30
50
40

270
230
100

360
150
300
300
180
110

80
2ro

1890
630

L440
1260
1150

940
660

I220

55
32
2l+

11
I
2

30
100

20
10

50
140

20
20

9
29

9
29
L6
29

7
28

7
28
11
29 {

H



continued (iv)

7. W96

8. I,rr112G

9. !'I12lD

10. w125

11. hrl26

6000
2420
3450

3800
2000
4600

4500
13500
9s00

17500

1500
2040
2520
3240

2100
3500
2600
3700

7750
11000
13250
11750

150
330
600

400
200
800

500
2000
r250
1500

240
360
300
240

100
400
300
400

750
1750
1750
1750

12. \¡I27

1750
2100
1500
1800

200
1100

400
900

2s00
5000
5000
7500
1000
1000

750
3750

s40
1200
1140
r260

2400
1650
2550
2250

4s00
1750
3250
2250

14500
19s00
22500
15600

4000
5400
2600
2500

19000
18000
1s500
26500
13250
9250

14500
23250

5100
10320
9360
8760

L2450
3150

13050
11850

19000
12500
L4750
25750

4800
600
780

3840

240
150
180
330

2370
1830
I52I
2250

540
60

180
240

10
10
20

580
96
10
26
15

400
400
800

2ro
840
540
360
300
180
240

111+0

180
420

10
60

690
960

2800
1600

1650
6060
3360
3840
2400

420
2460
s400

4s0
1080

60
180

235
10

13s0
810

3420
3930

10400
9300

L20
270
300
150

150
L20
140
90

90
135
r65
45

240
t20
270
300

300
220
160
340

720
1200
1230
1050

480
270
230
r20

43s
540
510
450

L740
1050
2704
1590

7LO
500
520

10r0

20
10
40

3240
888
I2
76
52

3000
4600
7000

H\¡
N)

80
5

390
300



continued (v)

13. I,J129

Mortìere77a ísolates
1. I4r62G

2. W66

3. v'r67F

4. W67L

r500
1000
1000
1000

300
s00
400
200

4500
2750
1750
2000

600
600

1400
200

1000
400
800

1200
s00
700

1700
400

13500
9000

11500
9000

4400
2900
6300
2100

247sO
29500
2r750
29000

4600
11400
19100

6900

26800
17800
17400
20600

3700
3800
8100
4500

2500
7000
3500
4000

60
240
300

4000
4s00
9s00

10000
9000

1200
300

1500
1050

2

2
4

2

200
1000

200
1000
r625

600
750
750

23500
27000
15500
18000

L740
4440
3360

23000
21500
30000
31500
22000

20100
8700

l-7400
6450

4
2
5

3

22300
32400
26800
20400
8L25
6300
3300
4050

90
90

150
10

390
360
150

10

{

900
1200
1500
1500

270
510
330

1080

s400
7800
6900
6150
1830
i890
1650
2880

60
150
r20
150

1800
1590
r290
I4t+O \t(,

1
2
0
0

1
2
0
0



continued (vi)

5. I4r182

Iúucor isolates
1. I,tI86

Gonpronelfa isolates
1. I,rr88I

CunninphaneTTa isolates
1. I^J21G

240
720
320
640

300
200
600
400

800
1250

250
750

1350
450
450

1050

240
240
L20
100

4800
7040
4960
9040

4900
4s00
5300
4200

14400
8000
8750

11000
L2900

6000
64sO

11700

5220
6060
r260
l-740

1750
500
250

L250

1000
1500
3000
s000
2000
1000
3000
2500

2750
2750
5000
5000
3000
2500
2500

1020
450
600
450
600
400
700
500

22000
L3250

4000
6s00

10500
20000
2I000
38500
10000
17500
18000
13500

32500
l-9250
41000
26500
3r000
14500
17000

7620
34s0
6000
8550
5200
s600
7700
6400

330
150
360
300

55
90

19s
70

150
150
150

60

1560
r320
2250
1110

260
465
855
325

1920
2430
1170
1170

180
150
180

30

L620
1650

780
90

7250
5000
3750

30000
17500
16500

540
420
240
180
480
660
360
360

1800
1560
1500
1500
1980
2700
1080
2640

180
r40

80
100

60
50
20
10

29
4L
48
42

420
260
330
340

22

350
380
470
L20

34
40
32

330
150
220
260

r20
2ro
200
270

1260
1160
1550

350

11
10

7
2

520
490
640
930

ts\¡
+-

7
7
5
2



continued (vii)

Trichoderma isolates
1. I4r5fD

2. r{83

Asoerøì77us isolates
1. I,J71

MetarrhÌzium isolates
1. \rr13E

CTadosoorium isolates
1. I4/10H

240
r20
60

300

300
1050

90
450

180
480
180

60

840
L7t+0
1560
1080

2300
6300

750
3900

720
4080

840
300

s6
135
150
180

300
100
100
200
100
200
700
600

140
110
60

130

1000
1000
750
500

1100
1000

100
1100

792
L320
r320
L995

4600
4800
2100
3500
1100
2000
3800
2100

290
320
240
430

10250
6750
8750
7750

8600
6300
3700
8600

1650
300
300

1050

10950
1650
4500
6000

76
33
79
54
76
69
53
49

I

l+

4
5
4
6
2
0
3

I

0
0
0
0

0
0
0
0

240
180
240
420

1200
29rO
2430
3870

0
0
0
0

0
0
0
0

270
900
960
750

{
(,n

90
T6

2
2

3270
6270
9420
9750

174
22

5
5

230
130
220
130

430
380
290
230



conËinued (viii)

PaeciTonvces isolates
1. 14116I

Acrenonium isolaÈes
r. IVJZZA

2. !J155

G7ìocTadium isolates
1 . I4r173

Graohìun isolates

Broone.lla isolates
1. I^r68C

1. hr107

30
60
30

20
40
20

80
50
90
30

1

600
1050

240

255
105
360
195

400
1100

400
400

1250
4250
1000

200

4950
5700
r230

915
525

2160
690

160
430
300
L70

5200
10300

8400
11800

6750
r97so
10750

2250

9500
6s00

13000
20500

90
50
80
60

1500
3900
2100
1800

130
200
170

50

3000
r500
2000
3000

1950
750

2100
1350

20000
24000

t2750
20400
27300
10800

60s00
49s00
77000
68000

170
260
r70
150

650
770
700
530

21500
8000

20s00
19s00

9600
8700

L7t+OO

12300
72000
75000

1
I
0
0

1
1
0
0

7

13
11

5

t44
400

204
2I

7

L4
22
18
I

480
L872

888
6l+

53

126
180
228
246
110
580
320
180

408
492
594
864

t250
3940
1990

600

1
0
4
1

0
1

0
1

1
0
3
1

0
0
0
1

70
30
10
10

162
410
140
310

70
130
L20
40

882
1810

9t+O

1330
440
440
520
s60

500
250

30
40

25
29
47

198

2r0
230
100

75

33
4L
7l

660

270
420
160

80

L9
9

L2
10

lr\
o\

13
6
6
I



continued (ix)

Phona isolates
1. 1,157

2. hr58

3. 1,1104

Cochliobolus isolates
1. !'t179

l{vrotheciurn isolaLes
1. t'I14

ø. \t92

2100
1050
2100
1350

3200
600

400
1100

600
1000

750

700
1100
2400
1200
1500
2250
1000
5000

14100
7050

16950
5400

3700
8300
8200
8000

i3500

7300
14400
26800
21600

6750
16500

4750
19500

15000
5000

780
360
240
30
1.0

20
30
30
80

4l-40
660
840
200
100

30
100
100
180

500
2000
3000

900
1700
800
800

1800
400

18000
13500
12500
10500

2500
14000

5000
1500

2700
2250
750

. 900

170
270

90
240

6s00
8500

14000

7000
11200

5500
4300

10500
5200

67000
67000
56500
60000

22000
28000
27000
24500

13200
r2750

4950
8550

1870
L470

780
810

630
570
360
L20

203
t82

77
9r

3690
3810
1860
660

742
560
392
343

0
0
0
0

0
0
0
0

315
100
165
2s5

975
1140
L425
L920

2L
39

31
L43

0
0
0
0

0
0
0
0

4
0
0
J

3
0
0
3

60
300

120
110
220
110

3360
2100

390
520
7LO
360

130
470
270
160

240
1850
1570

680

H{
\j

10
90
50
70

210
60
20
30

1
32

2
J

2
3
1
0

1
9
1

2

2
3
1
0

68
I12
L96
248

95
17T
332
372



continued (x)

3. 14195

4. I4r133

lates
1. W1

2. I{198

1SO tes
. rú165

Coniothyrium isolates (?)
1. tÌ164

100
400
600
200

250
L25
300
325

2000
2500
2250

250

500
200
t20
300

40
220
10
20

480
420
300
440

3000
4600
3100
4100

1350
727

1900
1900

1r250
23s00
r2750

8000

5000
1400
6480
6900

260
1r90
t20
370

1640
2550
1170
2400

240
540
300
560

550
700
850
400

2460
4140
6060
4830

2500
3150
4500
3050

3500
3000
7000
4000

250
250
750
500

64000
44000
30500
52000

19000
17500
r1750

5500

25250
1750
5500
9750

15s00
25000
23000

7000

1500
100
200
250
500

5500
3000

500

2ro
390
600
360
420
360
240
180

2445
4035
6360
4L40
2220

840
1080
720

2L 42 300
180
180

60

2520
2220
2400
1 140

80
70
80
70

40
60
40
30

57
40

tL7
65

30
L7
53
27

35
50

130
75

780
300
480
660

t45
L70
3s0
225

2400
1560
2280
2160

H{
@



continued (xi)

Periconia isolates
f . i\Il93

UTocTadìum isolatesTc

Sterile cultures
1. Vtl5OH

2. W53C

3. \^I54

4. I,rr59A

3500
L250

750
500

5500
1500

1400
100
600

r_600
600

3400
1000

1500
3250
2400
r250
r250

250
750

1500

8u0
30d

1000
300

r200
900
600

21000
157s0

3500
7500

31000
14000

1r900
9200
6700

11800
4000

15600
3800

9750
13750
L2600
11750

13500
10750
11750
10000

68ù0
5500
6800
4700

11400
8250
6150

4s00
6000
5500

750

21500
28750
27750

4250

3000
5000
2s00
4000

300

450
2roo

300
2250

10500
7500

12000
20000

750
250
375

100
900
200

2200

11000
25000
10000
15000

7500

10800
t2450
8700

15000

25000
22500
39000
49000

9500
11750
8750

6800
15600
2700

20400

T2
T4
25

5

420
1500
1500
2940

29
25
54
10

2040
5100
5520
7200

10
70

L20
]-70

0
0

67
73

180
520

1540
2030

0
0
5
2

150
50

100

310
320
160
400

810
150
350

r250
ro20
450

1280

23
6

L6
22

111
108
177
1s9

390
270
360
390

28
8

T7
23

L23
r29
288
2ro

1140
2370
2250
1920

{
\o

29
22

35
29



continued (xii)

5 I^r80 750
900

1800

390
r45

52

700
200

3900
1500

600-
100
700
400

8850
9450

11850

1410
3ls
106

3300
4900

15300
9600

6300
2400
6400
3s00

2000
1000
2250

500
1050
7so
4s0

1050

180
780
660
400

1800
2200
1800

900

2250
r250
1000
2500

13250
5500

11500
137s0
6300
5700
2550
8400

1560
4500
3480
r240

12300
15200
10050
7650

19250
23500
23250
24000

105
150
135

60

I2
0

46s
720

LLz5
375

L2
I2

384

15
7

16
7

60
345

75
270

7
7

2I
5

720
300
480
480

9500
7500

10500
13000

22
22
4l
13

570
133s
510
825

13
10
66

7

3480
1560
1560
2280

29500
39s00
30000
32500

70
140
130
150

34
55
7t
84

190
350
270

160
190
190
200

35
59

ro2
98

310
490
350

6
3

i0
I

0
4
0
6

0
T2

1
13

6. I4r81

7. W97

8. hr103D

9. I^Jl36

7500
10000
11500
10000

1600
700

3000
2250
1500

750
1500

31000
31000
41000
34000
9900
s800

19100
11500
7750
8750

r2250

480
720
720
540

720
240
240

7500
11250

7500
7750

4020
5100
4l-40
3600

2220
1020
L260

32000
62500
40000
36750

I
8

1
I

u
@o

0
0
0
0

0
0
0
0

5
2

7
7

24

435
345
405
105

ro20
870
660
195



continued (xiii)

10. w176r

11. W177K

12. I4r178I

13. t^Il94

14. I,ü195C

15. W196

100
30
60

160

300
510

460
150
240

2000

3000
3510

6000
3500
1000
3s00

13
3

L4
26

2000
3150
2400
3000

2200
2000
1100
3600

2000
5000

10000
6000

3300
1800
3800
2700

39000
16000
17500
41000

35
11
38
58

5500
12300
13500
10800

10600
12100

6600
r4700

33750
52000
73000
25000

13600
29700
20900
12100

105
60
70

270
190

70
190

480
525
410

30

520
580
320
390

1

1
10
23

3150
5250
5250
5400

280
360
r20
80

540
r20
L20
360

13200
19500
15300
18900

910
2040

540
200

2520
22BO

960
1800

450
150
180
150

2ro
130
150
300

170
170

90
260

90
2ro
110

40

190
330
540
250

390
270
330
2to

960
660
930
570

360
190
250
490

260
170
200
360

330
s90
220
80

370
840
990
480

2580
L620
1590
2ro

H
æ
F

0
2
0
0

1

1

5
18

0
0
0
0

15

0
9
1

0

0
0
1

0



lations of todes e-t

ApheTenchus avenae

a
\41

720
360
450
r20

3180
2700
2850
1590

34s
2240
r620
1600

1815
10560

8250
4440

30
4s
72
63

55
20
20
20

99
50
40
30

70
230
740
s90

wit.h antíb

a b

on fun f ine-forest

Fungi

PeniciTTiun
isolates

1. P40

2. P4rC

3. P42

t+. P43

5. P46

6. P48B

Pin r esL
a

36
L7
15
L2

ApheTenchoides spp.

a
B

151
I25

81

d
baba

LSP

a
C H

6000
13250

6250
10750

21500
40000
26750
43750

22
r5

7
5

1l
11
2I
2I

50
140
190
260

180
180
r20
r20

300
200
300
100

180
90

180
150

90
165

75
105

900
990
4s0
390

2800
1400
1300
1000

810
720

1170
600

645
600
360
510

2750
2250
3750
7500

1000
500
900

1200

480
800
900
700

13750
15500
21000
L9750

ts
æ
t\)

6900
3000
4700
4900

6240
5400
5100
6800

6s
26
20

7. P49



8.P50

9.P52

10. P53

11.P54

12.P55

13. P56

14.P57

225
330
105
180

60
130
360

30
270
300
330

360
800
320
150
660
480
720
540

150
105
105
105

130
50

6L5
1560

525
580

190
950

2160

90
1410
3420
5580

2340
4800
2360
4650
3180
3480
3660
8340

525
465
765
34s

460
240

4000
L250
750

6000
6600
1800

3500
4500
2500
1000

L2250
102s0

8000

25050
33000
r4400

2s500
32000
16000
19500

2000
2500
4250
l-250

1000
4500
9500

1800
600
900

1350

4500
2500
7000
3000

13000
L3250
17250
15000

14500
13500
26000

10200
10950
10500
124so

17500
16000
11500
11000

10
150
100
140

4
48

2

I20
660
520
830

10
88

7

1
8
1
1

H
æ(,

1
T9

3
6

1500
2500
2s00
3000

240
450
200
270

27500
14000
12000
26000

330
L640

330
570

13
L6
17

160

150
2LO
2ro
330

35
47

LI2
436

720
330
480
870

2
0
0
0

2
0
0
0

15.P58



16.P59

17.P60

18. P61

L9.P62

20.P63

2t.P64T.

360
240
540

r20
4t+O

480
360

1000
1200

200
400

1500
1560
1680

3560
L240
3040
1400

3500
4600

500
2800

250
Lt+zO

550
1400

170
2to
200
110

I4
I2
I4
T4

360
480

t470

560
930
480

1920

410
1150

680
740

5500
9000
7000
7500

29000
29000
29000
39500

14000
16500
23500

s000

520
970
940

4380

110
r20
150

90

8400
5900
1700
4900

5220
5520
8600

10800

6000
6450

13200

16500
4000

500

39s00
21500

2700

176
150
195
420

s40
240
r20

2040

3
0
0
0

132
204
324
288

270
450
150
270

640
225

1050
1140

2490
L440
r320
8100

2
30

2
2

2
13

2
2

t20
250
150
330

2000
3000
4500
1500

130
290
230
600

40
10
30
10

1200
800
500

1300

600
480
800

1200

1200
750

2850

1350
900
300

7
9

T2

73s0
6150
1350

37
72
36

80
80
50
50

4
2
I
3

180
240
450

160
240
r20
390

190
340
130
330

3
0
0
0

560
384

r500
TI28

r230
23LO

600
1770

0
2
2
1

3
0
2

0
2
1
1

3
0
2

22.P65

1
0
0
1

1
0
0
I

H
æs

23.P758



24.P85C

25.P868

26.P897

27.P92C

28.P93f

29.P948

30.P95C

31.P98C

130
160
190
300

90
30

100
l0

450
290
390
670

170
200
220
70

4500
4000
4000

11400

9zso
3750
1000
r000

600
800
800

1300

250
750
350
400

400
400
320
320

500
2/+O

L20

240
270
150

90

t0
130

72
30

7000
3800
2720
T760

2300
t440

450

960
420
690
2ro

200
540
232
110

1000
3500
2750
5500
1350

750
3600
1800

8000
17500
r4250
17500
L2450
7950

25654
r8900

72
76
88
80

296
280
300
l-92

552
948
4s6
60

3
0
1
0

42
L20

540
3430

360
1380

110
130
330
380

t452
2244
1356

1-56

7
0
1
0

61750
35000
17000

s000

784
L260

2100
r3860

2400
5100

620
600

1590
1590

4680
1140
L620

180

336
372
180
396

0
0
9
0

0
0
I
2

0
0
2
0

0
0
1
2

10750
7500
2500
1000

1
0

I
0

2
2
2

æ(Jl

2
2
2

10
T6
27

t4
47
70

780
420
300

60

66
84
42
84

I 1

4
3
5
3

4

3
5

26



32.P103r T7
L2

7

9

34.Pl058 10
10
10
10

Trichoderma isolates
L.Pzr 1950

1650
2100
1650

2.P115 400
300
600
400

MortìereTla isolates
I.PI22B 250

s00
250
500

2.Pr23 800
1600

400
1000
]-250

750
750

116
106

83
6s

50
60
70

r20

L9200
16200
21300
15300

8700
700
8400

10600

10000
8000
5250

10s00

21800
16200
10600
13200
16750

9000
13750

2000
1000
6000
4500
2500
2500
1000
r250

4000
4000
5500
4500
3000
2250
2500
2000

16500
10500
21500
r5000
r2750
12500
17500
15750

15000
18s00
r6000
20000
27000
L7250
16250
2r750

5700
900

3t25
6r25

25000
22500
30500
r9500

60
90
45

375

240
2r0
150
270

615
405
165

2940

600
840
630
720

L470
2670
1830
3390

320
19s
105
195

420
660
240
540

320
300

1080
1140

]-270
L575
1065
1335

1560
2460
1020
r320

2752
1200
6420
6660

1
3

11
2I
32
36

15
10

5
35

6
11
I4
I4

300
200

96
r44

20
20
35

r45

1950
750
624
336

1
8

3
3
4

3
3
4

æ
o\

60
60
90
90

150
4s0
s00
625

450
600
150

7000
2000
2000
4000

8850
7200
85s0

24500
r8500
26s00
15500

1500
2500
2000
1500

1
2
0
2

1
2
0
2



l,Iucor
L.P26

Fusariun isolates
L.P22

2.P23

3.P24

200
300
700
300
700
900

1200

300
700
300
500
150
330
180

30

250
2so
260

L250

500
500
600

1500
750
200
500

1250

4600
6s00
8800
5800
8700
9100
8300

800
4100
1500
2200
870
960

1170
360

2750
11500

3500
9000

3000
3900
2300

11100
5000
r200
7500
9s00

800
800
400

3500
2500
5000

900
750
750

L250
5000
3000
47sO

3875
2750
2500
4000

250
2000

500
:25O
750

1500
r250
100

8000
2500
5000
8000
2000
1000
2500
2250

5200
6500
2700

23000
17000
24000

5250
4350
5550
8000

r5250
22000
18500

16500
1 3750
14500
19000
77250
t2750
72750

8500
10500
12000

7500
11000

42000
31s00
34000
41500
13750
10000
12500

92sO

4
20
32

168

780
480
600

1200

4560
23t+O
2280
3420

4
I

16
72

F
@{

4000
4500
3000
2500

11000
8000

12000
7000

16
8
4

L2

930
180
480
540

5730
L440
2700
l-920

31
4L
42
59

0
0
1

0

0
0
2
0

45
15
4s
90

435
420
450
585



4.P25

Sterile cultures
r.P10

2.PI7

3.P18

1200
800

1000
800
800

1400
600
600

1200
1200

600
600

300
180
150
240

800
300
400
500
420
660
300

1000
50

700

700
600
700

1800

4200
5700
7300
3900
9400
8800
4400
4800

9000
11600
4400
8600

1110
990

r620
720

3900
4200
3600
4600

720
3660
5100
7750
5750
3300

9500
8000
7200
8300

1200
520

L625
1250
3500
3750
2500
3250

750
300

1350

7500
4940

11250
5750

15750
21000
32250
29750

4350
1050
2250

7800
900

2400
600

3840
8100
4620
3850

4900
6300
7600
8700
8200
9000
5200
7800

20250
41000
17500

97s0

270
360
330
100

4L6
420
360

30

r460
3870
1500

780

]-920
2340
1650

270

110
140

90
90

1100
1570

540
540

948
368

368
560
240
592

2
2

0
4
4
4

2
I
2

4
3

0
4
4
4

2
1

2

600
200
300
200
960
900
.600
280

700
1600

400
1000

900
1400
1000

900

1050
450

1950

3250
2750
2500

6600
1950
8700

9000
11500

8500

150
96

72
104

BO

104

4250
8250
67sO
1750

4.P27

150
2ro
285
180

8500
700

5500
5500

1065
1725
3060
1980

49000
43s00
51000
37000

740
680
720
380

H
æ
æ

20
60
80
60



onvces isolates
1.Pl 150

600
4s0
900

2.P44 375
375
400

1000
510
600
420
390

VerticÍ77ium isolates
1.Pl1 3

5
2

10
70
30

1000
1500
500
750

600
750
300
900
960
900
600

1000

2850
2400
4050
6300

5500
3000
1900
2833
2370
26rO
2100
1410

15
15
15
50

140
80

11750
r2250

6500
4000

4650
6900
2400

r2900
11820
10800

6300
7800

3250
250

1500
2000

1400
4100
2100
1400
L250
3000
L250
2500

1500
2500

500
2000
47sO
3750
4500

625
2750
1875
4000
5000
5000
5000

10500
7500

r4250
8000

10500
r7750

7900
20000
14900
14100
r4250
13000
14500
19000

860
290
220

BO

9250
74250

4750
9000

17250
18500
20250

10500
8500

L2875
23750
33750
30500
46500
46s00
39500

20
30
60
40

2
1

2.Ptz

PestaTotia
1.P8

t260
270
L20

420
810
300
330

3750
49s0
2250
3000

3s40
660
600

2070
3510
1950
1950

18750
22950
10800
9900

300
300
240
660

420
60

510
450

2070
l.770
1830
7320

1050
4s0

L230
780

3
0
4
2

3
0
4
2

2

2
4
0

2

2
4
0

20
L20

40
40

4000
550

1500
1600

34
7

L7
23

2ro
750

80
100

7750
1700
3700
4000

P
@\o

4T
13
20
36



11
13

6
22

I
9
6

10

4

Chaetoniun

1.P198 400
200

1000
800

Unidentified hyphomycete

1000
750
L25

4500
5500

200
300
300
400
180
1s0

13s0

9750
6250
9250

44000
33500

5000
3600
8900
8200

3100
600

5800
1200
4800
3840
5925
8700

13500
12000

9000
7000

500
2250
3250
2000

13000
3000

63000
63000
37500
45000
13750
21s00
23250
18750
63500
47000

900
200
200

720
1000
500
750

5000
11100

900

6000
20200
11750

8500

F
\(
c

1.P16 300 1200
2550
1200
1350

L2450
24300
13050
12900

I
4

8
4

408



b
R

ab
c

ab
L

ab
S

ab
I'l

ab
P

a

ons of nematod S -treated thc rne uconate fun from ine-f 1c
B

a b

L isola
1.

2. P9

3. P29

4. P30

5. P31

1000
3200
2600

261
189
558
873

78
30

108

1100
700

1300
1500

1500
2500
2600
2s00

14000
6000

1s200
1s600

1674
2376
323I
6975

288
159
498

15200
15300
17300
12800

9200
8800

19500
27800

220
60

270
420

420
980
175
350

55
49
51
26
50

34
r75

73
46

342
630
150

420
180
r20
150
196
214

760
380

1600
4320

0
0
0
0

0
0
0
0

2870
4900
r435
6400

2ro
r20
155

69
9s

79
545
116
140
903

2355
590

1980
1500
3r20
750
672

r512

L77
3100
4100
2700

1
1

22
8

369
10000

9500
8900

\o
lìr

5
L2
49
89

6. P33



7. P34

8. P35

9. P36

10. P37

11. P38

12. P39

13. P40

14. P41C

700
300
400

1000

1800
400

1000
600

1300
600
800

2600

300
168
r20
3L2

3400
1400
4200
3000

800
4400
5600
3200

480
135
270

14300
6100
9000

15000

14600
5200
9800
3400

14400
6000
6800

22800

1836
804

L440
L272

15400
14400
27800
14600

4900
21000
27600
24600

2520
765

r320

70
100
660
315

250
r20
290
250

37
68
84

7

r20
420
r20
240

2400
1200

100
1900

1600
4800
5400
2r00

5
I

22
30

4250
4800

630
790

770
400

5340
2660

1780
900

1460
2460

100
151
285

47

720
3660
3240
3120

13800
6000
4800
7300

36s0
18600
24000
7200

13
30
57
7B

2760
2640
800

3840

51
L27
249
387

14160
8160
9200

19680

850
800
100
140

70
43
20
39

L2
6
5
6

18
26
59
56

H\o
N)

20
360
105
180

88
1950
1095
1410

270
2580

60
420



L5. P42

16. P43

17. P45

18. P48B

L9. P49

20. P50

2L. P5L

7000
3250
3250
3000

2ro
600
500
330

690
600
600
780

28000
11750
20000
15500

630
6950
2250
3780

41 40
5820
3870
5670

1155
2tr5

660
3540

6500
3240
2430
6090

3900
10000

8500
9500

60
360
240
480

2ro
270

60
2t60
1200
2880

2640
42L5

L92
84

168

1344
1116
r4z8

270
40
90

r20

1450
790

1030
1060

156
288

804
684

350
250
440
440

8
70

385
2ro

285
105
285
345

390
570
420
420

3200
3150
4r20
6560

28
430

3273
2888

I7
19

6
130

98
104

30
960

H
\o
u)

1200
930

1095
2925

2760
5730
5340
2040

135
330

90
300

450
420
300
870

225
600
560

1200

3525
5520
6960
6300

200
204
336
300

116
150

78
156

2220
r596
1752
L8L2

1000
IL28
1056
1410

L20
400
160
200

30
60

750
240

440
3960
1360
1880

390
450

4890
2850

870
625

1000
L250

0
60
26
6s

2

13
624
9I

22r



22. P52

23. P53

24. P54

25. P55

26. P56

27. P58

28. P59

29. P6r

3000
750
500

2000

7so
900

4000
4000
6250
5250

270
330
360
4s0

1400
400

3750
2800
6000
2333

130
140
330

18750
5250
2500

11500

5850
8700

]-7250
L2250
19750
18500

2700
1560
1260
L230

14800
7800

15750
10300
17000

9000

4000
5500

13500
4500

7000
3000

11000
5750

r20
360
240
240

2600
3800
3200
2200

2700
5500

750
2500

10250
9500

10750
9000

1000
8250
6000
9250

200
500
3s0
100

28600
27400
32800
35200

45000
27000
52000
34500

29500
22750
65000
25750

1380
5040
1980
1800

15600
36250
13750
19I25

r25
2000
r000
1750

352
288
to2
st6

900
600

500
92s0
7250

]-,3625

L952
l-952

714
3744

5800
5900

L694
615
920
91s

240
L278
2r84
3420

21.2
43s
198
L4I

287
270

90
75

80
34
30

10
63
72
26

2s5
400

60
r20

100
306
612
480

70
114

57
54

P
\or

465
020
205

TL7

17L

26
L37
252

7L

2
3
4
2

7

9
3
2

1

590
615

1800

41250
40750
50000
38000

2000
29250
18500
27250

2300
6300
2000

6s0

3360 t6720

3060
2000

270
720

82
26
36
84

150
44i
84

rg2"



30. P64r I

31. P65

32. P75B

909
225
135
153

08
90
4s

9

2000
600

1400
800

17800
8400
8200
9600

33. P85C

34. P86B

35. P89r

7
90
52

1400
1500

33
253

44
5000
3000

32
7

23
18

240
196

8000
750

36

187
2200
1000

2I
6

l4
2LO
114

L2900
13250

88
1309

286
17000
26000

64
T4
94
45

rt20
LT20

26000
6000

64

1738
21600
17000

32
9

0
0
0
0
0

0
0
0
0
0

\o
(Jl

36. P92C



37. P93r

38. P94B

39. P95C

40. P98C

41. P103r

42. PLO5B

242
L375
2736
1111
7800
6400

6900
L8240
r6800
11040

L20
650

7100
5250

99
209
660

77
800

1600

900
3200
2800
1920

20
150
500
500

0
0

70
1050
2905

90
240
154

5s00
2250

0
1
I
0

68
80
4I
34
42

9
216
243

2
5

1106
3885

LI795

420
2080

836
27500
9750

0
1

2
0

380
292
236
100
68
15

684
666

1
1
0
2

0
1
0
1

T4
0
5

37
l+2

0

7
0
2

8
20

0

\o
o\

0
0
0
0
0
0

0
0
0
0
0
0



43. P1218

Basidionvcetes
1. H

2. L

3.C

A

\o{

0
1
0
0

0
0
0
0

0
0
0
0
0
3

4

1
1

24
22

279
81

43
JJ
51
72

19
94
32

264

r44
108
TT4

54

103
50
52
52

4
3

59
59

2925
134'L

172
100
361
399

40
655
139

L464

924
828
744
612

44L
302
316
316

8932
9130
8404

15730

0
1
0
0

0
0
0
0

0
0
0
0
0
0

1600
1700
1500
1300

5. Suillus Tuteus 22
330

88
440

11500
16800
12000
12000



1

0
0
0
0
0
0
0

I
0
0
0
0
0
0
0

Trichoderna ís
1. P

2. P?I

400
1200
6400
4400

1480
880
880

1080

12500
10600
23000
22200

7r20
9160
7760
6040

2
0
0
1

8610
7280
5950

1050
6600
5110
1855

1

0
1
0

420
840

9T
252

1

0
1

0

1078
4L70
IL97
2282

.4s r isolates
1. 3

2. P32

Fusarium isolates
420

2400
1190

665

1

0
0
I

280
630
140

0
0
0
0

5
160
110
110

72

0
0
1
0

50
2570
1500
4r70
1188

0
0
0
I

0
0
I
I

T. P22

H
\o
@



2. P23

3. P24

4. P25

Sterile cultures
1. P10

2. PL7

3. P27

Vertìci77iun
L. P7

800
1650

200
600

4200
3800
5800
8000

3
72

23L

300
75
75
25

540
r740
1680
r440

40
24

8
s6

270
168
2LO
875

2400

2650
8700
3s00
3200

15800
19000
28400
24600

15
456

1488

2375
1750

475
475

5790
11190
13600

B4BO

r20
184
24
64

714
392
805

2590
6400

4800
1000
4400
3800

500
1300

375
75

64
64
T2

136

800
1200
1000
1600

r6800
4200

12200
9900

2675
9300
1350

825

8400
L4200

7800
8500

19
11

7
3

T2T5
330

2010
L290

3945
r230
7530
4260

\o
\o

2t6
72
52

896

2
1

3
2I

0
0
1
0

0
0
1
0

36
72
20
16

L2
24

4
4

3
1
5
1

0
1

3
7

3
4
3
2

3
0
5
1

2. PTL



3. P12 2250
13s00

6000
6500

850
2000
2600
1600

Paecilonvces isolates
1. Pl 9t

99
119

Sporotrichun( ? ) isolates
L. P4 5

35
2LO

35

PestaTotia isolates
1. P8 5

l+

36
64

160
480

3750
3000

Botrytis isolates
1. P14 600

600
1800

500

Chaetoniurn isolates
150
300
400
450

16250
48500
28000
32500

7600
25200
13000
l-2400

1036
948
837

30
L20
660
155

108
1700

600

240
204
195
150

33
r20
90

300
20

I 100
50

620
9500
4900

]-275
t75L

840
675

53
320
370

700
200

7000
5150

0
0
4
0

ro2
104
223

75

2r90
2220
3540

960

r824
1680

646

1
168
113
L6I

13350
r2900
11700
13200

1080
540

1680
450

320
528
L02

750
600
900

1050

0
0
4
0

54
40
82
35

3
2
0
1

3
2
0
I

10
8

T2T
76

2080
4640

36000
17500

5800
11200
18900

6200

300
2650
5550
3150

0
84
54
29

N)oo

1. P19B



I'lucor isolates

1. Pl

r43
187
165

77

100
690
630
990

2365
2783
L44L
t76L

630
3610
1490
4590

49
238
270
315

308
896

1365
2025

6
22

5
L2

2

9
4
4

1\,o
H



b
R

ab
C

ab
L

ab
S

db
l,l

ab
P

a

tions of nemat

- Fungi

Rhizoctania solani
sensu Lato

ATternaria
aTternata

Pythiun isola tes
t. P.acanthicun

2. P.afertÍle sp. gr.

3. P.irreguTare

4. P.afertite sp. gr.

ted with chlorhexidine onate onf i from whea -fi d soil
B

a b

85
15

2
32

28
22
35

8

20
3
2
5

15
7

11
2

91
r52

265
480
510

r44
604

6s5
L224
2010

N)o
¡\)

2
3
4
4

5
3
2
4

L9
5
4

10

2
3
4
4

7
2
2
5

2
1

3
3

26
23
39

28
J

2
I
2
6
7
5

198
52

153

I
0
1
0

1

24
11
I

5. P.nonospermun



I

t

Aspereì77us isólates

6. P.

1. I'I3C

2. tt6
A.niger sp. gr

3. hr8

A

4. r{15
terîeu9

5. I,1136

6. I4r37

140
24

L20
L28

0
0
0
0

220
440
80

140
'245

280
280
2LO

976
92

688
768

0
0
0
0

L740
3140
1320

640

1155
4340
5110
2L70

6s
20
63
36

0
0
1
0

19s
165

30
170

L74
60
90
78

16s
90

180
r20

300
180
450
2ro

I375
1000

37

175
r07
307
187

0
0
I
0

t620
2l-60
1080
1020

576
990
498
198

435
529
608
293

2280
510

1170
930

11875
r5625

l+

0
3

7
26

3
5

N)o(,

13
35

110
160
160

49s
415
505

60
s6
96
68

10
64
60
72

258
80

4s0
204
L92
s46

20
28
13
15

124
44

116

585
156

90
195

72
73
7L
33

440
284
424

3495
668
600
285

33
57

108
39

r20
L20

44
36

63
183
3t2
87

332
732
260
212

568
260
s32
380



7. I^138F

8. Ll39

9. hr40

10. I^¡71

S terile cultures
1

2. tt54

3. I^1594

L92
264

440
264

II25
240
2L6
336
240

72
48

312
300
750
700

48
r35
ro2
324

3000
5500
7500
6s00

420
704
704
360

3700
3000
1500
4s00

LBl5
1450

636
2136
2t60
3420
7875

r344
20r6
3984
r632

96
90

1368
33s0
8950
7100

84
460
4L4
828

26500
22s00
31000
20000

7320
4416
7360
9540

20100
r4250
6500

15500

5875
5200

260
65

270
50

T2
r26
204

2200
700

2100
100

735
882
510

350
340
240

1080

1340
315
63s
540

30
306
6L2

10000
3000
8300
2200

2790
3096
3960

520
II20

370
3900

24
45
35
49

58
84
42
18

660
L75
280
270

704
416
512
2io

450
420
720
480

73
93
82

L82

2L2
510
176
]-34

4740
4340
1960
3180

5536
2464
4r92
840

32rO
3600
r320
3600

136
180
60
60

63
189
49

944
830
250
660

l4
208

46

108
r28
88
I

104
148

64
r44

1530
840
600
576

7000
8500
7000

2r0
470
450
240

52
684
I2L

276
520
328

16

180
236
192
432

3420
1s60
1560
3540

39s00
47500
41500

430
900
640
290

I
25

ls L96 5
T2

3
4

7

33
76
T2
17

28
140
763
623

N)or0
0
0
1

0
0
0
I

1000
500

1250
1500

20
62s
250
250

60
420
960
180

10250
5000
4s00
7500

1000
6500
3250
2000

L20
2100
5880

660

10500
9s00
9000
5s00

28500
42000
24sOO
12000

3375
875

3750
2L25

14500
8875

1s875
9250

2
6

4. I,\180



4. W80

5. !ü103D

Fusarium isolates
1. Wlr

F. roseurn sp. gr

2. W2K

F. roseun sp. gr

3. W33L

4. I^155L

5. hr64

6. I^t84K

1040
960

2560
160

1320
2760
1364
2040

s00
3100

200

L2720
8400

18s60
9r20

12000
17880

8680
20L60

3400
1200
4400
2600

30400
12600
31800
14800

550
550

2300
800

4000
1600

560
780
480

2ro
735
735
490

18
45
51
L2

5000
6s00

1850
1950

16000
4700

27100
9200

4720
5700
2640

2L35
6020
3290
3150

48
175
312

22
25000
24000

r440
6400

960
lBBO

500
r6500

3000
3500

1000
41000
11500

8000

93
84

111

1650
3750
1200
1800

300
462
459

5250
11850

46s0
4050

2L90
4440
3060
1360

2760
1845
2l45
2925

84
32
76
80

1040
1800
1080

832

448
420
520
664

8100
9240
6720
6656

L92
158
50

1485
2064
2970
2820

567
294
721
377

26
1

IL4
L62
II4

96

630
390
480
600

r25
3

192
258
L92
r62

4250
3500
5000
1750

23250
L7250
26000

8250

10500
4875

r2250
7000

4680
3060
3600
3180

¡\)o
(.fl

1000
900
600
100

2950
11600

1300

3000
4100
3800
1300

300
220
830

320
L520

180
720

9000
6000
6500
9500

2400
4400

2AO
1600

31500
26500
28500
30000

r2600
17600
4000
9800

6250
97sO

15000
7500

]-7250
22250
33000
18750

1200
900

1100
500

960
640
320
320

60
294
228
318

308
236
244
80

5300
4400
7100
3600

7360
L920
2400
1760

138
768
492
996

68
76
68
36

40
36
T6

3
1
4

2
0
2

450
960
450
148

1300
625

2s00
L250

efBB 2?åBB 330
105
25s
r20

135
368
270
135

189
161
203
140

t20
70

150
4200
7200
5400

14400
39000
16400

7. I^t85I



8. hr96

9. wl2lD 90
1140
L440
2040

G7ìocTadi tes
1.

G.càtenuTatun

CTadosporiun isolates

MucoraTes isolates

510
2760
4380
6960

544
1 140
920
650

12880
11840
10080
L4240

34
4

23
28

r776
2325

s10
2250

2100
2600
3100

700

16000
11000

9000
8000

48
L92
168
r32
720

5
23
26
35

12100
16800
r2700

2600

51000
35000
36000
27000

1740
3240
3768
864

3840

29
67
38
73

3440
7920
2920
2l-60

145
168
300
370

34500
47500
33s00
36000

1. 1,J11

Rhìzopus sp.

2. l^¡86

Mucor sp.

3. i\r63
Actinonucor sp.

4. I4r88I
GongroneTla sp.

240
240
160
160

15
2

T2
13

304
135
60

240

200'
240
r20
r20

36
28
75

4500
1500
3s00
5000

15

3400
0800

14000
36000

10200
29000
43500
98000

42
35

6
L2

9
T2

6
18

22,5
300

90
90

273
168
to2
96

0
L7

6
61

96
138
111
369

L995
L290
r320
22BO

2ro
L320
1860
840

104
ro4
160
r28

1650
5640
5160
4200

224
L96
328
476

3
11

179
3

180 720

0
0
0
0

0
0
0
0

0
5
3

35

0
0
0
0

0
0
0
0

2
7

81
1

N)o
o\

1

I
4
8
9

1 36
24
31
L4

56
42
84
42

700
900
300
800

462
336
413
238

7300
11900

2000
6000

i000
10500
11500
5500

40
i0
10
60

90

7000
54000
45000
44000

220
160
160
200

180
420 10852r0 1295
r20 570



5. I^t2lG

CunnínghaneTTa

6. I^t130
CunninghaneTTa sp.

Metarrhiziun í ates
r. !'t138 350

s60
105
35

ffvroÈheciun isolates
1. hr14

l,I .verrucaria

PaeciTonyces i tes
735
2LO
385
38s

900
500
400
6s0
a

50
700
300

2765
4095
r295
2240

5670
3815
2940
346s

L4
r26

58
42

153
t62
378

140
56
49

119

110
240
400
200

69
34s
330
240

57
55

204
204
l-92

54
50
84
40
20

r20
90

2ro
150

592
472
676
186
290
644
160
124

4320
2010
2445
2790

156
T7I

24
495
rt7
26r
882

1 134
1854

510
252
196
483

480
3880
3320
2300

2l-3
3570
1200
1305

0
0
0
2

0
0
0
0

1. l^/16I
P. TiTacinus

ToruTonyces iso aLeS
1. hrl7A 2950

3600
5300

10100

1300
12900
7200

2. W18B

1

0
1

0

1

0
1

0

540
t20
s40

90

4320
2220
s490
r440

N)o
\,1

0
0
1

0
0
1



3. I4r19B L20
400
160
340

PhiaToceohala isolates
1. I4r20C

Acrenoniuø isolates
L. W22¡',

Phoma isolates
1. !'157 2750

2000
4250
4000

1400
3000
2400

20
2000

600
700

1890
4725
L760
2860

25250
18500
28500
32500

16600
12400
16600

200
L2600
6100
6800

30
7

18
6

6000
5500
6000
2250

1040
1150

550
6s0

180
190
180
300

2750
2400
3700
2600

8
73

240

72
l2
81
I4

372
279

1725
L260

24750
20250
23750
10s00

5200
4150
1700
2550

830
1210
1020
1600

8s00
24400
18300
8200

12000
9500
6000
8500

690
480

r980

3800
3000
4200
3200

41500
30000
18000
21500

23LO
1680
6480

8800
17200
13400
12400

1860
1200

480
660

420
728

98
98

615

L575
450
375

6780
4560
1740
4140

ro22
1988

882
625

1665

7r25
4350
5925

270
330
200
170

8
2L
16
25

390
L20
300
420

1190
1790
r420

600

45
55
6t
73

5340
7980
53110

5700

300
70

r50
100

6
36

4
2ro

1360
320
340
440

11
28O
500

I290

80
420
237
3l+O

60
546
42

7s6

4800
1900
3500
4300

256
320

L344
256

140
1701

l+55

867

435
2268

196
2492

22rOO
12000
22800
25700

2768
2528
9984
992

4
33
80

108
207
345
285

N)
O
æ

2. Ï,t58

BrooneTTa isolates
1. t^t68c

UTocladium isolates
1. I^160G



PeniciTTìuø isolates
1. V'r5F

2. tñ7F,

3. vJ23B

&. !vüztÃ,

5. 14r25J

6. W26

7. r¡127

8. vJ28

840
70

770
1680

35
3l-2
168
258

50
3200
1600
3000

6000
3400
2600
5800

300
150

90
150

1000
900
600

3600
4000
2000
1000

."'isoo
3100
2300
5400

5180
2800
4830
8330

75
LL34

486
864

1400
14000

8200
20600

14500
7000
7400

14000

1680
930
660
630

5100
7300
3300

19600
2L200
20400
9400

11600
22700
7500

r5400

195
r_15
105
115

3
5
2
1

1250
80
20
50

204
140

30
280
r20
2ro

111
168
156
r44

140
160
240
r20

864
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APPENDIX 9: Publications

Papers accepted for publication (approximate date

of publication March, fgg+).

IùALKER, G.E. (1984). Ecology of the mycophagous nematode NpheTenchus
avenae in wheat-field ànd pine-forest soils
PTant and SoiT (14 text pales, 8 tables, 1 figure).

IIIALKER, G.E. (1984). Feeding trials of ApheTenchus avenae on soil
bacteria and actinomycetes. PLant and SoiT (5 text
pages, 1 table). \
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