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SUM}4ARY

The aim was to study interrelationships beÈween the complex of

pathogens found on wheat roots mainly Heterodera avenae (Ha),

Gaeunannomyces graninis var. tritici (Ggt), Rhizoctonia soTani- (Rs) and

Pratylenchus ninyus (Pn).

Patches of poor growth in the field in the st.udy area were not

caused by pathogens alone. All planÈs whether from patches or non-patches

had one or more pathogens on their roots. The most consistent correlation

h¡as a positive one between Ggt and Ha, at all sarnpling tines for both years

of the study . Ggt and Rs were negatively correlated in the second year.

Rs and I/a were positively correlated at the second sampling time in the

first year when Rs was t.he dominant fungal pathogen found on the roots and

negatively correlated in the second year when Rs v.'as noÈ the dominant fungal

pathogen. All pathogens except Pm were negatively associaLed with growth

in the field and pathogens on seminal roots had a greater effect on groh'th

than those on coronal roots.

The relationship between Ggt and lla measured at maturity in laboratory

studies was negative, the opposite of that found in the field measured

during earlier stages of growth. The strain of Ggt also influenced the

relationship.

Rs and fla were also found to be negatively related experinentally.

Rs suppressed //a populations but also had an effect on penetration and

establishrnent of Ha as early as 10 days after sowing. Greater reduction

in growth occurred with the cornbinat,ions of boEh pathogens.
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Antagonism did occur in 'in vitro' testing between Ggt and Rs;

not between hyphae but in the establishrnent of lesions. Studies in

soì-l partially confirmed the antagonism between the fungal pathogens.

Ggt reduced Rs lesion length and Rs also reduced Ggt infect,ion.

Both Ggt and Rs individually suppressecl Ha populations. In the

presence of Ha, Lhe abílity oL Ggt to suppress Rs was reduced. Ea

survival was greater due to the antagonism between the fungi, when all

Èhree pathogens were studied in combination.

In the multifactorial studies of the interrelationships between

the pathogens under labø¡atory conditions, first order interactions

accounted for more variation and were more frequent than second order

interactions.

The sheer size of multifactori-ally designed experimenÈs puts

constrainÈs on the number of factors, the levels at which they can be

tested and the number of replicates to overcome the many sources of

variation inherent to large experiments eg. seed size, inoculum pre-

paration and incorporation, containers etc. fnterpretaÈion of second

order interactions are difficult and though F values are useful, a

difference may be trivial.
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CHAPTER I

INTRODUCTION

The list of soil-borne pathogens which attack roots of wheat is

extensive in Australia. Among the fungi, Gaeunannonyces graninis

(Sacc) van Arx. & Olivier var. tritici (GCt) which occurs in all states

is generally considered to be the most important (GarreLL , 1942;

McKnight, 1960; Butler, 1961). Rhizoctonia soTani fünn (Rs) - the

imperfect state of Thanatephorus cucumeris (Frank) is of 1oca1

importance in South Australia (McKnight, 1960) and parts of New South

I'lales (Butler, 1961). The nematode, Heterodeîa avenae, l./ollenweber 1924

(Filipjev , L934) (Aa), is the main nemaÈode parasite of cereals in South

AusEralia, although Pratylenchus ninyus, Sher and A1len, 1953 (Pn) is

also commonly found in roots of wheat (de Beer,1965; Kimpinski, 1972;

Stynes, L975).

The constant association of. (Pn) with (Rs) in wheaÈ was first re-

cognized by de Beer (1965). Stynes (1975) found EhaE Ggt, Rs, ÍIa and

Pn' commonly occurred t.ogether on wheat.

Ggt, commonly ref erred to as tttake-alltt or tthay-diett \,Ias f irst re-

corded in South Australia in 1852 and McAlpine (1904) concluded that Ggt

was the primary cause of take-all. HistoricalLy Ggt is very much an

Australian disease, associated with wheat since cereal cultivation began.

The natural hosÈ range of Ggt is confined to Poaceae, especially wheat'

barley¡ ryê and oats. Several genera of grasses are suscepÈibLe Eo Ggt

and it has been found to infect mai-,ze (Robinson and Lucas, 1967) and

sorghum (Tarr, 1962). Root j.nfection and perithecium formation on plants

in other families including dicotyledons have been reported under sterile

conditions (Nilsson, L969; Zogg, f969).



2

Talce-all is widespread in the temperate cereal growing areas of the

world but has also been found in Brazil and Kenya (CMI Map 334, ed.3, 1972).

Extensive variation in pathogenicity within isolaLes was noted in Lhe

early sLudies of Davis (1925) and Padwick (1936) and the problem of

attenuation in culture resulting in loss of virulence has often been e¡r-

countered (Russel, 1939; Chambers, 1970). Differences within naturally-

occurring populations are now well documenLed. The interplay between

the effect of climatic conditions, soil factors, host susceptibilit-y and

change in virulence in the pathogen which ultimately resulLs in disease

in the field, are difficult to reproduce under laboratory conditions.

Under natural conditions infection via air-borne spores is not

considered of much consequence due to microbial competition (Brooks, 1965),

but spread through ascospores in cereals on the recently reclaimed polders

of Netherlands, where the low number and activity of other micro-organisms

provided minimum competition, has been documented by Gerlagh (1968).

Soil-borne inoculum is the most important biologi-cal factor in the sur-

vival and spread of the disease.

GgË survives between crops on cereal and grass residues. Most

survival sEudies have been made with artificially colonized straws and

these did not give reliable estimaEes of survival ability in naturally

infected material (Macnish and Dodman, I973). Macnish and Dodman (1973)

found that there hras viable Ggt oî stubble after 52 weeks ín 8271 of.

sites sampled. Shipton (1972) confirmed this survival capacity under

nonÞusceptible break crops for up to 66 monLhs and stated that survival

seemed to have been in stubble rather than on weeds and self-sown

cereals. These observations indicate that field survival may be much

longer than initially reaLized $rith laboratory studies using artificially

colonized stra\.ì¡s. Survival of Ggt ín wheat straw is greater when

nitrogen is not limiting (Garrett, 1938; Charnbers, 1971).
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In Aust.ralia, take-al1 is generally more severe in light soils

(Butler,1961) and increases in severity with rising soil pH and decline

in fertility (Garrett, L942). There is general agreement. that wet soil

conditions favour take-all development in temperate cereal growing areas.

Garrett (1934a) established a definite relaLionship between high spring

rainfall incidence and occurrence of Eake-a11, based on 33 years of

South Australian records.

The effect of nitrogen - NU|N and NOJN on GgË has been studied by

Smiley and Cook (1973) and Huber and Watson (1972). One effect of NH|N

is to íncrease host resisLance, as indicated by infected tissue, while

NO]N seems to increase susceptibility Lo Ggt (Huber and Watson, Ig72).
3

The final effect would be the result of many factors influenced by

fertilizers.

Root damage can occur on plants at any growth stage; seedlings and

young plants may be killed in patches (l'/alker, L975). General stunting,

reduction in tillering and appearance of dead bleached inflorescences

(whiteheads) are the symptoms associated with severe take-all infecËion.
ftlrthiteheadstt or tthay-diert are seen under hot dry condtiions when nodal

root development is restricted and water sÈress resulting from earlier

root damage is severe (White, 1947). Infected root systems exhibit

characteristic blackening of the stele. hlhen infection is severe, the

root system may be reduced. Discrete small lesions with slighu darkening

of stele may be seen in slightly infected roots.

Different measurements of infection have been used for GgÈ:

percentage of plants infected, number and percentage of infected roots

per plant, disease indices and growth of runner hyphae on rooLs.

Nillson (1969) suggested that the effects of the disease on seminal roots,

nodal roots, subcrown internode and on above ground parts should be
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recorded separately. Greater reduction in yield has been associated

with nodal root damage (Garrett , L942; Rothamsted Reports 1963-1966).

Severe seminal root infection also reduces dry weight, leaf area, water

content of shoot-s and tillering (Asher, 1972). Plants with infected

seminal roots produced more crov/n roots Ehan healthy ones (Asher , L9l2).

Nilsson (1969) obtained a coirelation between discoloration due

to Ggt used as a disease rat.ing and grain yield reduction. Significant

regression coefficients for grain yield and percentage plants infected

were obtained by Slope (1967) and Rosser and chadburn (1968). s1.ope

later (f973) pointed out. that on some take-a.l1 soils, weat.her and soil

conditions sometimes reduced grai-n yield morê effectively than the

pathogen.

Take-all development is greatly affected by previous cropping

history (Slope & Etherbridge, L97L). Take-all has become most destruct-

ive in areas where intensive cereal cultivation has taken p1.ace with

little reference to rotations (Hynes, 1935; Garrett, 1942). However,

it was due to continuous susceptible cereal cultivation that a decline in

the severiÈy of take-all after a peak disease year was first noted (Slope

and cox, 1964; cox, 1965). Take-all decline (T.A.D.) was confirmed by

Gerlagh (1968) on cereals on the reclaimed polders in Holland and has

now been observed in many parts of the \^Jorld. In Australia it is of a

far less stable kind than in Europe.

Successful infection by Ggt under laboratory conditions has been

achieved using inocula developed on agar media and those developed on a

base such as maize-meal, wheat or barley straw or cereal grains

(Nilsson, 1969). The cereal based inocula, following colonization, are

incorporated into soil as a mixEure or layer (Skou, 1968) whereas the agar

inocula have usually been introduced as a disc, on which seed is sown
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(Garrett , 1934; Chambers and Flentje , 1967). The inoculum base used

e.g. wheat stra\ìr, oat or barley kernals and soil, has been shown to

affect t.he virulence of isolat.es differentially (White and Mclntyre,

L943). Differential behaviour in Lerms of virulence by the same isolate

in steam sterilized and natural soil was reported by Henry and ì4cKenzie

(1959). Blanche (1977) found significanL interactions beLween isolates

and John Innes composts LhaL had been stored for different lengths of

time when testing the composts for an effect on pathogenicity. The

sensitivity of Ggt Lo microbial antagonisrn is well established (Slagg

and Fe1lows, 1947).

Microbial actì-vity is often higher where artificial inoculum is

introduced into soil and where soil is contaminated folloruing partial or

complete sterilization. This problem rnight be further exacerbaÈed if

the inoculum subst.raLe is not fully colonized or the nutrient status of

the soils is too high, Thus it is noE surprising that results vary

greatly with type of i-noculurq soil medium and the test conditions

(Nilsson, 1969).

The occurrence and interrelat,ionship of Ggt with Ehe cereal cyst

nematode, H. avenae (Ha) were first noticed on barley in England (Cook,

1969). Low levels of Ha Ï/ere associated k'ith high levels of. Ggt.

Decrease in naLural and artificial nematode populaLions by high levels

of take-all damage was shown in pot experiemnts (Cook, L9692 L975).

Rhizoctonia soTani was first reported as a cereal pathogen in

Australia (Samuel , l92B) and is the cause of "purple or bare patchesil

(Samuel and Garrett, L932; Hynes, 1933; Kerr, 1955; de Beer, 1965).

Rs is a cosmopolit.an species reported as a field pathogen of wheat in

England (Ditton l,leston and Garrett, L943), Canada (Benedict and Mountain,

1956), and U.S.A. (Sprague, 1950; Bruehl, 1951). fn Australia it is of



6

major concem in wheat in South Austraria (McKnight, 1960) and parts

of New South ltlales.

The host range is exLensive and includes wheal, barley and oats

among the cereals. It has been recorded on a wide variet.y of plants

such as ÍIordeun Ieporinum (barley grass); Broøus spp; cryptosterra

caTenduTa (Cape weed); Medicago s'ativa (lucerne) ì Pisun sativun

(garden pea) and TrifoTiun spp. (Ludbrook, Brockwell and Riceman, 1953).

Two basic general strains are associated with cereals in Soulh

Australia; ror convenience referred to as the rstem strainr and the

froot strainr (Kerr, 1955; de Beer, L965; Chambers, 1966). Varíarion

between the isolaLes of root-attacking strains has been recognized (de

Beer, 1965). Most local studies have been confined to the root

attacking strain. Rs is capable of extensive saprophytic growth in

soil (Blair, L943) and is widely distributed in natural soi1s. Its

ability to survive competition in t.he saprophytic soil phase has long

been recognized (Sanford, 1959). Suppression of its activity by addì-tion

of easily decomposable organic matter to natural soil, was also recognized

and contribuÈed to Èhe developrnent of antagonistic microflora (Blair,

1943; Sanford, 1952; Davey and Papavizas, 1960; Papavizas and Davey,

1960). Nitrate and ammonium nitrogen sources added with the organic

amendments reduced the depressing effect of the organic material on Rs

grov/th. The role of organic amendments in disease control seems to be

quite complex.

Ïnfections in soil are confined to immature root tissues and usually

result in death of the root tips (Samuel and Garrett, 1932). ExLensive

rotting can proceed from the root tips leaving characteristic short root

stumps. Discrete lesions are seen in the early stages of infection in

which only necrosis or concaving of the cortex has occurred. Growth of
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t.he plant can be greatly affected by Rs. General symptons given include

stunting and yellowing of leaves; a spindly appearance of the plant and

extensive rotting of the rools. The description of field and plant

syniptoms in South Australia (Samuel and GarretL, 1932); New South lr/ales

(Hynes, 1933); England (Dillon Weston and Garrett, 1943) and Canada

(Benedict and MounLain, 1956), are similar. Both in Canada and South

Australia, the nematode, PratyTenchus ninyus (Pn) is found in associa-

tion with Rs in patches of unthrifty plants (Benedict and Mountain, 1956;

de Beer, 1965).

Infection by Rs was favoured by low soil temperatures in the range

of 12-18"C (Samuel and Garrett, L932), and at low temperaLures soil

moisture was not a limiting factor to infection; but at high temperaLures,

infection was favoured by 1ow levels of soil moisture (Hynes , 1937).

Rs is more prevalent on the light alkaline sandy, ma1.lee-type soils of

pH 8.0-9.0 in South Australia and the lime deficient soils of pH 6.0-6.3

in New South I'lales (Samuel and Garrett, 1932; Hynes , 1937).

Kerr (1955) examined the population of the root-attacking strain

in a cereal field with patches and found a higher population inside the

patches. De Beer (1965) found similar differences, although he noted

that the higher populations occurred on the periphery of the paÈches

rather than in the centre.

Survival of the root attacking strain was studied by Kerr (1955),

and Flentje and Saksena (1957). They introduced the fungus into cereal

fields at Waite InsEitute, but it failed to survive from one season to

the next. De Beer (1965) also studied its mode of survival and concluded

that it persists in soil as hyphae or resistant ce1ls in organic matLer

e.g. stubble and crowns of cereals and grasses. De Beer (1965) found

no evidence that sclerotia were formed in nature.
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Rs is ofLen found in association with other pathogens. Its

association with Pm has been mentioned previously. Synergism to some

degree has been demonstrated with HeËerodera €chachtii on radishes

(Polychronopoulos et a7., 1969), and G. rostochiensis on potatoes (Dunn

and Hughes, L967), with Fusariun oxysporun f.. sp. vasinfectu¡¿ in cotton

(Sabet and Khan, L969), and v¡iLh F. solani in tomato (Goujon , 1967),

and with Oospora pustuTans in potatoes (Dunn and Hughes, 1967).

0n wheat, Rs and H. avenae in combination caused greater reduction

in tillering, plant height, fresh':eight, and rooL number and length,

than when acting alone under glasshouse conditions (Meagher and Chambers,

I97O; Meagher et a7. , 1978).

H. avenae (Ha) connonly known as cereal cyst nematode was first

reported j-n South fius¡ralia by Davidson and Hickinbotham in 1930. It

is a serious pathogen of cereals in Europe, India and Australia and has

been found in U.S.A., Canada and Japan.

Several pathotypes have been recognized in Europe and India. In

Australia only one paÈhotype has been found (l4cleod and Khair , L977).

The U.S.A. and Canada, where the occurrence of. H. avenae is limited, have

only one pathotype.

The cereal hosts include wheat, barley, oats and rye. l4aize can

be attacked but it is not a good host (Johnson and Fushtey, 1967; Gill

and Swarup, L97I; Behringer et a7.t 1975). Also a wide range of grasses

have been reported as hosts.

In southern Australia the mobile second stage larvae emerge from

the dormant cysts from May to June and enter the roots just behind the growir

tips (Banyer and Fisher, I97I). Larvae are capable of surviving in soils

at low temperatures (5'C) with little loss in infectivity up tc seven

weeks but at higher temperatures they are short lived (Davies and Fisher '
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1976). Not all eggs in a cyst hatch, about 15% remain dormanL. Giant

cel1s develop in the host in response to larval infection and the

characteristic root swellings or knots are used in diagnosis. In

August and September the swollen white sedentary, egg-bearing females

are found protruding from the roots. lluch branching of the root system

occurs u¡rder ò heavy attack of. IIa and this together with the swollen

knots indicate the presence of Ha. Usually the seminal roots are more

affected than nodal roots. The temperature and moisture requiremenLs

for larval hat.ch are rather complex (Banyer and Fisher, 1971). 0n1y

one generation per year is completecl. Although Ha ís more often a

serious pest in lighter soils, iL can be found in heavier soils

(Meagher, 1968).

Fertilization is necessary for reproduction. The ratio of males

to females produced in the roots is variable and is affected by the host 
'

population density and moi-sture. Under laboratory conditions the

ratio of males to females produced on susceptible wheats was 1.33 males

to I female but on resisÈant wheats the ratio was 20 males to I female

(Brown, 1974). Jakobsen (1972) noted t.hat under excess moisture con-

ditions the ratio was I : 0.63 (2 x normal water supply) and under lorv

moisture conditicnsit r¡as 1 : 3.26 (half normal water supply). I¡iith

increasing population density nore males are also produced (Lindhardt,

1961). The sex ratio can also be altered by the presence of furigi in

roots. Cook (1975) observed changes in sex ratio of. Ha due to the take-

all fungus. Alteration in the sex ratio of H. rostochiensis in the

presence of R. soTani, VerticiTTiun aTboatrum' or a grey sÈerile fungus

is reported by Ketudat (1969).

It is necessary for the female to continue feeding, afLer pro-

truding from the surface of the roots, for both egg survival and cyst

formation, (Banyer and Fisher, 1976). Disruption of food supply or
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changes in the host may affect the size and survivar or Ha.

under an initial heavy att-ack, aboveground sympLoms such as

yellowing of leaves and a general reduct.ion in growth may be seen under

field conditj-ons. There al:e no specific symptoms that can be attributed

to a low or mild attack. Intensity of attack on the seminal roots can

be compensated for by the coronal or nodal roots, thus the relationship

betr'¡een damage and yield is not easily correlat.ed (hiilliams and Sa1t,

1970). ReporLs of population levels at which plant gro\{rh is
affected are variable due to effect of climatic conditions, nutrition,
soil type, extraction methods, cultivars tested and other pathogens.

Degree of invasion is not necessarily related directly to populations

(Stone, 1968).

Duggan (196r) was:among the first to quantify the relationship

between r/a numbers (eggs/g of soil) and cerear growth and yield. At

the leve1 of 4 eggs /g of soil no symptoms r,/ere seen and yield was not

affected in wheat. Hesling (1957) showed that height was affected

in wheat with increasing density of larvae /g of soi1.

SeinhorsE (1965) suggested that the yield of p1-ants rn¡as unaffected

when nematode density at planting or sowing was below a certain

threshold. Above this threshold, yield decreased exponentially with

density. This hypothesis with Ha on wheat ne,eds to be tested experi-

mentally over a range of densities.

The association of. Ha and Ggt in barley has been mentioned previously.

The presence of Ggt not only affects the male-female sex ratio of I/a but

also the multiplication rate (htilliams and Hornby, 1970; Cook, Lg75).

The earliest record of Rs and Ha occurring in patches was by Davidson

(1930). Kimpinski found fla i¡ patches of poor groh'th of wheat 11¡6 Rsr

Ggt and Pm. Stynes (1975) emphasized that these four pathogens frequently
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occurred together. Interrelationship betrveen IIat Fusariun noniTiforne

and HeTninthosporiun granineur-r on barley has also båen studied (Gill

and Swarup, 1977). Each of the fungi suppressed multiplication or. Ha

but in the presence of both fungi, cyst recovery h¡as greater. The effect

of 11. schachtii in combination with Rs on young sugar beets (Polychrono-

poules et a7., L969) resulted in more serious damage; the nematode

provided avenues for entry of fungi and an improved substrat.e for coloniza-

tion deep into t.he cort.ex.

PratyTenchus ninyus (sher and Allen, 1953) (pn) is regard:d as being

conspecific and a synonym or. PratyTenchus negTectus (Rensch, 1924)

Filipjev and Shuurmans Stekhoven , I94I (Hopper , 1971,). Both names occur

in current. literature, P. ninyus consistently in North America, England,

South Africa and Australia, and P. negTectus in continental Europe. Tt

is mainly found in the Èemperate regions of the world. Its distribution

in Canada is well documented in tobacco, cereal and forage growing areas

(O1thof and Hopper, L973; PotÈer and Townshend, 1973; hlillis et a7.t

1976).

Pr¡ is primarily a parasite of grasses including cereals, forage,

turf and wild grasses (Loof,1960; hletzel, 1962; Townshend er a1., L973).

It is also found in other crops such as crucifers, flowers and legumes

(Goodey et a7.t 1965); iL is pathogenic to tobacco (Mountain, Lg54),

and destructive to peppermint (Falkner and Bolander , Lg6g).

Distribution of t.his migratory, endoparasitic nematode has been

recently studied in Denmark ( Andersen, I979a,b,c), West Germany (Dern,

1977) and Italy (Inserra et a7.t 1978), in cereal growing areas.

Pn exhibits a considerable capacity to survive under varied soil

conditions and temperature (Meagher, L97O; Townshend , 1973; Fuchs , 1975).

It multiplies readily on many crops (Mountain, 1954; Townshend and PoEter,



T2

1976). It is an obligate parasite feeding first. externally Ehen

becoming a migratory endoparasite. Its life history may be cornpleted

in 28 days (Mountain, 1954). The att-ack on roots of maize, tobacco

(Mountain, 1954) and red kidney bean (Varo Alcala et a7.,1970), has

been exLensively studj-cd. In maize Pm prefers to penetrate the feeder

roots rather than the coarser lateral or main roots.

In peppermint low populations (7462 nematodes/plant) caused an

increase in dry weight of 17-25% over that of uninfected plants. Only
rrernatod,cs

when exceeded 141000 in number, was a reduction in dry weight

recorded (Faulkner and Skotland, 1965). Among the cereal species in

glasshouse tesÈs, the Eolerance limit in barley apPears to be less than

4500 nematodes per 2OO gms of soil (Andersen , I979c). Yield loss in

cereals in parts of Germany was associated with more than 500 Pn in 250

gms of soil (Dern, 1978). Occurrence of Ha h¡ith Pn together in cereals

was found in Italy (Inserra et a7., 1978) . Pn reduced growth of

Triticun durun in glasshouse tests.

In wheat, inoculations with 1000 nematodes per plant did not effect

growth (Kimpinski, L972). Stynes (1975) reported an increase in dry

weight of wheat plants, similar to Ehat found in peppermint, aÈ low

population levels (500-1000 nematodes).

Benedict and Mountain (1956) studied the root rot complex of Rs

and Pn on wheat in the field. Their combined effect was found to be

additive. In glasshouse studies on wheat, these two pathogens together

reduced yield and size of grains (Kimpinski, L972). 0n1y in peppermint

is the role of Pn in the wilt disease complex clear. Even when the two

pathogens, Pm and VerticiTTiun dahTiae f nenthae were kept. separaLe on

different parts of the root system, the incidence and severity of wilt

increased when Pm was present. It also reduced the incubation period

for the fungus and reproduction of Pn increased in infected plants
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(Faulknerand Slcotlancl, 1965; Faulkner et a7., 1970). Kimpinski (1976)

found a positive correlation between Ggt and Pm in patches in South

Australia. The association of Pm with Rs in wheat plants (de Beer,

1965), h/as confirmed by Kimpinski (f972).

The di-stribution of Pn in seminal and nodal roots of tsheat was

recorded by both Kimpinski (L972) and Stynes (1975). Higher numbers

h'ere recorded in the seminal roots and there was a marked variation in

numbers. Pn has been cultured monoxenically on lucerne callus (Andersen,

I972a) and on excised roots of maize, tobacco and clover (Mountain, 1954).

Ggt, Rs and Ha have been individually associated with rpatchesr in

the classical descriptions of diseases caused by them in Australia z Ggt

with rrmore or less circular patchesr' (Butler, 1961); Rs wit.h ttpurple

or bare-patchrr(Samuel and Garrett, 1932¡ Hynes' 1933), and Ha with

Itno-growth patchest' (Hickinbotham, f930).

Davidson (1930) reported that some plants from patches had eelworms

on them and others a furgaldisease due Èo a species of Rhizoctonia.

De Beer (1965) referred to the constant association with Pm and Rs in

plants frorn patches. Kimpinski (1972) established the presence of Ggt'

Rs, Ha and Pn in patches in South Australia. Stynes (L975) found that

these four pat.hogens did occur together on wheat plants generally and

were noL confined to patches. These are the predominant pathogens on

wheat. Certain species of Fusarium and HeTninthosporirsttt are also f ound

but occur to a lesser extent.

The aim of this project was to st.udy the interrelationships between

nematodes and fungi. The complex of pathogens found on wheat provided

the basis for the study and a field survey was undertaken to examine any

association between them. To maximize i-he information on pathogen
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distribution, it was decided that the survey should include rpatchesl

and adjacent areas of good growth. Higher pathogeñ populations have

been recorded in paLches. The reason for choosing pat.ches and adjacent

areas of good growth was to determine whether pathogens were responsible

for causing patches and whether sLronger or more associations among

pathogens occurred at higher or lower densities. Interrelationships

Ehat emerged from statistical analysis of the field data as being

important were Lhen sludied under laboratory conditions.

Most pathogen association or relationships sLudies have been con-

ducled at one density of each pathogen. The literature abounds with

experiments of the following formaL: Nematode alone; fungus alone;

nematode + fungus; uninfected control. Conclusions are drawn on the

basis of the effects measured at one density or level. As suggested

by Wallace (1983) interaction studies should be conducted at several

levels of each pathogen in a factorial experiment with adequate replica-

tion and Èhe effects on plants should be measured at intervals.
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CHAPTER II

FIB],D DISTRIBUTION

INTRODUCTTON

A cohesive area in which sampling sites showed similar environ-

mental and soil conditions and which was situated close to Adelaide

and had a history of rpatchest in fields was chosen for study. The

first object was to investigate interactions between pathogens in the

field and secondly to examine the part that pathogens played in the

occurrence of patches.

2.I Methods and Procedures

A. Site SeTec tion and SanoTinp Procedures

Field data were collected in both 1979 and 1980 in the immediate

cereal growing area north of Murray Bridge (Hundred of Finiss and

Mobilong), which is situated 70 kilometres east of Adelaide (Fig.1).

The eleven paddocks sampled per year contained rpatchesf of poor growth

of wheat. Each rpatcht was marked and numbered as was the adjacent area

of good or normal growth from which samples were taken. A typical

patch is shown in Plate 1. The survey area contained two principal

soil types - red bror*,n earths and calcareous mallee soils. (See Pât?AqRâPH

ON FActÈt4. Paae., )
A total of Lwenty plant.s was collected from each paddock; ten

from a rpatcht and ten from the adjacent normal-growth area. Samples

were collected at intervals of four weeks from sowing over three months

during the early part of the growing season. The first sampling was

carried out in late Ju1-y in both years when rpatchest were clearly

visible. Plants were randomly selected from within paEches and healthy

areas. Plants were carefully dug up to include most of the root system
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Fig.1: Map of sLudy area for 1979 and

1980 showing sampling sites.
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Plate 1: Paddock with a rpatchf

of poor growth.
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and the surrounding soil and placed in plastic bags for transport bacl<

to the laboratory.

B. Measurenen ts of PTant and Pathopen VariabTes

Plants llere carefully washed and excess moisture rernoved by

blotting before the fresh weight of the whole plant and of the root

system was recorded. After drying at 110"C for 72 hours, the dry

weight of the shoot was recorderl. The number and length of both the

seminal and coronal roots v/ere noted separately. Only the ler'gth of

the main root hlas measured, not the laterals.

Roots were placed lengthwise in a rectangular perspex dish, 20 cms

long and 10 cms wide which had I .^2 grid markings on iÈs base. The

fungal pathogens, Ggt and Rs were assessed by measuring the length of

the root lesions caused by each of them on the seminal and coronal root

systems. The number of intervals containing whole or a portion of a

lesion were counted. Fot Ggtr â rnê€rsured lesion referred to the extent

of blackened vascular tissue. Rs was recognized by cortical breakdown,

necrosis and in advanced cases by t.he snapped and rotted end, that is

characterist.ic of Rs damage. The identification of both Èhese fungi

vras supported by isolations from characÈeristic lesions.

Direct counts of al.t Ha and Pm were carried out by

s¡aining the nematodes wiÈhin the root systems with lacEophenol cotton-

blue (Southey, 1970). The swollen larvae of Ha r{ere conspicuous and

easily separated from Pm. Males of Ha were not counted. Numbers of

Pm included larvae.

C. atisticaT Proce

Discriminant Analysis was performed initially on the daLa to test
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the adequacy of the variables to measure the visual differences

between'patchy'areas and adjacent areas of good. growth. It was also

used to examine the extent to which it was possible Lo distinguish

patches from non-patches on the basis of the recorded measurement.s

of par.hogen densir'(Ke^J,o11 anJ SEu-¿nL , t1È8¡ ßLaroH.v and' Reyn""''b'nt')

Correlation Coefficients t'¡ere obtained to demonstrate the presence

or absence of a relationship between the variables, and also to provide

an exploratory indication of t.he closeness of relationship between

variables, especially among the pathogen variables. Correlat-lons also

Índicated the type of relationship between the variables.

Principal Component Analysis r+as used mainly to examine the

interrelationships between all the variables measured i.e. plant para-

meEers and pathogen leve1 variables; and to see if a clearer pattern

of relationships energed. This method of analysis is general for it

makes no assumptions about the original variables, neither does it test

any hypothesis. It is simply a different h'ay of expressing the same

set of results(cLGFo¡J' and- SËe'¡herrson¡,l9l5; Jat'll'^e'y ' ta16')

Principal component analysis may reduce dimensionality of a space

by forming linear combinations of the original variates which attempt

to account for most of the variation in the data sec. The first princi-

pal component is the line or axis on which the projections of the data

points have maximum spread. Subsequent components are projected

orthogonally and describe successively smaller amounts of variation

in the data. This redescrþtior of the data thus produces a set of un-

correlated principal components. Usually the first few components

account for a large proportion of the variation in the system. The

contribution of the original variables to this variation is determined

by the magnitude and sign of their coefficients in each component.
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Thus the interrelationships between the variates can be studied by

cornparing the principal component coefficients.

As t.he predetermined variables measured were separated ouL

initjally into two separate groups (growLh and pathogen parameters),

principal component analysis r+as appli-ed separately for indications

of possible relationships between'growth variables and pathogen

variables that occurred in the field and which were not consistently

idenLified by correlaÈions. fnconsisLent variable relationships may

also be better explained by this analysis.

l"fultiple Resression Analvsis hras used so thau atrl pathogen

variables which substantially contributed to the variance, could be

identified and also to find out to what extent pathogens were responsible

for variation in growth. All four pathogens measured were the inde-

pendent variables in the equation against the dependent variable of dry

shooÈ weight. The analysis was also carried out with interaction terms

of pathogens (Rs, Ha and Ggt) for the 2nd and 3rd sampling times to see

if any interactions contributed to the variance.

2.2 RESULTS

A. Discrininant AnaTvsis

llhen all parameLers were analysed, the differences between areas

of good and poor growth at each sampling in each year r,tere distincu

(Figs. 2 to 7). l^lhen only the plant parameters, plant weight and length

and number of roots v/ere analysed, separaLion of the two types of growth

was still distinct. hlhen the analysis was applied only to pathogen

variables, the separaÈion vJas not as distinct with considerable over-

lapping between the two areas. Greater overlapping in pathogen measure-

ments occurred at the first. and third sampling in 1979.
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In the second year, all samples rvith all variables included,

clearly illust.rated that patches and non-patches were different.

Discriminant analysis with only growth parameters also clearly separatecl

the two areas. lrlith pathogen variables only, the trend Eo separation

of the two areas persisted but considerable overlap remained all-hough

less than in L979.

Although patches in the study area \{ere not enLirely due to patho-

gens, higher numbers of organisms (f1a, Rs and Ggt) were found in the

roots of plants from patches, but plants from adjacent areas of normal

growth also had these pathogens on them. There were no planLs without

any pathogen damage in either year.

Discussion

This analysis confirmed that the measurenents used were adequate,

Èhat the chosen areas of patches and non-patches h/ere statistically

different and clearly indicated that pathogens alone were not responsible

f or the occurrence of pat.ches. Some ot.her f actor or fact.ors , not

measured, had an important influence in the manifestation of patches.

The added stress on the wheat plant by pathogens in high salinity areas

was offered as a plausible explanaLion for the occurrence of patches by

Kimpinski (1972) who observed that patchy areas could be distinguished

in paddocks wiLhin two weeks after crop emergence. Because of the lack

of association between pathogens and patches, all data were pooled and

further analysis carried ouL on all samples from the eleven paddocks,

ignoring the separation of patches and non-patches.
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Figure 2: HisLogram of results of Discriminant

Analysis at first sampling time,

July 1979.

A: All variables (growth + pathogens)

B: GrowÈh variables only

C: Pathogen variables onlY
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Figure 3: Histograrn of results of Discriminant

Analysis at second sampling time,

August, 1979,

A: All variables (growth + pathogens)

B: GrowËh variables only

C: Pathogen variables only
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Flgure 4: Histogram of results of Discriminant

Analysis at Ehird samPling time '

September ' 1979.

A: All variables (growth + pathogens)

B: Growth variables onlY

C: Pathogen variables onlY
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Figure 5: Histogram of results of Discriminant

Analysis at first sampling time,

July, 1980.

A: All variables (growth + pathogens)

B: Growth variables only

C: Pathogen variables only
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Figure 6: Histogram of results of DiscriminanL

Analysis at second sampling time,

August, 1980.

A: All variables (growth + pathogens)

B: Growth variables only

C: PaÈhogen variables only
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Figure 7: Histogram of results of DiscrimiilanL

Analysis at third sampling time,

September,1980.

A: All variables (growth + pathogens)

B: Growth variables only

C: Pathogen variables only
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B. Means of VariabTes

Year 1, 1919 - Rainfall in April and May was adequate to give a

reasonable opening to the season but June and July were rel-aLively dry

months hlith little rainfall. AugusL, September and October had adequate

rainfall (Table 1). The variables recorded on the plants in JuIy,

August and September are listed in Table 2 and the means are given in

Table 3.

At the first sampling tirne at the end of July only seminal roots

were present. Varj.atíon in the plant variables between paddocks was

not extreme but the pathogens did vary. The mean length of Ggt

lesions was small and only 2I of. rhe 220 plants sarnpled were infected

with Ggt (Tab1e 4); Rs and Pm were found on all plants and this is

reflected in the length of Rs lesions and the numbers of Pm in the root

systems. Numbers of Ha in the root systems were variable but were

mainly sma1l with more nematodes in plants from patches.

At the second and third sampling t.imes, in August and September,

coronal roots were present. At the second sampling time 60 plants

out of 22O pIanLs (Table 4) had Ggr lesions on the seminal roots.

There ÏIas a corresponding increase in the lesion length as well (Table 3).

Rs was still the dominant fungal pathogen and like Pm was found in all

plants. Swollen sedenLary females of Ha were seen in the seminal

roots. Males were also observed in the roots but were not counLed.

Plants from patchy areas had fewer coronal roots. Rs was the

main pathogen found on these rooLs and only 34 plants out of 22O plants

showed Rs root lesions (Table 4).

At third sampling time in 1979 there v/as almost a ten-fold in-

crease in Ggt j-nfection with most- planLs having at least one lesion of

Ggt. Rs was found in all plants sampled, the incidence of this fungus



TABLE 1: . Average monthly rainfall (mm) during 1979 and 1980

MONTIl

Jan. Feb. Mar. Apr. May June July Aug Sept. Oct. Nov. Dec

t979

Murray Bridge

Mannum

1980

l"lurray Bridge

Mannum

22.2 36.2

29.4 29.2

15.0

16.2

20.8 36.6 4.8 I2.2 5t+.6 78.t+ 66.0 37.4 3.8

20.4 38.2 6.6 6 .6 58.8 88 . 3 48.8 39.0 6 .2

1.8 2.6 2.2 62.6

r07.6

49.0

33.6

50.0

36.4

L2.6

15.0

15.0

TI.2

17 .8

11 .0

83,7

82.4

9.6 18.0

1.8 L.4 6.2 5.2 7.O

The survey areas lay between Murray Bridge and Mannum'

N)
\o
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TABLE 2: Variables recorded on wheat plants collected in survey
area over 2 years

Variable number Variable

lst Sampling time:

2nd and 3rd Sampling time

1

2
3
4
5
6
7
I
9

10
11
T2
13
T4
15

Fresh Lotal weight of plant
Fresh root weighL
Dry shoot weight
Numb
Leng
Leng
Leng
Numb
Numb

Fresh total weight of plant
Fresh root wei-ght
Dry shoot weight
Number of seminal roots
Length of seminal rooEs
Length of Ggt lesions
Length of Rs lesions
Number of Pn
Number of. Ha
Number of coronal roots
Length of coronal roots
Length of Ggt lesions
Length of Rs lesions
Number of Pn
Number of Ha

1

2
3
4
5
6
7
I
9

(e)
(e)
(e)

(s)
(s)
(s)
(s)
(s)

(cr)
(cm)
(.*)

er of roots
th of primary roots
th of Ggt lesi-ons
th of Rs lesions
er of Pm

er of. Ha

(e)
(e)
(e)

(cm)
(c*)
(c*)

(cm)
(c*)
(cm

(s)
(s)
(s)
(s)

(c)
(c)
(c)
(c)

(S) - On seminal roots
(C) - On coronal roots



TABLE 3: Meansandrangeofvariablessampled3timesPeryearfor2years

r979

July

August

September

.449
(0.323- O.s74)

1 .83
( 0. 84-2 .81 )

6.82
( 3.03-10.61 )

.168
(0.127-0 .209)

0.401
(o.267-0. s36)

r.267
(0.6s0-1.882)

0.0348
(0.0252-0.0445)

o.26rr
(0.11s8-0.4064)

1.195
(0.491-1 .890)

4.62
(4.26-4.e8)

4.63
(4.48-4.88)

4.95
(4.59-5.32)

24.66
(20.83-28.49)

28.26
(24.87-3t.64)

27.88
(24.794A.98)

0.105
(0.036-0.173)

0.400
(o .264-0.536)

2.50
(r.75-3.26)

3 .81
(2.29-5.33)

3.56
(1.12-5.01)

2.75
(r.2e-4.22)

7

636
iz.os)

2.40
(r.92-2.87)

2 .08
(r.89-2.27)

I.3t+
(o.ee-1.6e)

r.37
(1.09-1.66)

2.58
(2.40-2.76)

64321
5

1.
(I.2r

1980

July

August

September

2.35
( I .00-3 .69 )

4,169
(1.67-6.66)

6.04
(3. 1s-8.93)

0.561
(0.465-0.6s7 )

0.867
(0.s33-1 .202)

0.986
(0.63s-1 .337 )

0.2317
(0.0798-0.3836)

0.631
(0.211-1.0s2)

1 .555
(o .77 4-2. 365 )

5.79
(s.74-s.83)

5.80
(s.64-s.97)

5.70
(s. s8-s.83)

26.54
( 19 . s4-33 . s3)

2r.54
(7e.56-23.s2)

23.50
(L9.60-27 .40)

continued/..

(,
ts



4s.5
(38.6-s2.3)

78.7
( 68.3-89.0)

.58.8
(46.2-7r.s)

6.47
( 2 .8-10.0)

8.89
(3.93-13.85)

7.01
(2.89-11.13)

10

3.07
(r.63-4.s2)

TQ,22
(6. 15-14.20)

i1

11.9
(s.1-18.7)

59.9
(32. s-87.3)

L2

0.068
(0.0-0.136)

2.50
(r.75-3.26)

13

0.30
(0.3-0.318)

2.60
(2.43-2.77)

L4

.6L
(0.47-0.7s)

2L.26
( 18.34-24. 18)

6.52
( 3.9s-9 .09)

17,o4
(9.63-24,/+5)

15

0. 10
(0.08-0. 13)

i.88
(t.ss-2.20)

0.273
(0. 173-0.373)

0.664
(0.34s-0.982)

98

62.7
(4s.s-79.7)

58.8
(s1.8-6s.8)

8r.2
(66.8-9s.7)

5.52
( 2 .04-9 .01 )

4. 10
(0.4s-7 .7s)

3.63
(0.80-6.46)

7 .37
(4.44-10.30)

9.87
( 6.80-12.94)

25.77
( I 1 .86-39 .67 )

36.5t+
(20.24-s2.84)

1.15
(0.8s-1.46)

0.750
(0.6-0. e)

2.98
( 1 .93-4 .04 )

5.60
(t+.75-6.45)
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TABLE 4: Number of plants from a total of 22O at each sampling
time infected wit.h Ggt, Rs' Pal and IJa over 2 years

Seminal roots Corona1 roots
Ggt Rs Pn Ha Ggt Rs Pn Ha

w
July

August

September

1980

July

August

September

2L

60

L96

207

202

170

208

220

220

151

158

202

206

220

220

202

220

220

L62

206

r87

163

136

L46 57

180

214

3342110
L72 2r2 203 146

110 92 18

184 6s
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being similar to that found at the two earlier samling dates.

There v¡ere no significant differences in the level of. Pn and Ha

(Table 3).

All four pathogens were found on the coronal roots and the

incidence of both fungi was similar. Low numbers of lla were recorded

on the coronal roots (Table 3) which were fewer on plants from patchy

areas.

\ear 2 1980 - Rainfall in April, May and June was adequ¿rte for

early grovrth but Ju1y, AugusE and September were relatively dry months

with low rainfall. The variables recorded on the plants in 1980 are

also given in Table 2 and the means in Table 3.

At the first sarnpling in July, only seminal roots were found.

In conLrast to thepevious yearts results, Ggt was the dominant fungal

paÈhogen and was found in most plants (Table 4). There were however

more lesions on plants from patchy areas. Although nean length of

Rs lesions did not differ substant.ially from Lhe previous yeat, numbers

of planÈs with Rs did; about 50% oL plants from patches were infected

with Rs whereas nearly all plants from areas of normal growth had Rs

on Ehe roots. Plants that had more Ggt on them, had less Rs. All plants

from patches were infected h/ith ¡/a but half the plants from non-patches

were free lrom Ha. Only 163 of the 22O plants sampled were infected

with //a (Table 4).

At the second and third sampling times, coronal roots v',ere present

and plants from patches had fewer coronal roots. This delay in pro-

duction and number of ,coronal roots was similar to Lhat in the previous

year. Length of. Ggt lesions and number of plants with Ggt were the

same at the first and second sampling times i 62 plants out of 22O planLs
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did r-rot exhibit any Rs lesions. l'lith Pm there was llo discernable

pattern. All plants had Pm in the seminal roots. The pattern of

the infection was similar to that found aL the first sampling:

outside paLches, more pl-ants were without //a on them whereas all plants

within patches were infested wiLh Ha.

Both fungal pathogens were found on Lhe coronal rooLs although

Ggt to only a minor extent. Rs was equally abundant on both seminal

and coronal roots. Nematode counts r¡/ere very Iow on the coronal rooLs

(Tab1e 3).

At the third sampling time the length of Rs lesions increased and

Ggt levels r{ere lower than those at the second sampling time (Table 3).

Pm was found in all roots whereas I/a occurred in onJ.y I72 plants out of

220 plants. Swollen, white, protruding females of IJa were present aL

this sampling time.

On the coronal roots, only 57 plants out of 22O (TabLe 4), had

GgÊ lesions on them while nearly all plants \t¡ere infected by Rs. More

Rs lesions h¡ere found on plants from outside patches. The coronal

roots only contained low numbers of Pn and [Ia.

Discussion

Patches could be easily identified because plants from them were

smaller and unthrift.y. The only pathogen consistently found aE high

density in plants from patches was Ila. The numbers of Ha in patches

in the survey area \4/as high although there v/ere variations in incidence

between patches in different paddocks. Both I1a and Pn were found in

the roots at the first sampling probably because sufficient water was

available for penetration. With fungal pathogens, the pattern changed

between the two years and this may have been related Eo rainfall. In
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1979, in April and llay there was barely sufficient rain for sorving

and t.his was follo\,\,ed by two dry months. In 1980, rainfall in April,

May and June rvas plentiful, but July, August and September, were dry.

In 1979, in early and mid samples, Rs was dominant but Ggt increased

in the last wet sample. In 1980, Ggt was dominant early in the \^/etter

conditions rvhereas infection of coronal roots by the fungi probably

depended on water availabílity at their time of emergence.

C. CorreTations

Correlations between olant variables

All plant variables at all times in both years were significantly

correlaLed with each other (Tables 5 and 6). The weakest relationship

was between number of seminal roots with fresh weighr of plant at a1l

sampling times in 1979. In 1980, number of seminal roots and their length

also were noÈ strongly correlated with fresh plant veight.

Correlat ions between olant erowth and pathogens

In Lhe first sample in t.he first year, there were few significant

relations between the organisms and -plant variables (Table 7). LengEh

of. Ggt and Rs lesions $rere negatively related to length of seminal roots

while IJa was the only factor negatively related to shoot dry weight.

The heavier the root system, the more Ha wete present. At the second

sampling, all organisms were negatively correlated with fresh weight of

the plants and dry weight of shoots; all organisms except Rs were síg-

nificantly correlated with fresh weight of roots. 0n1y Ha and Ggt were

negatively correlated to seminal root length and only Ha to the number

of seminal roots.



TABLE 5: Correlation coefficients among growth measuremenEs in Year 1, 7979

54321

1st Sampling

Total fresh wt 1

Root fresh wt 2
Dry shoot wt 3
No. of S. roots 4
Length of S. roots 5

2nd Sampling

Total fresh wt
Root fresh wt
Dry whoot wt

1.0000
0.567:f¿srç
0.3081s"'$tt
0.559rç+çr+
0.52OrEåç*
0.3l4nnr$

2

1.000
0.769rs?xåç

0.261å$ì$åe
0.431¿+++.)f

Q.JQTtxv,:
0.758*ìr*,

000

900¿snx'
52Oås.r$*

667tçr$+É

3

1.0000
0.441?'Êlråî
0.754rêà¿*
0.660rs7rn
0.369r+*+E

3

1.000
0.401**rÊ
0.5l4vfrsr+
0.74lrsìsrs
o.77z-^e++ç

1.000
0.660rçyçx
0.549ìrxx
0.734-)r*""f

4

1.000
0.656+s*n
Q.)$ÇxrrYn
0.r74(

1.000
0.582t+¿çìE

0.235v.s*rE
Q. lJ,srs'rz'$

1.000
0.418rçx* |

6.5521+Y.sY.r

5

1.000
0.479n**
o.226x+(

1 .000
0.336,3aqår
0.403vfì37r

1.000
0.5887'**

1 .000
0.943xåså,ç

1.000

^

000
31 g-x-x-.tË 1 .000

ìt831
1.
0.
0.
0.
0.

No. o
Lengt
No. o

oots
. roots
oots

.000

.759.)+*+r

.9I2+tx+þ
/ ô ô¡¿J¿J¿

. /J$:\+råq

.69zsrx-ìt
ô ô ô_r¿¡¿_{

11
20
30
40
50
60
70

f S. r
hofS
fC.r

1 1.
20.
30.
40.
50.
6 0.
7 0.

721

1

0Length of C. roots

3rd Samolins 1 7

Total fresh wt
Root fresh wt
Dry shoot wt
No. of S. roots
Length of S. roots
No. of C. Roots
Length of C. roots

000
866lg*x
941*rçå$

498içx)r
922)!rà1X

850åEàêår 1 .000

L¡)
o\

S. - Sem.iual; C. - Coronal .



TABLE 6: Correlation coefficients among groh'th measurements in Year 2' 1980

54321

lst Sampling

Total fresh wt 1

Root fresh wt 2

Dry shoot wt 3
No. of S. roots 4
Length of S. roots 5

2nd Samplíng

Total fresh wt
Root fresh wt
Dry shoot wt
No. of S. roots
Length of S. roots
No. of C. roots
Length of C. roots

3rd Sampline

1

.000

.848r+{-t¿

.97zxxx
t (?;ç)ê)3

.340?YtEx

.871åÊåE?'É

.831r$xls

1.000
o.749åtxx
0.326ìr*"'$
0.344¿t*tê
0.689r$rÊr$
0.69srslsr$

2

1.000
0.79Oår,tå¿
0.137
0.469r+?'$s
0.785rÉ;rx-
0.755rF'r*

1.000
0.653ìçìtn
0. gg4ffrçr?

0.078
0.555.rç**'

1.000
o.222+t
0.313vrr$*
0.852àçxx
0.g17*rçr+

3

1.000
0.102
0.491r+rs*
0.863x.¿Ex
0.700å$.t$rÅ

1.000
0.57lnr+åê
0.069
Q. J'Slz'Ë:'e/s

4

1.000
0. 158ås

0.164r+
0.077

1.000
0.084
Q. Jl!;',s*væ

1.000
0.298å$"'Éx.

0.403ìr*?r

5

.000
x

1.000
o.249x-xx

6

I .000
0. g6gx-rs,r

6

1 .000
0.82/+xxx

1 .000

1 .000

732

11
20
30
40
50
60
70

I 4

Total fresh wt
Root fresh wt
Dry shoot wt
No. of S. roots
Length of S. roots
No. of C. roots
Length of C. roots

I
2
3
4
5
6
7

1.000
0.946às.,8*
0.975rs¿É-)s

0.116
0.500,llsì+
0.870"'$)ç.:ç

0 . 7 l5isrçts

1.000
0.338?'s*x
0.098
6.r22

488)sx-
1

0
0

(,\,
S. - Seminal; C. - Coronal.

.496x)rr+ 1 .000



TABLE 7: Correlations between growth parameters and pathogens on seminalrootg'ín L979

Pathogen
Variables

1st Sampling

Length of Ggt lesions
Lengt.h of Rs lesions
Number of Pn
Number oL Ha

2nd Sampling

Length of Ggt lesions
Length of Rs lesions
Number of Pn
Number of Ha

3rrl Samplins

Length of Ggt lesions
Length of Rs lesions
Number of Pm

Nunrber o1. Ha

Fresh weight.
of plants

-0.083
-0.085

0.063
-0.084

_0.31Otsåsx

-Q.l$$à¿åra!
-0.226-^"x
_0.443rsxr$

-0.362rs**
-0. 215xås

-0.085
-Q. /all*z\x

Fresh root,
weight

-0.049
-0. 101

0. 179r$
0.161'tr

-0.318x**
-0.118
_0. 195ås*

-o.247',txx

_0.208àçrf

-0. 179rs
0.021

_0.260åfxtt

Dry shoot
weight

-0.098
-0.o79
0.056

-0. 195åErå

-0. 232å3"'s*
_0.369x.K)r

-0. 190-),çx

-0.512-)sn')Ê

-0.461ìT*;+
-0.r27
-0. 156å.

-0.483x7ç+É

Number of
S. roots

-0.004
-0.060
0.099
0.086

-0.039
0.088
0.018

_0. lg3rivf

-0. 1 15
0.040

-0. 178å+

-0.1r1oåt*n

Length of
S. roots

-0. 140ås

-0.175x
0.097

-0.046

-0.140"'"
-0.057
-0.086
-0 . 41 1tE/'ìr

-0. 148-x

0.054
-0.083
-0.340-x-;t*'

(,
co



TABLE 8: Correlations between growth parameters and pathogens on seminal roots in 1980

Pathogen
Variables

lst Samplíng

Length of Ggt lesions
Length of Rs lesions
Number oL Pm

Number of Ha

2nd Samoline

Length oL Ggt.

Length of Rs
Number of Pn
Number of. Ha

lesions
lesions

Fresh weight
of plants

-0.343r3*.'t
0.245-xìsr3
0.088

_0.510,lr+*

-o.477x'xx
0.181nx

-0. 167-)E
_0.610å-*r$

-0.394rs"ï*
0.121
0.323¿$rsr$

_0.506rsrsås

Fresh root
weight

-0.0s9
0.o92

-0. 1 10
0.009

_0.302rsà$*

0. 17lrs
0.085

_0.415;slsås

_o.279'tà!x
0.040
0.334ìÊr$l$

_0.368åsrf*

Dry shoot
weight

_0.322rfrslq

0.238ì$år"'r
0.089

-0.5/+/++Ê'$*

-0.450rfåÊt+
0. 168v"

-0.169)r
_0.601vf *å+

_0.391rs*å+

0. 160à'
0.3191t+êvtr

-0.506)$"Yìç

Number of
S. roots

Q. lÇ$l's^s

0.010
0.096
0.034

-0. 108
0.210rf|ê
0 .013

-0.025

-0.038
0. 131
0. 178?'r*

-0.053

Length of
S. roots

-Q .ta$):'<-Y'cxt

0.408ìr'trt(
0.27$)'.fxÍr

-Q. {l lfs;.¿Y.s

-0.I22
o.026
0. 103

_0.188"r*

-Q.lJQ-**rr
0.207?'+-x-

0. 394x-x-vr

-Q. J,Jl)r/r-,"c

3rd line
Length oL Ggt lesions
Length of Rs lesions
Number of Pn
Number of Ha

(,
\o
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At the ehird sample, Ha agaín was negatively correlated with

the majority of plant variables as were Ggt and Rs. Pn had only low

correlations.

In the second year (Table B) the pattern was similar at the second

and third sampling. Rs was positively correlated with the plant

variables rvhereas the relation of Pn to plant variables was again

inconsistent.

Corre lations between Pathogens

At the first sampling time in the first year, only two positive

correlations \4/ere recorded (Table 9) with Ha - Ggt and I/a - Pn.

At the second sampling time this changed to relaEionships of I/a with

Ggt and Rs wiÈh Ggt. The coronal. roots showed a similar relationship

oî. Ha wiEh Ggt and Rs but Pø was also related to Rs and Ha.

Essentially similar situations occurred i.r the third sample. The most

consistent relationship occurred between Ggt and Ha,

In the second year (Tabfe 10) the correlation between Ggt and Ita

was again consistent but inverse relationships were now evident between

Ggt and Rs and Rs and I/a Although significant correlations between

Pm and other organisms were recorded, they were sometimes positive and

sometimes negative and therefore difficult to interpret. Relationships

between organisms h/ere generally more consistent on the seminal than

coronal roots.

Discussion

The strong correlations among plan¡ parameters rneasured at all

sampli ng times in both years, illustrated that the growth of plants

was closely related to morphological Parameters except those which
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TABLE 9: Correlation coefficients among paLhogens in Year 1, 1979

Ggt Rs Pn Ha

Gg
Rs
Pn
Ha

lst Samplins

2nd Sampline

3rd Sampling

I .000
0.086
0.06s
0.235x-n-F

1.000
0. 159*
o.o92
0. 183^*x

I .000
-0.045
0.060
0.335xxx

1 .000
0.002
0.398ì+x-+r
O.422^\-x-*

1.000
0.293à¿x*
0.260tcxtr
0. 26lx-*x-

1.000
0.065
0.130

I .000
0.056
0.347x-ffx-

r .000
O.246"^x
0.161x-

r (s)
(s)
(s)
(s)

Gg

Rs
Pn
Ha

Gg
Rs
Pn
Ha

(s)
(s)
(s)
(s)

t

(c)
(c)
(c)
(c)

t

Q. {p$aqz'$* I .000

1 .000
0.057 I .000

1.000
0. 534?r+sx- 1.000

r.000
0.572rçx-* 1.000

1.000
0.280*x-ãq 1.000

Ggt
Rs
Pn
Ha

Ggt
Rs
Pn
Ha

(s)
(s)
(s)
(s)

(c)
(c)
(c)
(c)

1 .000
-0.01 I
0.130

1.000
0.265+rx-*
0.155x'

(S): Seminal roots; (C): Coronal roots.
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TABLE 10: Correlation coefficients among paLhogens in Year 2, 1980

Ggt Rs Pn Ha

2nd Sampling

(s)
(s)
(s)
(s)

À_o-d

00s
19

I
-0
-0

Ggt
Rs
Pn
Ha

(s)
(s)
(s)
(s)

(c)
(c)
(c)
(c)

lst Sampling

Ggt
Rs
Pn
Ha

Ggt
Rs
Pn
Ha

3rd Sampline

1.000
_Q. JJ$;rz'saq

-0.199x--x-
0.500vfxx

I .000
_0. 497x--x-vr

0. 192*''Ë
0. 339x-Ydx

I .000
-o.126
0. 105

-0.003

1.000
-0 ¡ /+64*x-x

-0. 1 14
0.458x-àqt(

1.000
-0.018
0.248xx-x
0. 139x'

1 .000
0. 071

-Q. JJQr'ta\z"r

000

1.000
Q. JQlaqy.sx-

-o.o24

1.000
0.103

-0. 187"rx-

1.000
0. 111
0.079

1 .000
_0.197.'r*

I .000
0. 325x-ãq*

1.000
o.o77

1.000

1.000

1 .000

1.000

1.000

Gg
Rs
Pn
Ha

Ggt
Rs
Pn
Ha

t (s)
(s)
(s)
(s)

(c)
(c)
(c)
(c)

1.000
-0. 218x'x

1.000
0.081

(S): Seminal roots; (C): Coronal roots.



describe roots. Inability to measure the complete length of roots

may explain this difference.

The association of pathogens on seminal roots with grovrth

variables was predomj-nantly negative, indicating that damage to seminal

roots reduced growth. Ggt, Rs and lla decreased growth in the first

year of survey whereas only Ggt and Ha were responsible in the second

year. Rs in the second year did not have much effect when Ggt was the

dominant fungal pathogen on the roots, and Prn appeared to have little

effect

The only consisEent relationship among the plant pathogens in

both years, was the positive correlation between Ggt and Ha on seminal

rools. It is possible that Ha, aE the time of penetration nay

facilitate infection by Ggt. fn many samples tJgt lesions v/ere found

in the vicinity of syrcytia radiating into the lateral roots especially

in the second year when Ggt was present in greater amounts early in the

season.

43

in the

the numbers

The association beÈrveen GgË and Rs was negative in all three

samples in the second year. This inverse relationship was strong,

suggesting that they might be antagonisLic to each other.

Rs was also consistently negatively correlated with /la

second year, suggesting that an increase in Rs might reduce
olhen kl"..ds oF cyst

of tla in Èhe roots. ReducLion of I populations by fungi has been

reported (James, 1966, 1968; Jorgenson, 1970). Suppression of. H.

glycines populations by R. soTani was found by Dave (1975) in soybeans.

The association between Ggt and Pm was not consistent and no

slrong association v/as found between R,s and Pm. The change in relation-

ships between Ha and Pm and Ggt and Pn, at different sampling times may

have been due to the great variation in numbers of Pr¡, found in the
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samples in both seminal and nodal roots. In any evenL, inconsistent

and weak relationships do not provide useful hypotheses for further

study. The correlation coefficients, even in the highly signifi-

cant consistent relationships, tend to be lorv, reflecting the

multifactorial nature of disease causation. Nevertheless, such

associations do give a picture of 'r"hat might be happening in the field.

D. PrincioaT Component Analvsis

Tables 11 to 16 show the results for both 1979 and 1980 at each

sampling time for both growth and Pathogen variables separately.

lrlith both sets of variables the first three or four comPonents accounted

for most of the variation in plant growth and pathogen measurements.

That the first component often has the character of a rsizer vector

(Blackith and RQyment, 1971) is clearly demonstrated by the analysis

of the plant pararneters. The first principal component indicated Chat

the growth of the plants at all sampling times was proportional to the

measuremenLs recorded as seen by the similar magnitude and sign of

coefficient values in its structure. The exception was the Parameter

of number of seminal roots. The variables describing one or both root

systems were identified by the second and third components. Thus

components 2 and 3 in this study can be considered as root factors.

0vera11 the number and length of seminal roots dominated the second

component, but the association betr+een number and length of roots h¡as

not the same at all sampling times indicating that size of the root

system hras very variable in the samples.

At the first sampling date in 1979, the second principal component

identified that among t.he plants assayed, there was much variation in

numbers of seminal roots irrespective of their length. In the second

sample, many plants with more and longer seminal roots sometimes had
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TABLE 11: Principal component analyses of growth and pathogen
variables on seminal roots at lst sampling date in
Year 1, 1979

Variable Principal comDonent
I 2 3

Total fresh wt of plant
Fresh root wt
Dry shoot wE

No. of seminal roots
Length of seminal roots

Eigen value
7" of. variation
Cumulative %

.937

.900

.845

.703

.834

3.596
7]_9
7r.9

-.278
-.018
-.427

.609

.250

.695
13.9
85 .8

.08s
-.22L

.236

.363
-.403

.406
8.1

94.O

0rganism Seminal roots
3I 2

tGg
Rs
Pn
Ha

.449

.323

.766

.853

t.620
40.5
40.5

.516

.718
-.430
-.L57

.993
24.8
6s.4

_.7II
.6II+
.r77

-.018

.91s
11 0

BB.2

.rsg

.041

.442
-.497

.470
11 .8

100.0

Eigen value
7. of varíation
Cumulative %
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TABLE 12: Principal componenE analyses of growth and pathogen
variables in seminal and coronal roots at
2nd sampling date in Year 1, 1979

Variable Princj pa1 compone¡ts
1 2 3 4

Total fresh wt
Fresh root hrt
Dry shoot wt
No. of S. roots
LengLh of S. roots
No. of N. roots
Length of N. roots

Eigen value
7" of varíation
Curnulative %

.950
,767
.906
.595
.846
.749
.466

4.768
s9.6
s9.6

,079
.155
.018

-.62r
-.369

.26s

.584

.96s
13.8
73.3

-. 151

-.21r
-.o92

.410

.039
-.263

.66L

.753
10.8
84. 1

.043

.545
-.I79
-.037

.026
-.408

.ol7

500
1

3
7'.

9r.

Seminal roots Coronal roots

PRINC]PAL COMPONENTS

I 2 1 2 33 4

Gg
Rs
Pn
Ha

t . s63
.735
.274
.75r

.2I7
-.257

.90s
-.240

.990
24.8
62.2

-.795
.287
.324
.195

..054
.556

-.009
-.581

.6s0
16.3

100.0

.428

.426

.797

.860

L.74I
43.5
43.5

.754

.662
-.21+I
.I76

I .098
27.5
71.0

.450

.615
-.397
-. 160

Eigen value
7" of variation
Cumulative %

r.499
37.5 2L.5

83. 737.5

6s8s9
19
90

7
1

I



TABLE 13: Principal component, analysis of growth and pathogen variables on

seminal and coronal-roots at 3rd sampling date in Year l, L979

Variable
Principal components

1 2

Total fresh wt
Fresh root wt
Dry shoot wt
No. of S. roots
Length of S. roots
No. of N. roots
Length of N. roots

.962

.870

.923

.453

.608

.877

.909

-.r21
-. 150
-.007

.785

.632
-.285
-.258

-.086
0. 200

-.051
.387

-.37I
.253
.r46

-.136
- ?qo

-.202
-. 150

.302
,247
.23r

3 4

0rganism

Eigen value
7. of. varíation
Cumulative %

Eigen value
7" of variation
Cumulation %

1

.730

.109

.824

.845

4.709
67.3
67.3

L.202
17 .2
84.5

.424
6.1

90.5

.3s6

.1

.6
5

95

Seminal roots Coronal roots

PRINCIPAL COMPONENTS

2

-. 130
.98s

-.r24
. i06

I .015
25.4
73.9

J

.668

.068
-.3s8

aa1

.636
1s.9
89.8

4

.048

. 110

.420
-.466

.408
ro,2

100.0

.697

.637

.69r

.625

2

-.r43
-.622

.L29

.651

.849
2r.2
65.3

3

.569
-.r02
-.614

.t49

4

_.4II
.442

-.356
.402

.655
L6.4

100.0

1

Ggt
Rs
Pm

Iia

939
5
5

1

48
48

r.76
44.0
44.0

7
4
6

¡-{

18.
83.

34
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TABLE 14: Principal cornponent analysis of growth and pathogen
variables on seminal roots at lst sampling date in
Year 2, 1980

Growth
variables

Principal components
1 2 3

Total fresh wt
Fresh root wt
Dry shoot wL
No. of S. roots
Length of S. rooEs

Eigen value
7" oL varíation
Cumulative %

.958
,755
,928
.201
.708

2.89s
s7 .9
57.9

-.153
-. 161

-. 14s
.937
.304

1 .043
20.9
78. B

.005

.467
-.o23

.256
-.549

.sB6
7r.7
90.5

Seminal roots0rganisms
1 2 3

Ggt
Rs
Pn
Ha

.86s
-.778
-.305

.7s6

2.O20
50.5
50.5

.077
-.309

.934
-.031

.976
24.4
7 4.9

-.116
.4r9
.169
.633

.619
15.5
90.4

Eigen value
7" of variation
Cumulative %
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TABLE 15: Principal component analysis of growth and pat.hogen
variables on seminal and coronal roots at 2nd sampling
date in \ear 2, 1980

Growth
variables

Princi nents1

I 2 3

Total fresh wt
Fresh root rtrÈ

Shoot. dry wt
No. r.f S. roots
Length of S. roots
No. of N. roots
Length of N. roots

Eigen value
7" of varj¿tion
Cumulative %

.972

.863

.942

.292

.4s6

.912

.902

4.52r
64.6
64.6

-.o47
.I2B

-.090
.9r2
.251+

-.172
-.226

.004

.3

.9

-. 116
-.087
-.r23
-.24r

.850
-.091

.078

1

T4
78

32B

9
I

11.
90

Seminal roots Coronal roots
0-rganisms

I 22 3 I 3

Ggt
Rs
Pn
Ha

.813
-.669

.472

.686

1 .802
45.L
45. I

-.262
.586
.732
.379

1.093
27.3
72.1+

-. 131
.135

-.474
.615

.639
16.0
88.4

-.041
.865
.865
.0884

.508

.7

.7

,.870
-.2r7

.2r2

.457

1.058
26.s
64.2

-.4s7
-.043
-.068

.881

.992
24.8
89.0

Eigen value
7" of varíation
Cumulative %

I
37
37
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TABLE 16: Prirrcipal component analysis of growth and^pathogen
variables on seminal and coronal roots at 3rd sampling
date in Year 2, 1980

Growth
variables

Principal conponents
I 2 3

Total fresh wt
Fresh root wt
Dry siroot wt
No. of S. roots
Length of S. roots
No. of N. rooLs
Length of N. roots

Eigen value
% of variation
Cumulative Z

.9s4

.890

.939

.2I8

.634

.923

.468

4.108
58.7
58.7

-.r32
-.088
-,r42

.90s

.466
-.138
-.059

1.106
r5.8
74.5

-. 151
-.070
-.135

.087
-.154

.003

.874

.842
t2.o
86.5

Seminal roots Coronal roots
0rganisms

I 2 3 1 2 3

Gg
Rs
Pm

Ha

t .834
-.679
-.389

.7L9

.247
-.401

.839

.2r2

.108

.534

.37r

.581

.695

.307

.71.2

. s13

-.452
.885

-.0s4
.158

-.04s
-. 198
-.460

.820

Eigen value
% of variation
Cumulative %

r.o27
45.7 24
45.7 70

23
82

1.016
2s.4
59.2

3t+9
7
7

I
33
33

773
3
3

19.
I
2

729
3
0

26

389
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fewer and shorter coronal roots which accounted for.13.B% of the total

variation. In the third sample there was also a lot of variation in

Lhe length and number of seminal roots on the plants. Similar varia-

tion of Lhe rooL system was also found at all the three sampling dates

in 1980 in the second component.

The third component ín 1979, at the second sampling date, was

dominated by the number of seminal rooLs and length of coronal roots.

fn 1980, at the first sampling date, the third component ident.ified t-he

plants that had long but not heavy roots. Length of seminal '-oots and

coronal roots contributed to the variation in measurements at these

times.

The pathogens on Ëhe two root systerns krere analysed separately

because of the possibility of different pathogen colonization pattern

occurring on Èhe later developing coronal roots. In both years of

the field study, analysis of pathogens on the seminal roots, identified

that conditions were similar for colonization by all four pathogens.

In 1979, Ha and Pn were the most variable pathogens in the principal

cornponents during the first and last sampling times, but Rs and I/a

dominat.ed at the second sampling time. Rs and Prn were the most variable

pathogens on many plant.s identified by the second component. Rs, Pn

and Ggt were the main pathogens contributing to the variability on the

coronal roots.

In 1980, at all the sampling times, the first componenE identified

the plants which had more variable Ggt and IIa on the seminal roots. The

second component indicated that there was much variation in numbers of

Pm found in the seminal roots.
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Discussion

Principal components describe variability. Each principal

component contains a contribution from each of the variables. For

exanple, the fact that a contrast between two parameters dominates

a component does not necessarily mean that a negative association

exists between these two variables in general, but rather that when a

negative association does exist, it contributes a lot to the variability

of measurements. If there \.{as an overall consistent negative associa-

tion it rvould not contribute Lo the variability, so would not feature

in a principal component.

Among the growth parameters, the first component was consistently

a tsizer vector. The second and third components showed that there h¡as

a lot of variability in number and length of root systems, especially

serninal rooLs.

The results with the pathogens hlere not as clear cut as with

growth parameters. There were no consistent trends and the first

component did not accounL for a very high proportion of variation

(40-50% as opposed to 60-707" f.or growth variables). There was a lot

more variability inherent in the pathogen parameters thaE was noL con-

sistenLly described over sampling dates or years. Each of the

pathogens in turn accounted for a large proportion of the variation

without dominating a component. Relationships between pathogens

changed over time. As there was no consistent pattern, attempting to

interpret coefficients would add little to our understanding of the

interrelationships among the paLhogens. In general terms, the results

corresponded to the correlations found among Lhe pathogens ' but added

litLle new information.
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E. Regression AnaTysis (Tab7e 17)

/1a was the important pat.hogen at first sampling time in bot.h 1979

and 1980 and was responsible for approximately 38% and 29% of the

variation in dry shoot weight in Year I and Year 2, respectively. All

four organisms on the seminal roots had an effecL on growth. Ggt¡ Rs

and Ila were consistently negati-vely related to dry shoot weight in both

years. Pn in Year 1 at second sarnpling hras negatively related with

dry shoot weight and positively at the third sampling time. The inter-

action Lerms involving Pm were dropped from the equations because

their association with other pathogens and gror,/th was inconsistent.

Pathogens on the coronal rooLs were positively correlated with dry

shoot weight in both years at the second and third sampling times.

All combinaLions between Ggt, Rs and Ha, contributed to the variatj-on

in growth with inclusion of interaction terms.

Discussion

This meuhod revealed and confirmed thaL the Ha, Ggt and Rs

infecÈions had an effect on growth (dry shooL weight) ma1nly through

damage to the seminal roots. EffecÈ of early infection by Ha persisted

till the third sampling time. Fungal damage later in the growing

season was also important. Rs and Pn on the coronal roots had very

little effect on growth with which they were positì-vely assocj-ated in-

dicating that coronal roots can tolerate a population of pathogens to

certain thresholds.

2.3 GENERAL DISCUSSION

The two years during which this study were undertaken, had

different weather patterns, particularly with respect to rainfall, and
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TABLB 17: Results of regression analysis
variation on dry shoot weight

pathogens causing

Tirne Year I Year 2

1st Sarnpling

Ila on S. roots
Constant
R2

F
RSS
CV

2nd Samplins

roots
roots
roots
roots

n S. roots
. roots

Ggt, Rs on S. roots
Constant
R2

F
RSS

CV

3rd Samplins

f/a on S. root,s
Ggt on S. roots
Rs on C. roots
Pn on S. roots
Ggtt Ha on S. roots
Constant
R2

F
RSS
CV

Ha on S. roots
Constant
R2

F
RSS

CV

fla on S. roots
Rs on C. roots
Ggt on S. roots
Rs on S. roots
Pn on C. roots
Constant

CV

Ha on S. roots
Rs on C. roots
Pn on C. roots
Ggt on S. roots
Ggt, Ha on S. roots
Constant
R2

F
RSS

CV

I/a on S.
Rs on S.
Pn on S.
Pø on C.
Rs, Ha o
Ggt on S

-¡486
.380

0.376
8.5

.085
s6.9

-.207
-.924
-.567

.178

.37s
-. 137

.403

.625

.4L4
2T.37
4.90

58.5

-,826
-.276

.184

.402

.920
L.547

.4r4
30.27

103.53
58.2

_.2TI
.348
.295

91 .6
6.94

77 .O

-.372
.635

-.766
-. 106

.799

.963

.551
6s.9
27.79
56.0

-.982
.r24
.229

-.115
.126
.035
.515

45.4r
L28.O4
50.3

R2
F

SRS
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v/eather influenced the varlables, but in both years patches \^7ere presenl: hent:c

weather presumably trad little inf luence on the inciclence of patches ' @ttht"

r¡/ere present at the fírst sanrpling time, abouÈ four weeks after sowlng'

Discriminant analysis confirmed that patches and non - paËches were dífferent but

pathogenfs alone ,f^rere not responsibl-e f or the occu$rrce of patches ' Some other

f actors'rroa ,ur"ured in thís study Ì¡rere maÍnly responsíble f or patches '

The strong correlations amoflg plant parame.ters meäsured af' aI.J samplíng tímes

in t,oth years, illusÈraEed that the growth of plants hlas cloSely related to morpho-

logicat parameËers except those r¿hich described loots ' Inabillty to me'asure t'he

compleÈe length of rooÈs or loss of parts of the root system due Èo rotting may

explain thls difterence. Thts was confl-rmed by principal componenÈ analysis'

Most plants whether healthy or not had onè or more organisms (st:'ues' 1975)

bfrtHamostconsístentlyreducedgro\ttth;this\dasmostnoticeabl'eonthesemÍnal

roots . Ggt r¡as abundant when ralnf all lt7as mol:e Èhan adequate and /ls was largely

the converse. Prn appeated Èo have llttle effect

The most consistent relationship anong the plant, pathogeny's \47as the posiÈive

correlaLion betwee n Ggt and Ha on the seminal roots at all sampling tines though

cook (r969) reported a negatíve relaÈlonship on barley' It is possible that 11ø'

at the tíme of penetratl-on or establ'ishment' may aid infection by Ggb" ln many

samples , Ggt leslons were found fn the vlcinl-ty of nemaÈoaJs sy"cytia radiating

into lateral roots.

one surprlsing associatíon üras Ehe strong negat'1ve correlatíon betwee'n

Ggt and.Ãs tn Èhe second year. usually the leslons of each o""'r[u on sepafate

roots or if they were on the same roots the leslons were r¡el-l separated'
.J

Although Lal (1939) recorded this antagonlsm¡ ít has not been mention sÍnce brrt

it could be important 1n the field behavl-our of ehe two fungi'

TheassociatíonbetweenHaaridfigwaspcrsitlveoncefnllgTg,brrtconslstently

negaEive in 1980. This may be a reflectíon of the tfmlng of sampling' lnfesEation



56

(Slope and EÈherbrige

f965) índirectly

by Ha may encourage the lnfectíon by Ãe but the abilíty of -Rs to rapidl-y damage

the root tlssue 1-ncludlng the nematode syncytia wotrld lead to rapíd death of

the nemaËode. Thus a posltfve correlation could quickly change to a rregative

one. James, (1966; 1968) and Jorgensen (1970) both reported reduction of

GLobodera nostoehiensis, and H. -sehactii' respectively.

Regressíon analysis showed that these l-nteractions beËween pathogen/s

accounted for approxímately 5% of. the variatlon in growth; not a clominant

proportíon but they do contribute to reducÈíon ln growth.

Varíetal differences' age of crop, soíl type' rotaÈíons

1971), fertilizaÈion and strain difference of fungi (de Beer'

af f ected the f teld dat,a and .results.

Sampll-ng techniques probably lnfluenced the resul,ts to some extent. Rs

when severe, damages the roots to such an extentthat despite the utmost.care, some

parts of the root system eould not be extracted from soil. Those parts of the

root sysÈem Èhat were losË could have contained other organisms (particularly

nematodes) whfch would not be counted. The natural loss of cortical tissue wiËh
c

age, from the roots also probably fnfluenced the resulËs' Particularly those of

Pz which inhabits the cortex,

The relatlve lmportance of fungi and nematodes r^ras also influenced by the

methods used Ëo assess them. tr{htle direet counts of nematodes were used, fungi

r^7ere assessed by sympÈoms. Thls dlfference fn assesament tends to gLve a closer

correlation between fungl and damage than that of nematodes Ëo damage' The

dlfference may be small or 1arge, There is no staÈísÈícal rneEhod other Èhan

subjectíve weíghting for equating dÍfferences.

Despite the deficiencles in the procedure used here, the associations that

were found in Èhe f ield between Ggt and Ha' Ggt and 'Rs anð Hq-'and 'Es provide useful

hypothese:s for furthe:: study. MeagheT et a,L (1978) have e.la,Lmed that the association

of Ha and.Rs ís the most lmporÈant cause of damage to wheat in southern Australia'

The f íelcl study described here did not support Ëhat hypothesls'
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LABORATORY BXPERTMENTS ON THE

CHAPTER TII

INTERRELATIONSI]IPS BETI\TEEN ORGANISI.4S

INTRODUCTION

The constraint of time (l or 2 years) required for a thesis and

the bias of chosen variables limit the amount of information that can

be obtained from a field study. l,rlhatever the limitations, such a

st.udy should neverÇheless form a b-.sis on which hypotheses, trends or

associations can be based. This field study established that there

urere strong and consistent associations between the root pathogens of

wheat, and which of these were irnportant. It also established the range

of pathogen damage that occurred under natural conditions and povided

a guide to the levels of pathogens that should be used in experiments.

Most studies on pathogen interaction in the literature have been

conducted under laboratory conditions at one level of both pathogens.

The format for studying the interrelationship of two pathogens' e.g.

nematode and fungus so far has been: nematode alone; fungus alone;

nematode + fungus; and control. The information obtaj-ned from such

a study at one level is extremely limited and does not provide any indi-

cation of what could occur at lower or higher densities. l,/allace (1983)

suggested that interaction studies should be ideally conducted at several

levels of each pathogen so that greater understanding of the relationship

between pathogens occupying the same niche might be gleaned.

Synergism occurs when the cornbined effecE (as measured by planÈ

parameLers) is greater than the sum of each factor alone and antagonism,

when the combined effect is less than the sum of each factor alone.

Eifher of these reacLions may show as a significant interaction in an

analysis of variance of a factorial design.
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Diomande and Beute (1981) studied the effect of. MeToidogyne hapTa

and Macroposthonia ornata on Cylindrocarpon bl-ack rot of peanuts in all

possible combinations in a factorial experinent. The relationship

beLween Fusariun graninearum and BipoTaris sorokiniana on barley was

evaluated in an inoculum time sequence study by Scardaci and llebsLer (198f).

In both of these studies the value of factorial experiments at several

rates of pathogen combinaLions was realised. All experiments in this

study had a factorial design.

3.1 Materials and Methods

A. SoiT

John Innes nutrients (half strength) in soil lrere used in all the

experiments. After being prepared and stearn sterilized the soil was

Èransferred to a covered bin for at least six weeks before use.'

B. The source of pathogens and inocuTation nethods

G. graninis var. triËici was isolated from a wheat root from the

field survey area il 7979. It was maintained on Czapex-Dox plus yeasÈ

extract (1/O ¿ifution) medium (NDY/6) . Ggt inoculum was prepared by

the following procedure: Oat grains were soaked for 16 hours in rain

water; st.erilized for one hour each day on three consecutive days and

then inoculated with Ggt growing on NDY/6 on agar plates. The flasks

of inoculated grains were mainÈained at 25oC and shaken every three days

for a monLh. The infected grains were then thoroughly dried in laminar

flow cabinets, ground up in a coffee blender and sieved through a 0.5 mm

sieve. This sjeved material was used as Ggt inoculum jn t-he John Innes

soil. The inoculum suspension was serially diluted to give a range of

% inoculum.
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Ggt attenuates readily on artificial media and'is known to lose

pathogenicity in culture. Partial restoration of virulence can be

achieved by infecting a susceptible host and re-isolating (Chambers,

1966). Virulence is not fu1ly restored by inoculation of a susceptible

host and re-isolation from roots (Asher, 19Bl). One lot of inoculum of

Ggt was prepared from Lhe culture of Ggt maintained on agar rnediun for

two years and Lhis inoculum was used in one experiment. All other

inocula of Ggt were prepared from Ggt re-isolated after passage through

barley grass (Hordeum Teporinun).

R. soTani (Thanatephorus cucuneris) root strain rvas originally
A

isolated from wheau ín L979 by S.N. Neate and given the number Rs 96.

It was mainLained on NDY/6 and 5 mm diameter plugs were used to inoculate

100 ml of de Beerrs liquid medium (de Beer, 1965).

The fungus was allowed to grow for one month at 25oC before being

used. Mats of Rs were rernoved , washed in sterile r./ater and excess

moisture removed in a Buchner funnel (on sterile filter paper) attached

to a vacuum pump. The mats were then weighed and the required quantity

of mycelium $/as placed in a sterile blender r+ith a measured quantity of

sterile h¡ater and blended to break up the mat into small hyphal pieces.

This blended soup of Rs was used for inoculating the experimental soi1.

H. avenae larvae were hatched from cvsts collected from soil and
(3¿vies arrd- Êisheø, tet6).

maintained at 10"C. Larvae r¡/ere collected dailyl None of the larvae

used for inoculating \^/as more than 7 days old. Appropriate numbers of

larvae were added to the surface of the Lubes in 2 ml aliquots after

pregerminated seeds had been planted.

C. Growth Conditions

Lengths of plastic conduit tubes, 12 cms 1ong, with a diameter of
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27 nn were used as growth containers (P1ate 2). Each tube was sealed

at its base with parafihn and filled r*'ith 100 gms of experinental soil.

No extra nutrients were given to the plants to avoid any added effect

on the pathogens and to aid the resLriction of the root system to the

tube. The tubes were stood in trays (Plate 2).

All experiments were conducted in a controlled environment growth

roon, aL a constant temperature of 15oC (day and night) rvith a 14 hour

day-length and light of 16355 .2 Lux provided by fluorescent lights.

The cultivar of wheaL used in all the experiments was rCondort.

Seeds were surface sterilized by soaking in a 5% sodium-hypochl-orite

solution for 5 minutes, thoroughly washed with sterile water and placed

on moist filter paper in petri dishes at 15"C î.or 2 to 3 days to germinate.

Seedlings were selected for uniformity.

D. StatisticaT AnaTysis

Two-rvay or three-way analysis of variance was performed on non-

Lransformed or Eransformed data (1og or /-). In the analysis of variance

of three-way factorial trials, the means obtained for the highest order

of interaction are the means over the replicates of each combination of

pathogens. For two-factor inLeractions means are calculated for Ëhe two

pathogens or variables over all levels of the third pathogen or variable.

For main effecL of individual pathogen or any parameter, the means are

calculated over all levels of other pathogens. Thus the means of the

effect of individual pathogen or parameter differ from the means for

first order and second order interactions.

Non-parametric or distribution free method of analysis was used on

some data (..g. number of cysts or number of roots) where there were

only a few possible values within the observed range. Such data did
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PLATE 2: Tubes (cor-rtainers) used for grorving

wheat plants under experimental

condiLions in growth chambers.
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not meet. the assumptions required for analysis of variance (such as

normality of errors).

E. Use of Statistics

In discussing the results of. the experiments on the interrelat.ion-

ships between pathogens, certain clear-cut conclusions can be drawn

about the major LreatnrenL effects and their interactions. Conclusions

are justified when differences are statistically signifícant and are

noL trivial. However, in discussing the reasons for major treatrnent

effects and in looking for biological explanations of interaction terms,

it is necessary Lo examine the results of the numerous individual treat-

ments. Here, L.S.Drs are used to draw tentalive conclusions which are

liutle more than further hypotheses. Even differences which are

staËistically significant aL levels greater than P = 0.05 are worLh

mentioning when the next step in an investigation is being considered.

In nultifactorial studies, significant, F values are useful but even if

signi-ficant, a difference may be Erivial. TreaLment means for pathogens

and pathogen combinations are given for all variables (including those

for which interaction terms are not significant) to illustrate trends

and facilitate explanations. The term interaction refers to a

statist.ical interacLion . L.S.ls ?J'Lveã. rN bol'Þu ba-bles d^L |ÞaPhs

àÌ€ Fo" irberacbr'oNs .

F. Resul.Ës

In the many sections that follow, significant results \^/ere obtained

for the effect. of individual organisms on the growth of tCondorr wheat.

This is noL remarkable as each is a recognised pathogen on wheat. In

some instances, the lower densiLies of Ha had no effect or had a stimu-

latory effect. Neither of these responses are remarkable. Therefore

in the presentation of the results, the effects of the individual organisms
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will not be commented on unless they are considered pertinent. lt{ostly

GgÈ, wiLh its oatmeal inoculum base, caused a stinulation to grorvth.

This aspect will be covered in Section 3.6. \nlhere an L.S.D. is indi-

cated on a figure, it is at the 5% level.

3.2 Interrelationshi os between Ga etlmannonvces praninis var
tritici ( t) and Heterodera avenae (Ha)

Field studies indicated that Ggt and lla were often positively

correlated. The data di-d not reveal the reasons for such an association

although it is possible that both organisms had similar environmental

requirernents and co-existed r.¡ith little interference between them.

To test the hypothesis of positive correlation two experiments

were done. Both experiments used four leve1s of Ggt (0' 0.5, 1.0 and

I,5%), four rates of Ha (0, 25, 50 and I25 l,atvae/lo0e soil) with

eighu-fold replication.

Two tstrainst sf Ggt, a rmild strainr that had been maintained on

the agar for 2 years, and a rre-isolated strainr, which was the lmild

straint inoculated to barley grass (Hordeun Teporinun) and re-isolated'

were used.

Lengths of leaves were taken at weekly inteçvals from 10 days after

emergence. All other measurements \./ere taken at maturity.

A. Results - 'Mi7d Strain'

Growth

The influence of Ggt ar,d Ha on six parameters of growth of wheat

plants is shown in Table 18. A statistically signific.ant interaction

between Ggt and lla r+as recorded for shoot dry weight, root length and

yield (Table 18). This suggesLs ¡hat Lhe effect of the organisms on

these neasurements of growth were not consj-stenL but changed with densi'ty'



TABLE 1g: The effects of GgË (mild strain) and Ha on various plant characters at maturiLy

oz
0.5%
7.07"
r.5%

0.57" Ggt

25 Ha
50 Ha

I25 Ha

+ 25Ha
+ 50Ha
+ I25 Ha

+ 25Ha
+ 50Ha
+ I25 Ha
+ 25Ha
+ 50Ha
+ I25 Ha

-r.266(0.28r)
-1 . 14s(0.318)
-1.308(0 .270)
-1.44s(o .235)
-2.0s0(0.128)
-1.832(0.160)
-2.30s(0.09e)
-r.2s4(O.285)
-r.225(0.293)
-1 . s14(o .220)
-t.295(0,273)
-r.273(0.279)
-1.611(0.199)
-1 .432(0.238)
-1.397(0.247)
-1.440(0.236)

-1.188(0.304)
-1.419(0 .24r)
0.135(r.r44)
0.341(1.406)

-o.27 4(o .760)
0.2s5(r.29)

-0.094 (o . e1 )
-0.279(0.75)
0.140(i.1s)
0.021(1.02)

-0.829(0.436)

Ggt
Ggt
Ggt

Gg1.s%
ll
It

Shoot dry
weight (g)

(loe)

Root dry
weight (g)

(1oe)

0.453

10.081*¿+

4 .810åErr

r.528

Number of
roots(r)

0.61

Root. length
(ct)

Number of
grains/p1ant(r)

.00

.69

.84

.69

.34

.86

.03
on

.19

.29

.89

.02

.L2

.72

.85

t.26

18.907v"t"

9.018/.'x-

1 .91r

Yierd (g)

(1og)PaLhogen and
density

Ggt
1

0

1

.832(2.2e)

.111(3.03)

.e38(2.ss)

37.67Vçx

15.645+r"$

3.633,lå$

265.2
287.4
210. r
185.0
i48.3
154 .0
121 .8
254.0
279.0
200.0
239.0
207.0
783.2
235.7
209.O
169.9

-0.075
0. 14s

-0.017
0. 10i

-L.A24

(0.e27)
(1.is)
(0.983)
( 1 .10)
(0.35e)

375
6
5
5
J
J
2
6
6
5
6
5
5
6
5
3

4
5
4
4
3
3
3
5
5
4
4
4
4
4
4
4

.67

.07

.59

.48

.74

.68
ea

.08

.09

.30

.68

.4r

.38

.70

.44

.07

ll

ll

il

il

L.O7" Ggt

.091(2.97)

.o8o(o .923)

.298(0.742)

.438(0.64s)

.036(2.81)

.2s3(3.s0)

.739(2.09)

. 1s6( 3. 17 )

.912(2.48)

.675(1 . e6)

.076(2.93)

.er6(2.49)

.139( I . 14)

;
1

0
1

0
0
1

0
0

L.S.D; P

F values

Ggt

Ha

Ggt, Ha

05 0.425

14.819v'å$

6.992i+r,

1 .541

62.L5

9.666-Yf^e

7 .083*-)r

2.325'k

o.467

30. 137vfv.r

I/+.465x,r,

3.277'/îrt

o\
N

Values in parenthesis are antilogs'
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With shoot rveight, these variable effects can be seen. \dith combination

of the two organisms, generally âir, increase in shoot weigl-r¡ occurred

but at the two higher densities of Ggt, as //a density increased re-

duction in shoot. weight $/as greater. At the lowest c]ensiLy of. Ggt,

the effecLs of the combination rvere variable. Sirnilar results but

varying in detail were obtained with length of roots and yield (Table 18).

Inoculation with fla prevented tiller formati-on and this was responsible

for the large reductions in t.he parameters;

lrlhen Ggt was added a1one, it increased shoot weighE at all densities,

but more at the lowest and highest densities Lhan at the intermediate

density. Ha alone decreased shoot weì-ght greatly and the amount of

reduction increased with density.

I¡lith root dry weight, number of roots and number of grains, no

significant inEeraction was obtained suggesting consistent trends

throughout. Ggt had litt1e effect alone, //a tended to decrease root

weight and the combinations tended to have inCermediate effects, though

the results were not always consistent (Table 18).

Leaf leneth

No signì-ficant interactions between Ggt and Ha on leaf lengths

could be measured, but the main effects of both Ggt and IIa indivirlually
were mostly significant (Tab1e 19).

Ggt had two effects on the length of leaves. The lower concen-

trations of 0.5% and 1.0% increased the lengths of leaves 3 to I inclusive
(Table 19). The highest concentrat,ion (I.9")increased leaf length over

that of the controls, but decreased it compared to that of the two lor,¡er

concent,rations of Ggt, but from leaf 6 to 8, this effect largely dis-
appeared. Ha at the highest density reduced the length of all leaves
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TABLB 19: Main effects of Ggt and Ila inoculaLion on means of final
leaf lengths of 'Condorr plants

G. sraninis var. triti ca

Leaf No. 07" o.57" 17" I.5% LSD; P=.05

1

2

3
4

5
6
7
B

6.44
10.01
16 .48
17.65
19.o7
18.02
14.47
11 .82

6.66
10.71
18.37
2r.73
23.52
22.57
20.7r
17 .09

6.0s
10.54
18.28
2r.99
24,O5
22.93
19.26
15.15

5.92
9,28

15.52
18.52
2I.T3
2I.I4
19.78
15. 89

N. S.
1.13
1 .40
1 .30
I .39
L.43
t.76
1 .80

H. avênae

Leaf No. 0 25 50 r25 LSD; P=.05

43
77
73
95

6
10
t7

1

2
3
4
5
6
7

I

20
22.72
2I.72
19.28
15.75

6.93
10.78
17 .97
20.52
22.46
21.o5
18.51
L4.48

s.69
9.70

17.00
20.IT
22.27
22.24
19.54
L5.73

o2
29
87
31
32
6s
88
98

6
9

15
1B
20

9
6
3

1

1

1

0
1

I
1

1

1

I
N

72
13
40
30
39
43
76
S.
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except leaves 1 and 8.

Effect o f Gøt and I/a on each other

The influence of pathogens on each other was assessed by measuring

the length of Ggt lesions and the number of cysts and eggs aL maturity

as shown in Table 20. There hras no significant interaction between

the pathogens. GgË alone had no significant effect at any concentratíon

on the length of lesions. Ha had no effect on the length of lesions

formed by Ggt. Number of cysts increased only at the highest ini tial

density of Ha but there was no effect on egg numbers. Cyst and egg

numbers were affected by Ggt but the results did not give consistent

trends with densities of Ggt (Table 20). The significant results are

probably not meaningful.

B Resu-lts - 'Re-isoTated straint

Growth

The effec1 of Ggt. (re-isolated strain) and Ha on growth of wheat

hras assessed by measuring seven plant parameter" u" åho*n in Tabl e 2L

Most results showed consistent trends but a significant interaction

occurred only with rooL dry weight. hlhen added together, the combina-

tion of Ggt and Ha at all densities reduced rooL weight roughly in the

same pattern as Ggt buL with minor variations. At the two higher con--

centrations of Ggt, density of nematodes had no effect but at the lowesL

concentration of Ggt, nematodes caused significant variation.

Ggt íncreased some growth parameLers (shoot dry weight, number of

grains and yield) and reduced others (number and length of roots aud

height of plants). In most instances effects were obtained only at the

two higher concentrations . Ha, either alone or in combination had no

effect on any growth parameter.
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TABLE 20: Bffects of Ggt (mild strain) and Ha on each other
at maturítY

Pathogen and
density

Length of
GgË lesions

Number of
cysts

I/a eggs

O% Ggt

0.5% Ggt
I.O% Ggt
L.5% Ggt

I.O% Gst

ll

I.57" Ggt

I2B.I
r 16.9
86.9

108.5
110.6
90.9

106.3
94.r

to4.2
104.1
114 .8
93.7

z.tz
3.00
4.r2
2.r2
3.00
3.25
2.50
2.00
3.00
2.87
1 .87
4.20

1798
1532
1633

B9s
1455
7473
r 154
1195
r457
1307
873

1609

25 Ha
50 Ha

I25 Ha

+ 25Ha
+ 50Ha
+ I25 Ha
+ 25Ha
+ 50Ha
+ I25 Ha
+ 25Ha
+ 50Ha
+ I25 Ha

O.5% Gst
ll

il

L.S.D; P = .05 29.7 Non-parametric
analysis

523.9

F value X2 statistic F value

Ggt
Ha
Ggt, Ha

o.862
1 .035
r.643

7.487
15.309l+rf
9.453

3. 18Bx-
2.726x
1 .850



TABLE 21: Effect or. Ggt (re-isolated strain) and Ha on various plant growth characters at naturity

Pathogen and
densitY

0.5% Gst

Shoot dry
weight

(e)

Root dry
weight

(g)

No. of
roots

Length of
roots
(cr)

HeighE

(ct)

No. of
grains

Yield

(e)

07" Ggt
O.57" Get
t.oZ Gct
I.5% Ggt

1 .630
1 .535
t.770
1 .834
r.735
I.614
1 .508
1 .578
1 .668
1 .518
1 .865
L.9s9
1 .785
1 .904
1.689
I .865

0.335
0.300
0.248
0.205
0.426
0.440
0.335
o.263
0.332
o.268
0.270
0.285
0.267
0.198
0,176
0.223

18.75
17.50
77.63
15.25
19.38
19.38
17.25
L7.75
77.25
16.25
t7.63
17 .38
17.25
1s .63
14.63
14 .88

230.6
r97.8
202.6
r47.9
222.8
224.4
205.7
188.6
189.9
183.8
198.6
T96.7
r87,4
170.9
155 .6
153 .9

54.35
52.3L
47.8r
49.83
52.69
53.38
53.66
s3.86
58.85
51 .89
51 .83
51 .03
49.3r
51 .83
s0.00
47 .39

15 .38
10.63
16.63
22.38
17.88
16.13
15.75
L4.63
14. 13
15.25
16.13
2I.38
15. 88
22.75
20.L3
22.50

0.616
0.490
o.62r
0.899
0.670
0.57i
0 .539
o.594
0 .595
0 .640
0 .806
0 .893
0 .6-50
0 .909
0 .836
O .846

il

25 Ha

50 Ha
I25 Ha

+ 25Ha
+ 50Ha
+ L25 Ha

+ 25Ha
+ 50Ha
+ I25 Ha

+ 25Ha
+ 50Ha
+ I25 Ha

il

ll

7.07" Ggt

1

L.S.D; P .05

tGg)/o

0.199

.5731E.*

.538

.374

48.988xås
1 .983
2.230x

L7 .692xr,
2.OLz
0.430

3.90

7,r64-ffii
1.154
o.9r2

5 .35

13 .066x"r
0.656
1.036

0. 175

19.I/+6ê!r
r.844
L.533

0.061 1.98 29.16

25.427xr,
r.236
0.463

F values

Ggt
Ha
Ggt, Ha

I4
1

1

o\\o
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Leaf leneth

The main effects hrere consistent on all leaves except leaf B

where a significant interaction occurred (TabLe 22). Many plants had

Ieaf 7 as the flag leaf and so, the results for leaf B must be doubtful

because they are based on a reduced nurnber of leaves. Generally Ggt

affected the lengths of all leaves whereas Ila had no effect except on

leaf 4 (Tabfe 22). Ggt affected the whole pattern of development of the

leaves, particularty at the highest concentration (Fig.B) such that. the

reduction in lengths of the earlier treaves rvas changed to an increase

in the later leaves. The effects of the combination of organisms

largely followed that of GgË.

Effect of Gpt and I1a on each other

The effect of pathogens on each other are shown in Table 23. Ggt

at the lower level of 0.5% íncreased the number of cysts and eggs buÈ aL

the two higher concentrations tended to reduce numbers partì-cularly at

the two higher densities of nematodes. Ha had little effect on the

length of lesions of Ggt.

C. Discussion

This is a complex situation that these experiments by and large

failed to resolve. Nevertheless some conclusions can be drawn. The

tmild straint of Ggt caused little reaction in the plants, even though

it iniLiated lesions, and Lherefore no synergistic effect in causing

damage. Ha hras not able to influence the virulence sufficiently to

affect damage.

The oat-mea1 of the Ggt inoculum stimulated growth (Chapter III '

3.6). hlith the re-isolated strain, the effects measured were the result



TABLB 22: Effect of. Ggt (re-isolated strain) and Ila on final leaf lengths

7543Pathogen status 6 8

1.07" Ggt 25 Ha
50 Ha

Leaf 1

9.2s
9.27
7.70
8.15
9,74
9.07
9.01
8.5I
9.r9
8.37
8.77
8.2L
7 .75
8.22
8.14
8.09

16.01
15.50
13. 1s
11 .20
17.32
16.04
15.7 4
15. i4
16.00
14.25
14.6t+
13.85
13.24
r1.72
11 .69
12.L5

23.00
27.84
17.88
13. s6
24.63
23.09
23.r0
22.3r
22.79
2r.23
20. 13
18.41
17.90
13.30
13.60
13 .89

25.29
12.05
i8.00
14.15
26.30
25.35
24.92
24.39
23.99
22.r2
20.55
18.70
i8.70
14.9L
15.27
T4.86

22.6r
2r.34
18.73
78.28
23.49
23.24
22.07
2r.76
22.r4
2r.64
21.55
22.14
18.96
18.59
17.21
19.0s

15.61
17.04
20.76
23.56
16.94
16.40
15.92
16.31
16.75
17.00
20.27
20.7r
18.92
24.r5
2L.72
25.58

13.r2
14.74
17,72
2I.8L
13.37
13.64
12.66
14.93
14.43
14.16
r7.44
IB.7 4
19.26
2r.96
20.o7
23.39

12.I4
T2.16
16.47
20.04
IT.73
II.73
II.25
12.26
12.49
72.94
13.75
14.72
13.92
14.54
15.7I
16.32

2

0
1

1

Ggt
Ggt
Ggt
Ggt

Ggt

07"

)/o

07"

)/"

57.0
il

ll

ll

ll

It

il

)/"

+
+
+
+
+
+
+
+
+

50
r25

25
50

r25

Ha
Ha
Ha
Ha
Ha
Ha

Ha
Ha
Ha
Ha

25

25I

t1 Gg

r25
25
50

L. S.D; P 05 L.20

F values
Ggt
Ha
Ggt, Ha

6 . g57rf*
0 .971
0.713

r.74

40.840rÉ*
r.624
0.896

2.44

101 .194ìçrs
t.275
0.555

2.25

130.109rê7,
2.7 45x
0.505

2.9r

13.990vrvf
0.923
1.005

2.89

44.871|,ë(
0.2t2
1.041

3.02

50.534t'*
0.247
0.695

1 .88

43.365-)r'^
7.365y,:?
3.3317r*

ts
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Figure B: Effect of Ggt (re-isolated strain)

on growth pattern of leaves (means

of leaf lengths).
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TABLE 23: Effect of Ggt (re-isolated strain) and Ha'on each
other at maÈurity

Pathogen and
density

Length of
Ggt lesions

(cr)

Number of
cysts

Eggs of
Ha

Ggt
Ggt
Ggt
Ggt

07"
5%

07"

)/"

0
I
1

il

ll

1.5
ll

il

25 Ha
50 Ha

I25 Ha

90. I
ro2.2
113.6

100.9
77 .B
82.4

rt6.7
103. 1

85.4
r29.4
L20.4
111.3

r.ãa
r.75
3.88
3.25
2.38
4.38
0.88
1 .00
I .00
1 .00
0.75
0. 87

708
766

r623
1383
1003
17 18
392
372
427
422
244
342

0.5% Ggt +tt+
tt +1

LO7. Ggt +
+
+1

Ggt +
+
+1

25 Ha
50 Ha
25 Ha
25 Ha
50 Ha
25 Ha
25 Ha
50 Ha
25 Ha

L.S.D; P = .05 26.6 Non-parametric
analysis

46r

F value ¡2 statistic F value

Gg

Ha

Ggt, Ha

10. 547x-*

2.96rx
0.360

36.342-x-x

1.114

I.977

27 .647-Yçv6

7.r96x
2.49Lx

f
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of this stimulation minus the reductions due to Ggt. To add oatmeal

to further controls would have made the experimenLs too large to assess,

so the effect of the oatmeal will be examined later.

The effect of the re-isolated Ggt on the length of leaves show

how complicated the relationship is. The normal pattern of developrnent

is shown by the control plants with the longest leaves being 4,5 or 6.

Ggt aL all densities but particularly at the highest, affected this

pattern such that the flag leaf was the longest leaf on sore plants and

longer than on the controls. This would affect yield in the same way

so that measurements taken at maturity may not reflect what is happening.

Initial density influenced the final result and higher fuitial densi-ties

may change the results further. The results here suggest that con-

ditions for Ggt were favourable early but perhaps h/ere not favourable

during later development. There was a suggestion from the field data

that water is important so that further work may resolve this.

Ha, al the same densities, caused quite differenE effecLs in the

two experiments. Normally in tubes of this síze, 60% penetration of

the larvae is obtained (Fisher, J.M., private communication). The

difference between the two experiments rvas that in t.he first experiment,

all plants inoculated with Ha failed to produce tillers while in the

second experiment, tillers were produced. This suggests that an unknown

variable was inadequately controlled. Long day conditions in the'

growth room would have influenced this.

Container size may have imposed constraints which were more severe

at harvest than earlier and which may have affected undamaged plants

more than the damaged ones. Choice of Llie initial densiEies also limits

comparison to the field situation as well as results.
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Alt-hough no synergism was recorded between Ggt and I/a in the

effects on the host, Ggt aL higlier concentrations did reduce the ability

of Ha to reproduce so that occurrence of both pathogens in the one plant

might eventually lead to reduction in the numbers of Ha. AL low con-

centrations of Ggt there was no effect on Ha and Ha did not affect

growth oL Ggt.

3.3 Interrelationships belween Rhizoctonia soTani (Rs) and
Íleterodera avenae (Ha)

Both Rs and Ha were found on wheat plants in the field in each year.

These two pathogens were negatively correlated with the growth parameter

of dry shoot weight. The consistent negative correlation at all

sampling'times in the second year of the field study between the two

paLhogens suggested that a relationship existed between these two patho-

gens but did not reveal the effect of Rs on Íla or vice versa. Meagher

(1981) reported that an interaction between Rs and l1a is probably the

most frequent cause of severe disease and yield reduction in wheat in

souLh-eastern AustralÍa.

The test the hypothesis of negative Çorrelation tv/o experiments

were done. The first experimenL used four levels of Rs (0r 0.5, 1.0

and 1.57"), four rates of I1a (0, 25, 50 and L25 larvae/lOOg of soil) with

a seven-fold replication. Leaf length measuremenLs were taken weekly

and all other parameters (plant. and organism) were measured aL maturiLy.

The second experiment also used four leve1s of Rs, but the concen-

trations used were reduced (0, 0.05, 0.1 and O.57")i Ha concentraLions

were unchanged and repli-cation was eight-fold. Plants were assayed at

10, 20 and 30 days to reveal the relationship between the pathogens

during early growth.
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A. Resu-lts - At naturity

GrorvÈh

No significanL inLeraction occurred (Table 24) and only Rs

affected plant grorvth. Rs reduced dry shoot weight, dry root weight,

number of roots, length of roots, height and yield. At the highest

concentration growth was most severely affected. Although not signi-

ficant, combination of Rs with Ha tended to reduce all pararneters of

growth more than Rs or f/a independently.

Leaf length

Interaction between Rs and I{a was significant for leaves B and 9.

There h/as an increase in the length of leaf I with the combination of

0.5% Rs with 125 larvae and 1.57. Rs with 50 larvae. This increase may

have caused the interaction (Fig.9). Since there \ìrere many plants in

which leaf 8 was Lhe flag leaf, the interaction on leaf 9 is not con-

sidered to be meaningful. Rs had a significant effect on the lengths

of all leaves (Table 25). The lowest concentration of 0.52 reduced the

lengths of leaves 6 to 9. The intermediate concentration of 1.OZ re-

duced the lengths of leaves 4 Lo 9, and the highest concentration of

1.5% reduced lengths of leaves 3 to 9. As the concentraÈion increased,

the number of leaves affected also increased.

Effect of Rs and Ha on each other

Combinations of Rs and //a had no effect on lesion length. Lesion

length was lower at the hi-ghest i-nitial concentration (Tab1.e 26) because

the root length was also greatly reduced at this rate of Rs. l'/ith each

initial increasing concentration of Ha, more cysts were recovered at

maturity. Combinations of Rs and IIa at all densities, reduced the



TABLE 24: The effects of Rs and Ha on'¿arious plant growth characters at maturity

Pathogen and
density

25 Ha
50 Ha

I25 Ha
25 Ha

05

Dry shoot
weight

(e)

1 .143
0.766
0.569
0. 159
1 .013
1.110
1.006
0.763
0.647
0.62r
0.434
0.559
0.462
0.211
o.234
0. 109

0.29r

51 .984à'ls
0.8s4
0.288

Dry root
weight

(g)

0.237
0. 138
0. 101
0.054
o.248
0. 238
0.2r5
0. 138
0. 132
0. 104
0.091
0.090
0.088
0 .057
0.058
0.040

Number of
roots

T3.7L
L2.43
11 .41

7 .4t
t2.7r
14.43
73.57
Lt.43
i0.00
11 .04
10.43
11 10

9.32
8 .43

i0.71
B. 17

2.92

Length of
' roots

(cr)

54.
42.
20.

r49.
169.4
120. B
60.7
47.0
55.3
43.7
42.4
30.8
24.4
34.2
19.2

27 .44

Height

(c*)

53.4
47 .O
4r.6
22.6
49.4
51 .9
49.0
5r "2
46.9
44.5
37.3
42.4
43.7
31 .3
29.6
24.r

Yield

(e)

0.433
0.281
o.zLO
0.043
0.360
o.427
0.371
0.283
0.247
0.225
0.126
o.r97
0.r76
0.069
0 .056
0.032

ll

L. S.D; P

F values

Rs
Ha
Rs, Ha

160. 2
4
6
9
5

O% Rs
O.5% Rs
1.0% Rs
I.5% Rs

0 s%

50 Ha
I25 Ha
25 Ha
50 Ha

I25 Ha
25 Ha
50 Ha

I25 Ha

Rs

Rs

Rs

+
+
+
+
+
+
+
+
+

il

1 07"
lt
il

)" . )/o
il

0.055

62 .807åt*
1.034
o.129

15 .937r1,r
0.8s4
1.138

r35.425'*x
2.290
1 .210

11.36

27.776vûrç
0.297
0.670

o.r24

44.445r"r""
0.754
0.4r2
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Figure 9: Effect of Rs and Ha combination on length

of leaf B.

Figure 10: Effect of Rs on Ha survival.
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TABLE 25: The effects of Rs and Ha on leaf lengths (cm)

Leafl Leaf2 Leaf3 Leaf4 Leaf5 Leaf6 LeafT LeafB Leaf.9Pathogen and
density

,49

o

B

8
5
9
9
ft
9
9

10
7
7
B

5
7
5

.27

8
10
8
5
o

7

8

OZ Rs
0.57" Rs
1.0% Rs
I.5% Rs

0.5% Rs +
tt+
tt+

1.02 Rs +
tt+
tt+

L.57. Rs +
tt+
tt+

25
50

r25
25
50

r25
25
50

I25
25
50

L25

Ha

Ha
Ha
Ha
Ha
H¿t

Ha
Ha
Ha
Ha
Ha
Ha

t+.19
5.40
4.7I
3.06
3./+I
3.54
3.77
4.64
5.34
3.43
5.87
6.93
5.55
3.s6
3.54
3.52

.13

.74

.58

.39

.83
o1

r0.29
10.31
6.36
9.23

11 .71
11.01
5.64
7.16
5.32

14.74
L6.76
12.82

7 .80
16.34
14.33
15.51
15.40
L4.29
11 .40
12.59
16.24
14. 15
8.81

10.16
8.57

2I.29
18.80
15.94
11 .51
20. B0
27.63
18. s9
17.57
16.80
14.77
14,27
T7.4I
14.04
10.36
10.70
9.94

22.t+4
18.89
16.46
1-O.67
22.27
22.24
20.53
T9.7I
17.04
16.27
15.83
16.39
13.89
10.96
10.96
9.24

20.46
16.63
74.94
8.29

19.r3
18.96
I8.73
i8.06
15 .53
17.60
12.40
14.O9
11 .41
9.00
9.33
7.47

76.27
13.00
12,45
6.31

13.74
14.09
14.00
7s.27
L2.LL
15.83
10.43
12.TI
10.10
8.48
8. 11
O. JI

12.47
10. 17
9.5r
5"78

!1.73
10.99
17.2!
10.59
10.56
12.28
7.89
8.70
8,80
6,76,
7 ,69
t+.68

É1

.L9

.42

.07

.85

.6s

.13

.66

.L1
aa

.LL

.78

.26

.89
oo
oo

L.S.D; P = .05

F values
Rs
Ha
Rs, Ha

2.ro 4.00 4.90 4.38 3.90 3.68 3.08 r.94 i.31

g.0g9r$r$ 6.990{-)r LI,229xx 28.355å(-rs 47.909v^-2r 52.I45n*nn 36.401rrtr 49.59yt-x- 41.040rçts
0.741 0.808 0.419 2.187 2.234 0.660 0.166 0.169 2.940x
0.867 0.996 0 .94r 0.331 0.215 0 .777 r .943 2 .362'1( 3.400xv.

{
\o
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TABLB 26: The effects of Rs and Ila on each other at maturiEy

Pathogen and
density

Length of
Rs lesions

(cm)

Cysts

o%

0.57"

7.O7"

r.57"

o.57.
ll

il

1.07"
lt

il

r.5%
il

il

Rs

Rs

Rs

Rs

Rs

Rs

Rs

25 Ha

50 I/a

725 Ha

25 Ha

50 Ha

125 Ha

25 Ha

50 Ha

125 Ha

25 Ha

50 Ha

I25 Ha

L9.7 r

20. 15

11.57

13.64

15.36

15.60

u.00
19.07

L2.53

11.07

13.50

9.30

1.86

2.29

4.r4
t.r4
1.00

1.33

0.00
1.14

0. s9

0.14

0.14
o.2r

+

+

+

+

+

+

+

+

+

L.S.D; P = .05 s.96 r.32

I

F values
Rs
Ha
Rs' Ha

55.275x1+
2.196
0.834

13.411.**'
8.2l4'x"n
2.688x
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number of cysts. The highest rate of Rs with all concentral-ions of Ha,

reduced the cyst population Lo the same level (Table 26, Frg.10).

B. Resu,lts at 70t 20 and 30 days

The influence of Rs and Ha on early growth of plants and on each

other was assessed by measuring the following variables: fresh shoot

and root weight; dry shoot weight, length of roots, lengths of leaves,

length and total number of Rs lesions, number of main root tips damaged

by Rs, number of other lesions (besides root. tips), number of whole roots

destroyed by Rs and percentage of Rs on roots (length of Rs lesions *

length of roots x 100). The roots were then stained in lactophenol-

cotton-blue and cleared in lactophenol for Ha larval counts.

Growth at 10 days

The interaction between Rs and lla significantly reduced both fresh

root weight and the length of roots. The interaction was not signifi-

cant for other growth parameLers at thj-s early stage of growth (Table 27).

The combinarj-on of 0.05% Rs with 25 and 50 larvae reduced the fresh weight

of root more than 0.05% with the highest density of. Ha. At the inter-

mediate leve1 of Rs significant reduction with I25 larvae occurred

compared with the combination wiLh 50 larvae. The increase in root

weight due to galls and lateral roots and this rnay have caused the inter-

action (Fig.11). There h/as a general reduction of the root length with

all combinaÈions of both pathogens. Not all combinations caused a

significant reduction (Fig .L2).

Rs significantly reduced all growth variables ('I'able 27) incl-uding

l-he length of the first leaf. I/a only at the highest density reduced

root length. I/a also j-ncreased the length of leaf 1.



TABLE 27: The effects of Rs and Ha on plant growth characters at 10 days

Pathogen and
density

0 57"
il

L.S.D; P =.05

F values

Rs
Ha
Rs, Ha

Fresh shoot
weight

(e)

Fresh root
weight

(e)

Root length
(cr)

49.63
32.00
3r.75
23.88
56.25
45.81
29.56
23.75
26.69
28.63
22.50
24.OO
18.69
25.94
t7 .44
17 .38

7.TT6

72.332-)t-x
13.668xv'

< 1'71v^-;(

Length of
Leaf 1

(cr)

10.11
.63
.00
.¿4

.BB

.9r

.80

.38

.16

r.54

Dry shoot
weighL

(e)

0
0
0

0.
1t

il

9.89
7 .84
7.54
7.59

10. 63
9.7t

.r 7"

.5 7"

8
9
9
ôo

9
8
I
8
8

57"0.0
?t

il

Rs
Rs
Rs
Rs

Rs

Rs

Rs

07"
057"

25 Ha

. 50Ha
I25 Ha

+ 25Ha
+ 50Ha
+ I25 Ha

+ 25Ha
+ 50Ha
+ I25 Ha

+ 25Ha
+ 50Ha
+ I25 Ha

0.2050
o.r2L2
0.0900
0.0725
o.2rr2
0. 1850
o.r7r2
0.0975
0.0987
0. 1 100
0.0900
0. 1025
0.0800
0.0900
o,0725
0.0662

0. 1538
0.1238
0.1125
0.0875
0. 1963
o.1663
0.1888
0. 10s0
0.1200
0.1513
0. 1013
o.1225
0.0900
0.0900
0.0763
0.0800

0.01963
0.01263
0.01013
0.00880
0.02025
0.01788
0.01700
0.01 100
0.01 138
o.oI275
0.0r063
0.01313
0.01063
0.01 138
0.00975
0.00950

0.00¿q6

56.200-x-v.
0.4s8
1 .6s8

5117"

It

0.028

103.632rs"r
1 .998
1.358

0.031

49.605åsrs
0.385
2 .518x

8.07 4-x"'

2,,866"*
0.843

o0
N)
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Figure 11: Effect of Rs and Ha combination on fresh rooL

weight (e) at 10 days.

Figure 12: Effect of Rs and Ha combination on length of

roots at l0 days.
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Effect of Rs and Ha on each other

The interaction between the pathogens hras significant for the

lengLh of Rs lesions, number of lesions other than those on root tips,

% Rs on roots and number of Ha larvae in the roots (Table 2B). üJhen

combinations of pathogens were inoculated there hras a general increase

in lesion length as Rs concentration increased and this contrasted with

no change in lesion length with concentration rvhen Rs rvas inoculated

alone (Fig.13). At the highest concentration of Rsr lesion length

decreased as I/a density increased. l/hen lesion length v/as expressed as

a percentage (Fig.14), the paLtern was similar except that the relation

at the highest concentration changed. This was probably because part

of the root system had been severely rotted by Rs and this affected both

length of roots and lesions. This is exemplified by the change in the

points for the Rs with I25 ÍIa for the length of lesions relative to Rs

alone (Fig.13) compared to the same data plotted as percentage of Rs

on rooLs (Fig.14). It is probably involved in the daÈa for 0.5% Rs

wirh 50 IIa (Figs. 13 and 14) as well.

The number of other lesions produced at 0.57" Rs with 25 Ha was

markedly increased and this probably caused Lhe interaction. Generally

more whole roots were destroyed as concentration of Rs increased and Ha

influenced this (Table 28). Numbers of. Ha larvae in the roots were

severely reduced as concentration of Rs increased such that at the highest

concentration of Rs, different initial densities of Ha had no effect on

numbers of larvae in the roots (Fig.15).

Growth at 20 days

Significant interactions were obtained with fresh shoot weight, dry

shoot weight, root length and length of leaf 2 (TabLe 29) . trlhen plotted

(Figs.16 and 17) it. is difficult to see consistent changes related to a

significant inLeractj-on; they may be trivial.



TABLE 28: The effects 9f Rs and Ha on each other at 10 days

0
0
0

Pathogen and
densitY

0.05% ils

25 Ha
50 Ha

125 Ha
25 Ha

Ha
Ha
Ha
Ha
Ha

25 Ha
50 Ha

I25 Ha

ll

il

1
il

il

0.5 Z Rs

6.63
5.75

'-oo

s.75
5.38
4.63
6. i3
7.00
5.62
9.00
7 .50
6.50

o.125
0.000
0.r25
0.375
0.500
0.500
1 .000
0.750
1 .000

a7"
057"

/o
oÌ

1

5

Rs
Rs
Rs
Rs

Length of
Rs lesions

(ct)

6.75
5.75
6.87

5.38
5.37
4.37
6.13
7 .00
5.13¡
8.87 r
7 .37
6.50

1.57

Number of
Rs lesions

(Total )

Number of
rooË-tips
attacked
by Rs

3. 13
3. ¿)
3.63

.00
20

.50
1.J

.38

.88

.75

.88

0.98

2.92r
0.095
L.487

Number of
other
lesions

(Rs)

3 .50
2.50
3.38

2.38
2.37
2.25
2.50
3 .88
2.25
6.13
3.75
2.63

r.77

Nurnber of
whole roots
destroyed
by Rs

0.000
0.000
0.250

%Rs on
roots

27.97
L9.95
29.15

Nurnber
oL Ha

s.38
6.63
7 .63
4.25
l+.38
6 .88
2.88
4.7 5
3.88
2.63
1 .88
J. L)

23.
20.
16.
28.
29.34
28.84
36.27
44.02
38.65

50
125
25
50

125

Rs
@
/o0

3
3
2
3
J
J
2
J
J

3325
+
+
+
+
+
+
+
+
+

B3
38

ll

12.686""É+$

4.054)s
2.r7rx

1 .65

.084rf vs

.957"\

.734

5 .411x-+$

2.253
2 .850'x

0.473

16.69T?v,1
4 

" 
533*rÉ

0.985

00

6.0i

59 .630ìr',.
6.822n"n*
3 .810'r-)ë

1 .58

27.052x-x
8.331'..x-
2.20I^"

L.S.D; P

F values
Rs
Ha
Rs, Ha

05

11
2
I

6
(Jt
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Figure 13: Effect of Rs and Ha combination on Rs lesion
length at 10 days.

Figure 14: Effect of Rs and Ha combination on % Rs on

roots at 10 days.

Figure 15: Effect of Rs and Ha combination on number of
Ha Iarvae in roots at 10 days.
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TABLE 29: The effects of Rs and Ha on various gro!/th characters at 20 days

057.0

9.23
8.94o7"

o.r 7.

o.5 7"

Pathogen and
densitY

Fresh shoot
weight

(e)

Fresh root
weight

(g)

o.9r4
0.355
o.228
0.171
0.816
0.740
o.824
o.295
0.356
0.253
o.270
0.268
0. 159
0. 164
0.r25
0.150

Dry shoot
weight

lol

Root
lengt.h
(c')

Length of
Leaf 1

(ct)

Length of
Leaf 2

(cm)

Length of
Leaf 3

(.t)

Rs
Rs
Rs
Rs

25 Ha
50 Ha

I25 Ha
25 Ha
50 Ha

I25 Ha
25 Ha
50 Ha

I25 Ha
25 Ha

50 Ha

I25 Ha

0.7850
0.4850
0.2738
0.2313
0.7363
0.7000
0.6450
0.2800
0.3600
0.2550
0.3000
0.2638
0.1825
0.2213
0.1813
0.2000

0.0862
0.0571
0.0330
0.0292
0.0788
0 .0755
0.0693
o.0362
0.0431
0.0323
0.0375
0.0346
0.0241
0.0298
0.0267
o.0266

90.94
53.57
32.r2
26.62
92.25
87 .81
70.88
30. s5
35.62
23.94
3i.56
29.50
2r.19
33.75
22.69
23.62

7.3r
7.68
9.73
9.75
8.95
8. 19
9.01
7.98
8.98
8.97
8.11
8.58
8.89
8.14

T8.29
17 .76
13.80
13.46
19.40
19.79
17 .00
lt+.O7
16.51
t3.96
t5.34
14.79
11 .37
12.72
12.06
72.55

27.31
23.7L
16.38
14.76
26.16
26.84
25.77
II .38
20.47
16.56
18.05
17 .95
11.55
13.27
1i .30
11.14

0.05% Rs +
tt+
ll ¡I

0.1 % Rs +
tt+
ll ¡'r

0.5 % Rs +
ll rI
il, +

L.S.D; P = .05

F values

Rs
Ha
Rs, Ha

0.0870

220.004)Hs
10.502-^*-l'

2.454"*

0.t26

175.3t+62tvñ
r.657
1.154

0.0097

!65.r72-xx
9.5I$!r2k
2.248r'

10. 19

232.989"^x
13.869-vç'x
3. 158)r*

r.47

3.828x-
2.686x
0.7r4

2.29

/+1 .09lY'r?'Ê

J.JJJY;rt
2.3r9r,

4.03

67 .73I*YÊ
6.C88*',.
i .698

Oo
!



TABLE 30: The effect of Rs and Ha on each other at 20 days

Rs

Rs
Rs
Rs

07.
0.057.
0.1 7.

o.5 7.

Pathogen and
density

0.05% Rs +

Length of
Rs lesions

(cm)

12.75
10.06
r0.25

r0.44
11 .81
8.63

10.69
TL.75
9.06

16.75
LI.44
72.25

3. i6

4.439lc'ç
2.877x
3.427xr,r

Number of
Rs lesions
(Total)

14. 13
10.58
9.63

10.50
12.50
8.75

10.75
10. 88
8.88

14.63
10.75
1r .63

3.26

I.707
2 .000
3.001x

Number of
root-tips
attacked
by Rs

N.5.

0.7 49
0.996
I.295

Number of
other
lesions

5.25
7.00
4.00
5.75
5.25
4.25
9.00
5.88
6.00

3.24

1.141
L.4II
2.444x

Number of
whole roots
destroyed
by Rs

r.25
L.25
I .50

%Rs on
roots

Number of
Ha

9.38
r0.25
11 .00
3. 13
3.75
6. BB

3.00
4. IJ
4.r3
2.r2
2.25
1e1

1.81

25 Ha
50 Ha

125 Ha
25 Ha
50 Ha

I25 Ha

25 Ha
50 Ha

125 Ha
25 Ha
50 Ha

I25 Ha

I.I2
r.12
r.25
I.25
I.I2
z. z)
2"r2
2.37
2.25

23.88
33.60
37 .5t+

35.25
33.32
36.68
36.33
39. 81
44.7I
47.70
s0.99
52.8L

7.68

30.041-xf "'r

11 . 936x-.)s

0.684

63
25
63

5
5
5

8
5
4

50
25
00

ll

0.1 % Rs
il

0.5 % Rs

il

+
+
+
+
+
+
+
+

5
5
4
5
5
4
5
4
5

25
50
75
00
63
63
63
88
63

L.S.D; P = .05

F values

Rs
Ha
Rs

0.90

7.569-)113
7.724
1. 181

81.953vfvf
9 . 198ì1x-
T.378

æ
co

'Ha
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Figure 16: Effect of Rs and Ha combinaton on dry shoot

weight aL 20 days.

Figure 17: Bffect of Rs and /Ja combinaÈon on length of
roots at 20 days.

Figure 18: Effect of Rs and Ha combination on fresh
shoot weight at 30 days.

Figure 19: Effect of Rs and I/a combina.tion on fresh
root weight at 30 days.
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Combinations of Rs with /Ia, at all concentrations reduced the above

mentioned parameters. The effect of 0.05% Rs with all lla densities

on fresh shool- weight and length of roots was severe (Fig.17).

Severe reduction also occurred with dry shoot weight at the 25 and 50

larval densities in combination with the 1ow rate of 0.05% Rs (Fig.16).

All concentrations of Rs significantly reduced all growth parameters

except the l.ength of the first. three leaves at the lowest rate of Rs.

Ha aL the highesL density oL I25 larvae significantly reduced fresh and

dry whoot weight, and the length of roots. I/a had little effect on

the length of leaves though its effect v¡as significant for all three

leaves ¡

Effect of Rs and Ha on each other

Combination of the low rate of Rs with all densities of lla reduced

the length of Rs lesions, total number of lesions and number of lesions

other than that. on root tips; parameters for which the interaction

terms were significant (Table 30). OnIy 7" Rs on roots increased with

increasing concentration of Rs. Numbers of Ha in the roots were signi-

ficantly reduced in all combinations of Rs and //a densities.

Growth at 30 days

Significant interactions were obtained with fresh and dry shoot

weights and with fresh root weight (Table 31). This was probably because

the combination of the two lower concentrations of Rs wi-th all nematode

densiLies severely reduced shoot weights (Fig.18). This reduction did

not occur at the highest concentration of Rs (Fig.18). Fresh root weight

was reduced by al I combinations of Rs and Ha densities except Lhe combi-

nation of 0.5% Rs hlith 125 larvae (Fig.19). A similar reduction in the

length of leaf 4 would explain the significant interaction (Table 31).
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Rs aL all concentrations reduced the length of roots and the

lengrh of the firstthree leaves significantly (Table 31). The re-

duction was also significant between the lolest and the highest concen-

trations of Rs. IIa at all concentrations reduced the length of roots.

Effect of Rs and lla on each other

significant interactions between the pathogens resulted because

more whole rooLs were destroyed at the 25 and 125 1arva1 densities in

conbination with the highest concentration of Rs (Table 32). Number of

root tips and percentage of Rs on roots increased significantly at the

intermediate and highest concentrations of Rs. Rs greatly reduced the

number of larvae in the roots and the reduction \^/as greater with in-

creasing concentration of Rs.

C. Discussion

BoLh Rs and LIa under field conditions were negatively related to

growth (dry shoot weight). Under laboratory conditions Rs was extremely

damaging, although its effect on growth, yield and root damage was

probably exaggerated at the concentrations used, by the method of in-

oculation and the type and size of containers. Under field conditions

roots can grol{ away frorn the inoculum but under these experimental con-

ditions all roots were closely associated with the inoculum throughout

the life of the plant . H. avenae in these experirnents did not affect

growth to t.he same extent found in the field. 0n1y with the highest

concentration of I25 Latvae did a significant reduction in shooL growth

occur. During early growth of the plant Ha damage was limited Uo the

seminal roots because these were the only roots present, whereas Rs

caused damage to both seminal and coronal roots '



TABLE 31: The effec¡s of Rs and Ha on various grohrth characters at 30 days

Pathogen and
density

Fresh shoot
weight

(e)

Fresh root
weight

(e)

Dry shoot
weight

(g)

Root length

(cm)

Length of
Leaf 1

(c*)

Leaf 2

(.t)

Leaf 3

(c*)

Leaf 4

(cr)

o7.
0.o57.
0.7 7"

o.s z

Rs
Rs
Rs
Rs

Rso5%0

il

O.I % Rs
ll

ll

0.5 % Rs
il
il

1.070
0.845
0.701
0.415
0.986
I .001
o.924
0.435
0.446
0.460
o.525
0.394
o.496
0.409
0.416
0.382

.399

.788

.934

.411

.415

.486

.25r

.47r

.522

.580

.522

.447

.519
10/,

.280

0. 1680
0,1223
0. 1000
0.0600
o.1446
0. 1483
0. 1515
0.0636
0 .0739
0.0638
0 .0750
0.0561
0.0690
0.0593
0.0623
0.0575

r72.
62.
69.

2r.36
16.85
i6.57
13.86
20.32
19.90
78.76
13.52
14.84
15.13
14 .86
15.46
13.57
1? OO

L3.49
73.36

24.L5
23.09
22.02
t8.76
23.49
a/, ao

23.97
17 .81
18 .31
r8.72
19.70
17 .60
19.11
15.92
16.27
16.L2

.5228
23
23
18

.11
65

11
8
9
7

3
B

9
0
4

38

.276

1

0
0
0
I
I
1

0
0
0
0
0
0
0
0
0

rìo

.40

1 .38

.69

.46
o1

ll

Rs
Ha
Rs, Ha

25 Ha
50 Ha

I25 Ha

+ 25Ha
+ 50Ha
+ L25 Ha
+ 25Ha
+ 50Ha
+ I25 Ha

+ 25Ha
+ 50Ha
+ I25 Ha

90
89.6
77 .9
35 .9
42.3
40. i
39.5
39 .0
46.2
34.4
32.7
29.8

13.38

116.513å?v"
19.292ttrx

1 .894

10.01
r0.26
10.34
8.29
8.49
6.75
8.25
9.31
8.23
8. r.0
8.80
7.94

28.2r
27.69
27.26
L8.29
L9.40
19.93
20.25
18.64
18.70
16.31
16.47
15.91

94.396',Á"$
10.950*v'

2 .653;sàs

0.2r3

.245"ox

.616rrlr

. I31*

0.0204

L29.9I2x"^
13.874.'rt$
3.103r3x'

2.03 2.49 2.05L.S.D; P = .05 0.157

F values
62

5
1

501
680
325

20.
L.
1.

r47
7
2

. 6 10'..x 109 . I66x'"^ 68 . 5 1 6x-x-

.77 4 11.821++* 13.343',;-år

.042 1 .398 2.57Tç

\o
N)



TABLE 32: The effects of Rs and Ha on each other at 30 days

Rs
Rs
Rs
Rs

il

0.5 Z Rs
ll

ll

Pathogen and
density

0.05% Rs

Length of
Rs lesions

(cr)

rg. oo
22.8I
15.63

14. 13
19.63
16.75
18.88
T8.25
79.63
20.00
19. 88
16.75

s.r7

1.981
0.668
I .893

Number of
Rs lesions

(Total )
(cr)

18.63
2L.50
15. 13

14.25
17.75
14 .50
19.13
i6.50
18.93
18. 13

17 .75
17.00

+. JJ

3.347
0. s99
1.981

Nurnber of
root-tips
attacked
by Rs

8.00
10. 13
10.00

9.00
9.75
7 .75
9,00
9.r2
8. 84

IT.62
11.13
10.50

1 .63

14.590x's
1 .75i
r.573

Nurnber of
other
lesions

10.63
11 .38
5,25

5.25
8.00
6.75

10.12
7 .37

10.09
6. s0
6.62
6.50

4.37

5.r12
0.857
r.293

Number of
whole rooLs
destroyed
by Rs

I "L2
4.00
3.50

r.87
2.50
I.75
3.00
2.t3
2.45
5.50
3.75
4.88

1 .38

27.94I"/,'x
1 .087
3 .3¿)1rT

%Rson
roots

2s.96
37 .59
43.3/+

Number of
Ha

7 .25
O?Q

9.75
2.38
3.50
5.63
z. z)
3 .08
3.11
1 .00
T.L2
2.54

L.70

82.I/'2""¿ç
r7,I45x"*
r.216

o%
0.057.
0.r 7"

0.5 7.

It

n

O.I 7" Rs

Ha
Ha
Ha
Ha
Ha
Ha
Ha
Ha
Ha

25 Ha
50 Ha

I25 Ha

25
50

r25
25
50

125
25
50

125

+
+
+
+
+
+
+
+
+

JZ
97
40
09
45
33

4I.
48.
39.
/,o

47.
43.

L.S.D; P = .05

F values

Rs
Ha
Rs, Ha

59. 10
60.90
56.38

7 .48

J/. lJJYnYr

22.glgtr-)!î
7.205

c,J
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Measurements of both Rs and lla on the roots at any sampling time

reflect the damage found on the remaining roots at thaL time. Damage

to the alreacly destroyed roots or parts of roots cannot be accounted

for, resulting in inconsistent anornalies in measurements. Both early

and frequent assessments in this study illustraled the effect of Rs on

penetration and establishment of lla. When nematodes v/ere present the

percentage of Rs on the roots increased and more whole roots were

destroyed by Rs.

I^lith the initial densities of larvae, penetraLion and establi-sh-

ment in the roots continued up to 20 days. At 30 days no increase hras

found. These results are in agreemenL with that of Davies and Fisher

(L976). In the presence of Rs, number of Ha larvae in the roots \^iere

reduced by 10 days after inoculation and little further reduction in

numbers occurred up to 30 days. This suggests that larvae either did

not penetrate or failed to establish and left the roots. Both Rs and

Ha can peneËrate at the same site but Rs quickly destroys the root tips.

If such destruction occurred rapidly enough then I/a larvae would leave

the roots before establishing. Thus time of inoculation of each organism

rnay be important in determining the type of relation between them.

The major effect on early growth of combined simultaneous nematode

and fungus infection at all three concentrations were either additive or

synergistic. 0n1y additive effects were recorded at 10 days; some

synergistic effects appeared at 20 days but these dominated at 30 days.

This suggests thaL whatever is responsible for synergism, develops after

the stage of penetration (although fewer larvae penetrate) and the

devclopmcnt of syncytia in response to the nematode may be involved.

Polychronopoulos (1969) reportecl t.hat I/. schactii provided avenues for

entryofRsintorootsofsugarbeets.(#fhesyncytia
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as \.\re11 as adjacent areas provided suitable substrates for gro\{th of Rs.

This process may also occur in wheat but it v¡as not clear front observa-

tions how Rs damage increased in the presence of H. avenae. The increase

in fresh weight at 10 days at all densities of Ha and at the two lower

densitles at 30 days of growth, agrees with the findings of Madamba et

a7. (1965). They reported an increase in root weight at low densities

of nematodes due to the r€duction of lateral roots.

Meagher and Chambers (1970) in their study of these two paLhogens

at only one high initial leve1 of both pathogens reported a greaLer re-

cluction in growt.h due to the combination of both than to eilher alone,

on 8 week o1d plants. They also reported that growth differences that

were apparent soon after emergence, were not so apparent after 4 weeks

of growth. In t.his study synergistic effects occurred initially with

the low and intermediate concentrations of Rs and became more general

with time. The effect of the high concentration of Rs on growth alone

was drastic so that the h-ttle effect of. Ha densities was masked. It

would be unwise to expect a consistent synergisitic effect under a

different set of conditicns and with other densities. If I/a was the
./

first pathogen in the roots followed by Rs later ot vice versa ' a

different effect might- be found. The effect of Rs on growth was evident

at maturity. The significant early effect on growth due toHa1.atgel-y

disappeared at maturity. This could have been due Lo recovery of planÈs

during later stages of growth; Damage may have increased or been sus-

tained with higher populations of nematodes. Meagher et a7. (1978)

reported recovery of plants aL 23 weeks, with a high density of nema.

Combination of Rs ancl Ha reduced the number of cysts aL maturj-ty in this

study. Meagher et a7. (1978) reported a reduced egg counL due to the

effect of Rs. The reduction in their study could have been due to

the excessive high initial density used leading to competition which
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hrould also result in smaller egg outPut, or due to the effecL of Rs.

Other variables, such as moisture availabiliLy, virul.ence of

fungus, density and sequence of infection may also affecL the relat.ion-

ship between the pathogens. The rapidity of Rs damage at even lower

densities needs further study with inoculations at different t.j.mes.

Until we ful1y unclerstand tl-re complex of relationships possible

betlveen the paLhogens in terms of all relevant variables and the effect

of such relationships on the host, it would be unwise to draw con-

clusions or offer suggestions as to what might occur. The effect and

relati-onship in one year will differ from that in the next year.

3.4 Interrelatio nshios between G. praninis var. tritici and R. soTani

The strong negative correlation bet\deen Ggt and Rs in the second

year of the field distribution study and the observation that the

damage due to each fungus, often occurred on separate roots, indicated

that perhaps the relationship between Ggt and Rs hlas an antagonistic one.

To test this observation experiments were conducted in liquid

media under sterile conditions and in soil.

A Studv of reTationshios in vitro

Method

Surface sterilized seeds were germinated aL 25oC and 4 day old

seedlings were used in all experiments. Each seedling was placed on

a sterile glass slide (215 mm in length and 42 mm in width) and held

in place with a sterile rubber band. The three roots were carefully

laid out on the slide. An I mm disc of Ggt or Rs, boLh grown on



97

Czapex-dox + yeast agar, rvas placed equidistant fron the middle seminal

rooL or on it or both sides of it. The glass slide r*¡ith the seedling

plus inoculum disc or discs was placed in a sterile glass jar

(diameter of 85 mm and 245 nn in length) at an angl-e, upright, so that

the root tips touched the Hoaglands nutrient solution (1/fO strength)

which covered the base of the jar to a depth of I cm. Figure 20 shows

the system used in these experinents, similar to that used by !-lentje

et a7. 1963, 1967)., in the study of Rs on radish seedlings. The jars

were placed in incubators at 10o, 15o or 20"C in the dark and assayed

after 2 weeks. Figure 21 shows the positions of inoculum of discs

for the three experiments. There were four treatments each with 3

replicates in the first experinent which was designed to determine if

lesion formation v¡ould occur on wheat roots with the in vitro experi-

nental method. The second experiment had three treatments replicated

four times, to determine the effect of the presence of each fungus

on the other, in lesion formation when inocula were placed horizontally

equidistant frorn the root (0.5 cm from root), and vertically adjacent

to each other (Fig.21).

The third experiment with three treatments .replicated four

times, vJas to examine the effect on lesion formation when the inocula

were placed (i) l crn apart in a horizont,al plane or (i-i) 2 cms apart

vertically (Fig .2O). In all experiments the B mm discs l^/ere placed

2 cms below the junction of root and seed, at a distance of 0.5 cm

or 1 cm away from the rnirldle seminal root. The discs were placed

with the plain agar bottom on the glass slide. Discs were taken

from the edge of a week-old culture. Plants of similar size with

similar lengths of roots were used.
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Figure 20: System used to study the interrelationship

between Ggt and Rs 'in vitro' .
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Figure 21: Ggt and Rs inoculum agar disc positions

used in the r in vitro t experiments.
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Results

fn the first experintent, lesions were visible (Table 33) on

the middle seminal root (numbered as 1), the only root considered

in this experiment. [/ith Ggt the distinct blaclcening or darkening

of the stele was seen and rvith Rs, a l.ittle concaving and sof tening

of che cortex occurred. Hyphae grew from the disc of inoculum on

to the glass slide and then on to the root. Grorvth of Ggt was slower

than Rs rn'hich affected a large area of the rooË. TemperaLure did not

influence lesion forrnation. The results showed that it was possible

to test the relationship betrveen the fungi by this sirnple method.

In the second experiment only the middle (or fir'st) seminal root

was used in evaluating the response because of the difficulty in

positioning the second and third seminal roots. No lesions were

formed on this root at 14 or 21 days at any temperature when the

inocula were placed 1 cm apart in the sarne horizonEaL plane. Neither

of the fungi was able Lo establish itself in the first seminal root.

However, lesions were formed by each fungus on the seminal root that

was distal to the piece of inoculum of the other fungus. Rs grew

prolifically on the glass slide, even down to the nutrient solution

and there penetrated t.he tips of all roots (Table 34).

ülhen Ggt disc was placed directly adjacent Lo the Rs disc but

closer to the seed, Ggt formed lesions underneath the disc and

closer to the seed, but Rs did not form lesions directly underneath

the disc but only a short distance distal to the GgÈ inoculum. 0n
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TABLE 33: Ability of Ggt and Rs to form lesions on wheat roots aL
varying temperatures

Temperature 100c 15"C 20 oc

Replicate r23 r23 L23

++ +++ +++
Gst

1

o.5 cm

1

+++ +++ +++
Rs

2c

1

+++ +++ +++
Ggt

2c

s

1

+++ +++ +++

I = lesion formed; - = no lesion formed
Root. labelled as 1 was the only root assayed.
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the area immediately under the Rs inoculum only hyphae were seen.

The immediate area of the root adjacenL to Rs was also intact, wiLh

no softening of the cortex. 0n1y at 20'C did the Ggt lesion extend

proxinally to the junction between root and seed and onto the roots

on either side. At 20oC Rs formed lesions beneath the inoculum disc.

Rs grew to the nutrient medium and attacked all three root tips.

hlhen the positions of the fungal inocula rvere reversed

lesions were found between the Rs disc and the seed at all temPeratures.

Ggt lesions \\rere found only at lO"C and 15oC distal to the inoculum.

At 20oC no Ggt lesion was formed on the first seminal root. The

area immediately underneath the two fungal inoculun discs was intact

and hyphae were seen on the root surface. 0n1y at 15oC did Rs

attack roots 2 and 3 by extending via the seed from the middle root.

In the third experiment no lesions of eit.her Ggt and Rs were

found on the middle root. tr/hen Ehe inocula were separated 2 cm

horizontally at both 15oC and 20oC, slight browni.ng of the root tissue

w.as noticed along with hyphae of boUh fungi. When separated 2 cms

vertically, hyphae were found girdling the root. Hyphae o1 Ggt anð

Rs intermingled and grew over each oLher (Table 35) ' but no lesions

were formed.



TABI-E 34: AbiliLy of Ggt and Rs to form lesions in the presence of each other when horizontally separate or
placed together

Temperature 100c 15 
0C 20"c

Replicate

o

r234

-X-X-XB

+++B

++++

+++x

+++

Formation of Ggt 1esíon

r234

-X -X -X -X

++++

++++

++++

++++

r234

-X -X -X _X

++++

++++

++++

Gst Rs

N

Ggt

Rs

Rs

Ggt

- = No -rrisible lesion.
X = Hyphae seen on root-

+
IFormation of Rs lesion

Formation of Rs lesion
E
o
N

tForrnation of Ggt lesion

* = Lesion formed. B = Slight darkening or browning of root.
-)E = Root area between disc and seed. t = Root area between disc and root típ.

O



TABLE 35: Ability of Ggt and Rs to form lesions in vitro wi:,en separated vertically and horizontally

15 
0C

Treatment

Ggt

Ggt

Rep.
No.

Ggt
lesion

Rs
lesion

Hyphae
only

Browning
of root

200c
Ggt Rs Browning Hyphae
lesion lesion of root only

2 cm

+

1

2

3

4 +

X

X

X

X

B

B
^
Y

X

X

Rs

B

B

1

1

2

3

B X

x

L

X

X2cm

l crn

Rs

1cm

2cm

o
'l Gst

x

X

X

X

x

x

X

1

2

3

4

ts
O
Þ-

No lesion; + Lesion formed; B Browning; X Hyphae on the root.
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B. Studv of reTationshio in soiT

Method

Interrelationships between Ggt and Rs were studied in soil in a

factorial experÍnent, at 4 rates o1. Ggt (O7", 1.57"1 2.O7" and 2.5%), 4

rares of Rs (0%, 0.057., o.I% and 0.57"), assayed at 35 days and at

maturity and the whole was replicated B times. up to 35 days, al1

treatments received the same amount of water (5 ml/100 gms of soil every

3 days). After 35 days hal-f the remaining treaEnents continued to re-

ceive the same amount of water (5 mf/100 gns of soil every 3 days)

whereas remaining treatments received double the amount of waLer (10 ml/

100 gms of soil every 3 daYs).

Leaf length measurements were taken weekly; all other measurements

v¡ere taken at 35 days and al- maturity. Soil was inoculated with

pathogen or pathogens four days before sowing pregerminatecl seeds.

8.1. Results at 35 davs

Growth

There was no significant interaction between Ggt and Rs on growth

(Table 36). There was a significant increase in the dry weight of the

plants at the highest concentration of Ggt over the two lower concen-

trations oî. Ggt. The reduction in dry weight with the highest concen-

tration of Rs was not significant. Plants infected viith Rs had more

roots, and the highest concentration of Rs reduced root length significantl'

Leaf leneth

No significant interaction occurred (Tab1e 37) on the leaves.

Ggt aL 1.5% concentration reduced the length of leaves 2 and 3, but the
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TAìILE 36: Effect oL Ggt and Rs on growth on 35 day old plants
(means )

Pathogen and
density

Dry weight
of plant

(g)

Nunber of
roots

Length of
roots
(.r)

1

2
2

tf

2.07"

.1s9

.136

.749

.20L

.150

.t77

.116

.I37

.r25

. 151

.162

.1s8

.rs4

.L72

.165

.t74

8.00
7 .00
7.75
7.63
9. s0
9.75
8.88
B.38
8.25
B.88
9.2s
B.38

II.25
10.00
9.75
9.7s

90.6
73.5
75.8
Bl .6
80. s
84. s
62,5
54.6
s0.6
56.5
61 .3
55.0
57.6
62.6
77.3
60.4

Ggt
Ggt
Ggt
Ggt

07"
57.
o%

5i¿

5%0

0
0
0

r+0
+0
+0

¿+0
+0
+0

t+0
+0
+0

57.

Gg

Gg

Gg

Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs

057"

057"

r7.
57"

r7"
57"

r7"
57"

o5%

o57"

I%
57"

2

il
lt

il

il

L.S.D; P = .05 0.050 Non-parametric
analysis

18. 1

F value v2statistic F value

Gg

Rs

t 3.620'k

o.27L

0 .961

7.O95

24.O99x'#.

8.283

8.037y'x-

7.583x--x

o.964Ggt' Rs
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TABLE 37: Effect of Ggt and Rs on lengths of leaves on 35 day
old plants (nreans )

Pathogen and
density

Leaf 1

(loe )
Leaf 2
(loe)

Leaf 3 Leaf 4 Leaf 5

I
2
2

07" Ggt
57. Ggt
07" Ggt
57. Ggt

1.18
0.98
o.94
1. 13
7.2r
r.25
L.L7
0.64
r.20
r.26
L.25
1 .15
L.L9
r.20
r.10
I.I2

.o7

.73

.69

.05

.13

.18

.03

.59

.08

.98

.08

.01

.03

.96

12.69
9.86

10.96
12.64
14.20
15.98
12.96
1r .04
13.79
13.2r
13.69
13. 50
13.34
13.64
14.49
14.23

19.06
18.57
17.45
19 .50
19.61
20.4r
18 .07
19.99
18.37
19 .80
I8.12
17.96
19.57
19.96
20.s9
19.96

20,29
18.30
17 .81
20.35
18.29
16.86.
1s.95
17.70
L7.16
20.33
18.79
18.58
20.06
20.2L
zI.LI
2r.24

2
1

1

2
2
2
2
1

2
t
2
2
2
1

2
2

Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs

0.0s%
o.r %

o,s 7.

+ 0.05%
+ o.I 7"

+o.5%
+ o.o57"
+ o.r 7"

+ 0,5 7"

+ o.o57"
+ o.I 7"

+o,5%

1'

n

2.0% Gst
n

Gg)/o0

Ggs%2.

t

il

t,

n

t
.01

OB

L.S.D; P = .05 0.344 0.332 2.67 2.7r 3 .44

f' va lues

Ggt

Rs

Ggt, Rs

r.440
1. t78

1.818

3.394"r

2.Or3

r.429

3.560'^

6.268x'x'

0.780

T.77L

0.686

o,732

4.I44"^-x

o.497

r.285
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2.O% concentration only reduced the length of leaf 2'

effect on the lengths of leaves.

Rs had little

Effec t of Gst and Rs on each other

No signifj-cant interaction l\¡as obtained for the effect of the

pathogens on each other at 35 days (Table 38). l4ore whole roots were

destroyed by Rs in the presence o1 Ggt. Length of Ggt lesions in-

creased with incrqasing concentra{-ions of Ggt and length of Rs lesions

wíth increasing concentrations of Rs.

8.2. Resul ts - At naturity

Drv shoot weisht

This was a large and complex experirnent with 180 degrees of freedom

which reduced the error term in the analysis to small proportions ' The

result was that many factors apPeared significantly different even when

the differences were smal1. Some of the differences were trivial'

To make assessment consistent, differences hrere considered importanL

when trends were consistent over a range of concentrations of the variables'

A significant second order interaction v/as.obtained (Fig.22, Table

39) between water , Ggt and Rs on dry shoot weight and this is difficult

to interpret. Significant first order interactions were obtained

between water and Ggt, between Ggt arrd Rs but not betrveen htater and Rs '

Generally additional v¿ater increased shoot weight and so díd Ggt

(Fig.22) b1¡t Rs decreased shoot weight. The overall effect was probably

that additional \^/ater increased the sLimulation fron Ggt and this over-

came some of the reduction due to Rs. Additional water had no direct

effect on Rs.
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TABLB 38: Effect of Ggt and Rs on each other on 35 day o1d plants
(means )

Pathogen and
density

Length of Le
Ggt lesions Rs

(.*)

Number of
root tips
damaged by

Rs

Number of
whole roots
destroyed by

Rs

"lth of
esions

(cr)

Ggt
Gct
Ggt
Ggt

07.

)/"
07"

57"

5%

Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs
Rs

o.o5%
o.r %

o.5 7.

+ o.o5%
+ o.I %

+o.5%
+ 0.05%
+ o.L %

+ o.5 i(
+ 0.052
+ o.I 7"

+ o.5 7"

5i4

3
3
4
5
5
6
6
6

I

2

ll

2.A%
It

Ggt

Ggt

Ggt

3. BB

6.63
7 .78

6.7s

9.50
12 .00
15.75
6.63
B. 13

14 .00
12.06
9.63

14.75
11.13
11.00
12.75

L.l2
0.37
o.62
2,25
2.62
3. 13
2.OO
1.t2
4.00
3.25
1 .00
2.62

1

2
2

75
75
25
13
25
3B
63
13
00
38
50
25

62
63
50
75
50
63
3B
67

2

1

I
3
2
3
2
2
5
3
2
3

il

ll

il

L.S.D; P = .05 Non-parametric
analysis

Non-parametric Non-Parametric
analysis analYsis4.r7

X2 statistic F value X2 statistic Y2 statistic

Ggt

Rs

Ggt, Rs

31.137*--x-

2.838

2,92r

r.245
9.799x'""

o.907

4. 333

3.250

6.416

7.961'x-

5.704

2,r28



TABLE 39: F values obtained by ANOVA for the effect of Inlater, Ggt and Rs on various growth characters

at maturitY

hlater and
Pathogens

Dry shoot
weight

Dry root
weight Height

Number of
roots

Length of
roots Yield

Water

Ggt

Rs

Water, Ggt

\rlater, Rs

Ggt; Rs

tr{ater , Ggt, Rs

106.030'*x

81 .035v"ê

8.750*vr

18.600rç-F

o.652

t3.292x

3.379ìÊå+

14.055lîlr

67 .968å3rs

12.396rs*

5 .493',Éà'

0.933

2.216;*

3.281,"F11-

128.882*'r

26.L56r"'t

4.237xr,

6 .320rçx-

0.479

6.928;sàs

r.695

J.lJ)xrc

ro.65T??

4.477#?

T.I28

0. 128

I .605

1 .595

i .168

r.796

55.364*åt

0.663

r.7 44

2.670'x-)

0.915

49.750.y'Yß

3 .076yç".$

r.468

6.074x"*

3 .063Y.rYç

II+.2t+4*x

r.049

P
-O
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Fígure 222 Effect of Inlater , Ggt and Rs on dry shoot

weight at maturity.

Dry shoot weight aL half rate of
water (5 nL/3 days)

B: Dry shoot weight at ful1 rate of
hrarer (10 m1/3 days)

A
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Figure 23: Effect of trrlater, Ggi: and Rs on dry root

weight at maturity.

Dry root rveight at half rate of
water (5 m1/3 days)

Dry root weight. at full rate of
water (10 m1/3 days)

A

B
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Drv root wej-Rht

Essentially similar results rvere obtained for the effects of

water , Ggt and R-s on dry root weight, though the effects were not as

clear (Fie.23, Table 39).

Heisht

A significant interaclion bettveen water and Ggt occurred with

res¡:ct to height. At the lower water rate, Ggt had little effect on

height whereas at the higher leve1, all concentrations of Ggt increased

height (Fig.24, TabLe 39). The significant interacticnbetween Ggt and

Rs occurred, because although Rs alone tended to reduce height, in the

presence of. Ggt at all concentrations, height either remained the same

or \^ras increased (Fig.25, Table 39).

Number and length of roots

There vüas no significant interacLion of Ggt and Rs on the nunber

of roots (Table 39). hlater and all levels of. Ggt increased the number

of root.s but only the highest level of Rs increased the number of roots

(Table 40). However, there v¡as a significant interaction of Ggt and

Rs on the length of rooEs (Table 39). Ggt aE all levels reduced the

effect of the highest level of Rs (Fig.26).

Yield

All three first order interactions (water and Ggt, water and Rs,

Ggt and Bs) were significant (Table 39). In the absence of. Ggt ' water

1evel clid not affect yield but at the highest leve1 , Ggt increased

yield (Fig.27). Similar results were obtainerl for Rs and waLer (l-ig.28).
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Figure 24: Effect of I,rlater and Ggt on height of plants

at maturity.

Figure 25: Effect of Ggt and Rs combination on heighL

of plants aE maturity.

Figure 26: Effect of. Ggt and Rs combination on length

of roots at maturity.
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TABLE 40: Effect of water, Ggt and Rs on nurnber and length of roots,
height and Yield at maturitY

Number of roots: Effec t of incli vidual variabl,es

LIater 5m1
12.53

10 ml
12.93

LSD; P = .05
NS-X.

64
57"
3B

2.
13.

57"
82

1.
12.

Ggt 07.

11 .61
27"

13.11

Rs 07. O.O5% O ,17" O '57"
1.2.38 t2.77 12.34 13.43 '64

Lensth of rootê. Effect of individual variables

Water LSD; P = .05
NS

5 m1

I
10 ml
BB. B86

Ggt
NS

Rs O% O.O57" 0.17" O '57"
116.1 86.4 75.8 7!.5 7 '48

Heisht of olants: Effect of individua 1 variables

Water LSD; P = .05
L.92

07"

83.2
I

B6
s%

2
2,O%

88.9
2.57"

91 .6

5ml
36.20

10
47

m1

33

Ggt 2.O7"
43.3624

o%

38
T.5iL

43.16
2.s%

42.30 t.29

Rs 07"

40.87 42.08 41.13 42.98 r '29

Yield: Effect of individual variables

l^later 5ml
.1785

r.5%
o.246r

0.05%
0.247r

2.O%
o.269t

o.r%
o.226r

2.s%
0.2181

o.57"
0. 2535

LSD; P = .05
.0306

.Ot+1 4

10 ml
.2889

Ggt o%

0.2013

07"

0.2081
Rs

')$NS = Not significant.

.o47 4
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Figure 27: Bf f ect of \rlater and Ggt on yie1d.

Figure 28: Effect of WaLer and Rs on yield.

Figure 29: Effect of Ggt and Rs combi.nation on yietd (1og)
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Alrhough Rs alone reduced yield, in the presence ofGgt yield increased

(Fig. 2e ) .

Leneth of leaves

The first five leaves \,,/ere fully developed when the trvo levels of

water were introduced so water level could have no influence. The

significant interaction between Ggt and Rs on the length of leaf 5,

occurred because. the reduction in the length of leaf 5 caused by the two

higher concentrations of Rs was removed by the presence of Ggt (Table 42).

Leaf 6 behaved in much the same lvay as leaf 5 due to the Ggt, Rs

interaction (Fig.31), but with an additional significant interaction

between water and Ggt which vlas not very important (Fig.30). Leaves 7

and B, both showed the effects of the two water levels (T'able 41) but

the significant interact-ion between v/ater and Ggt was replaced by one

beLween rvater and Rs (Table 41); however this appeared trivial (Fig.32

and 34). The significant interactions between Ggt and Rs continued

(Fig.33 and 35), though in both these leaves Rs failed to reduce

length (Tabfe 41).

Effect of Gpt and Rs on each other

Few significant results were obtai-ned (Table 43 and 44). 0n1y

one significant interaction between Ggt and Rs occurred in which Ggt

suppressed the number of rooL tips destroyed by Rs at high initial con-

centration. ülater had no effect. on any of the parameters; Ggt reduced

the length of Rs lesions and Rs reduced the length of Ggt lesions and

incresed the number of root tips ancl whole roots destroyed (Table 43

and 44).
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TABLE 41: F values obtained by ANOVA for t.he effect of ltlater,
Ggt and Rs on lengths of leaves

trrlater and
Pathogens Leaf 6 Leaf 7 Leaf B

hlater

Ggt

Rs

llater , Ggt

Vrlater, Rs

Ggt' Rs

Irlater , Ggt, Rs

0.073

2r.934x'x'

23.778"^x

4,707x'x

2.301

2.175'*

0.503

10.539*.*

37 .432v'x

1 .834

0.970

3.014^*

4.368-xf,

0.691

25.994)r*

45.374x'x'

2.289

1 .715

2.624^"

4.091à'.*

0.536
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TABLE 42: Effect of Ggt and Rs on leaf lengths of first 5 leaves

Leaf 3 Leaf 4 Leaf 5Leaf I
(1og)

Leaf 2
( 1og

07" Ggt
L5% Gst
2,O7" Ggt
2.5% Gst

1.r99
I .250
I.I92
1.136

Rs 1.066
Rs I.247
Rs 1.085
Rs 1.120
Rs I,2O2
Rs 1.238
Rs I.I27
Rs 1.166
Rs L.23O
Rs 1.134
Rs 1.190
Rs I.272

2.O6s
2.O89
2.080
2 .006
2.OO9
2.060
r.962
2.07L
2.O92
2,O93
2.7r2
2.O33
2 .081
2.II3
2.L73
2.ro7

13.84
13.46
t2.89
t2.9r
13.46
13.45
II.72
13.76
13. 89
t4.r9
14. 15
13. 10
14.33
14.66
t3.97
13. 83

18.36
r7.26
17.38
18.09
18. 59
18.10
16.3s
I8.77
18.11
i8.46
18.91
17,93
19. 15
19,79
17.7L
19.o7

2r.06
20.43
21 .00
21.s0
20. 51
19.63
t6.64
21 .05
20.40
20.43
20,93
20.32
27.4s
22.O4

63
20
20

1%
)/o

0.
0.
0.

+0.
+0.
+0.
+0.
+0.
+0.
+ 0.
+ 0.
+0.

57"1

2

o5%
r7"
)/o

o57"
r7"
)/"
os%
r7"
)/"
o57"

ll

ll

07.

2.57"
ll

il

Ggt

Ggt

Ggt
06

L.S.D; P =.05 0.150 0.151 1'68 1'70 I'25

F values

Ggt

Rs

Ggt, Rs

o.666

2.486

0.845

I.T66
0.100

o.666

r.229

0.989

r.499

r.243

3.165-x

L.634

10.352vç-x-

8.566x-x-

5.268'"x
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Figure 30: Effect of water ard Ggt on length of leaf 6.

Figure 31: Effect of Ggt and Rs cornbination on length
of leaf 6.

Figure 32: Effect of water and Rs on length of Leaf 7.

Figure 33: Effect of Ggt and Rs combination on length
of leaf 7.

Figure 34: Effect of water and Rs on length of leaf 8 (1og).

Figure 35: Effect of Ggt and Rs combination on length
of leaf 8.
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TABLB .43: F values obtained by ANOVA for the ef fect of l^later ¡ Ggt 'and

Rs on each other

ülater and
Pathogens

Length of
Ggc lesions

Length of
Rs lesions

No. of whole No. of root
rooLs destroY- tiPs destroY-
ed by Ës ed bY Rs

hlater

Ggt

Rs

Irlater , Ggt

Irlater, Rs

Ggt, Rs

Water, Ggt, Rs

0. 197

0.789

32.782-x*

1.s60

0.283

o.862

1 .015

0.014

7.014x-x

2.t79

2.r20

1.088

L.852

t.o72

0.348

1 .409

34.075-x-*

r.r49

t.327

1.008

t.286

0.281

L.932

15.588-kr+

0. s65

1 .531

2.56).x

0.840
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TABLE 44: Effect of l^later, Ggt and Rs on length of Ggt and Rs lesions,
number of whole roots and root-tips destroyed by Rs.

lJater

Rate (ml/3 days) 5ml 10 ml LSD; P = .05

Length of. Ggt lesions
Length of Rs lesions
No. of rvhole rooLs
destroyed by Rs

No. of root-tips
destroyed by Rs

2.70

14.99

2.47

6.¿2

2.66

T5.I2

2.66

0. r9

2.O5

0.63

7 ,O4 o,79

Gpt

Density /o r.57. 2.O7" 2.5i1 LSD:P=.05

Length of. Ggt lesions
Length of Rs lesions

No. of whole roots
destroyed by Rs

No. of root-tips
destroyed by Rs

6.83 7.52 6.50

17.26

2.93

6.86

2.66

13.69

2.40

2.6s
15.25

2.57

2.73

14.02

2.35

0.14

L.69

0.60

0.8s

Density % L.57" 2.Oi¿ 2.5% LSD:P=.05
Rs

Length of Ggt lesions
LengÈh of Rs lesions
No. of whole roots
destroyed by Rs

No. of root-tips
destroyed by Rs

6.4t 6.23

3.17 2.62

14.73

I .51

2.48

14.49

2.46

2.45

ls.95

3.72

8. 14

0. 16

r.46

o.52

o.74
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C. Discussion

The results obtained with these studies of the relationship

between Ggt and Rs, confirmed the negative correlations thaL were

obtained in the field study. The initial study of the relationship

in vi.tro in jars under sterile conditions clearly illustrated the anta-

gonism between G. graninis var. tritici and R. soTani on wheat cultivar
tCondort. The study in soil further substantíated the inverse re-

lationship betrveen these two important pathogens on wheaL.

The in vitro study, also indicated that neither fungus had an

effecL on hyphal growth, for the hyphae of both Ggt and Rs grew, inter-

mingled and girdled the root without causing lesions. hlhether pene-

tration of the root was prevented by each of the fungi, was not checked.

Both GgË and Rs, penetrated and formed lesions on the first seminal root

in the absence of the other fungus. Perhaps Ggt prevents direct pene-

tration, or affects cushion and appresoria formation, thus preventing

infection peg penetration by Rs. Rs may, in turn, prevenL infection

peg formation and penetration from Ggt runner hyphae. Inhibition may

occur externally or internally. It might be due to antibiotic pro-

duction, lysis of hyphal tips of the fungi, competition for site or

due to host tissue reaction. I¡/hen the inoculum source was separated

up to a distance of 2 cm verti-ca11y and horizontally, antagonism was

effective in preventing lesion formaLion, but when inocula were placed

adjacent to each other directly on the root ' both fungi were able to

form lesions distally and proximally to the inoculum. This suggests

that establishment of the lesion is dependent on the position, size and

density of inoculum propagule. Thus the distribution and size under

field conditions tvould be important. The first fungus Lo reach a

root would have the advantage. Rs was able to attack all root Lips

because of its greater growEh rate under these experirnental conditi.ons.

The rnode of antagonism needs further investigation.
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The pattern of extension by Ggt and Rs int-o other serninal roots

from the main seminal root and seed junction, suggested that the area

of antagonisn is limited.

The extension with Rs occurred at 15"C and wi-th Ggt at ZO"C. Rs

infection even in soil is favoured by low temperatures in the range of

12=lBoC (Samuel and Garrett, 1932) and Ggt infection under natural

conditions is favoured by soil temperatures of. I2-2O'C (Butler, 1961).

In soil at 35 days, the combination of Ggt and Rs had little

effect on any growth or disease variable. At maturity the full effects

of the antagonism between Ggt and Rs resulted in lower levels of root

rot as neasured by length of lesions caused by both fungi. The reduced "

damage to Lhe rooLs vras correlated with better growth of the p1ant.

Combination of Ggt and Rs increased dry shoot weight , dry root weight,

length of roots, yield and length of leaves. Damage from Rs alone

reduced growth. The growth enhancement effect of the oatmeal base of

Ggt increased growth but it had little effect on yield. Many infertile

trea¿s were found at the highest concentration of GgË.

lr/ater, had the greatest effect and dominated all variables. Plant

growth was greater at the ful1 rate of water than at the lower rate.

Plants that received more water had more rooLs and had higher yields

despite damage by the fungi. The relationship between the two fungi was

not affected by water. Stynes (1975) in his synoptic study of wheat in

South Australia found that the amount of water in the soil during the

year had the greatest effect on gr:owth and yield although pathogens did

affect the efficient functioning of roots.

Ledingham G942) first demonstrated antagonism beLween lleTnintho-

sporiun sativun and Fusariunt cuTnorun in affecting germination of wheat.
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He also showecl that in t-he presence of F. cuTmorum conidia, germinaLion

o1 H. sativum conidia was inhibited. Scardaci and \'rlebster (1981) have

also demonstrated antagonism between the cereal root pathogens 
'

F. graninearun and Bipolaris sorokiniana when both rvere iuoculated

símultaneously in barley, resulting in lotver levels of seedlíng blight

and root rot.

Rhi-zoctonia sp. was one of the many soil organisms whose relation-

ship with ophiobolus graninis ( = G. graninis) rvas studied by Lal (1939)'

He isolated Rhizoctonia sp. with 0. graninis from roots of rvheat and re-

portedaStrongantagonismbetweenthetrvofungionagarplatesaswell

as restricted growth of o. gtaninjs on soil in the presence of Rhizoctonia

Sp.Lalalsoreportedthatpathogenicityofo.graninisrvasaffected

by metabolites of Rhizoctonia grown in liquid medium' Height of plants

growninthepresenceofbothfungildasgreaterthanwitho.graninis

and less than with Rhizoctonia sp. The results of this study are in

generalagreementwiththefindingsofLal(1939)exceptthatRswas

moie datuging in this study Lhan Ggt'

The effect of water in pots on disease development differed from

that found in the field study where greater Rs damage was associated

with dry moisture conditions and Ggt with higher moisture levels ' such

differences suggest that the r,ratering regime in the pot experiments in-

adequately sirnulated soil rvater conditions in the field '
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3.5 Interrelat nshi s betrveeu G. ranln7 s var. triticj, R lani
and IJ. avenae

Ggt, Rs and Ha were founcl together on the roots of wheat in the field

study. Since relationships between pairs of these pal-hogens has already

been studied and the effects of the pathogens under experimental con-

ditions is known, an experiment using all three pathogens was conducted.

The aim was to find out whether hi-gh order interactions occurred at the

de'sities chosen and, if these did not occur, ruhich fj rst order interactions

were important when all three pathogens were together. Also to exarnine

whether behaviour of pathogens or the effects of pathogens differed when

all three pathogens were together and to rigorously test earlier results '

Ùfethod

Simultaneous inoculation of Ggt (0, 1.5, 2.0 and 2.57"), Rs (0, 0.5,

0.1 and o.57") and Ha (0, 25,50 and 125 larvae/too gm of soil) was used in

a multifactorial experiment with an eight-fold replication to examine the

effects on growth of the host and on the organisms '

A. Results at naturitY

Growth

No second order interaction between all pathogens was si-gnificant

for any of the growth variables measured (Table 45). First order inter-

action between Ggt and Rs, hacl a significant effect on all growth characters

except on height of plants (Table 45). The Rs,/ia interaction had an effect

on dry shoot weight , length of roots and on yield. TI-re Ggt ,Ha interaction

!üas not significaut for any character.

ùleans of the 64 treatments for all growth variables are given in the

appendices (Appendix A). These results give an overall view of the effecL



TABLE 45: F values and X2 statistic obtained by ANOVA for the effect oL Ggt' Rs and Ha ot growth

variables at maturitY

Pathogens

Ggt

Rs

Ha

Ggt, Rs

Ggt, Ha

Rs, Ila

Ggt, Rs, Ha

I - X' statistic

Dry shoot
weight

303 .40l'x-v"

79.252+.+ç

2.264

21.058x.rc

0.795

2.010.)+

0.916

Dry root
weight

27.622x't,

27 .363xt

2.563

10.085nås

1 .895

0.850

1 .057

Number of f
roots

7 .7736

26.7LL3r,t+

4.0235

33.3833rÊåÉ

5.5704

14.8830

28.t489

Length of
rooEs

6.793"^x'

225.257ìr.t1

3.296xx

2I.234vrrr

r.646

3.97 îvÉtî

0.927

Height

10.578v.x-

11 .200*rs

r.699

7.s79

r.799

0.924

0 .916

Number of
grains

1 16 . 956vrvr

8.559-x*

3. 131x'x-

6.24r"v,,

r.226

r.264

0.939

Yield
(loe)

194.543v.fvf

20.399xr:

1 .418

13.463n*"o

r.452

2.74Tt

0.787

ts
t\)
!
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of pathogens independently and in all conbinations '

The reduced gr:owth associated with Rs dj-d not occur r"hen both fungi

at all concentrations were inoculated together (Figs. 36 to 40). The

interaction effect was to increase grorvth. This was because Ggt

suppressed the reduction in the growth parameters due to R€. There was

clear suppression of the reduction in all parameters except number of roots

(Fig.38) where limited variation was possible and length of roots (Fig.39)

where suppression increased with increasing density of Ggt.

The effects of Ggt,Rs interaction on number of grains and yield are

seen in Fig.40 and 41. Ggt alone and in combination with Rs produced

more grains and increased yield with all combinations.

Rs and Ha cornbination reduced dry weight of shoot rnore than Rs alone

(Fig.42). Reduction in length of root was more apparent with the combina-

tion of both pathogens (Fig.a3). The two higher concentrations of Rs with

25 and 50 Ha larval densities reduced yield significantly as did 0.52 Rs

with 125 I/a (Fig .44).

Height measurements at maturity only reflected the effect of GgË and

Rs. Plants were taller in the Ggt treatments and shorter in the Rs treat-

ments (Table 45).

Lensth of leaves and width of leaf 5

The effect of all three pathogens on lengths of leaves can be

separa¡ed into 3 groups of similar reactions (Table 46). For the first

t.hrce leaves, only the first order interaction between Ggt and Rs was signi-

ficanti Neither of the other first order interactions (Ggt and Ha or Rs

and IJa) lor the second order inieraction betveen Ggt, Rs and Ha was

significant. Leaf 4 was the only leaf for which the second order inter-

action beLween all three pathogens was significant at the 1% level; all the
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Figure 36: Effect of Ggt and Rs combination on dry
shoot weight at maturity.

Figure 37: Effect of. Ggt and Rs combination on dry
root weight at maturity.

Figure 38: Effect of Ggt and Rs combination on number

of roots at maturity.
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Figure 39: Effect of Ggt and Rs combination on length
of roots at maturity.

Figure 40: Effect of Ggt and Rs combination on number

of grains (sq.rt.).

Figure 41: Effect of Ggt and Rs combination on yield (log).



Eo
o
o
ô

o
E
bcg

39

40

41

I

__JBr+2.O%cgt

O-

=---r*:l?.?98.,

----l -- - _

ã
b
a

ac
E
b
o2

---Jl--
F.+2.5SGgû

-o 

B¡+t.S%G9t

l-.R3+O%Ggt

/-. R8+2.O%Ggû

-0.5

-1 5
o
!
o.;
o
ô

--t--

o o,o5 0.1

-7- ----o R¡+2,5%Ggt

-. 

Ro+1.s%Ggt

ns d.nrlty (%l

o.5

R¡+O%Ggl



131

Figure 42: Effect of Rs and Ha combinaÈion on dry shoot

weight at maturity.

Figure 43: Effect of Rs and Ha combination on length of
roots at maturity.

Figure 44: Effect of Rs and Ha combination on yie1d.
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TABLE 46: F values obtained by ANOVA for t.he effect of thþt, Rs and Ha on length of leaves and width of
leaf 5

6.68."*

3. 134^*

3.66 rs

6.94 *x

r.54

I .39

r.24

60.65*rç

39.77x""

l{ . gÇaqì$

24.77+."+t

1 .07

1 .39

0.73

29.57"çx

53.45rsx-

13.2o.rsyf

9.39x-n

4 .88-)Évr

3.54r$yd

2.95xx

12.15x-)f

6. g1vr-)ç

r.o7

6.35rrt'r

r.03

I .58+Ê

90.98.?.Ëì+

12.r49xr"

16.90 rfrê

12.00 vfrÊ

I .53

2.02 nnno

r.46

50.591ëvs
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7 .37r,nn

1 .00

r.20
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1.04
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first order interactions \,/ere significant at the 17" level. The effect on

leaves 5r6 and 7 were more variable. Second order interactiolÌs were

significant for leaves 6 and 7 at the 5% level. The Ggt,Rs interaction

was significant for leaves 5,6 and 7; Ggt,Ila interaction for leaf 5 and

the Rs,//a interaction for leaf 6.

The effect of the GgtrRs interaction was the sane as that found

earlier in Section 3.4 on leaves 1,2 and 3 (Table 47, Fig.45 and 46). Due

to the nresence of Ggt, the effect of Rs hlas suppressed.

The neans for t-he length of leaf 4 are given in Table 48. It is

difficult to interpret second order interactions. Therefore only consistent

trends are noted. The second order interaction hlas responsible for 2.77"

variation in length. Combination of Ggt h/ith Rs at all concentrations gave

the normal increase (Fig .47). The decrease in length of leaf 4 due to Rs

alone was relatively unaffected by the presence of. I25 f/a larvae.

Combination of al1 concentrations of Ggt and Rs with the 125 larval densiLy

reduced the ability of Ggt Lo suppress Rs damage (Fig.48). Simi-lar trends

were found with the two lower densities.

Similar but less obvious trends were observed with leaf 5 (Fig.48).

The combination of the three pathogens increased the length of leaf 6,

more than the Ggt with Rs combinations particularly at the two higher levels

of. Ggt (Fig.a9). The negative relation between the three pathogens and

lengrh of leaf 4 (Fig.47), changed to no relation with leaf 5 (Fig.48) and

to a positive one for leaves 6 and 7 (Fig. 49 and 50). Means for lengths

of leaves 5,6 and 7 are given in Appendix B.

The means for all treatments for the width of leaf 5 are given in

Appendix B. The effect of the significant interaction between Ggt and Rs

are shown in Fig.51. The interaction is probably significant because of

the change in slope at the lower densities of both pathogens (Fig'51)'
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TABLE 47: The effecL of Ggt,Rs combination on length of leaves 1,
2and3

PaLhogen and
density Leaf I Leaf 2 Leaf 3

07"

t.s%

2.O7"

2.5%

L.57.
il

il

2.O
ll

ll

2.57"
il

n

Ggt

Ggt

Ggt

Ggt

Ggt +

Ggt

Ggt

0.05% Rs

0.1 Z Rs

0.5 % Rs

0.05% Rs

0.1 Z Rs

O.5 7. Rs

0.05% Rs

0.1 % Rs

O.5 % Rs

0.05% Rs

0.1 % Rs

0.5% Rs

6.7r
7 .r7
7.O4

6.46

7.36

6.56

5.72

7 .45

7.47

6 .68

6.42

7,15

7.64

7.25

7.18

7 .01

I3.s9
TT.94

11 .39

11 .48

10.58

9.ss
7.89

12.27

11.33

TT.44

11.36

12.00

11 .83

13.43

11 .58

IT.32

19.10

18.58

17 .73

17.ù1

13.0s

12,16

11.70

18.56

15.41

16.50

15.22

17.66

16.62

21.00

16.32

16.37

L.S.D; P = .05 0. s6 o.72 r.20
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Figure 45: Effect of Ggt and Rs combination on length

of leaf 2.

Figure 46: Effect of. Ggt and Rs combination on length

of leaf 3.
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Fi,gure 47: Ef f ect of Rs , Ggt + Rs and Ggt + Rs + I25 Íla
larvae on length of leaf 4.

Figure 48: Effect of Rs ' Ggt + Rs and Ggt + Rs + I25 Ha

larvae on lengtli of leaf 5.
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TABLE 48: Effect oL Ggt, Rs and Ha on length of leaf 4

.. Initial densitv of Ha

Ggt Rs 0 25 50 I25

O9o

r.57"

2.07"

2.57"

0

0.0s%

o.r 7.

o.s 7"

0

o,o5%

o.r 7"

o.5 7"

0

0.0s2

o.r i¿

o.s %

0

o,os7"

o.r 7"

o.5 iL

19.06

14.68

12.89

14.09

18. 83

r8.29

18.34

18.36

20.7r

2r.72
18.50

19.06

19.T9

20.78

19.08

19.99

19. 18

is.69
13,21

14.68

18.01

L6.48

17.08

L6.96

2r.22

13.40

L7.69

L6.64

20.48

t6.78
17 .05

16.00

19. 10

15.26

13.0r

14.0s

20.31

17. 13

16. s8

15.99

2L.Ot+

10.90

19.53

17.73

17.40

17 .74

16.3s

14.93

18. 84

14.99

15.55

14.51

19. 86

18. 78

18.29

16 .05

18.58

13 .04

17 .73

16.34

20. 10

16.69

16.49

16.19

L.S.D; P=0.05=2.34.
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Fì-gure 49: Effect of Rst Ggt + Rs and Ggt + Rs + L25 Ha

larvae on length of leaf 6.

Figure 50: Effect of Rs, Ggt * Rs and Ggt + Rs + I25 Ha

larvae on length of leaf 7.
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Combinations of these fungi increased the width of feaf 5 to a greater

extent Ehan Rs alone but decreased it compared to Ggt concent-rations

alone.

Effect of Gøt. Rs and f/a on each other

No second order interaction \,/as significant (Table 49) but first

order interactions betwe en Ggt and Rs had significant effects on length

of Rs lesions and nunber of cysts. A significant interaction was

obtained between GgÈ and IJa on length o1 Ggt lesions.

The significant Ggt,Rs interaction on length of Rs lesions probably

resulted from the removal of the reduction in length of Rs lesions

between the two lower concentrations of Rs (Fig.52) by the adclition of

Ggt - a small change. Not only did Ggt influence this change, it also

suppressed length of Rs lesions at all densities. Ggt by suppressing

Rs, also increased cyst production by Ha and restricted the damaging

effects of Rs on cYsts (Fig.53).

The effec t of Ha with Ggt on the length of Ggt lesions was variable

(Fig.5a). The combinatj-on o1 2.5% Ggt with 50 larvae gave a remarkably

dj-fferent result and this was probably responsible for the significant

interaction (Table 49). lrJhether this was a true or spurious result can

only be decided from further experiments'

Ggt reduced the length of Rs lesions (Fig.52, Table 49) and the

number of whole roots destroyed by Rs (Appendix c). It also reduced

the number of cysts produced (Appendix c). Rs decreased the length of

Ggt lesions and severely reduced the numbet o1 Ha cysts. Ha had no

effect on lengl-h or Ggt lesions, reduced the length of Rs lesions at

particular rlensj-ties and had variable effects on nu¡nber oh whole roots

destroyed (APPenclix C).
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TABLE 49: F values obt.ained by ANoVA for the effect of. Ggt, Rs and lla
on each other

Pathogens
Ggt lesion

length
(F values)

Rs lesion
length

(F values)

Number of Ha Cvsts
roots destroy{ ¡2 statistic)

ed by Rs
(¡2 statistic)

Ggt

Rs

Ha

Ggt, Rs

Ggt, Ha

Rs, Ha

Ggtt Rs' Ha

9.71 x'F

31.35 fflç

0.825

O.8t+4

I .88*

1 .04

o.79

243.23xx

1 .88

lQ. l{'^as

4.45v.x-

I .84

1 .09

0.83

70.04-F-x-

r.32

11 .68^*x-

6.39

7 .30

2.87

19.26

13.36 -x+(-

20.53-x-x-

22.6/+"^"x

51 .59{-x'

11. 85

2.68

15.81
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Figure 51: Effect of Ggt and Rs combination on wi-dth

of leaf 5.

Figure 52: Effect oL Ggt and Rs combination on length
of Rs lesions at rnaturity ( sq . rt. ) .

Figure 53: Effect of. Ggt and Rs combination on lla

survival (cysts) at maturity.

Figure 54: Effect of Gg and Ha combination on length
of Ggt lesions at maturity.
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B. Discussiott

This experiment, to exanine the effecl-s of Lhree pathogenic

variables at one time, was ambitious br.lt it does represent the

situation that was found in the field. One irnportant point has

emergecl; that few signi-fj.cant seconrl order interactions on gro\.th were

recorded. This suggesLs, though i-t needs confirmation that second or

higher order interactions may be relatively unimportant in the re-

lationship of a number of organisms to the growth of plants. Although

the experiment ha{ a large number of degrees of freedom and one could

expecL small differences to be significant, this did not help to

demonstrate significant second order interactions.

Conversely significant first order interactions were comlnon between

Ggt and Rs. These were obtained chiefly because the reduction in the

gro\,/th parameters due to Rs, was removed by the Ggt inoculum so changing

the shape of the curve. trlhether this was wholly due to the antagonism

between the trvo fungi or partly due to the addition of oatmeal still

remains to be demonstrated.

Few significant first order interactions between Ggt and Ha, and

Rs and I/a were found. This may have been due to the relatively low

initial densities of. Ha and higher densities may give different results'

The numerous fluctuations in the means possibly reflect the many

sources of variations that can influence such a large experiment, eg '

seed size, germination, inoculum preparation, maceration and incorpora-

tion of pathogens into soil. Three different methods of inoculation

were used here, one for each pathogen ' and this probably caused variation '

Although broad trends were apparent, there were no clear cut and con-

sistent effects in all the variables. It is difficult to interpret

individual significanL means. one of the i,mportant facets itr these
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experinents is to try to remove thi-s source of variation'

Ggt(+.oatrneal)stimulatedgrowtl-rproclucitlganincreaseirrrlry

shoot weight, height¡number of grains and yield; the only reduction

duetoGgtwasthatinrootlength.Rsreducedallg::owtlrvariables

measured. Its ef f ect on gror^rth was irnmediate and could be measured

atmaturity.There\{asnoeffectofFlaatthelowdensitiesused.

The effect of oatmeal on Rs has been reported before' Davey

andPapavizas(L960)observeclthatsoybean'Cornandoatarnendments

reduced disease due to Rhizoctonia soTani and that sawdust had no effect '

The reduction in disease clevelopment seemed to be greatest, in their

experiments, when the amendment was undergoing rapid decomposition'

Theinl,itroexperi.rnentsinmystudiesoftherelationshipbetween.Ggt

andRs,comprehensivelyillustratedtheantagonismbetweenthesetwo

fungi.ThedecreaseinlengthofRslesionsandthenumberofwhole

rootsdestroyedbyRs,supporttheantagonismhypot-hesis.Rswasunable

to cause damage in the presence of Ggt and vice versa' over 1000 roots

were measured and scored fot Ggt and Rs damage in this study and lesions

of both Ggt and Rs were found Eogether on one root in less than 17" o1

theroots.InmanyÍnstancestherewasdamagetothelateralsbyboth

fungibutbothfungirarelyoccurredonthesamemainroot.Rsdamage

was greater on the coronals and Ggt on the seminal roots

Rsr*a combinations caused greater clamage than the sum of both

pathogens alone at all concent::ations. These results are in agreement

r,¡irh those of l,leagher and chambers (1970)¡ Dunn and Hughes Gg67)' àh¿

Polychronopoulos et a7. (1969),l'r-ad- :L\b: 
ne'soLts *,rlh GLob"tet-a'

¡osl'ochiensÉ anrl R's , H.æho'lL" 'tr"L Rs' nesT"tL'v"LY'

Themostimportantlimitingfactoraffectirrgthelengthof].eaves

was Rs. Its effect on leaves was immediate and was apparent in leaves

2 to 7. significant second orcler interactions v/ere clerived for leaves
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4,5 and 7; Leaf 4, the first leaf jnitiated outside tl-re embryo

(\n/illiams, 1960) , was ttie f irst leaf to show the ef f ect of all thr:ee

pathogens. All the first order interactions were also significant

for this leaf. Ha allecled the ability of Ggt to suppress Rs ie.

in the presence of Ha, the increase due to the Ggt,Rs interaction in the

length of leaf 4 was reduced. Leaf 4 shor,¡ed the complexity of the

second order interaction. The complex effect carried through to the

foltowing leaves but gradually disappeared due to the recovery of the

plant. The difficult.y in interpretation of second order interactions,

envisaged by \n/allace (1983) was encountered. Further experimentation,

it is felt, would be required to confirm that interaction effects are

clearly shown on leaf lengths in wheat at other densities of pathogens.

Effect of Ha damage to cereals is reflected in the leaves but there are

no examples of the influence of soil fungi on the length of leaves in

cereals.

The reduction of I/a population by both Ggt and Rs in this study

confirmed the results of the experiment described earlier in this thesis.

These findings are in agreemenl with those reported by Cook (1975) and

Meagher et a7. (f978).

3.6 The effect o f Gpt oatmeal inoculum on eroln¡th

Jn the previous experiments, the oatmeal in Ehe Ggt inoculum

caused significanL nutritional effects which confused the assessment

of damage due to Ggt. This could not be done in the experiments

because Uhe addition of another variable would have made the experi-

men¡s unmanageable. It was decj-ded to examine this by growing inoculum'

killing the Ggt in a proportion of it and exarnining the effects of live

and dead inoculurn on growth.
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l"lethod

Ggt oatmeal inoculum \¡/as sterilized for one hour and used as

dead inoculum for control Lreatments. A two factor experinent was

conducted using five rates of dead (sterilized) and live (unsterilized)

Ggr inoculum (0.5, 1.0, 1.5, 2.0 änd 2.5% / 1009 of soil) with six

replicates. All measurements of plant growth were taken 42 days

after sowing.

Effect on qrolth

Greater increase in both fresh and dry shoot and root weight

was found with the dead inoculum than with the líve Ggt inoculum

(Figs.55 to 58). The increase was significant between the two media

but not between all densiLies. The /+th, 5th and 6th leaves were

longer in the dead control treatments (Table 50) '

Discussion

Ggt had an inhibitory effect on growth, but due to the inoculum

base used, the Lrue effect on growth i.e. reduction of growth para-

meters was masked. The increase in growth due to the oatmeal base

of the sterilized dead inoculum was obvious. The second sterilizaLíon

of the inoculum probably would not have as large an effect on t-he

release of nutrients as the first sterilization of oat grains prior

to infection by Ggt. It is not possible to predict, however, the

complexity of effecLs of the increased nutrition which ís known to have

varying effects on the amount of disease and the growth of organisms

(Baker and Martinson, 1970; Huber, 1981). Increased nutrition may
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Figure 55:

Figure 56:

Figure 57:

Figure 58:

Effect of live and dead Ggt inoculum
on fresh shoot weight. at 42 days.

Effect of live and dead Ggt inoculum
on fresh root weight at 42 daYs.

Effect of live and dead Ggt inoculum
on dry shoot weight al 42 days.

Effect of live and dead Ggt inoculum
on dry root weight at 42 daYs.
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TABLE50:EffectofdeadandliveGgtinoculumonfinalleaflength

Length of leaves
Oatmeal and Pathogen

densitY

Oatmeal 0.5%

l.o%

r.57"

2.O7"

2.57"

Ggt oatmeal O.5%

inoculum I.OiA

l -57.

2.07.

2.57.

L.S.D; P =.05

Leaf 1

9.s3

9.63

10. 10

9.65

10.03

10.20

9.10

9.23

L0.32

9.83

1 .09

16.27

16.57

. L7 .45

17.13

18.00

17.32

16.27

14.82

16.87

t7.25

Leaf. 2

1 .61

Leaf 3

23.r3

23.75

25.45

25.r2

26.r7

24,20

23.28

22.42

24.42

24.97

1 .93

Leaf. 4

24.92

25.83

28.07

28.10

29.00

25.07

25.65

25 .80

25.92

26.32

1.44

Leaf 5

24.77

24.53

25.62

27.r8

27.O2

24.r7
24.72

25.60

23.98

25.53

1(t

Leaf 6

20.48

22.45

22.72

22.00

23.73

20.48

22.45

22.72

22.40
qa laLJ ¡ I J

1"65

F
!
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increasedamageoritmaydecreasedamage,sothatwithoutexperi-

mental evidence it is not possible to predict what would happen to

Rs or Ha in the presence of Ggt' It may not have any effect or it

may change the effects. 
.

Thusítisimportanttochooseaninoculummediumthatrr¡il1

have few such effects. The oatmeal inoculum, which is the one normally

employedwíLhGgt,isunsatisfactoryandasuitableneansof.growing

GgtneedstobeinvesLigated.Unt.ilsuchamediumisavailableit

is unlikely that simutration with field conditions will be approached

and this should be borne in mind in interpreting results'



r49

CIIAPTER ÏV

GENERAI, DISCUSSION

Stud

species on

of disease

,r,r*"tof

íes of plant disease usua'lly conslder the lnfluence of single Pathogen

the host plant. Such studiês have clearly lncreased our knowledge

in spÍte of the fact that, in nature, disease 1s Èhe result of

factors' environmental as well as pathogenlc'

The relatlonships between the root Pathogens of wheat studied here show

that 1t is Just as important to study conmunftles of organlsms and Èheir

relatlon to danage and each otþer. The conventfonal terms antagonism and synergísm

have largely been repl-aced by the positive and negative rel-ation between the

organisms.

Four organisms (Hetetdoerø al)eno.e, Gaeumannomyces grønin¿s udr. tritiei,

Rhizoctonia soLani and PratyLeneh,us mingua) were PresenÉ 1n the area and all

plants had at 1east one or more organisms 1n theír roots but discrimlnant analysis

showed that the organisms \^lere not strongly relaÈed¡ though they contríbuted' to

the damage thaE occurred Ín the paËches. some other f actor or f actors T¡/ere involvecl

in the causatlon of Patches.

Established statisËfcal procedures such as correl atJ:on/ coefficients clearly

demonstrated the presence of relatfonship between the pathogens and also indicated

the Èype of relationshiPs.

Prfnclpal component analysls successfully used by stynee (1975) ln hls

synoptic study of wheat did not clarify nor add any new Ínformatíon about inter-

relationshíps between pathogens ín thls study'

e/
Regressíon analysls using interaÈ1on terms demonsÈrated that all the pathogen

combinations studíed, were responslble for about 57" of the variation in growth ín

the fíeld. In Ëhe laboraÊory tesÈs wlth the ¿J"ftf"" chosen, ínteractions \^rere
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responsÍble for between 57. (Ggt" IJa comblnation) a¡d 127' (Ggt" Rs comblnation) '

The Rs, I/a combinatlon averaged about 9"A. Thus the overal contributíon of

interactions to Èhe varl-ance under experimenËal condiËions was slmilar to the

field siËuatlon." The F value (varlance rati-o) reflected the order of importance

of each factor in ANOVA but it was the sÍze of the mean squares that indtcated

the contribuÈion of the lnteraction to the total varlation of the factors in 
'

Èhe sÈudY.

Pathogens that attacked the semlnal roots had a grq'ater effect on growth

than those which attacked coronal roota (ln some cases the same organisms)

suggestlng that early lnfecÈlon was more damagl-ng. Among the organisms' Ha was

responsible for the greaÈest variatfon 1n gro\ÀIth and was most consístently

assocíated with damage while the relation of y to damage was variable' Although

both Ggt and .,?s lrere negatlvely correlated. wlth growth, Ëhe relaÈfonship varied

between the tv¡o years and the effects of the two fungi seemed to be affectecl

more by envÍronmerrt (ptttrcularly water) , as Ggt damage occurred when rainfall

was high.

The most conslstenE relatlon 1n the field was the positi-ve relatíon between

Ggt and Ha even under dl-fferent environmental conditlons' This relationship was

found when sampling occurred earller than maturlËy' t{hen sampled ín the laboraÈory

at maturiEy, a negative relaÈion was found' In England on barley (Cook' 1969)

low numbers of cysts l^Iere associated I^'1Èh hlgh levels of Ggt at maturity'

cook (1975) examined the effect of addlng the lnocula at different Èimes; later

inoculatíon with Ggt díð, noË affect the numbers of larvae ln the root system

but earlier inoculaÈion dld. A simllar s{Juatlon occurred with Ãe and Ha' The

association, which occurred in the field mainly fn the second )êåfr varied from

posiÈive to negatlve buÈ ln pots was malnly negative whether sampled early or l-ate'

l{hat may happen l-s that 1f fungal penetÏatlo" preeedt nernatode Penetration' the

root is made unsultable fot Ha and numters are reduced ie' an effect on

peneËratlon. If nematodee precede fungl by some tlme, then the fungus rnay
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find sultable sltes for entry or for growth (syncyÈ1a) and a posiÈlve

relatlon may be found. BuÈ both damage to the plant and damage to the syncyÈía

would boËh reduce numbers of cysts at maturtty. Inittal relatfve densitles of

organisms could 'frr"., the relationehlp.

Antagonism did occur I¡ tin uùtrot Èestíng between Ggt and Rs' not

between the hyphae but perhaps at PeneÈraÈion and establishment ln the root as

lesions did not form in the tmnediate viclniËy of the inoculum of the other fungus '

This suggested a lÍnífed (in area) antagonj-sm thaÈ ls ímportant in the field but

that requires further examlnatlon. But antagonism ís noË the only factor involved

as there Íras an association between nater arrð Ggt lnfection 1n the field' This

r^ras not conf irmed fn tf,u¡,laboratory wåen the amount of water I^Ias varied but this

just dernonstraÈes the dffflcult.l-es of worklng ín pots of soil' The r'/ater regimes

Lin tubs mav not have simu.lated the water regimes in the field' The association
.1 A'

of the Ëwo f ungal pathogens (Ggt and,Rs) wlth wet and dry condltl-ons has been

reported (Garrett, lg44; Butþr, 1961; Ilynes, 1937"; Blalr, 1943; Das and ülestern'

1959; Cook et aL., Lg72). !,Ihether Èhe relatÍon of the qlater to the fungi is Èo i'

the antagonistic interacÈion or merely to dlrect effect on fungal growth needs

further ínvestigation.

such a complicaÈed relationship hab lmpllcations for the relation between

yield and organisme at maturlty and for the expected amounE of damage in the

followlng year in the field. Thus, a posfËÍve rather than a negative relation

between yield and cyst number rnight be expected. on the other hand' in the presence

of both fungi in the lab tests, reduction ln t}'e Ha populatioll \^las not as greaf as

that due to .Rs alone. The antagonism between the two fungl allowed more females

of Ha to survive. In Èhe l-aboratory test, .Rs was domlnant because of the high

iniÈial densities. These relaÈionships might influence ylelds of crops the

following year but 1È is probably too early to speculate on what might occur as

insufficient data ls avallable. Such relatíonships between fungi and nematodes

indicate the care that ls needed when interpreting the eff.ects of chemical control
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or the use of resistanÈ varietles where reducÈlon in one pathogen might enable

another to be more damaging.

The sheer.slze of factorial destgned glasshouse experlmenÈs puts

constraints on the number of factors, the levels at which they are used, the

number of repl-lcates and the size of pots

The laboratory experiments high-llghted some of the problems assoclated

with demonstraÈÍng the effects of so|l-borne fungl. Firstly there was the

loss of virulence assocíaÈed with 1-engthy culture of the fungus (GgL) and the

partial restoration by Passage through a host. Secondly there was the problem

of using realisítlc densíÇies. This was a problem w1Èh both fungí but

partfcularly with ,Îs where all the denslËies were relatively high (in terms of

"{amage 
caused) and tended to doninate because of this' Many authors (eg' Meagher'

1970) do not even record the exact concentratlon of fungus used. Thírdly, the

problen of the medium used for growing the fungusr,especiaLLy Ggt , This caused

problems ln tryfng to dfbtlngglbh the effects of increased nutrltlon and the

damage due to the fungus. It probably also affected the lnterrelationships

wlth other organisms.

L
Microplot Èechnique 

^or 
the uge of fIeld soil, in a fllution series

would reduce the number of variables in such complex studies' The survival of

pathogens and thelr abil-lty Èo fnfect afÈer handlíng and mlxing would need

testing.

4-.

Thls study emphaslses that formulatlon of hypothes/s and testing of

them should be based on many years of field-data

In effect, pot experiment,s are useful for testÍng sPeclffc hypotheses

generated in the field and l-n reveallng complex relatlonshlps between pathogens '

ì
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Díscretlon has to be used 1n drawing concluslone, however, due to marked

dífferences beËween the environment of the pot and that of the fíeld; for

'example, no strong lnteractfon wae deËected between Fs arrd Ha Ín one year

when -Rs was the predornlnant fungal pathogen. Ilowever' synergísm occurred

under experfmental conditfons. Such a result demands further lnvestígatton

ín the fleld to see 1f synerglsm does ln fact occur wlth denslties dífferent

from those prevlousl5l recorded 1n the ffeld study.

T,he fnterr.latìorr"hip betweer- QØt, ¡?e and I/d, measutld, ""atbllshed 
and

studled are onLy a part of the whole complex. of lnteractlone and lnterrelaËion-

ships that occur at all levels, between the mlcrobial populatlon, physlcal

naËure and chenfcal compoältlon of the sofl, envlronment and the plant.

Nevertheless studles of parts of systema are ñecessary and useful as they

þoduce hypotheses for, further Èestlng. This project has attempÈed to sEudy

relatlonships of four pathogens whLch form a Part of the complex ecosystem.

I
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TABLB 1: luleans of dry shoot weight

Initial densitv of Ha

Ggt Rs 0 25 50 725

0

r.5%

2.O%

2.5%

0

o.os%

o.r 7"

o.5 %

0

o,057"

o.r 7,

o.5 7"

0

0:osz

o.r 7"

o.5 %

0

0.05%

o.r %

o.s %

o.9575

o.462s

o.3475

0. 4107

o.9287

0.8575

0.7637

0.8562

1 .0325

O:9799

0.7450

0.8637

o.9825

o.9312

0.8337

o.9225

0. B5s0

o.s462

o.3762

0.3850

o.9662

0. 8637

0.8150

0.9712

I .0819

0:98s0

0. B67s

0.8637

1 .8200

o.9925

o.9862

0.9200

o.8775

0.4600

0.3173

0.3675

0.9825

0. B6s0

0. I 187

0.9075

1.0200

0: Bs62

o.9162

0.8562

o.9625

o,9475

o.9475

0.9350

O. BBBT

o.5212

o.4625

0.3687

0.9025

o.9rt2
0.8462

0. B3s0

0.9500

0.8750

0.8987

0.9087

o.9912

1 .0375

0.9550

0.8937

L.S.D; P=.05=0.120
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TABLE 2: Means of dry root weight

Tnitial densit--v of lla

Ggt Rs 25 50 L250

r.57"

2,O7"

2.57"

0

o.o57"

o.r 7"

o.5 7"

0

0.0s%

o.r %

o.s 7"

0

o.057"

o.r %

o,5 7"

0

o.o5%

o.r %

o.s %

0.1897

0.0943

0.0807

0.0937

0.1632

0.r476
0.1251

o.L567

o.202r
0. 1861

0. 1616

0.1730

o.1767

O,2TL6

0.1492

0. 1636

o.2096

O,II22
0.0869

0.0912

0. 1755

0.1607

0. 1385

0.2020

0. 1807

0. 1s93

0. 1587

o.1624

o,r752
0. 1883

0.1550

o.L4r7

o.242L

0. 1004

0.1s39

0.0824

0. 1986

0. 1630

0. 1559

0.1737

0.2252

0.1475

0. 1600

o.1672

0.1620

o.2465

0. 1617

0.1501

0.1879

0. 1115

0. 1017

0.0869

o,2532

0.2068

o.1625

0. 1666

0.r974
0. r678

0. 1831

0. 1501

0. 1587

o,2136

o.1626

o.7646

L.S.D; P=0.05=.0492
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TABLE 3: Means of number of roots

Iniuial density of Ha

Ggt Rs 25 500 t25

0

r.s%

2.O7"

2.57"

0

o.057"

o.l 7"

o.5 7"

0

o.o5%

o.7 7"

o.5 7"

0

0.057"

o.l 7.

o.5 7.

0

o.057"

o,r 7"

0.5 %

15. 250

12.375

12.000

12.315

12.250

11.750

11.750

1 I .875

12.875

12.699

12.750

12.875

13.250

12.625

12.r25

12.625

13.875

12.750

11 250

11.250

12.37 5

11.375

Lr.250

L2,250

12,625

12.750

rr.625
11.500

1 1 .875

12. s00

11.750

12.000

14.r25

11.7s0

Ir.797
11.250

13.000

rr.375
TI.T25

11.750

12.750

12.r25

11.875

12.000

I 1 .37s

I I .875

rL.625
12.625

13. 875

I 1 .500

11.750

1 I .375

r2.875
12,I25
10. 750

12,I25

L2.625

12.750

12,L25

11.500

1 1 .875

12.875

12.r25
12.875

Non-parametric analysis.
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TABLE 4: Means of length of roots

Initial density of Ha

GgL Rs 0 25 50 125

25

25

155

86

0

r.sia

2.O7"

2.57"

0

o.o57"

o.r 7"

o.5 7"

0

0.0s2

o.r 7"

0.5 %

0

o,o57"

o.r %

o.5 7"

0

o.os%

o.r 7"

o.5 7"

174.05

79.75

68.25

69 .81

r29.25

73.69

76. 81

75,38

r42.75

92.36

88.96

94.sO

135.31

89.r2
85. 81

86.62

151.12

. 88.06

70.56

79. 81

t26.50

BB. OO

77.38

87 .75

r2I.44
100.63

92.75

85.94

rzL.86

90.81

103.69

95.75

61.36

68.44

t22.38

84.8r

84.00

92.75

II4,T9
98.00

80.69

8r.94

r02,44

89.7s

99.69

103. B1

153 . 31

88.50

72.8r

61 .56

L23.75

89.33

BO. 81

99.44

t27.75

105.38

102 .00

93. BB

t23.25

99.3r

98.31

Lrz.94

L.S.D; P=.05=16.99
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TABLE 5: Means of heights of plants

Initial density of Ila

Ggt Rs 0 25 50 r25

0

r.57"

2.O7"

2.57"

0

0.o57.

o,r 7"

o.5 7"

0

o,057"

o.r 7"

0.5 %

0

o.osz

o.r %

o,5 7"

0

o.o57"

o.r 7.

0.57,

40.6/+

37.29

34.94

40.o7

45.34

41 .60

44.45

45.2r

44.7 6

42.9I

38.91

41 .01

42.L2

42.75

39.22

40.69

42.39

38.37

40.74

39.24

42.24

41 .89

43.06

43.60

4r,94

39.6r

40,14

39. 86

4s.67

40.16

40.77

38.91

40.r7

39.29

38,72

38.94

42.52

4I.45
4I.60

41 .3s

42.29

37 .72

39.55

40.4s

43.LI

39.94

39.20

38.04

4L.95

39.s4

40.82

39.97

42.22

42.94

4I.I4
39.25

ß.84
3s.60

39.01

39.7r

43.0s

42.36

4r.54

38.19

L.S.D; P = 0.05 = 4.I7.
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TABLE 6: Ùleans of number of grains (l-)

Ggt Rs

Tnitial densit of Ha

25 500 r25

0

1.57.

2.O7"

2.57.

0

o,o5%

o.r 7"

o.5 7"

0

0.0s2

o.r 7"

o.5 7"

0

o.os%

o.r 7"

o,5 %

0

0.052

o.r %

o.5 7"

3.093

r.969
1 .783

1.863

3.378

3.171

3.225

3.397

3.327

3. 193

3. 163

3.230

3.592

3.r42
3.236

3.0s9

2.793
2.086

1 .812

I,861

3.I7 4

2.996

3.281

3.369

3. BB4

3.315

2.704

3.286

3.3r2
3.229

3. s63

3.r77

2.305

2.O23

r.737

I.793

2.815

3,729

3,O47

3.216

3.2I7
2.964

3.O25

3.184

3. 189

3.358

3.I76
3.3r7

2.776

2.268

2.163

1 .897

2,752

2.978

3. 131

2.999

3.206

2.863

2.67r
3.418

3. 160

3.324

3.29r
2.567

L.S.D; P=0.05=.5329.
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TABLE 7: Means of yield (1og)

fnitial density of Ha

Ggt Rs 0 25 50 I25

0

r.57"

2.O7"

2.s%

0

0.o57"

o.t %

0.5 %

0

0.05%

o.r %

o.5%

0

0.057"

o.L 7"

o.s 7"

0

o.057"

o.r %

o.5 7"

-1.139

-2,405
-2.708
-2.553

-0.893
_T,146

-r.326
-1.161

-0.987

-1 .080

-r.46s
-r.202

-0.894

-1 .415

-1.r49
-1 .201

-1 .381

-2.158

-2.726

-2.798

-1 .041

-L.L96
-1 . 159

-1 .808

-o.723

-o.902
-r.46s
-1 .060

-o.9s7

-0.920
-0. 87 1

-1 .035

-1 .689

-2,270

-2.869
-2.803

-1 .302

-1.063

-L.L79

-r.r29

-1 .016

-1.155

-1. 156

-1. 169

-r.324
-0.9s9

-r.026
-0.958

-1.346

-2.016
-2.235
-2.615

-r.445
-I.245
-r.742
-r.r44

-r.r49
-1.180

-r.269
-o.943

-1.039

-o,822

-0.950

-L.447

L.S.D; P=.05=0.4455.
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TABLE 1: Means of final lengths of leaf 5

Initial density of Ha

Ggt Rs 25 50 L250

0

L,57.

2.O7"

2.s%

0

0.05%

o.r 7.

o.5 7"

0

o.o57.

o.r 7"

o.5 7"

0

0.o57"

o.l 7"

o.s %

0

0.o57.

o.r 7"

o.5 7"

19.06

15. B0

13.63

15.09

t4.o4
1s.98

17 .60

16,78

19.25

2T.16

16.45
18.29

17 .65

17. 10

19.75

18.48

18.50

r7.16

13.68

15.33

16.99

15.95

17 .76

17.63

20.66

17.45

17.54
19.4I

18.96

16.9s

18. 1B

17.51

19.94

16.79

13.34

16.66

18.05

15.50

16.90

17 .45

20.24

15.68

r9. 10

17.78

16.45

16.93

19.T4

18.20

20.73

16.7r

17 .00

15.50

19. 16

17 .85

18. 21

18. 20

L7.56

18. 84

18.28
18.91

17 .54

16.66

17 .58

16. 85

L.S.D; P=0.05-2,68,



L64

TABLE 2: Mean leaf lengths for leaf 6

Initial- densitv of Ha

Ggt Rs 0 25 50 125

0

r.5%

2.O7"

2.s%

0

0.o57"

o,l 7"

o.5 7"

0

o.057"

o.r i¿

o.s %

0

o.os%

o.r 7"

o.5%

0

o.osi¿

o.r 7"

o.57"

15.05

13. 83

r0.96
T2.38

12.99

17.25

17 .00

15.91

16.45

I7 .54

15.63

16.93

16.80

T4.77

19.58

18. s6

14.23

16.36

12.20

11.41

16.I4
L7.64

16. B0

18. BB

18.36

22.65

20.20

20.78

18.50

21 .03

20.75

22.68

16.26

14. 86

11. rr
13.48

16.25

17 .03

18.51

19.98

16. 83

22.69

19.11

20.59

15.55

18.26

22.33

22,78

16.64

15 .73

14.99

11.10

16.49

17.56

19.35

L7.49

L4.65

23.59

20.o4

2T.77

15.41

20.43

2I.73
2I.40

L.S.D; P=0.05=3.01.
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TABLE 3: Mean of final lengths of leaf 7

fnitial density of lla

Ggt Rs 0 25 50 I25

0

r.5%

2.0%

2.57"

0

o.o57"

o.r %

o.5 %

0

0.0s2

o.r i¿

0.5 7"

0

0.057"

o.r %

o.57"

0

0.0s2

o.r 7.

o.5 7"

1r.03

12.15

7.23

IO.24

10.98

12.56

12.08

T3.2I

r1.68

t2.87
12.99

14.88

14.5s

13. 1B

ls. s6

15.43

IT.26

10.38

8.26

7.r7

13.2L

13.23

IT.L7

1/+.01

r4.05

17.22

15.05

12.79

12.38

16.06

14,97

14.20

12.40

11 .08

9.44

6.26

13. 19

13. 66

9.74

13. 85

II.73
17.36

11 .63

TL.49

T2.IT

13. 83

14. 81

16,70

12.95

10. 15

10.8:

8.40

11 .98

12,54

12. BB

15 .81

12.23

16.68

LI.72
14.33

tr.74
16.4t+

16. 19

14.46

L.S.D; P = 0.05 = 3.12.
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TABLE 4: Means of width of leaf 5

Initial density of Ha

GGt Rs 25 50 1250

0

r.5%

2.O7.

2.si¿

0

o.o57"

o.r 7"

o.5 7"

0

0.057"

o.r i[

0.5 7.

0

0.05%

o.L 7"

0.5 7"

.0

o.o57"

o.r 7"

o.5 7"

6.600

4.I87
3,862

4.r25

5.762

5.t25
5.225

5.5t2

s.97s
s.894

4.8r2
5.287

5.350

5.775

5.050

5.300

6.438
4.688

4.462

3 .919

5.625

4.825

4.525
4.8r7

6.805

4.963

5.037

4.787

5.675

5.050

4.337

4,772

6.225

4.s13

3.608

3.825

6.02s
4. B3B

4.662

4. s30

5 .838

4.625

5.062
4.800

5.737

5.600

4.462

4.600

6.r75
4.s37

4,262

4.130

5.800

4.938

4.6s0

4.750

s,9L2

5.700

4.900

4.300

5.575

5.462

4.675

4.575

L.S.D; P=0105=.7253.
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TABLE 1: Means of length of Ggt lesions

Initial densitv of Ila

Ggt Rs 0 25 50 L25

1.57"

2.O7"

2.5%

0

o.o5%

O.L 7L

o.5 %

0

o.o57"

o.l 7"

o.s %

0

0.052

o.r i¿

o.5 %

18. 87

10.51

LL.75

12.I9

21.38

15. 15

10. 69

T2.3L

29.2s

13.31

15.25

13.50

21 .00

L2,44

11 .31

14. 13

21 .88

13.44

T2.3I

14.31

23.25

L6.I2
19.9t+

19.25

20.25

12.56

13.75

13.9t+

23.69

1s .06

13.38

13. 81

17.00

12.94

13.00

15. 19

18. 13

13,25

10. 13

L2.25

2t.44
rs.44
14.25

12.56

18.50

18.06

18.06

16.94

L.S.D; P=0.05=6.238.
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TABLE 2: I'leans of length of Rs lesions (l-)

Initial densitv of Ha

Ggt Rs 0 25 50 I25

0

L.57"

2.07,

2.5%

0.o57.

o.r %

o.5 7"

5.510

5.599

5.525

3.668

3.897

4.111

3.9s2
3.823

4.r32

3,37L

3.734

3.769

4.457

5.084

4.878

5.777

4.962

5. 163

5.r76
4.867

4.740

o.o5%

o.t %

o.5 7,

0.o57"

O;l %

o.5 7"

o.o57"

o.7 %

0.5 7"

3.372

3.4r7
3.882

3.346

3.709

3.238

3.452

3.522

3.553

3.43s

3;355

3.891

3.475

3.607

3.635

3,253

3.604

3. s09

3. 6sB

3.173

3. 703

3.446

3.351

3. 716

3.639

3.66s

3.823

L.S.D; P=0.05=.499.
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TABLE 3: Means of number of whole roots destroyed by Rs

Initial densitv of Ha

Ggt Rs 25 50 1250

0

r.s%

2.O7.

2.si|

o.osiÁ

o.L 7"

o.5 7.

o.os%

o.1 7.

o.5 7"

o.o57"

o.l 7"

o.s %

o.o57"

o.r %

o.5 "/"

2.500

2.375

3.375

1 .750

1.000

2.37s

I .761

1.250

o.625

1.750

1 .750

I .500

2.875

2.750

3.000

1 .875

0.875

L.625

1.000

0.875

7.375

0.875

o.625

T.L25

1 .875

3.O44

3.250

I .500

r.t25
1.125

L.L25

r.250
1 .500

T.T25

0.875

0.875

2.I25
3.250

3.L25

0.875

1 .000

0.875

o.625

o,625

1.000

0.750

0.750

0.875

Non-parametric analysis.
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TABLE 4: Means of number of c1's¡s recovered

Initial densíty of Ha

Ggt Rs 0 25 50 r25

0

r.57"

2,O7.

2.si|

0

o.o5%

o.t %

o.s z

0

o.o5%

o.r 7"

o.5 7"

0

0.0s%

o.l 7"

0.5 7"

0

o.os%

o.l 7"

o,5 %

2.375

0.375

o.r25
o.r25

I.I25
0.750

0. 7s0

0. 250

0.375

o.62s

I .250

0.2s0

0.250

0.375

1 .000

0.375

2.750

0.375

0.003

0.000

7.375

r.62s
0.750

0.500

0. s00

o.625

I .750

0.375

1 .375

2.725

I .375

0.750

4,250

0.375

0.375

0.000

T.T25

2.r25
I.375
1 .375

2.r25
I .87s

I.375
r.625

2.500

2.375

r.625
I.875

L.S.D; P=0.05=L,4.
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