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Effects of aldicarb and fungicides on Pratylenchus 
penetrans populations, root rot and net blotch 
severity on barley 

Joseph Kimpinski and H. Winston Johnston1 

Received 1993-10-13; acceptée! 1995-03-22 

Population levels of the root lésion nematode, Pratylenchus penetrans, which 
produces necrotic lésions in the root cortex, were recorded in barley (Hordeum 
vulgare) in expérimental plots during 1988, 1989, and 1990. Root lésion 
nematodes were the onlyendoparasitic nematodes recoveredfrom barley roots 
and were the dominant nematode group found in the soil. Based on 3-yr 
averages, root rot ratings,caused primarily by Cochliobolussativusand Fusarium 
spp., increased f rom 27% at Zadoks Growth Stage (ZGS) 30-32 in July to 73 % 
at ZGS 70-72 in late August and early September. Net blotch (incited by 
Pyrenophora teres) was suppressed by a fungicide treatment consisting of a 
seed application of carbathiin and thiram, and a foliar application of propicona-
zole. Aldicarb suppressed the populations of root lésion nematodes in the soil, 
in the total root System, and in crown and séminal roots of barley. Yields were 
increased by ca 30% where aldicarb and fungicides were applied as a com
binée! treatment. Population densities of root lésion nematodes were much 
greater in séminal roots than in crown roots at ZGS 30-32 and 55-60. Corréla
tion coefficients between nematodes and yield data were often négative and 
significant (P<0.05). There were no consistent trends in the numerical 
relationships between numbers of root lésion nematodes in roots or soil, and 
incidences of net blotch or root rot of barley. 

Kimpinski, J. et H.W. Johnston. 1995. Effet de l'aldicarbe et de fongicides sur les 
populations de Pratylenchus penetrans et sur la sévérité des pourritures 
racinaires et de la rayure réticulée de l'orge. PHYTOPROTECTION 76: 9-16. 

Les populations du nematode des lésions (Pratylenchus penetrans), lequel 
produit des lésions nécrotiques dans le cortex racinaire, ont été mesurées dans 
des parcelles expérimentales d'orge (Hordeum vulgare) en 1988,1989 et 1990. 
Les nematodes des lésions ont été les seuls nematodes endoparasites extraits 
des racines d'orge et ils étaient le groupe de nematodes dominant dans le sol. 
En se basant sur les moyennes des 3 années, les mesures de la pourriture 
racinaire, causée principalement par le Cochliobolus sativus et les Fusarium 
spp., ont augmenté de 27 % selon l'échelle de croissance de Zadoks (ZGS) 30-32 
en juillet, à 73% à ZGS 70-72 à la f in d'août et au début de septembre. La rayure 
réticulée, causée par le Pyrenophora teres, a été supprimée par un traitement 
fongicide consistant en une application de carbathiine et de thirame lors du 
semis et une application foliaire de propiconazole. L'aldicarbe a supprimé les 
populations de nematodes des lésions dans le sol, dans tout le système 
racinaire, ainsi que dans les racines séminales et dans les racines du collet de 
l'orge. Les rendements ont augmenté d'environ 30% lorsque l'aldicarbe et les 
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f ong i c i des é ta ient app l i qués en t r a i t e m e n t c o m b i n é . La dens i té des popu la t i ons 
de n e m a t o d e s des lés ions étai t p lus é levée dans les rac ines sémina les que dans 
les rac ines du co l le t à ZGS 30-32 et Z G S 55-60. Les coef f ic ients de co r ré la t i on 
en t re les p o p u l a t i o n s de n e m a t o d e s et les r e n d e m e n t s é ta ien t s o u v e n t 
s i gn i f i ca t i vemen t négat i fs ( P < 0,05). Il n'a pas été poss ib le d 'é tab l i r une re la t ion 
s ign i f i ca t ive ent re les p o p u l a t i o n s de n e m a t o d e s des lés ions dans les racines ou 
dans le sol et l ' inc idence de la rayure rét icu lée ou de la pou r r i t u re rac ina i re de 
l 'orge. 

INTRODUCTION 
The root lésion nematode, Pratylenchus 
penetrans (Cobb), is found commonly on 
barley (Hordeum vulgare L.) produced in 
the Marit ime région (Kimpinski étal. 1989). 
This nematode species can occur concur-
rently on barley infected by Cochliobolus 
sativus{\to&iKunb.)ar\dse\/era\Fusarium 
spp., the causal agents of common root 
rot, and Pyrenophora teres (Drechs.), 
causingnetb lotch, themainfo l iard isease 
pathogen (Johnston 1976). Previous 
studies on Prince Edward Island indicated 
that grain yield of barley was increased 
when thèse organisms were suppressed 
wi th fungicides or nematicides (Clough 
and J o h n s t o n 1978; J o h n s t o n and 
MacLeod 1987; Kimpinski étal. 1987,1989; 
Mart in 1985). 

Plant-parasitic nematodes are believed 
to usual ly interact w i t h root funga l 
p a t h o g e n s in d isease c o m p l e x e s 
(Bergeson 1972), and posit ivecorrelations 
hâve been observed between root lésion 
nematodes and various cereal diseases 
incited by fungal agents (Andersen 1975; 
Benedictand Mountain 1956). However, 
corrélation and régression analyses of 
datafrom previous workon Prince Edward 
Island did not show significant relation-
ships between population levels of root 
lésion nematodes in roots or soil and 
severity of root orfol iar diseases in barley 
(Kimpinski étal. 1989). 

The économie loss of barley in the 
Mari t ime région by soil-borne nematode 
and f u n g a l d iseases p r o m p t e d the 
init iation of this investigation and the 
objectives were : to détermine the impact 
of chemical treatments on root lésion 
nematodes, on the severity of root rot and 
net blotch symptoms, and on resulting 
grain yields; to détermine the population 
levels of root lésion nematodes in adven-

tit ious (crown) and séminal roots of barley; 
and to détermine if corrélations exist 
between soil or root populations of root 
lésion nematodes and root rot or net blotch 
of barley. 

MATERIALS AND METHODS 
The expérimental sitesfor 1988,1989, and 
1990 were located on an Agriculture and 
Ag r i -Food Canada Research Branch 
property located at Harr ington, Prince 
Edward Island (46°2V N 63011'W). The 
soil type was a fine sandy loam (ca 70% 
sand, 20% silt, 10% clay, 2.5% organic 
matter; pH range of 5.8-6.0), and the 
previous crop was soybean (Glycine max 
L. cv. MapleAmber) . In thespr ingo f each 
year, the soil was ti l led and 340 kg h a 1 

N-P-K fe r t i l i ze r (17-17-17) w a s i n -
corporated to a depth of 12 cm, 2 d 
before seeding. Seedîng took place on 
27 May 1988, 5 June 1989 and 2 June 
1990, using the barley cv. Micmac. Plots, 
4 m x 2 m, were established wi th rows 
9.5 cm apart, at seeding rates of 220, 
180 and 190 kg h a 1 in 1988, 1989 and 
1990, respectively. When the crop seed-
lings were at the 2-5 leaf stage, chlor-
sulfuron [1-(2-chlorophenylsulphonyl)-3-
( 4 - m e t h o x y - 6 ~ m e t h y l - 1 , 3 , 5 - t r i a z i n -
2-yl)urea] was applied at 15 g a.i. h a 1 

to control weeds. Yields at harvest, 
on21,26,and28September in 1988,1989, 
and 1990, respectively, were estimated 
f rom the centre six rows of each plot. The 
1000-kernel and hec to l i t re w t we re 
determined f rom subsamples of the yield 
samples. Proceduresformeasuring émer
gence counts, 1000-kernel wt, hectolitre 
dry wt , and grain yields are outl ined in 
Sylvester-Bradley étal. 1985. Therewere 
fourt reatments in each year : (i) untreated 
check ; (ii) t he n e m a t i c i d e a ld i ca rb 
[2-methyl-2-(methylthio)propionaldehyde 
0-methylcarbamoyloxime]15%granularat 
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2.24 kg a.i. h a 1 broadcast and worked 
into the soil to a depth of 10 cm, 2 d 
before seeding; (iii) a fungic ide seed 
t rea tment consis t ing of 167 g L_1 of 
ca rba th i in (5 ,6-d ihydro-2-methy l -1 ,4-
oxathi-ine-3-carboxanilide) plus 148 g L 1 

of th i ram (tetramethylthiuram disulfide) 
at a combined rate of 0.55 g a.i. k g 1 seed 
to con t ro l seed-borne and seed l ing 
diseases, and a fol iar spray of propi-
conazole [(+)-1-[2-(2,4-dichlorophenyl)-4-
propyl-1,3-dioxolan-2-ylmethyl]-1H-1,2,4-
triazole] applied at a rate of 125 g a.i. ha-1 

at ZGS 37 and 55 (Zadoks et al. 1974) in 
mid-Ju ly and mid-August to control leaf 
disease; and (iv) combined applications 
of a l d i ca rb and f u n g i c i d e s . The 
expérimental design was a 2 x 2 factorial 
combinat ion of treatments in randomized 
complète blocks wi th four replicates in 
each year. 

Soil samples for nematode analysis 
w e r e taken r a n d o m l y f r o m the 
expérimental sites in 1988,1989, and 1990, 
1-2 d before aldicarb was applied. Soil 
samples and root samples combin ing 
crown and séminal roots were collected 
f rom ail plots 1-2d before grain harvest in 
each year. In 1989 and 1990, crown and 
séminal root samples were also taken 
f rom ail plots at ZGS 30-32, 55-60, and 
70-72 (24 July 1989 and 9 July 1990; 16 
August 1989 and 7 Augus t 1990; 13 
September 1989 and 30 August 1990, 
respectively). 

Soil samples f rom each plot consisted 
of randomly taking 20 cores in the rows, 
15 cm in depth, using a 25-mm-diam soil 
probe. Each soil sample was mixed 
thoroughly, and a 50 g subsample was 
placed in a modif ied Baermann funnel 
(Barker 1985) for 7 d at 23°C. For root 
samples, over 100 plants were removed 
wi th a spade f rom outside the centre six 
rows of each plot at each sampl ing date. 
The root samples were washed, and in 
1989 and 1990, the root Systems of 10 
plants f rom each plot were divided into 
crown and séminal portions, bulked, and 
a 5-10 g subsample placed in the mist 
chamber (Hooper 1986) for 7 d at 23°C. 
The same procédure was used for the 
c o m b i n e d c r o w n and sém ina l roo t 
samples taken 1-2 d before harvest in 
each year. Root lésion nematodes 
recovered f rom the expérimental plots 

were expressed as number kg -1 dry soil or 
number g 1 dry root. 

Root rot severity was assessed visually 
on subcrown internodes of plants in ail 
3 yr. This was done at the same t ime as 
sampling for nematodes in roots. The 
root rot severity ratings were based on 
100 plant samples, and were derived f rom 
Eq. [1] (Ledingham et al. 1973). 

y = (2a + 5b + 10c) /10 [1] 

This method gives values of 0, 2, 5 and 
10forhealthy,sl ight,moderate,andsevere 
disease catégories, respectively. In 1988, 
only healthy and diseased ratings were 
categorized. The incidence of net blotch 
was determined visually at ZGS 40-45 by 
estimating the percent of lamina area 
lesioned on the top two leaves f rom 10 
plants in each plot (Horsfall and Cowling 
1978). In 1989, min imal foliar disease 
occurred and no data were collected. At 
each sample date, the fungal pathogens 
responsible for the root rot were isolated 
f rom several host plants. Identifications 
w e r e c o n f i r m e d us ing the s te reo -
microscope and compound microscope 
for leaf and root infected by funga l 
pathogens. 

Nematode data and disease severity 
data were transformed to logari thms and 
angles, respectively, and analyses of 
variance were uti l izedtoassess the effects 
of treatments on incidences of fungal 
disease, on nematode populations, and 
on grain yields. Treatment sums of 
squares were partit ioned into main effects 
of a ld icarb and f ung i c i des and the 
i n t e r a c t i o n b e t w e e n a l d i c a r b and 
fungicides in a 2 x 2 factorial design (Steel 
andTorr ie 1960). Sincethe var iancesfor 
each year were homogenous, analyses of 
variance were conducted on the 3 yr of 
data wi th years treated as f ixed effects. 
Covariance analyses (Cochran and Cox 
1957) were used to détermine if the effects 
of the fungicide or nematicide treatments 
on cereal yields were a reflection of their 
e f fec ts on f u n g a l and n e m a t o d e 
pathogens. 

RESULTS 

Root lésion nematodes were the only 
endoparasitic nematodes recovered f rom 
barley roots and were the dominan t 
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nematodegrouprecoveredf romsoi l . The 
majori ty of Pratylenchus spp. (> 95 %) 
were identified as P. penetrans, whi le the 
remainder were classified as P. crenatus 
Loof. Merlinius spp., Tylenchorhynchus 
spp. and Paratylenchus spp. also were 
recovered f rom soil frequently, but at low 
population levels (< 500 nematodes kg -1 

soil). Nematodes in the ordersRhabdit ida 
and Dorylaimida were detected at low 
levels, and not identif ied to genus or 
species. It was also determined that the 
dominant fungal species on foliage was 
Pyrenophora teres. Cochliobolus sativus 
and Fusarium spp. were the dominant 
fungi on roots. 

The severity of common root rot was 
not reduced by the chemical treatments 
(Table 1 ). Disease symptoms were more 
a p p a r e n t as t he g r o w i n g season 
progressed wi th overall 3-yr mean ratings 
of 27.3, 51.3 and 72.3% at ZGS 30-32, 
55-60, and 70-72, respectively. Foliar 
diseases were suppressed by the fun-
gicide treatments (P< 0.05), and aldicarb 
reduced the numbers of root lésion nem
atodes (P<0.05). Theaveragegrainyie lds 
were about 30% higher (P< 0.05) when 
both aldicarb and fungicides were applied. 
Hec to l i t re and 1000-kernel w t a lso 
responded to the treatments. There were 
effects of year for ail catégories (P< 0.05) 
except for numbers of nematodes in roots. 
In the analyses of covariance, the use of 
nematodes g - 1 total root System or kg -1 

soil, or % root rot rating or % leaf disease 
as covariates did not change levels of 
significance. 

Aldicarb treatments reduced (P< 0.05) 
the numbers of root lésion nematodes in 
crown and séminal roots in ail but a few 
instances just before harvest (Table 2). 
The fungicide treatments, except in one 
case, did not affect nematode populations. 
N e m a t o d e n u m b e r s w e r e g rea te r 
(P< 0.05) in séminal roots than in crown 
roots during the early and middle part of 
the growing season. The mean nematode 
levels in séminal and crown roots were 
6700 and 580, 2490 and 630, and 450 and 
450 nematodes g 1 dry root for ZGS 
30-32, 55-60 and 70-72, respectively. 

Of the 506 statist ical compar isons 
involving root lésion nematodes in the 
crown and séminal roots Systems wi th in 
the various disease catégories and sample 
dates in 1989 and 1990, 271 w e r e 
significant (P<0.05) and positive (Table 
3). Corrélat ion coeff ic ients between 
numbers of nematodes in c rown or 
séminal roots and nematodes in total root 
Systems (crown and seminalscombïned), 
and between numbers of nematodes in 
crown or séminal roots and numbers of 
nematodes in soil in spring or at harvest 
were usually positive and often significant 
( P < 0 . 0 5 ) . C o n v e r s e l y , c o r r é l a t i o n 
c o e f f i c i e n t s b e t w e e n n u m b e r s of 
nematodes in either of the two root 
Systems and the differentyieldparameters 
were usually negativeand often significant 
(P< 0.05). There were no definite trends 
in the corrélation coefficients between 
numbers of nematodes in crown and 
séminal roots and the root rot or net 
blotch data. 

Table 1. Effect of chemical treatments on severity of fungal diseases, nematode populations, and 
grain yields of barley (1988,1989, and 1990 combined) 

Disease severity3 Root lésion nematodes 

Grain characteristics 

Disease severity3 Root lésion nematodes 1000-kernel 
O) In roots On foliage In soil In roots Total yield Hectolitre wt dry wt 

Treatment (%) (%) (no. kg1) (no. g-1) (kg ha1) (kg) (g) 

6
(1

 

Check 50.6 28.4 5250 1740 2980 60.4 35.7 
i ^ Aldicarb (A) 46.8 30.2 1480 130 3310 61.4 35.1 

O Fungicides (F) 47.2 26.0 5140 1350 3170 60.3 37.6 

H A + F 47.9 17.7 890 140 3860 63.7 35.6 

o 
LU 

SEMb(n = 12,df = = 27) 1.36 3.25 410 110 100 0.36 0.82 

S Significant factorsc(P<0.05) - F A A A, F, A x F A, F, A x F F 

Arcsine t ransformat ions. 
Standard error of the mean; n = 8 and df = 18 for disease severity on fol iage. 
F indicates a différence between plots treated w i th fungicides and plots w i thou t fungic ides; A 
indicates the same procédure for aldicarb; A x F indicates a signif icant interaction in the 2 x 2 
factorial exper iment. 
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Table 2. Effect of chemical treatments on numbers of nematodes in crown and séminal roots of 
barley according to severity classes of root rot diseases (1989 and 1990 combined) 

Root lésion nematodes n roots 
(No g-1) 

Healthya Slight Moderate 

Crown Séminal 

Severe 

Treatment Crown Séminal Crown Séminal 

Moderate 

Crown Séminal Crown Séminal 

Zadoks Growth Stages 30-32 
Check 970 10 420 1440 14 260 1170 7 590 - -
Aldicarb (A) 230 1820 180 1240 120 490 - -
Fungicides (F) 810 11780 1090 17 580 350 12 590 - -
A + F 110 1220 160 1020 380 320 - -
SEMb(n = 8,df=18) 100 1395 160 1770 350 4 480 - -
Significant factorsc (P ̂  0.05) A A A A - A - -
Zadoks Growth Stages 55-60 
Check 1370 4 790 1570 8 220 1920 6310 510 1290 
A 180 520 210 360 230 340 130 190 
F 850 4 790 1200 6 820 830 3 240 400 720 
A + F 180 780 280 920 110 420 100 150 
SEM (n = 8, df = 18) 150 1180 230 630 130 820 170 370 
Significant factors (P *s 0.05) A A A A A, F A A A 

Zadoks Growth Stages 70-72 
Check 810 300 870 1380 940 1020 1200 720 
A 140 140 140 130 120 160 100 110 
F 460 470 560 620 730 910 610 580 
A + F 100 220 130 140 130 170 160 110 
SEM(n = 8,df=18) 210 120 140 390 130 480 190 230 
Significant factors (P^0.05) A - A A A - A -

Severity classes of disease symptoms incited by Cochliobolus sativustaken at the same time as 
nematode counts. No data were collected in severely diseased plants at first sample date since 
roots were reduced or absent. 
Standard error of the mean. 
A indicates a différence between plots treated with aldicarb and plots without aldicarb; 
F indicates the same procédure for fungicides. 

Table 3. Relation between nematodes in roots, and between nematodes in roots and incidences 
of fungi or yield data in barley for 1989 and 1990 

Corrélation between nematodes Total number of Number of significant corrélations 
in roots and parameters belowa comparisonsb 

(P< 0.05, df = 14) comparisonsb 

Positive Négative 

Nematodes in roots 506 271 4 
Nematodes in total rootc 46 28 0 
Nematodes in soil in spring 46 0 0 
Nematodes in soil at harvest 46 21 0 
Grain yield 46 0 10 
1000-kernel wt 46 0 2 
Hectolitre wt 46 1 16 
Mean root rot 46 5 0 
Net blotchd 23 1 0 

a Population densities of root lésion nematodes in crown and séminal roots determined atthe 
same growth stage as root rot ratings. 

b Corrélations calculated within each year only. 
c Combined crown and séminal root samples taken shortly before harvest. 
d Determined at Zadoks Growth Stage 32-34 in 1990 (no symptoms in 1989). 
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The number of nematodes in the total 
root mass (crown and séminal roots 
comb ined ) at harvest in 1988 were 
negativelycorrelated wi th grain yield data 
(-0.619, P< 0.05). In 1989, the numbers of 
root lésion nematodes in the total root 
massât harvest were posit ivelycorrelated 
wi th the mean of root rot ratings taken at 
ZGS 30-32, 55-60 and 70-72 (0.522, 
P<0.05), and negatively correlated wi th 
plant émergence counts on 4Ju ly (-0.653, 
P<0.01). In 1990, the numbers of root 
lésion nematodes in soil correlated wi th 
hectolitre wt (-0.526, P<0.05). Also in 
1990, the mean of root rot ratings taken at 
ZGS 30-32 , 55-60 and 70-72 w e r e 
negatively correlated wi th hectolitre wt 
(-0.568, P< 0.05) and wi th 1000-kemel wt 
(-0.585, P<0.05). In the same year, root 
rot ratings acquired at ZGS 70-72 were 
negatively correlated wi th hectolitre wt 
(-0.667, P<0.01), and net blotch ratings 
recorded at ZGS 30-32 were negatively 
corre la ted w i t h gra in y ie lds (-0.531, 
P<0.05). 

DISCUSSION 
The yield responses that occurred when 
aldicarb and fungic ides were appl ied 
indicated that root lésion nematodes and 
the fungi which incite root rot and net 
blotch were important factors in yield 
losses of barley. However, the use of 
variables such as nematodes g 1 root in 
the total root System, nematodes k g 1 soil , 
root rot and net b lo tch sever i ty as 
covariates in the analyses of covariance 
did not change the levels of significance. 
This may be interpreted to indicate that 
factors o ther than root lésion nematodes 
and fungal species may also hâve affected 
yields. Thèse factors may hâve been 
abiot icones, such as soil température and 
moisture, not monitored in this study. 

Root lésion nematode populations were 
greater in séminal than in crown roots of 
barley. The l ikely reasons for such 
distribution arethat séminal rootsdevelop 
pr ior to crown roots and are the only roots 
available; and that plant nematodes are 
attracted to and thrive in metabolically 
active roots of suitable hosts (Wallace 
1963), and it is generally accepted that 
séminal roots of cereals are physio-
logically more active than crown roots 

(Brouwer 1966). Root lésion nematodes 
interfère wi th the movement of water in 
potatoandtobacco roots (Kimpinski 1979; 
Odihirin 1971), and the same effect may 
also occur in séminal roots of barley. 
However, once crown roots develop, the 
importance of séminal roots déclines 
(Henry and Deacon 1981), and the impact 
of parasites and pathogens in thèse roots 
on the host plant would be expected to 
décline. 

The inves t iga t ion of re la t ionsh ips 
between population levels of root lésion 
nematodes and incidence and severity of 
root rot or net blotch in barley indicated 
the relative degree to which the com-
ponents were correlated. Such corré
lations do not indicate causality, but they 
do infer that biological interactions were 
occurr ing between the nematodes in 
différent root Systems, Le. crown and 
séminal, and between nematodes in the 
same root Systems at différent sampling 
t imes. This statement originated f rom 
506corrélation coefficients involving root 
lésion nematodes in the two root Systems, 
of which 271 were positive and significant 
(P<0.05). The same observation was 
madefor Cochliobolussativus. Consistent 
p o s i t i v e and s i g n i f i c a n t ( P < 0 . 0 5 ) 
corrélations between mean root rot ratings 
f rom ail sampl ing dates in each year and 
the ratingsateach sampling date indicated 
that the population of a root pathogen on 
a barley plantwould influence populations 
of the same fungal species later in the 
growing season (data not shown). 

There were only a few significant corré
lations (P<0.05) between nematodes, 
either in crown or séminal roots, or in the 
total root system, and the incidence and 
severity o f c o m m o n root rot or net blotch. 
Thèse observations agrée wi th previous 
studies in the région (Kimpinski et al. 
1987, 1989). However, the significant 
interacting responses of grain yield and 
hectolitre d rywt indicated thatthe aldicarb 
and fungicides treatments did not act 
independently. When factors are not 
i ndependen t of each o ther , f u r t he r 
expé r imen ta t i on may be w a r r a n t e d 
(Steel andTorr ie 1960). More quantitative 
measurements of the population levels of 
fungal species, and lessreliance on disease 
symptom ratings, could help to elucidate 
biological interactions that may exist 
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between rootlesion nematodesandfungal 
pathogens in cereal diseases. 

Theuseoffungicidesfordiseasecontrol 
in barley can be profitable to growers in 
the Ma r i t ime rég ion (Johns ton and 
MacLeod 1987). However, nematicides 
are too expensive for use in cereals when 
app l i ed at r e c o m m e n d e d rates fo r 
vegetable and potato crops (Kimpinski 
and Thompson 1990). Lower rates of 
nematicides applied to cereals, as was 
doneinAustral ia(Brownefa/. 1982,Gurner 
étal. 1980) ,mightbeanopt ionforgrowers 
in the M a r i t i m e r é g i o n , bu t m o r e 
investigation is needed. 
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