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ABSTRACT 

M. Sc. ' CHOO PENG HONG Plant Science 
, . 

THE ~FFECTS OF THE NEMATODE' AP~ELENCHUS AVENAE 

ON THE DAMPING-OFF DISEASE OF ?EA 

The fungus Pythium ultimum was isolated from local soil and fa und 

to cause pre- and postemergence damping-off , . of pea seedlings (Plsum_ 

\ sad.vlUn L.). 

The mycophagous nematode, Aphelenchus avenae was found to feed 

and mul tiply on P. ultimum, tH.,1t not on pea seedlings when tested in -, ...... 
vltru and in sterilized soil. "'-

4 ' 
,When different numbers (25xl0 3 - lOOxl0 3) of A. avenae were added 

simultaneously with P. ul'timum to determine the effect of the nematodes 

on pre- .and po~temergen_ce ~ " of p'ea 

ànd su:vival percen~age' Ofl, the ~seedlings 

between- 33 and 86%. Wheq P. uitimu~as the 

seedlings ,: the 

.in steri1ized 
;/ 

only inocu,lum, 

emergence 

sail was 

this per-
/~" 

centage was down (to between cr and 26%~ In unsterilized soi1s, with 

50x10 3. to lOOxlo3/~matodes plus l. u1timum, tpe em~rgence was between 
--.-/ .~ 

46 and 73%, whereas with the fungus alone, this·was reduced to 13%. 

'The addition, of 75xl0 3 A. aven de gave slightly better emergen~ of pea , ..... 

seed1ings from Boil infested with P. ultimum thsn d1d double the 

recommended concentràtion of a fungicidé contai~ing 2.5% Oxine Benzoate. 
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M.Sc. 

RESUME 

CHOO PENG HONC 

L~ EFFETS DU .N~TODE APHELENCHUS AVENAE". 

l 'sUR LA F~NtE DES SEMIS DU POIS 

Plant 'Science 

Le crypto~ame Pythium ultimum isolé d~ sol régional cause la fOÎte 

des semis du ~ois (Pisum sàtivum L.) en pré- et en post-émergence. 

Le nénf'todel mycoPhige Aphelenchus avenae se nourrit de~. ultimum, 

tout en se/reproduisant, mais non de plantu~es de pois dans des essais 
~ ~ ~) 

l' 

in vitro ,sur sol stérilisé. 
~"" 

st de 25 x 10 3 ... a 100 x 103 individus d'A. avenae sont àjoutés 
.. --j -/.... '~'L simul tanément 

J ' 
/,- l'effet des nématodes sur la fonte 

avec P. ultimum à du sol stérilisé, afin de déterminer 

des semis, le p~urcentage d'émergence 
~ ~ , 

/ 
/ 

e 

1 
/ 

, 

et{de survie est de,3~ à 86%. Si ~. u1timum est le seul inoculum, ce 

pourcen tage n'es t plUS"> que de 0 à 26%. 
./ 

Dans des sols non-sterilises 

auxquels sont incorporés de 50 ~ 103 à 100 x 103 nématodes et du P. 

ultimum, l'émergence est entr,e 46 et '73%-, t~d.is que pour le cryptogame 

seul, elle n'est que de 13%. L'addition de'75 x 103 A.'avenae à un-sol 
-~~.:;;..;...;;.;;;;= 

~nfesté de P. ultimum donne une émergence légèrement supérieure à celle 

'1" 
obtenue av~c un fongicide (cèmt.enan't 2~5% benzoate dioxine), 

,,- \ . ~ 
_ ......... ~-

une contentration double de celle recoÙlmandée., 

'" 

- .' 

utilisé à 

\ 

" 
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1.\ INTRODUCTION 
"1 

The pea, Pisum sativum L., is a re1atively cool temperature cro~ 
(optimum 24°C) that is cultivated throughout the ~orld where cool 

temperature prevails during the growing season. In some respects the , 

pea may be considered a sensitive c~\ and subject to attack by many 

phytopathogenic organisms. ChUP\ and ~herf (1960) 1isted 4 root 

diseases, J9 above ground disea~e , plus 6 viruses. Conners (~96'7) 

, listed 10 roo~ diseases, 13 abov groun~ diséases and 6 viruses of peas 

~ 

in Canada. Hagedorn (1973), who coqsidered on1y the major pe~ diseases, 

recorded 6 root diseases, 3 above ground diseases and 8 diseases due to 

viruses. 

The damping-off disease of,~eed1ings is widely distrlbuted aIl 
\.r 

over the wox1d. Preemergence and postemergence damping-off,~hich have 

for many years been a problem in the cu1tivation of wrinkle-seeded peas, 

have usua1ly_been attributed to soil-borne fungi, particular1y species . - , 

of Pythium, Fusarium, Aphanomyces, .Rh~zoctonia, and Ascochytâ (Reinking, 

-1942; Schroeder, 1953; FIent je and Saksena, 1964; Escobar ~!!.., 1967; 

Kraft and Burke, 1971, and others). 

Thè incidence of pre- and postemerg~nce damp;ng-off of~peaB 1s 
. 

influenced by many factors, including soi1 moisture, soil temperature, . ... 
host exudates, cultiva~, soil type~ other 80il flora and 80 on. High 

s011 moisture an~ cool temperature generally favor plant parasit1sm' by 

;)"" 1 j 
" 

--
..(. 

. , 
• 

f.~ 



. ' 

~ . h . . .. 
e 

) 
, , 

. 
spec~ies of Pythium (Horsfall, 1938; Hare, 1949;"'-Ange11, 19,50a;1950b; 

1 • . , 

.Kraftand.Roberts, 1969; Short and Lacy, 1976, and others). 

Nematodes of the species Aphe1enchus ave~ae, Bastian, 1865, are 

primari1y ~cop~gous. They hav~ been f~d in virtuai1y aIl types of 

sail from many parts of the world. A few workers (Steiner, 1936; Chin 

2 

_ and Estey, 1966; Terry, 1966) have found them to have limited capabili-

ties for parasitizing higher plants, although they have been found ta 
. 

, feed and ta multiply on aseptica11y cultured tissues of certain plants 

(Barker and Darling, 1965; Klink, '1966, and others) • 

There are numerous reports o'f the feeding and multiplication of' 

~.on phytopathogenie f~~i (Be chIer , 1962; Mankau and Hankau, 
6. /l> - n ~b • ) 1 

1963; en , 1964; Chin, 1964; ° 'Evans " 19'70; Kondrollochis, 1977, , 
an others). otential for the control of funga1 root diseases has 

b~en assessed by se eral workers (Rhoades and Linford, 1959; Klink and 

there ar~ 

species in relation ta 

Cheng and Tu, 1974; Parth, 1,9~5). However, 

the interaction between !. ,avena; and Pythium 

damping-off disease of seedlings. 
\ 

The present 'studies aken ta determine the possibili-
~ 

fies of using ~. avenae ~or the e~ntro1 of seed1ing damping-off of peas 

due ta species of Pythium and to compare this type of biologiea1 

control with control by means of a standard chemical compound. 

( \l' 1 

• 
) . 

1 
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II • LITERATURE REVIEW 

~ Fun.al relationships of Aphelenchus avenae 

Christie and Arndt (1936) reportlg the feeding of A. avenae on . - , 

hyphae of Neurospora sitophi1a which invo1ved remova1 of hypha1 

contents. Hech1er (1962) described petri dish culture of!. avenae 

i feeding on Pyrenocheata terrestris. He found that an initial colony of 

100 adults of A. avenae cou1d increase ta as many as 100,000 in 14-16 

daya at 28°C on fthé tested fungus. Mankau and Mankau (1963) reported 

extensive population de~e10pment of A. avenae on severa1 phytopathPgenic 
-;;. , 

soi1 fungi. They a1so noted that neither Phytophthora,sPP. no! Pythium 

spp. were good hosts. Tkey also observed that !. avenae did not feed 

on thick-walled ch1amydospores, conidia, or other surviva1 structures) 

of fung!. Townshend (1964) fc'und that A. avenae reproduced on 54 out 

of the 59 spe~ies of fungi he testep. He a1so recorded that three 

species of Botrytis supported beuveen 50,000 and ~43,000 P!ogeny of 

!. avenae. 
" 

Chin (1964), who experimented with twenty species of soi1 fungi, 

reported that A. avenae multiplied rapid1y on six of them. Hooper 
, - .' \ -

(1962) and Goodey and Hooper (1965) demonstrated the reproductive 
;. 

,.lpotential of A. avenae in agar cultures of mushroom mycelia. The 
.. _ "'_ L' \ 

former worker found that 20 A. avenae cou1d destroy mushroom mycelium , 
grown in petri dishes in three weeks whi1e pr~ducing 60,000 progeny. 

3 



.............. ~.~~--------------------------

! 
! 

...--1 (1 

1 

1 4 

The latter/workers demonstrated that a single larva of A. avenae was 

capable of reproducing to approximately 70,000 to 90,000 progeny on 
, ~ 

1 

mush~oom mycelia in three weeks time. Klink and Barker (1968) found 
f" ;\' :,~; 

thàt'!. avenae destroyed the mycelium growing out of an initi~l 
-/ ~ 

sclerotium of Rhïzbctonia solani. Cooke and Prame~ (1968) demonstrated 

that A. avenae fed on five species of nematode-trapping fungi and noted' 

that eventually A. avenae could, under cèrtain conditions, kil1 the 
< 

, / ftmgi. Monoson (1971) also found that A. avena% fed on '{our species of 

, 

nematophagouB fungi. J 

Mankau (lQ69) repor'ted that in plates inoculated with both 

:i1 
Rhizoctoni~ solani -and Aspergillus niger, !. avenae survived only in 

areas occupied by R. s.olan1. He a1so demonstrated t~t filtrates of 

!. niger caused immobilization of the nematodes. q Evans and Fisher 

t,(1970b) reported that Rhizo'ctonia solani strain ,48, grown on· PDA or on 

Rh~octonia medium, produced 711,400~. aven~e in 28 ~ays at 25°C. A 

recent report of Evans (1~70) showed that populations of A. avenae 

cu1tured on Rhizoctonia solan1 grown on cereals (o~ts, wheat, etc.) in 

wide-mouth preserving jars (680 ml) cou Id reach-12,OOO,OOO progeny per 

jar at 25°C in six weeks. Kondrollochis (1977) found that A. avenae, 
" . 

reproduced readily on Botrytis cinerea and that it is less sensitive 
'-

than Ditylenchus myceliophagus to the aging of its hosto 

~ 

From these workers' findings there ia evidence that phyto-

pathogenic fungi are better~host8 for A. avenae than are saprophytic 
" -

forma. The generation,~ime for A. avenae under the moat favorable 

\ 

/ 
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tempe rature conditions was about six days (Hechler, 19E2; Evans and , 
l' 
~ _1 r 

Fisher, -1~70b) and the population reaches-its peak in two weeks (Evans 

an~isher, 1970a): Webster (1972) concluded that!. avenae from / 
( , 

different isolates varies in size, internaI morpho1ogy, .f;cundi ty' and 

sex ratio, a~d that different hosts, te~eratures and s~~rvati~ 
~tress may affect aIl these characteristics. 

2. Damping-off of pea caused by Pythium spesJes 

A. \he pathogens - Pythium species 
-

Species of Pythium are world wide in their distribution and they 

occur in virtually aIl types of soii in which vascular plants are 

growing. The most common and important plant diseases caused'by these 

fungi are pre- and postemergence damping-off,of germinating seeds and 

eme~ging seedlings. 

\ 

The taxonomie, position of the genus and its re1ationships to 
~ 

. other Phyco~ycates were weIl estab1ished during ~he latter part of the 

nineteent~ century. Middleto~ (1943) compiled an extensive monograph 

of the genus complete with host records and illustrations of the more 1 

important species. A compreh~nsive review of the Pythiums was made 

o 

by Hendrix and Campbell (1973), and a more recent review of ~he / 

taxonomie and genetic.s~u~es.of ,them can be seen in Hendrix and Papa's 
, ' / 

(~974) publication. Pérhaps the most complete literature list on 
,: Qo 

species of Pythium and the diseases·they cause was pub1ished by 
l, 

Tompkins (1975) • 

, , 

.. 
/ 

J 

. , 
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B. The diseases - damping-off of peas 

Root rot and d~ping-off caused by species of Pythium, 

Aphanomyces, Ascochyta, Fusarium, and Rhizoctonia are the 1imiting 

factors in pea production in most pea growing~reas. Pytpium species, 

o ~lone and in combination with other parasites, are considered to be the .. 
most important pathogens. 

Early in 1937 Hull noted that reduction in a stand of pea 

seedlings was chiefly due ~arium' and a Phycomycetous fungus, and 

that the emergence of pea seed1ings was much reduced under conditions 
~ 

of high sail moisture, whereas sof~ temperature was a factor of 1ess 

'.~ 

importance. He a1so found that wrink1e-seeded varieties were most 

SUSf~Ptible to preemergence damping-off. Horsfal1 (1938) reported that 

in New York State the soil fungus principal1y invo1ved in pre- and 
, ... 

fi 'f 
postemergence damping-off of peas wa~ Pythium u1timum, Trow. He added ~ 

. 
that soil dampness was very important in disease ,occurrence •. Padw~ck, 

in 1938, discussed "vigor" of seed samp1~~ and conc1uded that poor, 

.. 
stands of peas were due to severai p,athogenic fung!. HyneS and Wilson' 

(1939) attributed mu ch "of the poor emergence of peas in New South Wales 

to "lo~ vigor~" BayUs (1941) reported that fungai attacks on pea 
t • 

seedlings often took place at a very early stage in their development r ' 1 
, / 

, and that species of Pythium were obtained from almost every seed1ing 

axis. He attributed the prob1em principaI1y to species of Pythium 
\ . 

which he. referred to as ~. ultimum and !. debaryanum. In~culation and 

fie~d exper~ment results 1ed Reinking (1942) ~ conclude that Pythium 

\J~ 
, ," 

.' 

- ... 
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u1timum cou1d cause seed dec~~f pea as weIl as root rot in moist 

'.' 
\ s011, together with stunting and death of plants • 

. ) ~f 

Leach (1947) found that seed decay and preeme~ge~ce infection of 
l P 

peas was,severe at temperatures between 12 and 25°C, and that 

1 ' . 
infection was most severe at temperatures that were re1ative1y 1ess 

favorable to the host than to the pathogen (Pythium u1timum). Ha~e 
r'f 

(1949) demonstrated that'Pythium ultimum in the~il ki11ed 100% of , \ \ 7--:-
, 1 

'pea seedlings in 10 days, after pre-treatment for 48 hours in the moist 

chamber. He,~lso ~onc1ud~d that the opti~um temperature range for 

pa-thOgenicit;was ~p~'/24 t~o 28°C. Angel1 (1950a, 195~b)~reported that 

---the ~us associated with pea blight in a11 soils in Australia is '\ 

~n1y~eferred ta as Pythium u1timum Trow, which has more effect on 

yie1d of peas and poppie~ thàn does ~ .. mamtJ.latum. lfidd1eton (1952) 

reported that 22 species of Pythium have bee~ recovered from pea plants, 

and'-that r. apahnidermatum, f. irregulare, and P. ultimum cause seed 
. 

decay. He was of 'the opinion tha,t most seedling blights wère produced 

by these species and that blights varied with variety of pea, the 
, 

quantity and virutence of the fungi, the depth of seeding and soil 

temperature. 

~ In 1953, Schroeder noted that various species of Pythium, 0' 

~~ 
notably f.'ultimum, could parasitize the tissues of the underground 

:;. 
part of peas to such extent as to ki11 it. 

~ ',. 
He a1so found that the 

fungus rots the germinating seed~. He a1so noted that he could find no 

evidence of resistance when he tested various cultivars of pea with 

't,' .' / 
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P. ultimum. MacNeill (1956), in a study of pea root,rot in Ontario, 

reported that PYthi~ u{timum was of major importance in the ear1y part 

of the season with Fusarium solani taking over the major ro1e later i~~ 

the growing .-Beason. ,Saksena (1959) showed that South Austra1ian soi1 \ 

carries a natura1 infestation of Pythium species, particu1ar1y 
,~, 

l. deBaryanum Hasse, which'cause dampihg-off in peas. He a1so found 

that damping-off of wrink1e-seeded peas increases significant1y with 
) ....... 

1 increase in soil moisture above 13.5%, and that at high moisture 1evel,s 

the seeds weie m~st suSceptible during the first 24 hours after 

p1anting. Pre-soaking the se~ds in water for' 12-14 hours reduced the 

-
diffusion from the seeds and thus increased emergence by 40%. 

, 

The "Index of Diseases in the United States," published by the 
.J 

U.S. Department of Agriculture .(1960)" listed 10 species qf Pythium 

which are pathogenic to peas. The diseases they caused~ are .list'ed as: 

root rot, ~amPing-~ff, se~deCay, pod rot and s~oot b1ight. Fr9m the 

resu1ts of a survey made in Washington and Oregon, Hampton and Ford 

(1965) reported- that an average of 80% of ~e pea plants observed :n 

# , 
the previous year was moderate1y to severe1y root-rot infected. , 
Isolation showed that species of Fusarium, Pythium, Aphanomyces and 

Rhizoctonia were invo1ved in the di~ase. Harper (1966) found tbat 

Fusarium and Pythium species were the fungi most frequent1y iso1ated 

from diseased'pea roots in southern Albetta, Canada. He mentioned that ' , 
"Pythium spp. were iso1ated ~om seeds germinated for 3 days at 15°C in 

naturl1ly 
. 

moist, infested s.911• Escobar et al. (1967) reported that . --



! 

u 

\ 

! 9 
~.<-

J;'ythium spp. which were patho~èni.c to pea were obt,Ùned from 20 to 25 

1; l' 
80il samp'les. Of the foui iso1ates identifie~ two were P. ultimum and " ,- \ -
two were t~ debaryanum. They a1so found aIl 42 commercial varieties 

l 
tested by them were suscep4ible to these lungi. From a field survey, 

, 
l 

Kraft and Burke (1971) fou~d that Pythium u1timum was the major fungus 
, l 

, tJ 

pealfi~lds in Washington. They a1so reported 
! 
j 

of P. "ultimum deve10ped rapidly in land cr_opped tp, 

" ,By testing 16 species of Pythium in a greenhouse trial, 

Robertson (1973) found that ~. u1timum, P. debaryanum, !. irregu1ar~, 

!. sp1nosum, and t. sp1endens were capable of causing damping-off of f 

germinàting seeds and seed1ings of tomato, pe~ and morning glory. 

Burke and Kraft (1974) reported that!. ultimum, Rhizoctonia solani, 

and Thielav~opsis basico1a had accumulated on beans and peas aft~r 15 

and 6 years on monoculture of the respective crops but that P. u1timum 
1 ! 

was t~ only prevalent pathogen'which caused extensive necrosis. 

From the find1ngs by the above-mentioned,workers, it cau be 

summar1zed that the~pre- and postemergence damping-off of pea seed1ings 

1s mainiy~inciteg by species,of Pythium, and the incidence of tbe 

disease may be affected by such major fac~ors'as soi1 moisture, soi1 :r 
/ 

temperature, and the susceptibility of the cultivars. These and other 

concerned factors have been discussed and described in publications by 

Middleton\X1943), Chupp and Sherf (1960), Zaumeyer (1962), Wheeler 
, l , 

(1969), Wa1ker (1969), Agrlds (1969), ~nd Garrett (1970). 
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There are few details on ~sistance in peas to'attack by s~éies 

of Pythium or other soil pathogens. Generally, it i5 agreed that 
~ 

wrinkle-seeded variéties are more prone to fungal ~ttack than are the 

smooth-seeded~ari~ties (Hul~, 1937; Saksena, 1959; FIent je and 
1 

Saksena, 1964; Short and Lacy, 19?6? and others). 

j , 

C.- -Control of damping-off of pea 

The ear1iest method to .improve seed1ing emergence of peas was a 

chemical 'seed treatment. Hull (1937) reported that by treating the dry 
• <>-

seed with an organic mercurial compound, the stand of seedlings, could 

1 • 

be materially improved. Horsfall (1938) noted that the fundamental 
\ 

aspects of dam ing-off control were seed protection and soil treatment. 

control and the ventilation of c~rtain soils, 

migh By tèsting chemicals on peas for the contro'l of soi1 fungi, 

Crosier (.1946) found that the use of Arasan and Spergon reduced pea 

seed decay to only 5% in natural soil infested with Fusaria, P. ultimum 

and Rhizoctonia solani. 

Schroeder (1953) rep~rited that in infested pea growing soUs, 

"" growers have to depend on seed treatment, crop rotations and good 

man~ge~ent. of soil and crops. He further stated that seed treatment 

largely controls the seed 4ecay and preemergeace damping-off stages. J 

Chupp and Sherf (1960) showed that the easiest and most effective 

control measure'for any vegetab1e damping-off is to treat the seed and 

then to spray the,s~edlings and the soil at frequent intervals with a 

safe fungicide: Harper (\866) found that pea seeds treated with Captan, 
, 

C" 
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Semesan and Bayer 47531 gave h~ghest eme~eence and yie1d in southern ,/ 

Alberta. 
1 

Wa1ker (1969) noted that Captan is used'wide1y as a pro-
" 

tectant against thercausal agent of damping~off and" is especia11y 

recommended for seed treat~ent of peas. He emphasized that sorne plants 

are more s~sceptib1e than others to.injury by a given materia1, there-

fore relative phytotoxicity i8 as important as fungicida~ value. Recent 

\. findings of Robertson (1976) 8howed t~at seed treatment with carboxin, 
éJ 

fenaminosu1f, prothiocarb and Terraz61e (ech~omez?l) enhanced seed1ing 

surviva1 and yie1ds of peas. 

.. 
Fumigation with Chloropicrin or methy}fbromid~, or a combination 

• of the two, is now standard practice in many nursery and horticu1tural 

operations. Gi11.(1970), Hendrix et al. (1970), Kraft ~~a1. (1969), 

and Vaartaja (1967) reported thatoth~se chemicals do not ki11 aIl 

organisms. Spenies of Pythiumoand other pathogens mu1tiply rapidly if 

're-introduced, and they offer greater threats to plants after than 

before fumigation. Hendrix ~~. (1970) found that Dexon, and certain 

other soi1 fungi5ldes, app1ied at low rates successfu11y retarded the 
, 

rate of reinfestation of fumigate~\soi1s by Pythium. 

, 
" A change in agricu1tura1 practices and environmenta1 factors can 

f 

sometimes have an effect on thé incidence or severity of disease. 

Ear1y in 1942, Reinking showed that crop rotation should he ca~ried out 

after 3-5 years of p1anting the same' soi1 with peas. 1 Field soil shou1d . 
, , 

be properly prepared, sufficient1y fertilized, we11-drained and not 

previously p1anted ta peas. Walker (1969) noted that'rotation ia of 

.,. 
,) 
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~ittle value in controlling the damping-off and root rot fungi b~caJse à 

t' ~(' 1 

of th~ wide hast range of the patbogens involved~ Schroeder (19~3)" 

Zaumeyer (1962), }md Agrios (1969) have also emphash:ed that s9J.l with . 
,good external and internaI drainage should be selected for peas • 

. 
Monoculture should be avoided, and one should not-return dise~sed pea 

straw into the soil. 

Due to the wide host range of many species of Pythium, biological 
, 

control and control of Pythium disease by resistant varieties are often 

qot successful (Hendrix and Campbell, 1973; Wallace et aï., 1975).­

However, a/few resistant cultivars of peas'with stme~esistan~e c eb 
-~ , 

Phycomyc~tes have been reported by Lockwood (1960), McDonald ~ al. 
1 

(1961), n~gedorn,(1973), Muehlbauer and Kraft {1973), and oth~rs. 

3. The potèntial of Aphelenchus avenae for the 
control' of soil-borne fungal diseases~ 

Aphelen~hus avenae~as a weIl known mycophag~us nematode that is, 

in many cases, associated with root diseases. Althou$h a few workers 
• 

have found that this nematode has limited paras!tic capability on higher 

plants and on plant tissues in vitro, its position as a parasite of 

~ higher plants has noto been well determi~d. 

1 
A. Nematod~-plant relationships 

Christie and Arndt (1936'~ observed A. - avenae to migrate beyond 
'i) ~ \,.., ~"'. 

the diseased drea oCplant. roots and into healthy cortical tissue. , 
, . 

They ~ndic~ted that t~is rtematode,may attac~ ~~à~ased Plant, t~ssu~~ ani 
utilize the contents of the cells in early stages of necrosis~ bu~ they 

" 'r, 

" . '" 

o 

~----~----.......... 
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regarded lit as being simp1y mycophaggus or ~ap~phytic. With histo-
~ /, 

10gical èvidence to support him, Steiner '(1936) éoncluded that ~any 

populations of A. avenâe live as saprophytes, b~t that they are 'a1so 
'. 

und~uit,e'd1y able to attack and damage healthy plant tissl!'ès (phlox 
"-
0< 
l' 
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hybrid) and,to reproduce in tissue not yet decayed. Arndt and Christie 

(1937) concluded that the presence of the nematodes in the so~l in 
, , 

, 1 

large numbers may sometimes haye a stunting effect on plants, a~_ that 

the number and the severity of fungal-induced hypocotylar lesions 
( 

increased in the presence of A. avenae. Goodey (1951) stated that 

\ r A. avenae could penetrate a~d live ~n healthy plart tissues and he 
\ " • 1 

considere~ it to be a facultative para~ite. Méllo (1958) reported that 

A. avenae was found i~ healthy roots tbat had be~n stained. He therè-
" . 
fore considered it to be'parasitic in melon (Cucumis melo var. canta---
l,upens is)·. , 

\ t ~~'" ~, 

, Thorne (1961) reportéd that A. avenae had frequen~ly been found 
1 

'inhabiting the crown, leaf sheath, root cortex and other plant par~s, 

where they appeared to be feeding on the contents of living cells. 

Decker (1962) found A. avenae in the roots of various plants, éspecially 

wh en grown in sandy soil, and it was more frequent in roots that were 

'- , 
also infested with Pratylenchus spp. Barker (1963) reported that 

, "" 
~. J!. avenae was~able ta parasit!ze an~ reproduce on tobacco calJus in 

vitto as weIl ,as on pot-grown Kentucky b1uegraès. He found that the . , 

growth of the Kentucky oluegra~è was greatly reduced by inoculating the 

five-inch pots'of soi1 with 2,000 nematodes per~ot. In the fol10wing 
l ~ 

year, Bark~r (1964) observed that there was no difference in the 'growth 
",-1" 

, 
\, 1 .. 

t. 

l, 
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, 
of bean plants inoculated with as many as 100,000 A, avenae. He 

considered 'that this nematode was not parasitic to bean. Chin (1964) 
, 

provided photographie èvidence that A. avenae was capaple'of feeding 
'" 1 - ... 

on root ha~rs of corn, oats, beet, turnip, cabbage and radish. However, 
\ 

/ 

, 0 

he could obtain no evidence of feeding on the root"hairs of several 

other crop plants. Chin and Estey (1966) found that largè populations 

of A. avenae caused stunting and wi1ting of cabbage and oats after 60' 

days of growth, but no evidence of 'nematodes could be found in the root 

tissues. Terry (1966) reported the presence of nematodes and eggs, of 

A. avenae in roots of severa! cultivars of corn and tomato. He alsb 

observed a reduction of plant height in nematode-treated plants. 
\ o 

Barker and Darling (1965) found that!. ~venae fed and reproduced 

readily on carrot, p.,eIiwinkle, tobacco and tomato callus tissue~ and 

stated that these call\.ls tissues were good hasts". Tikyani and Khera / --\ 

(1969) reported that !. avenae was reproduc!hg weIl on luce!ne callus 

as weIl as on several fungi. Klink (1966), Klink ,and Barker (1968) 

claimed that the root systems of beaps and peas were freely invaded 

~en large popuiations of !. avenae were present. They cômmented that 
, ' 

\\ r- \ 

the presence and reproduction of nematodes in th~ root system probably 

~~ enhanced root deterioration. Porth ~1975) found that A. avenae 

prevent~d nodulation on eXised'ttoots ~f Phaseolus vulgaris and that 

root damage bJ !. avenae was grèatest when cetls of Rhizobium phtseoli 

were present~ 
,'" =- --

. , 

) 
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B. Nematode-plant root disease re1ationships . 

Many workers have claimed thàt A. avenae was frequently 
{ 

aSSQciated with other nematode or fungal disease9~~n nature. Norton 

(1959) found A. a~enae present in the dry land where root rot troubl; 

-k 
~~of small grains and native grasses had been reported. ,Chin and Estey' 

. 
(1966) reported that A. avenae was responsible for increase in severity 

" . , 

of wilt induced by Verticilli~ albo-atrum in tomatoes. Terry (1966) 

observed that a combination of 40,000 A. avènae plus-'Vertici11ium dah11ae 
" - e 

gave- a hi'gh disease percentage on sunflower seedlings., In "Index of 

Plant Diseases in the United States" of the U.S. Department of Agri-

culture (1960), A. avenae was, recorded as having been associated with 

browning symptom: in narciss~ut that it was probably a secondary 

1nvader. In the same report, !. àvenae has also been recorded in roots 
'-

reported ~j of apples in Maine. Johp.son and Boekhoven (lg69) 

A. avenae was infrequently isolated from greenhouse sails where toma~o 

and cucumber were growing, and that it was considered to b~ a fungus-

,feeding species of no ecanomic im~ortance. 

C. Aphelenchus avenae as a mycophago~s nematode 

Various workers have considered!. avenae to be a mycophagous 

nematode of the soil or rbizosphere environment and unable to reproduce 

on intact, hea1thy plant roots. Linford (1939) observed that three 

plant parasitic nematodes were attracted to fresh wounds of plant roots 

and pieces of green pineapple 1eaf, Portulaca oleracea stem, ~~d' tomato . 

pe~io~e, but A. avenae showed very little evidence of grouping !I ~ ,/ 

responsiveness. 

r 

0-

'i Norton (1959) found that the bUild-up of A. avenae in 

\ 
\ 

tI 
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the 80i1 was somewhat correlated with organic matter (eut wheat straw 
, , 

and roots) amendments. Chitwood and Berger (1960) noted that A. avenae 
1 

1 l, 

was prevalent in the roots of coffee, but tbey'thought it to be fungi-

vorous and of no significance unless as a fungus vector. 

~ 

Mankau and Mankau (1962) failed to detect any root damage of 
o 0 

sweet orange seedlings by !. avenae desplte additions of 10,000 ta 

200,000 1arvae and adults. In another experimento~ith!. avenae, 

-
Mankau and Mankau (1963) could find no indication of bean root entfy or 

damage by this nematode. They a1so stated that the occurrence of 

A. avenae ~n plant rhizospheres and in diseaseô-tissue was prob~bly due 

ta ~he presence of fungal hyphae. ~Sutherland (1967) concluded that 

~. avenae was unable to penetrate ~nd multiply on the roots of seven 

types of conifer seed1fngs. Sutherland and Fortin 0(1968)' noted that 

/ 
A. avenae not, on1y failed to enter roots of red,pine, it was aIs a 

incapable of destroying established mycorrhizae. They concluded that 

A. ,avenae ls main1y a fungivorous nematode. " 

D. Influence of Aphe1enchus avenae 
on root diseases 

o 

C' 

o 

Because of the tendency of A.' avenae ta feed on funga1 mycelia, 
:J 

, 
its pbtential for the control of fungal-induced root diseases has been 

assessed by severa1 workers. 

-1 
'" 1 The affinity of A. avenae for plant pathogenic fungi W8S 

, -
indicated by Rhoades and Linford (1959), who found that 125,000 

o '" ne~todes per pot of soi1 gave control of th~ Pythium ropt rot (Pythium 

" \ 

1 

\ 
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arrhenomanas) of ~c/rn. 

on reduction of disease 

\ 1 

Barker (1964) studied the effect of A. avenae 
; 

due to Rhizoctonia solani on beans and showed 

17 

, ) 
that 100,000 nematodes per 5-inch crock gave almost complete control of 

this disease. Subsequently~ K1ink (1966), and Klink a~ Barker (1968) 

-
repo~ted that about 4,000-6,000 A. avenae per 1 ml of fungal inoculum 

controlled root rots of pea and bean caused by Fusarium oxysporum f. 

sp. pisi and Rhizocto~ia solani in pot trials. They a1so showed the 

ability of A.' avenae to destroy inocula of certain other fungi in soi"l. 

Roy (1973) showed that incidences of root disease of tomato 

caused by Rhlzoctonia solani and Colletotricum coccodes was decreased 

by A. avenae in pot experiments with sterilized and unsterilized soil~. 

He noted that best results were achieved with an inoculum of 26 nenla-

todes per gram of soil and that inocula of both fungi w~re reduce~ in 

the presence of A. avenae. cJeng and Tu (1974) reported·that experi~ 

ments with various fungus-nematode combinations showed th~t'initial 
-

populations of 1,710 to 8,550 of A. avenae gave the best control of 

flax and jute damping-off~ù 133 cu cm soil infested with Rhizoctonia 

solani'------Porth (1975) found that populati<?ns from 3,~00 to 13,200 

individuals of !. avenae controlled preemergence damping-off of beans 

.. inci ted by Sc1erotinia sclerotiorum. He a1so noted that no effect on 

plant growth by the nematode was observed. 

\~ '" 

/ 
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III. ISOLATION OF PYTHIUM SPECIES FROM LOCAL SOIL 

Species "'Of Pythitnn cause pre- and post~mergence damPing-Off'\Of, ," 
, 

many vegetable seedlings. An attempt was made to isolate the species 

from local sail with the.object of selecting the most virulent one for 

use throughout this study. In September, 1976, the first sail sâmples 

were collected and the isolation process,for Pythiums was 
,{> 

startf!:1· 

( 
A. Materials and methods / 

Four soil samples were taken, with the aid of a trowel, from the 

root zone of bush bean, zucchini, potato and cauliflower from.Plant ' 

~ " .. & 

Patho1f.$y field plots at Macdonald College. The four samples from root , 

zones of the same cultivar were m1~~d together thoroughly'and then 
o 

placed into a 28 cm x 36 cm x 8 .cm plastic tray which was kept separate 

from each of' the other composite soil samples. 

Two baiting methods were used for isolating Pythium from the 

. soil. The, first method involved. the direct seeding of susceptible 

plant seeds in the root-zone soils. 

Seeds' of tomato ,_ cucumber, bean, pea and radish were surface 

• sterilized in 1:9 Javex (6% NaOCl)-wat,r solution for 3-5 minutes, 
• ' 0 

riised onc~ and soaked in sterile distilled water. After 24 hours of 

soaking, seeds of each vegetable were planted in one row perQtray of 

soil. To compare this ,method with a normal greenhouse seeding proces8, 
1 

one tray of natural so 1 fram tne greenhouse stock was used and plant~d 
:/' 

18 
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with treated cucumber and pea seeds only. AlI trays were watered 
, ~ 

heavily after seeding and they were left on a bench in the greenhouse 

where the temperature ranged from 27 ta 30°C. 

~e preemergence damped~off seeds and portions of the tissues 

from postemergencè damped-off seedlings or infected roots were sampled. 

These were wash~d.~ in runnin~ water for a few minutes, excess surfac~ 

,~ water was absorbed. with filter paper, then the y were plated on a Water 
~ 

Ag~~ Medium (WA) containing 1% agar, and .incubated at 25-28°C in an ,. 
incubator unti! fqngi grew from the plant material. 

The second method was one described and used'by Goth ~ al. 

(1967) for baiting sügar fungi from the sail by using boiled plant 

seeds. Sweet corn seeds were <lsoaked for 24 hours in distilled water 

aut~c1aved at !21°C for 30 minutes. After cooling, five seeds were 

sown, 2 cm deep, in a lü-cm pot contain)ng sail from the various traYs. 

-The pots were watered heaviiy after seeding and a polyethylene shèet 
\ 

wa~ applied on the top of these pots ta retain the moisture. The seeds 

were dug out after two days, washed, wiped dry' and one seed per dish was 

- , 
plated on WA and incubated at 25-28°C. 

, 
Pure Pythium cultureS were obtained by' transferr~ng the'hyphal 

tips of these fungi as soon aè ~hey emerged from th~ plafed'materials. 
, 

Fungi other than Pythium were also isolated. A technique outlined by 

Sleeth (1945) was used ta eliminat~ bacteria and other undesirable 
l' 

contaminants, when ~hiS was nece/ssary. 
/ 

/ 
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Sleeth's medium contained: 
-~ 

Dextrose 

Ammonium acid phosphate 

Potassium 

Magnesium sulphate 

Agar 

Water, distil1ed 

/ 

10 g 

2 g 

1 g 

1 g 

25 g 

1,000 cc 

20 

\ 

Purifi~d cultures of Pythium and other fungi were maintained-on 

2/3 str~ngth Difco Potato Dextrose Agar' (PDA). Every isolate_was 

assigned a number\and a record was made of its source. To avoid loss 

of pathogenicity, 3-4 surface-sterilized seeds of corn or pea'were , 
added to these stock cu1turep of Pythium after several subcu1tures had 

been made • 

B. Resul t--s 

From the above two ~sorating methods, twelve pure cultures of 

Pythium (Table 1) and other fhngi, such as Fusarium (3 iso1ates) and 
---- ()~~ 

Rhizoctonia (5 iso1ates) were o~tained • 
. 

There were few damped-off seedlings except with the susceptible 

cucumber and peas. Pree~ergence ki11ing occurred more frequently on 

bean than on the other seeds. 

'Ti • The swe~t corn baiting method was found to be very useful for 

isolating fast-growing fungi, like Pythium species, fram the soil, and 

Sleeth's medium was very.èffective in el~inating éontamlnants . 
:1 .. 

• 
\ , ( 

\ 

.. 

/ 
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Table 1. Cultures of ~thium isolated from loca~ soil. 
" 

) 

\ . 
Isolate Detected by or isolated • '\0 • • 1 

number I(l.gl.n from 
of: --

Z+Cchini 
''-

Pl --\ Corn kernel 
~ P2 \ Cauliflower Cucumber seedling 

\ 
;;. 

PJ Zucchini Corn kernel r--..... 
p4 \ Potato ,~ Bean seed 

/" \ Biol. Supply Co. P5* Oarolina ---_ .. _-
p6 Zucchini Cucumber seedling , 

P7 Greenhouse soil Pea seedling 
p8 Potato Cucumber sè'edJ.ing 
P9 Greenhouse soil Cucumber seed~ing 

1 

PlO Zucchini Corn kernel 
PlI Zucchini 

-~ 
Corn kernel 

l\ 

P12 Zucchini Bean seed 
Pl] -Zucchini Bean j~ed , 

Q 

* Th~s named culture was included for comparative purposes. 

\ 

-
, . 

1 • 
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IV. PATHOGENICITY TESTS OF PYTHIUM ISOLATES 1 

To select the most pathogenie isolate of Pythium, a preliminary 

. study was made of their growth charaeteristics. They were also com­

pared with a culture of Pythium debaryanum obtained from the Carol!na 

Biologieal Sup~ly' Co" (no. 156214), and with each other in a simple 

laboratory test of pathogenicity, in petri dishes. On1y those which 

showed strong pathogenicitr in the petri dish tests were se1eeted for 

the greenhouse tests. . ; 

A. Materials and methods 

The isolates of Pythium were grown on 2/3 strength PDA at 28°C 

for five days before studying their growth characteristics, and their 
- ., 

spore-producing capability. The production of spores on the 2/3 

strength PDA was compared with cultures grown on carrot agar (Tuite, 

~1969). 
~ 

The 1aboratory test of pathogenicity was done by plating five 

surface-steri1ized, 24-hour-soaked (as on page 18) pea, cucumber or 

radish seeds on the mycelium of each of the fungi grown on PDA. After 

five days of ~ubation at 25°C, the number of dead and germinating 
~ 

seeds was recorded. 

After the iso1ates had been screened in the petri ~sh test, 

êight of the most virulent ones were âëlected for a postemergence 
1 

22 
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damping-off test. This was done by first surface-sterilizing water-

soaked seeds (as on page 18) of cucum~er (var. Market More 70) and pea 
l ' 

(var. Little Marvel) and then planting three of each variety per lÜ-cm 

clay pot of steam-sterilized sail (one part sand, ,two parts soil, 

pH 6.5). The resulting seedlings,were allowed to grow for 12 ~ays in , 

th~ greenhouse, when a~oculum of the fungus was introduced into the 

sail of each pot. 

The inoculum was prepared from,cultures of the Pythium ~solates 

grown on PDA ~t 28°C for 8-10 days. A my~e~ial suspénsioR was obt~i~ed 

by macerating the mycelium scraped from each culture dish, with 100 ml <t 

of distilled water for 5-7 seconds in a Waring Blendor. Fifty ml of 

the mycelial suspension was poured into the sail of each pot and the 

, surface of the pots was covered with a layer of st'erilized ·fine sail. 

The checks received only plain PDA instead of inoculum. 

,/ l 

Inoculated pots were arranged randomly on a perforated metal 

shelf suspended inside a water tank measuringl~bout 235 cm x 73 cm x 
. 

60 cm (Figure 1). The tank was fi1led with a layer of water (8-10 cm 

depth) at the bottom and a polyethylene sheet was app1ied on top ta 

provide sufficient moisture for disease development. The temperature 
~ -

inside the/tank ranied from 24 ta ~7°C and the relative pumidity was 

6etween 70 and 80%, which was measured by a hygrothermograph. 

Artificial illumination was supplied to the ~ant8 at about 13,000-
~ . 

14,000 lUx for 16 hours each day. A record was kept of the number of 
damped-off and non-damped-off-seedlings during the e~erimental period, 

, 

1-
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Figure 1. The w~ter t~ usedfor the damping-off experiments. ( 
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which was terminated 12 days after,inoculation. This, and some 
, , 

preliminary trials, showed that little or no change in-the results 

occurred after about~ th_e tent? day. For this reason, aIl damping-off 
" . 

experiments were terminated on the tw aay .. To be certain of the 

cause of damping-off, from the affëcted 

seedlings. ,'" "'1' 
" 

Th~xperiment c?nsisted of eight 

was replicated four times, anq the e~tire 

each treatment 

, was repe'ated 
• 

twice. 

"--B. Results 
, 

From' the above-mentioned isolation experiments, fung! with ~oose 

cottony-type myce1ium Wér,e i~ 'the ma~Jrity (~able ~Figure 2). Most 

'1 
of the isolates sporulated weIl on 2/3 strength PDA although a few of 

them did note Production of conidia; oogonia and oospores was more 
1 

abundant on the carrot agar medium than on PDA. A11antoid bodies 

., (Sideris, 19321 or frustrated appressoria (Tompkins ~ &., 1939) on 

the hyphae were observed abundantly in sorne isolàtes. 

\ 
In petri dish tests, most'isolates showed strong pathogenicity 

on germinating seeds of cucumber and pea (Table 2) but they were only 

o ~ 

weakly pathoge~ic to seed1ings of radish. 

o 
In greenhouse tests, aIl the'!solates' were pathogenic to more 

than 50% of the(pea seedlings, whereas only'two is~lates were patho-
~ , 

cucumber in experiment 1. Results obtained fram experiment 2 genic to , 
, " 

showed that aIl iso1ates were uniformly pathogenic to both pea and 

.' 

.. 

l' 
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cucumber. Many seed1ings were damped-off just two daya after the 
• 

inoculation (Figures 3 and 4). 

On tne who le, i t was observed that seedlings of pea and. cucumber b 

o 

were very'susceptible' to the Pythiuffi iso1ates tested. • However, a fast-

growing erop 1ike cueumber bècomes resistant to fungal attaek earlier 

th'an does that of the slower growing pea, sinee pl~t seedlings are 

extneme1y susce~ble to Pxthium at' the very ear1y stage (qhu?p and 
, / 

, Sherf, 1960; Wheeler, 1969; Wa1ker, 1969; Garrett, 1970). 

From the above results, it was learned that th~ damping-off of 
. 

seéd1ings caused by Pythium had qeen weIl postuEated and that it was 
1 c 

possible to reproduce the,resu1ts under similar conditions in the , ~ 

greenhouse, nsing the same dosage, cultivar and seedli~g agé. The 
q • 

experiment~l methods were'standardized for the ~ucceeding experiments. 
1 

Because several workers v (Bay/lis, 1941; Flentj e,~ ~ 1964; Flcentj e f 
and s,,'ksena, 

others) hav~ 
" 

~96'4; Escobar et al., 1967; 

l ' "" indicated that preemergence 

r 

Short and Lacy, 1976, and 

damping-?ff i8 te1ated to 

sugar confent or ~xudations, a simple test for sugars was eàrried out, 
~ 0 • / 

as des:eribed by Fieser °(1968). 

The resu1ts of this test showed that young stems of pea 

seedlings contain as much or more sugar th an , do roots p~ a compa!able 
1, 

" 
age. ',0 

" 

o " 

, 1 

.. 

( 
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o , 
Figure 2. Charactërist~cs èr Pythium isolates, gro~-o~ 2/3 

q:'1 --

PDh. 

\ 

" \ . . -' . "-

J, 

\ -
- Figure 3., Seedlings of cucumber (A) and pea'(B) infected by 

1 • 

ptthiurn isolate PJ. two days after inoculation . 

• 
, " 
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Figure 4. 
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\ 
Snrunk and wa er-soaked symptoms (arrows) on stems 
of damped-off pea and cucumber seedlings two days -
after being in culated with pYthium isolate P). 
Pl~ts on the, right anAleft are not 
infected. ( 

..... 

) / 
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Table 2. Characteristics of the Pyth~um isolates grown on 
2/3 strength Difco Patato Dextrose Agar. 

w 

Isolate Gr('fwth * Sporulation Pathogenicity ona** 
No. type Pea Radish Cucumber 

Q 

. Pl Radial Yes +++ +++ 

PZ Rosette No +++ +++ 

P) Cottony Yes +++ ++ +++ 

P4 Cottany Yes ++ ++ +++ 
" P5 Cottany Yes * ++ +++ 

p6 Cottony J Yes +++ ++ +++ 

P? Radial No ++ ++ +++ 

pS' Cottony No +++ ++ +++ 

P9 Radial Yes ++ ++ ++ 

PlO Cottony No ++ ' +++ 

PlI Cottony Yes ++ +++ 0 

Pl2 Rosette Yes -- - ++ 

'Pl) RO$ette , 'Yes .;.. ++ 

* These,are illustrated in figure 2. 

** Fi ve s)e~dl were plated 0J!- myc~li~ of the fungus grawn in 
petri dish. Ratings were made 5 days after plating. 
R~ting methods t +++ Three or more geeds killed. 

++ One or two seeds killed. 

- ~o seeds killed. 

.3 

<1 '-

.' ' 
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Table). Occurrence of damping-off on pea and cucumber 
inoculated wi th Pyttlium iso'lates. 

% of seedlings damped-off ( , 

, 

Isolate * Pea Cucumber 

30 

Expt. l Expt. 2 Expt. l Expt.2 

..; 

Pl 66 58 0 58 
P2 50 41 0 66 
P3 100 100 8) 75 
Y4 66 8) 0 41 .... 

50 66 \ 0 \ 25 
50 ... 58 -0 58 

P5 
p6 
1 

P7 50 75 0 50 
P8' 100 8) 8 50 

" 

* These isolates were selected ,fram prevlous in vt~ro t,asts. 
** Four replicated treatments of 3 plants/tr~atment. Data 
we;e collected 12}days after inoculation. , 

/ 
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V. STUDIES ON THE MULTIPLItATION OF APHELENCHUS AVENAE 

ON SIX ISOLATES OF PYTHIUM 

1 
Mankau and Mankau (1969) demonstrated that neither Pythium 

"-

species nar Phytophthora species w~re good hosts for A. avenae. Rhoades 

and Linford (1959) and Chin (1964) found that A. avenae cou1d feed and . 
y 

multip1y on~. arrhenomanas and l. debaryanum, respect}~e1y. This 

study was carried out to determine the reproductivè 'capabi1ity of 
,,"- . 

A. n se1ected iso1ates of Pythium. 

A. 
t 

iso1ates of'Prthium which showed high pathogenicity to pea 

in tests were se1ected for a study of their suitability 

as hosts f6r A. 
1" 

One s~ecies of Fusarium and oné of Rhizoctonia 

The fungal hasts were cu1tured on '2/3 strength PDA in glass ~ 

petri dishes. Each dish was inqculated with 50 nematodes when the 
1. 

mycel!mn of each fungus had alma'st covered the surface of the medium • 

.--,;;- .' Because the growth rate of the species of Fusarium was much slower than 
4.1 . 

that of the other fung!, it was cultured a week earlier th~ athers. 
• Il 

. ' l#' 

The A~avenae, obtainèd from a stock culture in the 1aboratory, - \ . 

was main'tained on Rhizoctania salani on 1/2 strength PDA. The . 
nematodes were extnacted from rhe fungal mycelia bî use of a modified 

'-... 31 
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t 

Bae~ann ex~raction an (Townshend, 1963). They were washed through a 
" t -, 

25-).Jm sieve with 

metabolites, and 
Q. 

Hooper (1970). 

illed water, to remove fungal and nematode . 

surface-sterilized by the method described by 

washed in the surface-sterilizing 

solution (Streptomy ~~fate, 0.1% plus 20 ppm Malachite gre n in a 
'\ f\~ 

lÜ-ml Sy'racuse watc .. !tass) ~. two hours, after which they w rinsed 
. "t ... 

four times with ste ile distilled water. the de~ired number • 

nematodes was adde 

disti1led water. 

incubator with no 

1 

to the fungal culture in a drop ôf steril 

he culture dishes were then incuba~ed Oc in an 
-~ 

llumination supplied. 

ematodes were recovered from the culture ishes and 
1 

their number was stimated. This was done by counting the ~ matodes in 

a 10-ml suspensio of them in a S.S-cm plas~ic dish with in icating -' . 

lines drawn o~ th bottom. The counting of the performed 

# 
under a stereosco ic microscope. The nematodes in one-four of the , 

area were counte and the total number of nematodes was cal ulated 

after simple mul iplication, with, reference to the total v Each 

experiment consi ted of six treatments. The treatments in experiment 1 

were repl!cated ive/and those of experiment 2 six times. Experiment 1 

was terminated 0 days after inoculation and experiment 2 as term1nated 

in 20 days. 
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B. Results ana discussion 
/ ~ . 

The results of the above experiments were summarized in Table 4. 
" , 

The population of A. avenae on aIl Pythium isolates ~s lower in the 

40-day culture period than in the 20-day period. However, it was found 
• 

that A. avénae waS able to reproduce on aIl isolates of Pythium in the 

test series, although the number recovered from most cultures was not 
\ . 

as.high as that from either 

Among the' Pythium ~a~es, 
the Fusarium or the Rhizoctonia isolates. 

P3 was found to support a slightly hi~er 

population of A. avenae than any.of the others in both experiment 1 and 
~ 

2. 

The above results supported the contention that A. avenae is 

able to multiply on.Pythium, even though Maùkau and Mankau t1969) 

reported a negative result. This apparent contradiction may be due to 

the use of different strains of Pythium or of A. avenae under a 

different set of environment conditions. 

\ 

\ 

\ 
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Table 4. 

t 

Multiplication of Aphelenchus avenae on selected 
Pythiwn isolates cul tured on 2/3 strength Potatp., 
Dextrose Agar. 

, ( 

Inf tial No. of Final No. of A. avenae 
Fungi !J:. avenae Expt. 1* Expt. 2** , 

P2 ,0 2,904 4,.326 
P.3 ,0 4,0172 4,611 
P5 ' , 50 1,016 3,83.3 
p6 -.. 50 2,176 4,386 
P7 50 1,224 2,021 
Pa 50 1,.190 4 • .365 
EY§~r;i.Ym sp . 50 '~ .3,552 6,187 
~izoc:tonj.a sp. 50 1,550 .3,226 

, ., 

* Average of , dishes, period 40 days. 
~ . 

** Average of 6 dishes, pe-riod 20 days. 

" 

\ ' 

/ 
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STUDIES ON PYTHIUM ULTlMUM AND ITS 
WITH APHELENCHUS AVENAE 

~LATION~ 
From the previous experiments, Pythium 1-solate P3 was found to 

1 

be the most pathogenic of aIl ,the i.so1ates tested against pea;' the re-
\ 

fore it was se1ected aS, the test fungus, and a wrinkle-seeded pea 

(var. Little Marvel) was used as the test plant throughout the 

remainder of this study. 

1. Identification of the isolate P3 

A. Materials and methods 

e Observations on the growth characteristics of Pythium iaolate P3 

were made by growing this fun gus on 2/3 strength PDA at 28°C. The 

characteristics of its mycelium were observed. Carrot agar medium 

(Tuite, 1969) 'was u~ed to stimulate sporulation of the fun gus , as an 

aid to its identity. Observations were ma,de after the fun gus had been 

incubated for 3-5 days. The glass petri dishes were inverted on the 

stage of a' light microscope and observations were made directly ~hrough 

the bo~tom of the glass dish. Germination of the resting spores was 

observed by first wetting the old cultures (2 weeks or older) with 

sterile dist111ed water and incubating them at room temperature (25°C) 

for a few hours. 

~ 

Identification of the fungus was made witp the he1p of the keys 

published by Middleton (1943); Waterhouse (1968) and Takahashi (1970a, 

1970b) after tracing its morphological features. ,. 

35 ~ 
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Resulta and discussion 

:. The isolate P3 produced a loose cottony, snow~white myce·lium of 

hyphae. It produced an abundance of terminal and intercalary 

conidia, bagonia and oospores, with monoclinous antheridia adjacent to 
1 -

the oogonia (Figure SA). The oogonia were s~ooth, and when fertilized 

they became thick-wa11~d oospores, as shown in Figure f6A. The fungus 
/ 

produced many a1lantoi4 bodies Or frustrated appressoria in the culture 

(Figure 'SB). The resting spores of the fungus were observed.to 

germinate within twa hours at room temperature (Figure 6B) but no 

formation of zoospates was observed. Based on these characteristics 

plus its morphological features, isolate P3 was identified as Pythium 

ui timum Trow. 
\ . 

According to many reports, including those of Middleton (1943, 

1952), Angell (1950a, 1950b), Escobar et al. (1969), Kraft and Burke 
<t. 

(1971), Qnd Burke and Kraft (1973), P. ultimum rs a very common species 

in North America and therefore could be the prevalent Pythium species 

on many plant seedlings. Because the spores of ~. ultimum are capable 
1 

of germinating i in a very short Ume, requiring only a suitable mo sture 

level at a favorable temperature, it 18 believed that tbis ecies 

plays :~ important role in disease development in germinat~ leed.an~ 
growing see~lings of various plants. _ / 

\ 
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1 

Figure 5. (A) An oogonium of Pythiurn isolate P3 wlth a mono­
clinous antheridium. (B) a l allantoid bodies or" 
frustrated appressoria, C l, conidia. 

_ Figure .6. (A) Resting ~pores o~ Pythium iGolate P). (B) 

Germinat~d resting spore with at least three hyphae 
~ ~ 

(arrows). O' 

f 
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2. Observations on the feeding,of ApheIen~hus avenae' 
on Pythium uitimum and two other fungi 

A. Materials and methods 

38 

To observe the feeding behavior of A. avenae on P. uitimum, one ..... 

nematode was placed on mycelium of the fungus grown on a thin layer of 

water agar in a cavity slide. 
... 

A glass coverslip was applied over the 
( 

surface of the cavity slide to prevent drying ~f th~ 'medium during the 
, ' 

observation under a light microscope:' Two species of ather fungi, 
~l 

namely one of Fusarium and one of Rhizoctonia were also used for the 

purpose of comparison. 

A stap~at~h, indicating 1/10 seconds, was used ta record the' 

-feedit;tg time of !. avenae. Feeding was assumed to have bègun when the ,,-

valve of the median bulb of the nematode started to pu1sate~ and to 
1 • 

terminate when ~he pu1sâtion of the valve ceased. At-1east 50 

observations were made of the feedi~g ~ime on each fungus. 

\ 
B. Resu1ts and discussion 

A. avenae'started ta feed on P. ultimum, Fusarium and Rhizoctonia 
i 

almost as soon as it was released onto the hyphal·mass. The feeding 

behavior was the same as· that \which had been obse~ed and described by 
\ 

1 

Chin (1964), and Fisher and Evans (1967). 

A. avenaé was seen to feed on every part of the hyphae. It - ' 

moved freely in the mycelial mass and when it came in contact with one 

of the l1yphae, i t 1SuallY broshed Us lips on 'the hyphal wall 

approximately at right angles to the axis of the hypha just prior to 

li 
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thrusting its stylet and puncturin~ th~ hyphal wall. When it started 

to feed, the fungal protoplasm could be see~ to flow into its 

esophagaus thraugh its stylet (Figures 7 A,( "?BcIt 8A, 8B). 

A. avenae wa8 observed to feed on a1lantoid bodies or frustrated 
'- "'--';'e",,""""~ 

appressoria of P. ultimum, as sho~ in Figure~8A, but .not on oospores, 

because it could not puncture the thick walls of these spores. 
j 

A. avenae spent more time feeding on P. 'u1timum than on either of the 

other two fungi (Table 5) .• 

A. avenae commonly removed so much protoplasm from the hypha of ~ 
1 

P. ultimum that it'would' collaps,e either during or after feeding. When 
'/, ' 

the nem~tode withdrew its style~it_~~s not unusua1 to see fungal 
~ 

protoplasm gushing fram the wounds on both hyphae and allantoid bodies 

(Figures 9A, 9B). This feeding probably causes sertous damage to 
1 • 

colony development, as Rhoades and Linford (1959) had f04nd before. 
cl _ 

The ~eeding on al1antoid bodies may have an effect on infeptivity of -
1 -. 

P. ultimum. A. aven~e usually fed at ope feeding site ~ quite a long _ ,1 ..... _ ............ 

time because there i8 no septum (coenocytic) in young hyphae of I. 
, . -
u1timum, protop1asm flows from both di~ection~ to the stylet, so it. 

could keep on sipping at one site without moving ta other c~IISj 

Whe~ feeding on Fusarium or Rhtzoctonia tbe nematode had to move , 

from cell to cell after it had extracted the protoplasm ~om between 
\ 

septa (Figures 7A, 7B). Moréover, the damage caused by the feeding ot 

!. avenae can be readily seen in those cells on which it had been 
, 

feeding, in contrast ta the undamaged neighbouringjcells (Figure 7). 

) 
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Table 5. Duration of feeding time of Aphelenchys 

feedl\g silte on "tfree fungL 

avenae per 

Fungi , 
Fus arium , sp: 

Rhizoctonia sp. 

pxthium ultimum . 

l, 

oNo. of observation~ 

52 . , ,,,, 

52 
" 

60 
~ 

) " 

'\ 
Avèra.ge time 

2.2 Sec . 

').9 tt, 

\ 

"6.5 " 

Note 1 Observations were made of the'nematode feeding on 
D _ 1 

Jl1ycelium of each fungus grown on a thin layer of 
" water agar in a cavi ty slide. 
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._ Figure 7. A~ei~nchus'av~nae feeding on ~ hypha o~(Fusarium (A) 
and Rbizoctonia (B). Arrow9' indicate emptied ce11s. 

D 

.Figure 8. APhelenchus avenae feeding on an a11antoid body or 
" f,), 

frustrated appressorium (A)and on a hypha of Pythium 
~ltimum (B). 
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Figure 9- A hypha~ (A) and an allantoid body or frustra,ted 
appressorium (B) of Pythium ultimum discharging 
protoplasm (arraws) from wounds made by Aphelenchu§ 
ayenae • 
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VII. STU1;>IES OF POTENTIAL P ARASITISM OF 
APHELENCHUS AVENAE ON PEA SEEDLINGS 0 

Because A. avenae has been reported to have the ability to 

penetrate and to feed on hi~her plants, it was necessary ta demon~trate 

that it would not parasitize pea seedlings, otherwise it would be of 
, 

~ 

,little value in the control of a péa "seedling disease. The studies 

were carried out in axenic culture and in soil-grown pea seedlings. 

~ 
1. Response of pea seedlings to ~ 

A. avenae in culture 

A. Materials and methods 

Pea seeds (var. Little Marvel) were surface-sterilized and 
o ~ 

soak~d in~terile water in petri dishes as previously described. The) - , 

seeds 
'i 

. 
were transferr,eflonto 2/3 strength PDA until the radicle of 

1 

the 

had grown out abo~t 1 cm. Seeds from which fungi o~ babteria 
• 1 • 

seeds 

grew were elimlnated immediately. Clean seeds, with radièles tunifJrm1Y 

about 1 cm long, w~re transferred onto "soil extract a~edium,,, one 
1 

per 100 mm x 20 mm,glass petri dish. The seed coats werel removed 
~ 0 

before transferring the seeds onto this new medium •. " 
n 

, 
The soil extract agar medium was prepared g to Tuite's 

formula which contains: 

Agar 7 .• 5 g .. 
KH2P04 ' 0.2 g 

Soil extract 100.0 cc 

H20 900.0 cc " 

pH - 6.8-7.0 

43 
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The soil extract stock solution was prepared by autoclavirtg 

equal volumes of field soil ~d water i~ a fiask ~t 121°C for 30 . ) 

minutes. When cool, the debris was'removed and the liquid was 

filtrated. This fluid constituted the soil extract. 
". 

When planting, the radicle of the seed was manually in~erted 

into the medium so that t~e roots of the seedling èould grow down to 
\ 

44 

the bottom of the dish. The dishes were incubated at 25°C in the 

preJared by the method previously 0 

dark. 

Nematode inocula were 

'describ-ed on pages 31 and 32. The desired number of nematodes, i.e., 

10, 50, or 100 individuals per'dish, were added when the seedlings were 
,> 

about seven d~ys old. The seedlings were then incubated at 25°G in the 

dark. To avoid cont~nating the test culture, extra dishes with the 

same number of nematbdes were used for observation of possible feeding 

by A. avenae on these seedlings. Observations were made under a light , ,. 
microscope. 

The expe,riments consisted of three treatmen~s, each treatment 

being replica~ed 5 times in experiment one, and 6 times in experiment 2. 

B9th experiments were terminated 20.4ays after inoculation • . - , 

---- "' "After termination of the experinentB,~he~matodes were 

-----------
~~ , 

extracted by Baermann funnelU.md--flie final number· of n~matodes was 
~ / ----------- ' 

det~rmined by the sarne method as prertously def:lcribed on page 32. The 

toots of aIl seedlings were harvested-and stained by the methods 

described by Hooper (1970). The roots were plunged inta boiling 
'- ft 

lactophenol-cotton blue fbr 2~3 minutes. After cooling, they were 
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, , 

destained by washing with water and by placing them in clear lacto-

phenol. The root tissues were examined1for the presence of A. avenae 

by pressing the roots between ~wo thin glass plates and examining them 

under a stereoscopie microscope. 

B. Results and discussion 

Th~ axenic cultured pea seedlings grew weIl in the petri dishes 
, 

containing sail extract agar medium, as shawn in Figure 10. The numbers 

of nematodes recovered from the cultures 20 daya after inoculation are 

shawn in Table 6. A1though nematodes were seen in close pro~imity to-
I 

the seedling roots and the area of the root cap (Figure Il), ,they were / 
~- if'- , 

~not~seen to penetrate or to fèed on'the root cells of the pea seedlings. 

By examining the stained raut specimens it was confirmed that no 
1 

nematodes had penetrated the root tissues. 

. The population of !. avenae was found to decrease greatly in 
\ 
axenic cultured'pea seedlings. Most of the nematodes extracted from the 

cultures, appeared to be ,very weak. " They moved slowly and had an abnormal 

number of internai bubbles or vacuoles. It"was felt that because 

A. avenae flid not feed on the pea seedlings~ they had to utilize their 

1 own ~nternal energy sources, and in doing SOl they had become virtually 
- ~ 

exhausted. The present results do not agree with the findings of Barker 
\ 

and Darling (1965)1 or of Chin and Estey (1966), who reported that 

A. avenae fed on plant tissues, excised roota and root hairs of many 

plantis. It may well be explatned that stra:tns of A. avenae react differ- ,... 
1 

ently in the pre4lnce of plant root~or that some strains feed on roots 

and some do not. 
\ . -
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Figure 10. Pea seed1ings growing in petri dishes on sail 
extract agar medium to which nematodes had been 
inoculated. 

Figure 11. 

1 

• 

• 

.. • \ .. 
Root tip of a pea seedling wi th probing ADheJ;enebul . 
avenae (arrow) • 
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Table 6; Number of,Aphelencbus ayenae recovered from axenic 
cul tur~s of pea seedlings, after 20 days. 

'\" . 
. , 

No. of A. §yenae recovered 
Original population 

. \ , 

Expt. 1 * Expt. 2 ** 

10 A. aYenase 14 7 

50 A. <AyenAe 16 10 

100 A· avenae 26 2) 

-
-* Average ~rom five 100 mm x 20 mm glass petri diShes • 

** Average trom six " " .. .. .. 
.) 

/ 

/ 

\ 

• 
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2. Response of pea seedlings to 
Aphelenchus ayenae in soil. 

, 
.' 

This experiment was carried out to de termine the response of 

48 

pea pl?nts to three population levels of A. avenae in soil under green-

house conditions. The aim was to obtain further evidence to support 
< .A 

the results obtained in previous experiments in culture dishes. 

A. Materials and methods 

Pea seeds were surface sterilized by the same method as 

previously described on page 18. One seed per l57cm clay pot was sown 

in steam-sterilized Boil (two parts sand, one part soil, plus 3 g 
\ 

10-10-10 fertilizer per pot). The clay pots were put'into 1arger d 

plastic pots which helped to retain the moisture of the soi~ (Figures 

14 and 15). The resulting seedlings were grown under normal environ-

mental cQnditions in a greenhouse. 

" Nematodes were extracted from fungal mycelia by a.modified. 
J 

Baermann extraction pan (Townshend, 1963). They were «o~lected- after 

24 hours and washed through a 25-um sieve with' distilled water to 

remove the fungal and nematode metabolites. They were then collected 

into a beaker where the number of nematodes in the water was estimated 

by the method described on page-32. \ 

Inoculations were made when the seedlings were about 2 weeks old 

/(3-5 ~ in height). The desired number of nematodes· was added to each 

~ot by pouring the nematode suspension in~a small hole made with a 
. / . 

gla$,s<rod very close to the base of the plant. 'The nematode susp~nsion 

\ 
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, 
was stirred by a glass rod for a few seconds to make the suspension 

homogeneous before taking any from the b'eaker. The control pots 
~ 

received on1y water instead of the nematode ~uspension. 
-' 

After inoculation, the pots were arranged in a ranqomized block 

on a bench in the greenhouse. They were watered regularly with tap 

water. A wire was inserted into the soil of each pot to support the! 

plants. AlI visible external abnormalities were recorded during the 
'\ 

growing period. The plants received mainly the natural light from 

outside, but 13,000-14 ,'000 ,1~ of artificial illumination wa~ supplied 

whenever it se~med ta be/necessary • 

1 

The experiments consisted of four treatments, each treatment was 

replicated six times for experiment 1 and five times for experiment 2. 

In experiment l, p~ants were treated with 5,000, 10,000 and 50,000 
j 

nematodes and those on· experiment,2 were treated with 25,000, 50,000 

and 75,000 nematodes per 15-cm p"ot, li 

The experiments were terminated 30 days after inoculation. 

Plant heights were measured, then they were harvested and uprooted'. 

The roots ~ere washed in r~nning water until they were free of soil and 
, 1 

debris. The above ground part of the plants and their roots were 
1 

weighed whi1e still mOist, then a 3-g sample was randomly removed from 
,~ 

each root. These root samples were stained in Iâctophenol-cotton bIue, 

as described on pages 44-45, and examined for the presence of nematodes. 

The above-grounct parts and the plant raots were separated and 

dried in an aerated oven at 80°C for 24 hours. Their dry weights were 

/ 

J- I 
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\ determined and-recorded after they had cooled for 2 hours. 
! 

The dry 

weight of the 3'g of root which had been sampled Qefore drying was 
'" 

\ 

calculated and added to the weight of the root from which it had been 

taken. 

A lOO-g sample of the soil in each pot was taken and after 

extracting the nematodes by Baermann funnel, -the tota~ number of nema-

1 
~odes per pot was estimated. Analysis of variance ~y F-test and 

Dqncan's multiple range test was applied to the data for finding the 

significance between the treated and untreated plants. 

B. Results and discussion 
! h~ee: slightly In experiment l, the plant growth appeared to 

reduced by the increased numbers of nematodes used, but the analysis 

showed that there was no significant difference between control and 

nematode-treated plants, either in plant height, the f~esh or dry 
\ 

weight' of the above-ground parts or the plant roots (Table 7). Table 8 

shows the numbey of A. avenae recovered from the treated pots 30 days 

after inoculation. It i8 obvious that the number of.nematodes 

recover~d from t~e 80il wa8 very low in aIl cases, afid that little, if 

~ any, multiplication had occurred. 

inside the rOdt s~ens. 
There were no nematodes to be seén 

In eiperiment 2 there.was no significant difference between 
. 

control and two other treatments in which lower numbers of nematodes 

~ were added. But tnere was a negative significant difference between 

4 

! 
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the·.~three treatments (inc1uding control) and the treatment in which the 

highest numb~r of nematodes was added (T~~~~~ 

The nu1n~r of nematodes recovered from 

~lowed the same tendency as in experiment 1. Althou~h more nematodes 

were added in these treatments, in eac~ case the number of A. avenae 

rec;;;red was much 10wer than the numb~r added •. A~ain no nematodes ','" 

could be found in the roots of the pea seedlings (Table 10). ~ 

A graplilc comparison of differences in plant growth between 

experiments 1 and 2 is shown by Figures 12 and 13. It is known that 

" 1 pea is a cool temperature ,crop which grows weIl in the ear1y spring. 
\\ 

Experiment '1 was carried out in early spring, whereas experiment 2 was 

earried out in 'the summer, therefore ,it was not surprising to find that 

the plants in experiIl!ent 1 grew bet'ter (Figure l~ tl:1an those in 

e~eriment 2 (Figure 15). The· former plants had a bigger root system 
, , 

(Figure'16) than the latter (Figure 17). 

As ia/ shown in Figure 17, although the plants treate~ with the 

highest nùmber of nematodes produced larger and taller above-ground 

parts, their root systems were not mucb larger. It i8 difficu1t to 

explain how tbe plant growth was st,imulated, but it apparently resu1ted 

from some direct or indirect.effect of the presence of A. avenae. 

f 

/' . 
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Table 7. Pea plants exposed to three levels of Anhelenchus avenae( 
in the soi1, 30 days after inoculation. Expt. 1. - t 

-- ~----- ~ 
----,..-- ~ 

Effects on plant growth '* 
--_. __ .. _---_.~ ---

Treatment Plant ht. Plant top wt.(g) Plant root wt.(g} 
(cm) • 

'Fresh Dry Fresh Dry 
• th .... 

Cont~l r 20.05 a 17.86 b 2.99 c 10.73 d 0.80 er 

5 ~ 103 A. ayenae 
" 

18.J7 a 16.28 b '\ 2.86 c ,10.25 d' " 0.70',,-e 
10 x 103 A. avepae 

, 

17.52 a 14.82 b" 2.62 -e 8.87 d 0.70 e 
50 x 103 A. §Venae 16.48 a 18.40 b J.06 c Hl:. 47 d 0, 71~ e 

* ~verage of 6 replicates. Means und,er a common letter are not 
significant1y different by Duncan's multiple range test. (P70.05) 
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Tabte 8.° Aver~e number of Aphelenchus ayenae recovered from 
the soi1s and plant roots, /30 days after inoculation. .. ,/ 

Expt. 1. 

TreatInent No." of,A. avenae/pot No.*ib:r,A. avenae/ 
J g root 

\ ~ 

Control 

5 x J 10 lA. avenae 458, 0 

10 x 103 A. axenae 906 0 

50 x 103 A. sxenae .16,944 0 
1 

.. Averâge of 6 replicates. Each pot l contained approximately 
l , 1 

800"g of soi1. The number, of A. a~enae per pot was e~ti-
~ted from 100 g soi1 sampI es·. . ' . 

\ ** Root sampI es were stained in lactophenol-cotton /b1ue and 
.J examined under stereoscop~c microscope. 
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'Table 9.~Pea plants exposed to three levels of Aphel.nchus ayenae in the 
.J 4 0 

soil, 30 days after inoculation. Expt. ,2. ~ 
, 

v 

(1... ---~--------... -. -- .. ----.-------,~------- -----~---~~-----

J ";37 Effeocts on plant growth * " 
\ .. . 

-Trea~nt /. Plant ht. Plant top wt. (g) Plant root wt. (g) 
'cm) 

Fresh Dry Fresh Dry 

,;- Control ,13 .. 58 a 4.95 Co 0.75 e 3.15 g o~ 15 ,.i, 
25 x 103 A •. ayenae 13.18 a 6.20 c 0:85 e 2.32 g 0'.12 i 

,0 x 103 A.' ayenae 14.70 a 6.21 c 0.93.;e 2.55 g 0.14 i 
75 x 103 A. ayenae [23.10 b 9.08 d .' 1.24 f 5.33 h 0.26 j 

, 
* Average of 5 replicat~~. Means under a common 1etter are not signifi-

.' ,\ t ' 

.. cantly different by Duncan's.multiple range test. (P è O.05~ 
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~ Table 10. Average number o~ Aphelenchus ayenae recovered 
from the soils and plant roots, )0 days after 
inoculation: Expt. 2. 

55 

J), 

Treatment 
. No. *of A. avenae/pot 

, . 
Not*of A. azenae/ 

J g rC?ot 

Control 
" 2"x 103 A. avenae 
. ,50 x 103, A. ayenae 

75 x 103 A. avenae 

),418 
3,060" 

4,478' 

o 
o 
o 

* Average of 5 replicates. Each pot contained approximately 
, 0 

800 g of soil. The number of ~ avenae per po_t 'weS I es ti-
, » 

.. mated t'rom ·100 g sail samples. 
o 

** Root samples>were stained in lactophenol-cotton blue ando . ' 

examined under stereoscopie mocroscope. 

." 

0, 
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• expt.1 i 
, 

• expt.2 cS ,0 

" 

c - control 

o I---~ 
c 5 10 50, C 25 50 75 , 

x1000 

Figure 12. 

. ,t ' nematode inoculum per pot 

Hei~ of p~ <Plants, )0 days after<soil inocula-
" , tion with Aphelencnus ayen~e. 
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. 
c- control 
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5 ' 10 50 C 25 50 75 
x 1000 , 0 

nematode jnoculum, per pot, 

Dry weights of' pea plants, )0 days af~er soil ' 
1 

inoculation with Aphelenchus avenae. 1 

• 
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Figure 14. Pea plants gr-O\~ in greenhouse, )0 days after inocu-
1 

lation with A. ayehae. Expt. 1. 
A. With 5XI03 A. ayenae. B. Wlth lOxl03 J.. avenae. 
C. With 50x103 A. ayenae. D. Control, no nematodes. 

Figure 15. pea plants grown ln greenhouse, 30 days af'ter inocu­
lation ,wi th b,. ayenae. Expt. 2. 

A. Wi th 25xl03 A. avenae. B. Wi th SOXI03 ,A. aye"fe. 

C. With 15xI03 A. avenae. D. Control, no nematodes. 

'\ 
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Figure 16. Pea plants harvested JO days aft~soil inoculation 
wi th A, •. ayenae~ Expt. 1-

A. Wi th '5xl03 !. ayenae. B. Wlth 10xl03 A. ayenS\~. 
~ C. With 50X103 A. avenae. D. Control, no nematodes. -

~J 

• 

~---------"-

, .. ' lA r i B ~. i C !~ 
,~) _ -.. ~. 1_ > t~ :( 

Figure 17. Pea plants harvested JO days aftèr soil inoculation 
\ 

wi th "A. avenae. Expt. 2. 

A. Wi th 25xl03 !. avenae. B., Wi th 50xl03 A. avermè. 
C. With 15xI03 !. avenae. D. Control, no nematodes • 



, 1 VIII, STUDIES ON THE EFFECTS OF APHELENCHUS AVENAE 
ON DAMPING-OFF OF PEA SEEDLINGS CAUSED BY 

PYTHIUM ULTIMUM 

'. 
Earlie studies in this series had shown that Pythium u1timum 

1 isolated f~om loca!t.soil can cause either pre- or postemergence 

dam~ing-Of~ 0 pea seedling~ (pages 25 and' 26), and that the myco-

phagous avenae would feed on P. ultimum (page 38) but not 

on pea plant (page 45). The potential of A. avenae in disease, 

reduction h cl been demonstrated by severa1 workers (Rhoades\ and 
1 

Linford, 19 9; Klink and Barker, 1968; Roy, 1973; Cheng and Tu, 1974; 

Porth, 1975 • With this background of information i\ seemed logical to 

-assyme that A. avenae could play an important'to1e in the control of 

d~ping-off of pea seed1ings caused by P. ultimum. Consequent1y, the 

next series of studies had the objective of de~ermining the effects of 
1 
1 

A. avenae on pre- and postemergence damping-off of pea seedlings in 
-, 1 

1 

steri1ized and nonsteri1ized soi1 under greenhouse conditions. 

1. Preliminary stud! on the affect of Aphe.enchut 
avenae on'postemergence damping-off of pea 
seedlings:in sterilized soil' 

1 

A.!;«Materials i and methods 
l " \ 

~ea seeds were surface-sterilized by the met~od described on 
1 

page 18. onefpre-soaked 

sterilized soho 
seed was planted per 10-cm c,lay pot of steam-

ri' 
1 

1 

i 
.- j' 
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'- Inocula of P. ultimtun and of A. avenae were prepared by the 
-

previously described methods (pages 23 and 48). Inoculations were made 

when the seedlings were 12 days old (about 3-9 cm high). The fungal 

inocultun and the desired number of n~matodes were added simultaneously 

to each pot. A làyer of sterile fine soi1 was ~pplied on top ;f the 

inoculum almost immediatery after inoculation. 

The experiment consisted of the f0110wing treatmen~s, each with 

five replications. 

Fungus alone 
5 x LD 3 nematodes + fungus 
10 x 10 3 nematodes + fun gus 
50 x 10 3 nematodes + fungus 
50 x 10 3 nematodes alone 
Control, ho nematodes or fungus 

\ 

" 

The pots were arranged in a randomized block in the water tank .. ' 

4 
which was maintained under the same conditions ~s stated 0' pate 23. 

The plants were wat'ered regularly and a record was kept of the damped-
\ 

off and non-damped-off seedlings throughout the expèrimental periode 

The experiment was terminated 12 days after inoculation. 

,~ Q 

After termination of the exper1ment, aIl plants in nematode or 

fungus~treated pots were removed, washed and stained by methods 

described on page 45. The presence of nematodes and funguB inside the 

staine9 roots was observed and described. Reisolation of the fungu~ 

from the"infected roots was made. 

11 

,~ 
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B. Results and discussion 

The results are summarized in Table Il. Op. u1timum ki11ed 100% 

of the pea seed1ings where it was the on1y inocu1um in the pots, 

whereas 60% of the plants survived in pots where 5,000 or 10,000 

nematodes were added with the fungus, and aIl plants survived where 

50,000 nematodes were inc1uded in '-the inocu1um. 

By examining the roots of a11 specimens, it was found that no 

nematodes had'entered the roots of ~he plants treated. with nematodes 

alone, but A. avenae was abundant inside the fungus-infected roots 
" -

which had been inocu1ated with both organisms (Figu~ 18). It wàs· 

observed that numerous resting spores of P. u1timûm were produced on 

moribund root tissues (Figure 19B) and thè fungus appeared to be in 
" l' 

every part of the infected roots where it gr~w free1y and pro4uced 

frutting structures (Figures 19A, 19B). P. ultimum'was reiso1ated from 

the diseased plants. 
1/ 

From the above'results, it was 1earnéd that A. avenae can 
~ ;t 

suppress the damping-off disease of pea seed1ings caused by·r. ~ltimum 

in sterilized sail. It Mas_felt that promotion of the survival of the 

seea1ings was due ta suppression of-the activ~ties of the fungus in" the ., 
soi1 prior to its entry into the roots. ~. ultimum sporulated 

abundantly in moribund root tissues where they cou1d not be fed on by 

A. avenae. Such spores may have served as the main inoculum in the 
... 

soil. 

.. 
\ 
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Table 11. Resul::ts of a prel~mina~1 study on the effect of 
Aphelenchus avenae on post-emergence damping-o:ff 
of pea seêdlings cause~ by Pythiym ultimum. in 
sterilized soil. 

Treatment 

. Fungus alone 

5 x 103 Nematodes + Fungus 

10x 103 NematQdef; + Fungus 

50x 103 Nematodes + Fungus 

- SOx 103 Nematodes + Fungus 

Control~' no nematodes or fungus 

" 

No. of survi vo:çsl 
5 seedlings * 

0 
~ 

:3 
:3 
5 
5, 
5 

... 

% 
S urvi val 

J 
0 

60 

60 
100 

100 

100 

'0 

* Fi ve replicates of one s eedling per pot. Data werè' 0011eo­
ted 12 days after inoculation. 

~ / 

1 

1 
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! 

:. Figure 18. Aphelellcbus avené),e in root tissues, of pea infected 
wi th Py:thium yltimum. 

-~. 

Figure 19- (A)· Infection through a rQ,o~ ,hdr and growth 01" 

Py:thium. qJ.~imum in an in:fected pea 'rQot. 
'(B)';' 'Pruiting structures of rxt.b4tm 'yltil'l[Wn ln in­

fected rôot of pea. 
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. 
Al~hough Figure 19A shows P. ultimum entering a root hair,' other 

observations indicate that this fHngus can colonize and destroy the 

. ro~t, tissues without any specifie infection court or port1l of entry • 

the plant tissues by a simple infection hyphà or via an 

1 

It may enter 
, \ 

appressoriûm applied tQ the tissue prior to entry. It 'has been 

observed that!. ultimlI11i can enter from 'cell junctions, epid~rmal cel1s, 

'" root hair~ or root cap cells and that it grows inter- and intra-

ce1lulàrly (Miller et al., 1966; Mellano ~ al., 1970; Dow and LU1JI.S..4en, 

1975). 

2. Studies on the effect of Aphelènchu~nae on 
preemargence damping-off of pea seedlinzs 
caused by Pythium ultimum. 
i. Experiments with sterilized soil 

"" These exp~riments were ~arried out by adding different numbers 

of nematodes together with fungal inoculum t; steril'ized soil in pots 

seeded with pea seeds ta de termine the effect of-A. avenae on pre-
Y~_\ -

emergence damping-off of peas. At the ~end of the experiments, the 
\ 

continuing effectiveness of both the fungus and the nematodes over an 

additional period of 12 days was also studied. 

f 

A. Materials and methods 
~f 

'The surface sterilization of pea seeds and the preparation of 

'" 
fungal and nematode' inoëula were the same as previously stated, on 

pages 19, 23 and 48, respective1y. Three seeds were planted per lO-cm , 
clay pot co~ining steam-sterilized sail. Inocula of fungus and 

nematodes were added simultaneously after seeding, then the surface of 

li 

1 
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the inoculated pots was covered with a layer of sterilized fine sail. 

In control pots, only plain PDA was added instead of fungal inoculum. 

\!, 
The pots were arraDged in a randomized block in a water tank as ,4' 

described on page 23. 

The expe'riments consisted of: 

For experiment 1 -

Fungus alone 
25 x 10~ nematodes ;:. fungus 
50 x 10 nematodes + fungus 
75 x 103 nematodes + fungus 
Control, no nematodes or fungus 

,.' 

-; 
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Expériment 2 was carried out to confirm or'dispute the results~ 

of the first experiment and ta exte~d it by adding more nematodes in 

one/of the'treatments. This experiment co~sisted of -

Fungus a10ne 
50 x 103 nematodes + fungus 
75 x 103 nematodes + fungus 

,,100 x 10 3 nematodes + fungus 
Control, no.nematodes or fungus 

The treatments were replicated five times. 

The treated pots were watered, regularly after inoculation and 

the number of emerged seed1ings was recorded during the experimenta1 , 

periode Reisolation of the fungus was done by p1at1ng the decayed 

seeds on water agar. ~he experiments were terminated"'12 days'sfter 

, inoculation when the total number of emerged an~ non-emerged seedlings 

was determined. The resulting data were analyzed by Kruskal-Wallis -
",", 

one-way anà1ysis of variance by ranks (Siegel, 1956), for finding the 

differences between the treatments in which the probability was set at 
- , 

,-

~-
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the O. 05 level. This analysis method was used b~cause these experi-

ments contained a very sma1I sample size. 

, 
'.After termination of experiment 2, aIl plants were removed 0'rom 

the pots and surface-steri1ized pea seeds were p1anted into the same 

pots.& 9This was done to de termine if the netliatode population was 

increasing or decr~asing and if it was still effective in protecting 
, 

pea seeds. The pots were maintained under conditidns simi1ar to the 

previous experiments. At the end of this third experlment, 12$days 

after p1anting, the number of emerged seeds was recorded, and the 

nematodes were extracted,from 100-g soil samples from each pot • 
... 

B: Results and discussion ' 

. " 
• As shown in Table 12 and Figure 20, for experiment 1, aIl 

G y~ n 

treatments with nematodes gave a highly significant effect on the 

percentage of emergence when compared with the, check in wp.ich·"the 
.. 

percentage of emergence was zero. In experiment ~, the percentage of 
\ 

emerg~ns~.c9rresponded.to the (ncrease,in- the n~ber of nematodes, as 

ahown in Table 13. There were highly'si~nificant differences (86%) 
\ 

between nematode-treated and nontreated see~s. P. ulttmuJ was 

reisolated from randomly sampled seeds in the preemergence dam~ed-off 0 

pots. 

In experiment 1 it was found (Table 12) that treatments with 

the highest "Ilumber of A. avenae did not give the highest percentage of . " 

emergence, whereas !n expertment 2 (Table 13), aIl nematode treatments 
- ) 

,1 '" gave the seme percentage of emergence '" Moreove~; in the former 

1 

u 1 
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," ~ 
experiment, the fungus alone readily killed aIl thé:l:"seeds, whereas in 

1 ) 

the latter ~id not. Perhaps these variations are due ~o several 

;t, factors, but it was felt that fluctuations of the- environmental .-
\ d 

conditions wer~ of maj~r importance. 
,9 • 

The results of the third experiment, in which seeds wer~ planted 
,,' , 

in the ~oils used in the previous experim~nt (e~periment 2) are shown 

in Table 14 and Figure 20. 
~ ~ 

It may be seen that there was a low per­
I 

centage of emergence_of seeds and relatively few nematodes wef~< • 
~ . 
recovered. 

" 

q i' 
Low emergence of pea seedlings from th; pla~ted pots (experim~nt 

3) indic~tes that the activity of the fungus was vigorous and that of 

" the<'nematodes was not" 12 days after the inoculation. It was asstlmed 

that many !. avenae died soon after lysis of the fungal hyphae occurred 
, 

at~ the tè'rmi1nation of experiment 2 or due to the' environmental 

conditions, whereas the fungus s,?-rvi ved by i ts "resting" stru~tures 

even when the conditions in the 80il became unfavorab1e. lt is known 

that exudates from gennirlating s~sceptib'le pe~ seeds f~vor the,­

mycelial growth and spore germination of Pythium (FIent je and Saksena, 

1964; Kraft and Roberts, 197Q; Short and Lacy, 1976, and others). 

" Seeds germinating in such soil would probab1y stimulate the germination, 

of these "resting" structures, so damp1ng-off occurred while the number 

of A. avenae~was not enough to prevent the ,outï~preading of the fungùs. 
1 \ 

o 
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iL Experiment with nonsteri1ized soi1 

This experiment was carried out to determine the ~fect of 

A. avenae in natural soil ~nd to learn how different it was 'from that 

in steri1ized soi1, as demonstrated in previous experiments. 
" 

A. Materials and methods 
, 1\ • 

, 
Natural soi1 (sandy clay, pH 7.4) was obtained from the green-

• JI 

house stock soi1. It was passed through a wire sieve to'remove the 
't-

~arger soil particles and plant debris, then it W8S fi1ledlinto 

ste~ilized lO-cm c~ay pots. 

" 
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Pea seeds and inocula of P.'ultimum and A. avenae were prepared 
- c 

" 

by the" methods described pn pages 18, 23 and 48,. Fungal inocula and 

the desired number of nematodes were added soon after planting of the 

pea seeds. A layer o'f ~terilized fine soil was applied on the surface 

of the inocu1ated soil. Control pots received on1y ,water instead of , . 
, the plain PDA as used in previous experiments; because in natura1 soil 

" 

1. 

" ~ 
PDA may he1p the growth of other fungi from thè under1ying soil or( , , 

affect ,the gr~wth of the seed11ngs. 
~ -

Treated pots were maintained undèr the same conditions as 

previ~usli described. The experime~t was t~rminated 12 d~ys after 
• Il , 
inoculation. Data were collectèd and analyzed as for tpe previous 

experiments, and thè fu~gus was reiso1ated from infected seeds or 

seed1ings. 
• 
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B. 

The ~eriment consisted of the fo110wing treatments: 
~. 

Fungus a10ne 
50 x 103 nematodes + fungus 
75 x 103 nematodes + fungus 
100 x 103 nematodes ~ fungus 
Control, no nematoaes or fun gus 

, Each treatment was rep).icated Jive tintes. 

Resu1ts ~d d1sc~ss1on 

The resu1ts of this experiment are summariz~d i_11 _Table-lS--afia---

Figure 20. It was found that the percentage of emergence of the seeds 

" varied from 13 to 73%, a1though the highest per~~ntage of emergence was 
. \ 

not a1ways re~ated"to the highést number of nematodes added per treat-
- ~ 

ment. There were si'gnificaht differences amàng the treatments. 
11 

From,the resu1ts, it was fe1t that the germinability of the'pea 

seeds wa~ greatly reduced in the natura1 Boil compared wi~h those 

seeded in sterilized sail as in previous e~eriments. Tpis effect may 

h~ve been due to microorgânisms other than P. u1timum whlch were in the 

natura1 sqi1, some ôf which may have been invR1~ed with P. ultimum in 

a disease complexe On1y 80% of the seeds germinated in the nontreate~ 

pots, thus proyiding evidence of the influence of oth~r organt~s. 

This,was confirmed-when iso1Jtio~ resu1ts'showed that both the" 

introdu~ed fungus, P. u1timum, and other fungi were in the 'infected 

seeds. 

-0 

\ . . . 
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Table 12. The effect of Apheleochus ayenae on preemergence 

damping-of'f of' pea seed1ings caused py Pythium 
/ 111timYJD in sterilized soil. Expt., l'. ~~ 

a 

"" \' 
,1 

" ** • ,1 '!reatment 
No. ~merged/ * 
15 seeds p1anted emergence " 

FUngus alone 
25 X 103 Nematode~ + Fungus 

50 X 10' Nematodes + FUngus 

75 x 103 ' Nematodes + Fungus . 
Control; no nematodes or fungus 

~ 

a 
la 
10 
·6 

15' 

t, . 
* Five replicates of three ~eeds_per,pot. 

ted 12 days after inoculation. 

0 a. 

66 b 1 " 66 b 

33 b 

." 1°00 

·Data·were 0011ec-

** Values under a common letter are not signi~icant1y 0 cij.f'f'e­

rent;' b Krus~al-Wallis test. (P"I: 0.05) 
o 



• 

• 

72 

Table 13. The effe~t of Aphelençhus aYenae,on preemergence 
damping-oI'f oI' pea seedlings c~used by Pytbium 
yltimum in steri1ized soil. Expt. 2. 

Treatment 

Fungus a10ne ' 
50', x lq3 Nematodes + Fungus 
75 x 103 Nematodes + Fungus 

lOQ-x 103 Nematodes +,Fungus 
Control~ no nematodes qr fungus 

~o., em~rged/ * A ~ ** 
15 seeds p1anted emergence 

3 20 a 

1) 86 b 

13 86 b 
o 13 86 .b 
'15 1 100 

~* Five replicates of' three seeds per pot. Data were co11eo-
\ l , _ 

ted 12 days after inoculation. 
n 

** Values under a common letter are not significant.1y diff'e-

rent~ by Kruskal-Wallis te\~~ CP = ,~.05) 0 

Cl 
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/ 
Table 14. Humber of emerged seedli~gs and number of recovered 

nematodes from the tre~ted soils used in èxperi­
ment 2. 

Original . 
treatment 

Fungus a10ne 
50 -,x 103 Nematodes + Fungus 
75 x l~ Nematodes + Fun~s 
100· x 103 Nematodes + Fungus 
Oontrol~· no nematodes or fungus 

~ 

No. emerged/ * No. of:. ** 
15"seeds pl~ted nematodes 

recovered 

o 
/ 2 

z-
8--

14 

* Five replicates of three seeds per pot. Data w~re colleo­
ted 12 days after p1anting, 24 days afterOinoculation. 

** Total_of five replicates. Total number of,nematodes per 
JPot extracted 24 days after inoculation. 

" / 
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Table 15. Th~ effect of Anhelencbys ayenae on preemergence 
d~ing-off of pea seedlings caused by Pythi,um 

1 

ylti~ in nonsterilized soil.~ 

1 

J 
1 

TreatInent - " 

Fungus alone ~ 
. 

50 x 103 Nemat des + Fungus 
7.5 x 193 Nematpdes ~ Fungus 
100x 103 Nematbdes + Fungus 
Control~' na ne~at~des ,or fungus 

No~ emerged/· * 
15 seeds planted 

2 

7 
11 

9 
12 

, \ 

1 

emergence 

13 a 

46 \b 

73 b 

60 b 

80 

* Fi?e repli ates of three seeds per pot. Data were co11eo-
• 1 1 . 

ted 12 ,day a~ter in()Culation ___ i " 
1 • ** Values und r a common letter ~e not sl.gnifi antly diffe-

.rent~·,.by K ska.l-W:3J.1is tes~. CP. 0.05) 

l ' 

1 
1 

L., , 
r, ' . 1 _ 

" ,~ ..-
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\ 
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100 

1 

50 

o 

100 

50 

-, \ 
Sterili~èd soil. Expt. 1. 

F FfN 
25x103 

Sterilized soil'; Expt.. 2. 
~ . 

'01-----
F , FtN 

50X103 

1 

Nonsterilized soil. 

100 

o 5°l_J. ___ j' 1!ljlj~ 
1 

o ; F FtN F+ 
50x10'3 75x103 

\ 

", 

, 1 TREATMENT~ 

75 ' 

, \ 

Figure 20. Effec~ of' APhelenclms B:yenae on preemergence _ dam-
1 • 

p4tg-rff of ,pea ,seedlings caus_ed by. bth1lm u+timwn. 
F ---- Fungus alone., ' , 
F + ~N -:--- Fungus plus. nematodes " .' , c ----\ Oon~rol~' no _nemato~s ~r ,:f'ungu.s ' 

.\ ... ' 
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3. Studies on the effect of Aph~lenSbu§ ayenae on 
postemergence damping-off of pea se~dlings 
cauê~d br Pythium ultimum 
i. Experiments with,sterilizeœ so~l 

1 

/ 
/ 
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From the results obtained in previous experiments, it w~s shown 1 .-
f / 

-that differènt population levels of A. avenae produc~d various effects 

on t,he incidence of preemergence damping-off· of pea seedlings caused by 

~ Pythium ul'timum. This,study originated from the 'same idea but with a 

.' 

different aspect. In this case, effects of A. avenae on damping-off of 
" -

If 

pea seedlings were assessed at the postemergence stage. 

A. Materials and Methods 
~ 

i 
. The procedures used to prepare the planting ~ateri~ls, the 

" 
1 

inocula of !\. Ut timum' and the nematodes were the same as previously 

described. Three pea seeds were seeded into each lü-cm clay pot 1-

containing ste~ sterilized soil. Inoculation was made'when the 

seedlings were two weeks old (about 3-4 cm high). 
" .. Fungal inocula and 

" the desired d.+er of nematodes were added simultaneouely. Plain PDA 
. 

was applied to the control pets instead of fungal ino~ulum. Then the 

pots were maintained under the condition~ as state~ on page 23. 

~~ The experiments consisted of: 

FOf experiment l -

Fungus alone " - -. 
, 25 x 103 nematodes + fungue 

50 x 10~ .i;lematodee + fungus 
75 x 10 nematodes + fungus 
Control, no nematodes or fungus 

" 

J ~ 

\ 
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For experiment 2 -

Fûngus alone' 
50 x 10 3 nematodes + fungus 
75 x 10 3 nematodee + fungus 
100 x 10 3 nematodes + fungus 
Control, no nemafodes or fungus 

~ 

The purpoles for carrying out experiment 2 were the same as 

77 

previously stated (page 66). Each treatment was replicated five times • . 
The number'of damped-off seedlings was recorded during the 

experimental period and fungi~ere isolated from the seeplings at the 
1 

termination of each experiment. Bath experiments were terminated 12 

days after inoculâtion. The data were ana1yzed by the sarne methods as 
~ 

" used in previoUl;1 expekimen ts • " 

B. Results and discussion 

The resu*ts of_exp~riment 1 are presented in Table 16 and 
/ 

Figure 21. There were no s~gnificant di~ferences in the treatments 
"-

\) 
with 25 t OOO, 50,000 and 75,000 nematodes plus the fungus when compared 

with the treatments with fungus alone. The results of experiment 2 

are summa~zed in Table 17 and Figure 21. 
, 

As in the first experiment, 

there were no significant diffe~ences among the treatments, although 
\ 

more nematodt::ts were added in.these treatment's than in the previous one • .. 
P. ul~imum was i~olated from aIl specimens sampled from both experi-

mente 1 and 2. 

In the above t~o exp:rfments, th~ overall percentage of 

surviving pea seedlings was very lew, and the survival percentage did, 
.~ 

not conform to.the numbers of nematode~ added. Although there were no 
II'" 

... " 
... 

, , 
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statistically significant differences in the results of experiment 1, 

the treatment with 75,000 nematodes did produce a survival rate of 80%. 

However, in ~he second experiment ~iS number of nematodes gave on1y a 

40% survival rate. 

affected somewhat 

pea seedlings. 

It was felt th!t this expertment may have bee~ 

by the more adv~se environmenta1 conditions for 

if. Experiment with nonsteri~zed sail 

The aim of this study was the sarne as that of the experiment 

the 

introduced on page 69, except that emphasis here was on the effect of 
1 ; 

~ 1 

A. avenae on postemergence damping-off of thepea seed1~nga. The 

'- . 
continuing effec~iveness of both the fungus and the nematodes after 

termination'of the,experiment was a1so assessed. , 
A. Materials and methods 

'Natura1 soi1 was prepared;1s described on page 69, and 

~repar~ons of planting materials, inocula of P. u1timum and A. avenae 

follo~ed the methoas desçribed o~ pages 18, 23 and 48. Three pea 
- 0 "- , 

seedlings were grown in each IO-cm pot for two weeks, then the inocula 

~ both fungua and nematodes were introducèd simui ta~eously. Treated 

"- pots we~e maintXi d unde: the s~~ conditions as those of ~he previous 

experiments (page 2 • The(exPeriment was terminated 12 ~ay8 after 
" 1 -. ' 

inoculatiop and data*were col1ected and'analyzed aS,for the previously 

_ described experiments. Random reis61ations of the fungua were made 
, ) 

• 
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After the termination of the experiment, surface-sterilized, 

pre-sQaked pea seeds were planted into these treated 801ls in the same 

pots, after aIl old plants had been removed. The pots were kept under 

the srune conditions" ,tand were wate-red regularly. The emirgence of the 
- Il 

seeds was recorded and the experiment was terminated L2 days af~er the 

seeds, were,~lanted. 

The treatments were as follows: 

Fungus . alone 
50 x 103 nematodes + fun gus 
75 x 103 nematodes + fun gus 
100 x 10 3 nematodes + fungu8 
Control, no nematodes or fungus - , 

Each treatment was replicated ·five times. 

B.\ Results and discussion 

A tabula,!, sU1IIJIlaTy of the results i9- presented in Table 18 and 
'-.. ., 

graphically by Figure 21. 

Statistical an~lysis of the 'data demonstrated that there were , , 
,:-

1 0 

significant differences among aIl of the treatments. Oo1y 13% of 
f 

the seedlings survived where no nematodes were added, whereas stands 
( . 

in nematode~added pots were from 66 to 73%. ~. ultimum was reiso1ated 

from the diseased plants. 

From the,results obtained in th1s exp'erimen~, it waB found that 

the' survival of the seed1ings was main1y dep~ndent on the numher of 

• 
nematodes added. Although the ~er o~ survivors did not correspond 

"-

to the number of ,. nèmat~de8 added to th~ po,t~" the" benef:l t obtained by 
~ , . , . 

the addition of the n~todes was readi1y apparent in aIl cases. 

, 
: " 

') " 

" 
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Table 16. The effect of Aphe1enchus ayenae on postemergence 
damping-off of pea seed1ings caused by Pythium 

"-
1 uli(imum in steri1i-zed soil. Expt. 1. 

/' 

Treatnlent \ No. of survivors/ * 
15 seedlings 

% ** 
Survival ' 

~gus alone 4 26 
, 
a 

25 x 103 Nematodes + Fungus 7 46 
/ 

a 
50 x 10~ Nematodes +'Fungus 7 46 a' 
75 x 103 Nematodes + Fungus ~ 12 80 a 
Control; no nematodes or fungus' 15' 100 

/. 

Data were * Five,rep1icates of three' sead1ings par pot. , -
co1lected 12 days a!ter in6cularion. 

** Values under a commen letter are net si~ficantly diffa­
rent; by Kruskal-Wallis test. (P~ 0.05) 
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Table 17. The effect of Aphelenchus ayenae ;~ postemergènce 
..r 

d~ping-o~f of pea seedlings caused by Pvthium 
Il -1 

yltimu~ in steri~ized/soi1. Expt. 2. 
~ 

'- "-
~ 

~ 

, No. \o~ survivors/* ft, ** . 
Treatment 1.5 s~edllpgs S.urvival , 
Fungus alone l 6 a 
50 x 103 Nematodes + Fungus 6 40 a 

x 103" Nematodes 6 40 75 + Fungus a 
,x 100 Nematodes 

. , 

100 + Fungus 8. S3 a « 
oCot),tro1, , no nem~odes or fungus 15 100 , 

« '" 

* Five rep1i6ates .of three seedlings par pot. Data were' . 

1 •• 
co11ected 12 days after inoculation. ... 1/ 

", ' - l' 

,** Values under a common letter are not significantly diffa-
'Ojo f ?-

;-ent~- by Kruska~-Wallis test. (p= o. OS) " 

'. q , 
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Tablê 18. The effect of A;phelenchy,s avenae"on postemergencêl ( 
damping-off of pea seedlings ,caused by Pvthiùm. 

ultimum in'nonsterilized soil. 

J 0 

TreatJnent 

''4j: 
Fungus a10ne 
SQ x 103 Nematodes + Fungus'", 

7 S x 103 Nem.atod~s + Fungus 

~oo x 103 'Nematodes + Fungus < 

~ont~ol;' no ~~matodes o~r :fùngUs 

No. of survivors/ * 
~5 seedlings 

2 
,/10 

11 

10 

15' , 
,1 

~ 1 1 

" ** Sûrvival 

13 a 
66 'b 

13 b 

66 P 
10.0 

* F~ve-replicates o~ three seedl~ngs 'per pot.- Data were 
côllected 12 days after inoculation. o~ 

• l ,L. , 

** Values under' a commor? let:t~r are n~,t significant1y' diff~ 
rent,-by Kruskal.-Wa11is· test. (P. 0.05) 
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'l'able 19-
f . 1 

Number of emerged seedlings in nonsteri1ized soil 
treated with Aphelençh~s ayenae and Pitbiwm ultimwœ 
in experiment 2. 

Original 
treatment 

F'!mgus alone 
5'0 x 103 Nematodes + 

75 x 103 Nematodes + 

100 x 103 Nematodes + 

Control, no nematodes 

Fungus 

F'ung\ls 
Fungus 
or fungus 

Np_ emerge~ * 
20 seeds planted 

4 
6 
8 

7 
20 

.. 

"'*,* 
emerg~ce 

20 a 

30 a 

40 a 

35 a 

100 

* Five replicates of four seeds per pot. Data were collected 
... 12 days after planting~' which was 24 days after the origi-

• 
na! soil treatmen~s. " 

** Values under a common letter are not si~ficantly"difte­
~ent. by Kruskal-Wallis test. (P = 0.05) 
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100 

50 

010---
FtN FtN 

25Xl03 50Xl03-

~ 
, Sterilized soil (Expt. 2) 

~ 100 

fI.I 

~ 50 

~ L~nI .< 
~ 0 'i 

ll:1 F' FtN FtN FtN 
o 50Xl03 75Xl03 100X103 

! , 
Nonsterilized soil 

100 

50 

o 
F f+N FtN ftN 

50Xl03 75X103 100X101 

TREATMBNTS 

Figure 21. Effect of ApAelenqnu§ avenae on postemergence 
damping~?ff of pea seedlings caused by Pythium 
ultimygt. " 
F --~- Fungus alone 
F + ,N ---- Fuhgus plus nematodes 
C ---- control, no nematodes o~ tangu, 

--\, \ 
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\ 
Th,e number of seedlings to emerge ~rom the secondary planted 

~, seeds (experiment 3) was generally low in a11 nematod~-treated pots 
, ' 

(Table 19). It was obvious that the emergence of the pea seedlings 
• 

was 8~rioUsly affecte~ by the 'P. ultimum. Indeed, many of, the seeds 
" \f 

were killed in the soil. rhis may have bee~ due to the relativelylow 

numbers of A. avenae remaining in the soil, or to influences of other 

microorganisms in the 80il acting synergistically,with~. ultimum to 

the detriment of the germinating seeds. 

4. The effect of Aphelenchus ayenae compared with 
a chemical drench on preemergence damping-off 
of pea seedlings in sterilized soil ~ 

This study wa~ carried out to compare the effect~veness of 

A. avenae with that of a chemical drenching method in the control of 

the preemergence damping-off disease of pea. 

" ( / 

A. Materials and methods 

A damping-off cont/ol chemical "No-Damp" (Plant Products Co., 

Ltd., Ontario) was used in this experiment. The recommended cQn-
f ' 

centration of the compoun~ i8 ~ teaspoons (approximately 13 ml) in 

1.135 litres of water~ Twd concentrations of thi~ ~ompound, namely, 

the recommended concentration and double the recommended concentrat~on, 

were prepared accord~~to the manufacturer'. in~tructiOns •• 
P1anting materiAs, fungal and nematode inocula were prepared by. 

the methods priViOUSly described~ For treatments with nematodes and 

th~ fungus, inoculum of P. ultimum and 75,000 nematodes-per pot were 
l-

added soon after seeding. Each pot was planted vith three seeds. For 

.,. 

\ 
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treatments chemical solutions, the inoculum of f~ ultimum' was 

first added ta each pot_of sail, which was then drenched with 300 ml 

of the desired solution. Three pea seeds were then planted three hours 

after drenching. A'A th in ,layer of sterilized fine soil was applied to 
l 

each pot to cover the inocula and seeds. 

The treated pots were maintained under the same conditions as 

mentioned previously. Thé number of emerged seedlings was recorded an~ . 
. 

reisolation of the fungus was made from the damped-off seeds. The 

experiment was terminated 12 days after inoculation. The data were 

éol1ected and processed ~y the methods out1ined for previous experi-

ments. 

The experiment consisted of four treatments and each treatment 

was rep1icated five times. 

The treatments were as fo11ows: 

Fungus a10ne 
No-D~p at recammended concentration + fungus 
No-Damp at double the recommended concentration + fungus 
75,000 nematode;s + ftmgus 
Control, no nematodes, fungus or chemical 

B. Results and discussion 

A tabular summary of the results is presented in Table 20. 

t", • 
The resu1ts reveal that there were no significant differences '. , , , 

between the chemica1 treatments and the fun gus alone treatments, 

whereas the treatment with 75,000 nematodes plus fungus gave sl1ght'ly 

" better emergence ot the,seedlings. There was a significant difference 

between / this treatment and the ftmgus a10ne treatments • 
.. 

) 

( 

\ 
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....... 

• With thése results, it was diffic~to codclude whether' 

A. avenae would be CQns1stently be-t.ter than the compound used.' 

However, it was again observed that A •. av~e could reduce the 
o -

incidence of damping-off of pea ~eedlings. In this instance, it 

providèd better ~ont~l than either\of the two dosage levels of the 
--.1 
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commercial compound. P. ultimum was consistently isoiated from damped-
, 

off seedlings in chemical-treated pots. It was felt bh~t the compound 

was telatively'ineffective in this test. Moreover, in the chemical-

treated so~l-a few plants were observ~d tQ produce tiny and yellowish 
• J 

leaves. This Wns thought to be caused by the toxicity of tge chemical 

at the two concentrations used. 
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Table 20. The effeet of AphelengQus ayenae, compared with a 
chemica1 drench on preemergence damping-off of pea 
seedlings caused by Pythium ultimum in sterilized 
80il. 

Treatment 

Fun~s -alone 
\ 

"No-Damp" conc, l * + Fungus 
"No-Damp" cone •. 2 * + Fungus 

75 x 103 Nematodes + Fungus 

oon~ol., ··no nem.a.todes, fun~s 
or hemical 

..~ 

l, 

lio. ernergedj,**, 
15 seeds planted 

2 
"..,. 

5 '-
8 

13 

15 

. 

13 al 
33 b' -a 
53 ab 
86 b 

-
100 

-* . Recommended conc~ntra_tion of "No-Damp" • Approximately 
13 ml in 1.135 lit~s or'water. 

1 

Concentration 1 1 Recommended concentration • 
./ 

Concentration 2 1 Double strength. 
\ 

~ 

\ 

** Five rep1icates of~three seeds par pot. Data were col1eo-
ted 12 daye after inocu1~tion. 

*** Values under a common letter are not significant1y ~~itfe­
" . rent • . 'bY'_.Kruskal"'Wallis ~t. (P.- 0.05) 
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IX. GENERAL DISCUSSION 

The results' obtained in this study demonst~ated that Pythium 

species are common in locsl soils. By pathogenicity tests, many 
, ~I\ ,J 

, 1';1 
isolates, notariy ~. ultimum, wère, found to be highly pathogenic to pea 

1 
'and cucumber ~eedlings. The results also confirm o~her reports which ..,. 

have stated that P. ultimum is one of the Most common species of the 

Pythiaceae to be found in North America (Midd1eton, 1943) and that it 
( ~ 

, (, ~ 

1s one of the Most destructive pathogens of peas (MacNeill, 1965; . 

Escobar et al., 1967; Kraft and Burke, 1971). Since it causes pre- and 
{_._ , u 

poste~rgence damping-off of pea and probably other plant 'seed1ings, it 

~ 
was felt that P. ultimum can be a destructive fungtis in' this area 

/ -
whenever the environment~l conditions are favorable for disease 

The reports of Mankau and Mankau (1963) indicated t~at !. avenae 
i l multiplied rapid1y on tnany phytopathogenic :Eungi but that it did not 

< 

multip'ly. well çn Pythium -épecies. However, Rhoades and Linford (1959) 
~ . , 

observee!.. the ,feeding of A. avenae~ on p':. arrhenomanes. They reported, 

/ that A. avenae contr01led root-rot of corn caused by that fungus under <..>' 

;' ,::. rl 
1 

greenhouse conditions. 
r 

mul~iply on P. debaryartum. 
, j 
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J 
In the present study, !. ~venae was found ta feed and mu1tip1y 

on severa1-iso1ates of Pythium, although the rat~,of multiplication was 

not as high as that on species of Fusarium or Rhizoctonia which hâve 
i 

frequent1y been reported as good hosts. Observations of the feeding of 

!. avenae on hyphae and allantoid bodies or frustrated appressoria of 

Pythium u1timum were similar to those of Rhoades and Linford (1959). 
( 

The 10ss of protoplasm by the fungus Quring and after being fed on by 

nematodes must affect its surviva1 and growth in soil. 

The status of !. avenae as a parasite is still uncertain, though 

it has frequent1y been found in association with fungal-diseased roots 
-' 

and it is known to be capable of penetrating the roots of ,vasc~lar 

plants (Chin and Estey, 1966; Terry, 1966; Klink and Barke~, 1968)~. 
îJ 

Barker and Darling (1965) reported that A. avenae was capable of 
," , . 

. . 
living and multiplying on non-differentiate~ plant ca1luses. 

By 'testing A. avenae on both ax~c cultured and pot-grown pea 

seedlings under contro1led conditions, it was found that the culture 

used did not penetrate the tissues of healthy seed1,ings. A1though 

there were slight effects (not significant; sèe Append~ces'I-X) on 

growth of the pot-grown seed1ings, the failure to find A. avenae in 

healthY"root tissues strengthens the hypothesis that it is ~ot a 

parasitic nematode and ~nat it is incapa~le of entering or feeding.upon 

intact, healthy tissues o~ pea plants. This hypo~hesis'was also sup-
'1 

ported by the finding of very low populations of ~ematodes ia both' the 

Boil e~tract culture medium'and in s~ii in which pea seedlings wer~ 

growing. 

? ' 
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Th~ chief aim oi this study ~as.~o de termine the effects of - -, 
. ' 

A. avenae pn damping-off of pea' seedlings in thé soil under greenhouse 

conditions.~ The significance of A. avenae in the reduction of certain 
~ . -

other root diseases has been demons~rated by several workers. The 

number of A. avenae used by these workers yaried very much according to 
«,~r . 

the type of diseases they studi~d, on the host plant used, and on the 

experimental conditions. They had ,showed that there is a tendency to 

obtain control of diseases caused by fungi that are gaad hasts for the 
1 -
1 • 
nematade rather than thas~ which are not~ Barker (1964) and Riffle 

(1973) mentioned that the effectiveness of A. avenae may also be 

influenced b~ enviranmental conditions as weIl as the timing af 

inoculation. 

In the present experiments f it was consistently found that 

whenever from 2'5,000 to 100,000 A.,. 

with~. ultimum, there ~as so~ re 

,off 1no1ted by that fungus. ~~er. 
cases the percentage of eme~ence and 

r 
dded to spil infected 

of damping-

it was a1so observed that in some . 

survi val of p~ea'- ;e~'dlings did not ,- \ 

increase as the number of nematones was increased. \ Such variations 
1 

strongly suggest that environmental conditions pla~n important raIe 
\ 

in ~h.is form of biological control of a root disease. For exampl,e, the 

conditions which favor ~he activity of A. avenae (moist soil, mild 

temperature, etc.) also tend to fa~or the attack by, P. ultimum. ,,-

Probably, the attack by P. ultimum may also be pro~ote~ by exudates - , 
'« 

from the seeds or roots which have nb known 
1 

effect-'.on A. 

i " 
avenae. 

1 
N 

\ 
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Suppression of damping-off by the nemat~des was more pronounced 

in thé'preemergence stage than in the postemergenc~ stage, and more 
Il 

effective in sterilized soil than in nonsterilized soil. In the former, 

it can be explai~ed that much of the fungus was destroyed before ~he 

seeds had germi;tated, whereas in' the latter, the plant stems or roots 

were more directly exposed ta the fungal inoculum, thus allowing the 

fungus to attack saon ~fter the inoculation. 
L' 

A. avenae'presumably survived and was ~ least partly dependent 
" 

upon the hyphae of ~. ultimum when added simultaneously with it into 

the soil. Altho~gh f. ultimum sporulated rapidly, on moribund root .' 

• tissues, !. avenae 15 incapàble of feeding on these spores, therefore 

the nematodes would saon have a shortage of food materials. On the 

other hand, the spores of P. ultimum woul~ persist in the soil to serve 

as inoculum for the infection of new seedlings (pages 68, 73, 79,83). 

This is. probably the re~son why germination of seeds planted in 

previously treated soil was very low. These seeds were probably 

invaded by hyph'ae from the germinated spores. From the resul ts of 

these experiments, there is the strong indIcation that A. avenae must 
1 // 

be constantly present in the sail and in relatively large p'opulatiQP~ 

to retard the spread of the fungus. 

e 

The finding that~. avenae did not enter or feed on healthy root 
l , 

tissues of pea seed1ings indicates that the nematodes were not invalved 
, , \ 

in the disease complexe In contrast, A. avenae was found ta migrate 
l " 

from soil ta infected stems and leaves af damped~aff plants.which h~d' 
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f '. 
f allen to the soH s'urf ace'.. This 1 find:l,J1g s ~rengthens the hypothesis 

-tpat these nematodes were attracted by the fungal hyphae in or on 

infected tissues. - l 

By the present ItesL, tt was found that !. avenae gave slight~y 
J 

better control of damping-off caused hy P. ultimum than either of· two 
" -

'concentrations of a conunercial, compound "No-Damp." 

The findings of this study agreed with the conclusion of other 

• J 

workers who have stated that A. avenae is a beneficial nematode. 
ü 

Although the population levels necessary to give a high degree of 

disease control are not usually found under field conditions, the 

rhizosp?~ric environment offers many opportunities for nematode-fungus 
"J 

interrelationships. A. avenae occurs generally in natural soi1s and 

has the ability to-feed on a wide range of fungi, therefore "there can 
,1 

be little doubt that it plays a significant role in the ecology of 

sail fungi. 
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1. Twelve 'cultures of Pythium were isolated from~~ ~,oil, 

ten of which were found to be highly pathogenic to seedlings of pea and 

cucumber in laboratory an~ greenhouse t~ts. 

{ " 2. The isolate that kiÙed 100% of the pea seedlings in a 
, 

\ 

pathogenicity test)was selected for further st~dy. lt was later 

iden tifie~ ~ pyy4um u!timum Tro.... This fungus was found to support 

the reproducti04 DÉ Aphelenchus avenae, which~was seen to feed on its 

hyphae and all~~Jd bodies or frustrated appr~ssoria. 
3. Failure of A. avenJt to penetrate or to feed on pea 

~. ~ 
seedling roots in axenic cultures or in soil ind~cates that A. avenae 

~ is hot ~arasite of peas. 

4. Under greenhouse conditions, in sterilized soil, populations 
(ç 

of A. avenae from 25,,000 to 100,000 per 10-cm pot of ~oil increased the 

percent~gè emergence and survival of pea seedlin'gs by more than 20% 
,..v " 

when the soil was artificially infested with P. ultimum. 
" -

5. Under similar conditïons, but in nonsteri1ized ·s9i1 infested - \ - -

with P. u1timum, A. avenae increased the emergence and survival per-
- " 

centage of pea seedlings by approximately the same amount. 
{ 

" 
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6. Pea seeds, which were planted into pots ~f solI that 
( if~ 

previously contained Pythi~ infeeted" seedlings, had ~ very low 
~ 

germination percentage alth6ugh the.soil had peen inoculated wit~ 
, 

, 
50,000 to 100,000 A. avenae. 

'1 1 (-

, <1 

" 
.~ 7. The addition 0 75,000!. avenae to soi1 infested with 

P. ultimum gave a slightly hig er emergence percentage of pea li'" 1" , 

s~edlings than did drenching the s il with either of two concentrations 

. ' of a commerci~l compound recommended - the cOD,trol ~f damping-off'. 
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TABLE 1. Height of pea plants 30 days /ilfter inoculation with Aphelenchus 

"- avenae :tn sterilized sail - Experiment 1 ~ 

Source of 
D.F. s.s. M.S. F. value F. 5% 

variation 
' ..... ' 

Total 23 148.7096 

Treatments 3 40.9646 13.6549 2.5346- n~ 
) . 3.l0 

Error 20 107.7450 5~3873 

ns Not significant at 1> = 0.05 

" , 
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TABLE III~reSh W~ht'~f root of pea plants, 3~daya after inocula­
tion with Aphelenehus avenae in steri11zed soil - Experiment 1 

Source of "t , 

variation D.F. S.S. M. S,, F. value F. 5% 

fi 

Toial 23 142.9983 
, 

Treatments 3 13.7083 6.5694 0.7068 ns 3.10 

Error 20 129.2900 6.4645 

4î:. 
ns Not significant at p ... 0.05 

) 
(' 

T4BLE LV. Dry weight of ahove ground parts of pea plants, 30 days after 
inoculation with Aphelenchus avenae in sterilize,d 80il'-. - Experiment 1 

Source of 
variation D.F. S.S. 

Total 23 , 
~ 11.0516 

1 

Treatments 3 0.6907 

Error 20 10.3609 

~ot significant at p - 0.05 
~, - \ 

J 

l 

\ ; 

Il 
. , 
,.~ 

M.S. F. value 

0.2302 0.4444 ns 

0:5180 1 

, 

. . 

F. 5% 

3.10 

~ 
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éfABLE V. Dry wei~ght of root of p~a planta, 30 days af.ter inoculation 
with Aphe1enchus avenae in sterllized soU, - Exper:fJnent 1 

=-
,... 

Source of D.F. , S':S. M.S. 
variation' 

F. value 

) 1 

Total 23 0.4656 

Treatments 3 0.0442 0.0147 0.697'7 ns 

ErW 20 0.4214 0.0211 

ns Not significant at p = 0.05 

l , • 

TABLE VI. Height of pea plants,. 30 days affer f inoculation 
Experiment 2 Aphelenchus avenae in sterilized soil 

Source of 
D.F. 

variation 

) 1 

Total 19 
, 

Treatments 3 

Errer - 16 

* Signif1 can t 

S.S. 
1 

590.1080 

329.1520 .. 
260.9560 

at p = 0.05 

M. S. 

109.7173 

16,.3098 

d .' 

F. value 

6.7271* 

F. 5% 

3.10 

with 

F. 5% 

3.24 

" 

.. 
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TABLE VII. FrE;sh weight of above grotmd pa;rta of pea plants., 30 daye 
1 • 

after inoculation with Aphe1èrtèhus avertae in sterilized sail - Expt.2 

, , 

~ 
TABLE VIII. Fresh we~aht of root of pea plants, 30 days after'inocu1a-

tian with Aphelenc1l.us avenae in steri'lized soil - Expe,riment 2 

Source of 
D.F. 

variatitm 

Total 19 

Treatments 3 

Error 16 

* Significan t 

o 
." 

0-

S.S. M'.S. F. value F. 5% 

• 
50.0244 ., 
28.3034 9.4345 6.94~:4* 3.24 

l 

21.7210 1.3576 

at p = 0.05 

, . 

o 
(, , 
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., 
TABLE IX. Dry weight of above ground parts of pea plants p 30 days after 
inoculation with Aphelenchus avenae in ster11ized Boil - Experiment 2 

li' , 
Sourcé' of -, 
variation· 

D.F. S.S. M.S. F. value F. 5% 

Total 19 0.9666 
, 

Treatments 3 0.'6528 0.2176 11.1021* ... 3.24 

Error 16 0.3138 0.0196 

* Significant at p == 0.05 

\. 

TABLE X. "Dry we:i,ght of root of pea plants, 30 daya after inoculation 
with Aphelenchus avenae in sterilized soil - Expèriment 2 b 

/' 
Source of n.F. S.S. variation 

M.S. F. value F. 5% 
"-

, 1 

'l'otal 19 ·0".1263 

Treatments 3 0.0578 0.0193 4.4884* 3.24 

Error 16 0.0685 0.0043' ;." 

...... * Significant at p = 0.05 
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