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migratory endoparasite with a broad host range. A r ~ c e n t  survey 

of apple orchards in British C'olumbia revelaled that soil 
3 - . LA- 

pcpulation densities of P. p g n e t r a n s  commonly exceeded levrls 

reported to be damaging to young trees. 
1 

b 

Pye-plant f'umigationand a systemic nematicide application, 

lor non-bearing trees, are khe only registered control methods. 

T h e  cost, unpredictability o'f control and potential negative , 

of broad spectrum fumigants, combined with 

and environmental concerns, illustrate the 

need for research into glternative control measures. 

The purpose of this study was to evkluate alternative fiield 

~~rnctices that could be used by orchardists to controi)~. 

pcrrctrans. In the Lummer of 1 9 8 9 ,  . d o  'field trials were 
I - 

conducted. In the first trial five tre.atkents were evaluated in 
\ 

, I  noncropped field: marigolds ( T a g e t e s  p a t u l a ) ,  oats ( A v e n a -  , 

s a t i v n  var. Cascade) and a sorghum-s&dangrass hybrid (Sorghum 

srldanese X Sorghum bicolor var. Pioneer Hybrid var. 9 9 8 )  all 

sown as cover crops. :,-A clear polyethylene .film mulch and hand+ \ 

weeding served as additional treatments. Post-treatment soil 

l~opulation densities of P. p e n e t r a n s  were significantly greater 

, (1)  s -  0 . 0 5 )  in the sorghum-sudangrass and the oat plots than in 

the hand weeded, clear plastic, or T. p a t u l a  plots. .-, . 

-p - 

In the second' experiment, four treatments were established 

g h  r&t in 'In orchard of poorly growing young apple trees w 

populntion densities of P. p e n e t r a n s .  Treatments ere: mulching 

w i th cle~ir or black polyethylene, intercropping with T. p a t u l a ,  

iii 



u- 

r e & l t e d  i n  a s_icmifi&antly h i g h 3 r  e 1 0 . 0 5 )  tree root 

p o p u l a t i o n  d e n s i t y  of P. p e n e t r a n s  t h a n  d i d  T .  p a t u l a  o r  t h e  

weeded c o n t r o l .  
9 ,  . - * * 

A greenhouse experiment  was conducted t o  f u r t h e r  e v a l u a t e  , 

t h e  p o t e n t i a 1 , f o r  i n t e r c r o p p i n g  T. p a t u l a  w i t h .  p l e  t r e e s .  9" 
Three  popu la t ion  densigti-es of P. pene t rans  ( 0 ,  4000, 8000 p e r  

1 . 5  1 p o t )  and p r e s p c e  o r  absence  of  a  T. p a t u l a  p l a n t  were 

i n c o r p o r a t e d  i n t o  a f a e o r i a l  experiment .  T. p a t u l a -  r e s u l t e d  in 
'? d , , 

- - A -- - -L 

a s i g  i f i c a n t l y  - f ~  < 0.05) lower popu la t ion  d e n s i t y  of P. 

p e n e t r a n s  i n  t h e  s o i l ,  b u t  - n o t  i n  t h e *  r o o t s  of t h e  app le  

s e e d l i n g s .  Both t h e  T. paCula a10ne"nd i n o c u l u ~ l e v e l s  of 4 0 0 0  

and 8000 P. pene t rans -  r e s u l t e d  i n  s i g n i f i c a n t l y  (P < 0.05)- lower 

a p p l e  s e e d l i n g  d r y  weight  and s temlength ,  t h a n  t h e  c o n t r o l s .  

Q necornmendat&+s .fw f u r t h e r  work  on rnanaggment of P,  . , *' 

p e n e t r a n s  i n  appl& < r e p i a n t  are p r e s e n t e d .  
J' 

1 '  h ' ". 
. =  

9 
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1. INTRODUCTION 
, 

 he root-iesion nematode, Pratylenchus penetrans '~ili~j ev &; 

Sch. Stekoven, has a significant role in certain replant 05 

problems or apple trees._ A recent survey of 58 orchards in'sthe 
m 

Okanagan,'Valley of British Columbia revealed that 76.4% of soil 

gamples and 69.8% of r&t siamples from 127 sites contained P. 
/@ 

pedetrans (Vrain and Yorston 1983) -. ' Forty-one her cent a f  soils--, - 

from apple tree root zones had population densities gfeater than 

50 P. penetrans per 50 ml. This population density at planting 

has been demonstrated to reduce tree growth (Hoestra and . 

Oostenbrink 1962). 
< # 

\ < 

The currently recornmenbed methods for control of the root- 

lesion nematode in British ~olu&~%-ara either prg-plant 
'f; 

fumigation or a systemic nematicide applied to honrbeaning R 

- 
I-.. 

apples trees (Adams 1987) . Concern over human health and1 

environmental risks of pesticide use, cost of treatment, aqd 

uncertainties associated with fumigation efficacy point to th; 

need for alternative management strategies for P. penetrans. 

This study examines the role of P. penetraqs as a pathogen 
/ 

of apple t~ees (Malus domestics Borkh). ~itex#ure relevant to 

the development of an -Integrated Pest Management (IPM) program 

for P. penetrans in apple orchards'is reviewed and the results 

of two field experiments and a experiment which 



2.1 APPbE REPLANT DISEASE 

 be damage caused by P. penetrans on young apple trees is 
often ionsidered to be part- of the 'Apple ~ e ~ l a n t '  Disease 

complex. "Replant diseaseu refers to the poor growth of 

deciduous'fruit t ~ e e s  such as &pples, peaches, pears and 
1 .  

cherries replanted on'former orchard sites (~affee et al.' 

1982a). 

The classification of apple replant as either 

Specific Apple Replaht  ise ease (SARD) or   on-specific Apple 
\ 

Replant (NSARD) is based on the crop preceding the replanted 

apple trees which exhibit symptoms of the disease. With SARD, 

the preceding crop is the same or a closely related speci.qs 'to i - 
that currently grown. With NSARD, the preceding crop is not the 

9 

same or closely related species (Traquair 1984). The ropt- 

lesibn nematode is widely reported to be one of the causal ' 
c- 

.agents ofiNSARD (Hoestra and Oostenbrink 1962, Parker and Mai 

1974, Mai and Abawi 1978). 

In a recent review article Traquair (1984) concluded that' 

the categorization of replant problems as either specific or 
I 

non-specific has little merit due to the difficulty in 
- 

establishing Lhe causal agents against a background of other 

factors. In my.opinion, the term replant disease is perhaps 

more confd'sing than enlSghtening as it is a very broad Verm 
, 

applied to a complex af problems rather than to a specific 

problem. Therefore, the remaindef of this paper avoids the. 

tehinology ItSARDt1 and luNSARDuu and focuses strictly on those 

replant problems in apples associated with P. penetrans. 



2.2 THE ROOT-LESION NEMATODE - - - - - - - - - 

,2.2.1 Descr ipt ion 
- -  -- - - - - - -- 

~ r a t ~ ) e n c h u s  penetrans ~ilipjev & Sch. Stekhoven was 

identified by Cobb in 1917, who described it as a plant parasite - 
of potatoes, violets and other hosts; ~ l l  five stages of this 

tylenchid nematode are vermiform. Males and females are 

morphologically similar, 

' et al. 1977) . 
except 

% Proper identification of P. 

for sexual 

penetrans 

characteristics (Mai - 

is difficult . 
genus  ~ r a t y l e n c h u s ,  contains approximately 4 0  described species, 

, and knowledge of the extent of intraspecific variability is 

often licking. Mai et al. (1977) observed that mor~hological 

characteristics among the offspring of a single female were so 

varied that some individuals possessed characters which 

overlapped with five described species. This report questions 

the validity of the use of certain characteristics previpusly \ 

used to identify P. .p ine t rans .  
T C  

2 . 2 . 2  Host - range - 
Nearly 400 hosts of P. penetrans have been described from 

six cdntinents (Corbett 1973, as cited by Mai et al. 1977) . ~ \ 

These include many valuable economic crops such as cereals, 

forages, fruit trees as well as a broad'range of weed species 

(Townshend and Davidson 1960). 

There are two reports of the occurence of different strains 
b 

or pathotypes of P. penetrans. ' Olthof (1968) repo&ed* two 

strains of P.  penetrans which were differentiated by their - 

pathogenicity and reproductive potential on tobacco. Zepp and' 

~zczyglel (1986) presented evidence suggesting the existence of - 

different pathotypes of P. penetrans infecting temperate fruit 

trees. The existence of different pathotypes may be an 

important considerati'on in'the evaluation of host plants, which 

will be considered later in this paper. 



2 . 2 . 3  Life cycle and dispersal . - - --- - 

- 

P, p e n e t r a n s  is considered ta he a m i g r a t a r y i  endoparasite- 

indicating that it moves freely in the soil, and feeds within - 

the root tissues. Females lay eggs in clusters, primarily in ' 

the cortical tissue-of roots. Males are required for 

fertilization. Apparently, all juvenile and adult stages are, 

infective (&i et al. 1977) .   ow ever; adults and fourth stage ' 

larvae trav 1 further (Jones and Mai 1964) and are f und in . i" '8' 
greater proportions outside the roots (McGuidwin 1989),than , 

earlier instars. - -  

The ducation of the life cycle o< P. p e n e t r a n s  raqged from 

30 days at 30•‹ C to 92 days at 15O C on alfalfa (Mai et al., 
' 

1977). Mamiya (1971) re orted developmental cyclss of P. P 
p e n e t r a n s  of between 30-31 days at 30•‹C and 86 days at 15O C in 

seedling roots of the conifer C r y p t o m e r i a  j a p o n i c a  D. Don. 
d 

However, at 3 3 0  C, P. p e n e t r a n s  development was inhibited, and 
f I 

eggs layed never reached advanced stages of development- 

In laboratory studies, at temperatures of -12O C and -8O C 

res'qlted in > 90% mortality of P. p e n e t r a n s  in. soil after 4 

hours. A*-40 C, 3.5 days were required -for 50% mortality of P., 

5 p e n e t r a n s .  I n  the fie1.d , winter averaging 

between -l.1•‹ to -0.8O in each of years resulted 
a 

i n  35% to'599;'reduction in the population density of <. 
p e n e t r a n s  in fh"e top 15 cm of soil. There was no change in the 

soil population density of the nematode at 15 cm to 30 cm, $here 
ZY 

- 

freezing didmot occur. In the fiftb year of study, where the 

average soil temperature in winter did not go below o0 C, there 
. was no decrease in the soil population over the winter 
(Kimpinski and ~ u n n  1985). - 4 

- 

The population dynamics of P. p e n e t r a n s  in orchards has not 

been studied in detail but informdion from other host plants is 

pertinent. McGuidwin (1989) compared the relative distribution 

of P r a t y l e n c h u s  s c ~ i b n e r i  among the roots and spil habitats in 

corn ( Z e a  m a y s )  and potatoes (Solanurn t u b e r o s u m )  'before, $/king 

and after the growing season. - Results indicated that the 



\ 

- 

5F 
percentage of the total population recovered f r-om -the s&il -was--- - -  

about 20% during the growing season, and bveraged about 50% at 
- - -- - -- 

tce beginning and the end of the growing season. 
\ 

Colbran (1954) reported that root-lesion nemat0des.h soil 

fLom an apple orchard did not survive for more than 9 months in . 
the absence of a host plant. McGuidwin (1989) reported -that 50% 

of P. s c r i b n e r i  were found to overwinter in dead roots, and 

emphasized that this aspect should be taken into consideration 

when sampling. , 

.The root-lesion nematoqes primary mepns of dispersion is 

migration through the soil from root to root. They can be , 

transported to new sites by the movement of soil adhering to 

cultivation equipment or workeTs boots, infected plants and 

occasionally by fboodwater (Brown 3982). 

2.3 HOST-PEST-ENVIRONMENT INTERACTIONS - 

2.3.1 Etiology and symptoms 
7 

'pitcher et al. (1960) determined that P: penetqans was a - 
primary pathogen of apple trees since the nematode was-able to 

invadeItfeed on and reproduce in apple feeder roots in th'e 
A 

absence of all.other potential pathogens. 
> 

The symptoms of'damage due to P. pene t rans  in the field are 

stunting of trees *and - rekarded' shoot growth (~oesfka a d d 
~ostenbrink 1962). The stunting associated with P. p e ~ e t r a n s  - 

r 
infection is usually unevenly distributed throughout the 

orchard. ~nese symptoms are not diagnostic. Visual symptoms on 

the feeder roots are necrotic lesions, dead rootaets, overall 

discolouration of the root system, and small root systems (Mai 
d - 

1960). More specifically, Pitcher et al. (1960) described the 

symptoms of P. penetrans  on apple-seedlings as discoloration and 

necrosis of the epidermal and endodermal tissue in the feeder 

roots. Apple seedlings sustained P. p e n e t i a n s  in the root 

cortex for periods of a month or more without serious damage. 

Alternatively, peach seedlings showed more severe symptoms 

within a few hours of invasidn (Mountdin and Patrick 1959) . 



Apple and peqcb roots contain phenolic cornpo;nds which-are 
: 

broken down by enzymes secreted by the nematode tq produce 
-- - - - -  - -- - --- 

phytofoxic compounds and'root discoloration. These phenolic 
& 

compounds accumulate to high concentrations in peach roots, 
- 

resulting in rapid and extensive necrosik and discoloration of 

damaged roots. In apple- roots, phenolics are found prima:ily~ in 
- 

therdermal and endodermal cells corresponding to the observed 

sites of roc$ discoloration (Pitcher et ali 1960). 
4 

h 
b 

Merwin a d Stiles (1989) conducted fqliar nutrient analysis 

and showed that all nutrients were lower in apple seedlings - 

grown in a nematode replant soil than those grown in the same 

soil after steam pasteurization. .They concluded that impaired 
6 

nutrient uptake was an important factor in this replant problem. . 
~hysiological~isorders observed in other plant speciks 

associated with P. p e n e t r a n s  infecticp include: lass of root 

'cation exchange capacity, increased water tension in the stems - 
and leaves, increased water loss from* the leaves, a d'ecrease in 

phosphorus content, and an increase in free phenols in the 

leaves (Mai et al. 1977). Evidence suggests that P. p e n e t r a n s  
m 

may reduce cold tolerance in cherries (Edger,ton and Pa~ker . , , 

2.3.2 Environmental factors \ 

\ 

Biotic and abiotic factors' effect the nematode -population, 

its distribution and/or thelmanifestation of dise,ase symptoms. i 

"R 

2.3.2.1 Associated pathogens 
J 

Interactions between nematodes and other pathogens i s  a 

common phenomenon (Powell, 1971). It has been demonstrated that 

P ~ a t y l e n c h u s  'spp. interact ~~n&~isticall~ with Verticillium 

spp. and Tr ichoderma spp. in certain crops (Vrain 1987, Powell 

1971), and th,at P. p e n e t r a n s  predisposes other host species to 

bacterial infections (~rain'and copeman 1987). 



I 

In apple seedlings, Pitcher et al. (1960) obsemed7ittle- 

injury in response to,infection with surface aseptic nematodes 
- - - - - --- - - - -- 

over several months.' ~ h i s  suggests that in apple orchards, 

other organisms may be involved in the manifestation of the 

disease symptoms. Further evidence to support this contention 

is the differential response of apple trees to broad spectrum - 

and nematicidal fumigants. Jaf fee et aL. (1982a. 1982b) 
\ 

isolated pathogens in addition to P. penekrans from lesions on 

roots, which were found to cause additive rather than - 
:::&istic effects. , -\ 

Associations of species of phytopathogenic nematodes with 
" 

P.  p e n e t r a n ~  are common (Mai et al. 1977). However, P .  

pe ,ne trans  is-the only species believed to play a significant 

role in apple wplant problems (Mai and Abawi L9?8). 

2.3.2.2 Apple rootstocks 

Hoestra and ~ostenbrink (1962) sugge ted that differential . J "  
susceptibility to nematode damage may exist in different 

rootstock - scion combinations. ~ommercial apple trees are 

produced by grtaftiag the budwood or Itscion" of a desirable 

cultivar onto a root qystem or mrootstockw which'imparts certain 
/ 

growth characteristics to the tree. The ~alling (M) rootstocks, 

named after the East Malling Research Station in England where 
- 

they were developed, are used extensively in British Columbia 

orchard production. , Hoestrh-and Oostenbrink (1962) reported 
that seven Malling rootstocks tested supported high levels of P. 

b 

'penetrans. However, the extent of reduction in height and< 

branch growth between inoculated and uninoculated rootstocks 

varied. For example in Malling our (M IV), growth was reduced f I by 51% compared to M VII in which growth was redu-ed-by 11%, 
Q 

The authors suggested that this difference was due to toleraice 

in the M VII, but their data lacks* measure of variance or test 

of 'significance. Their obsbation has been supported also by 

empirical observations: Parker and Mai (1974) concurred that M - 

that the response of VII was less to soil fumigati* with 1,3- 

dichloropropene-dichloropropane than many of the other Malling 



\ f l  

8 
, 

rootstock&. They observed that* deeply rooted -rooqt7stocks - - -- 

*appeared to respond less to fumigation and suggested that this 

relationship may be the cause of the apparent tomanceeof 5ome - 

of rootstocks. 
- -1 

~xtensive screening or breeding for rootstock resistance to 

P. penetrans has not been undertaken. Host resistance occurs" 

most frequently where there is a complex host-parasite 
# 

a 

interaction, such as those between - sedentary endoparasites like 

Meloidogyne and ~eterodei-6 and their hosts (Howard and Cotten 

1982). c he-parasite-host interaction between P. penetrans and - 

its host is less specialized which could account for theL 

relatively few r<eports of resistance. 
t 

* > 
2.3.2.3 Soil'moisture 

Jaffee and Mai (1979b) compared gr~wth of rootstocks 
\ 

inoculated7 with $2 penetrans td uninoculated- at water teisions 

of 40 kPa and 1014 kPa . They observed reductions in growth due . 
to each of the factors individually,-but there was no 

interaction between them. Mai et al. (1977) reported the rate 

of P. penetrans population- growth was greatest at a' moderate 

range of soil moisturetensions (between 10 to 100 kPa) and was 

least at very low or very high water tensions (Mai et al. 1977). 

3 
4 . Hoestra $d -0o~tenirink (1962) observed P. bnetrans to be 

more prevalent in sandy soils than in clay soils. Mai and Abawi 

(1981) also reported that higher $opulations of P. penetrans 
- 

were found in coarser soils. The fact that pore diameter 

restricts nematode moGement through soil (~dnes 1982), could 

account for the observations keported above. Winoto ~uatmadji 

(1969) suggested that a heavier.mil might interfere with a 

hypothesized host detection mechanism of P. penetrans, such as a 

$02 gradient. His experimentation failed.to provide evidence 

for the existence of such a mechanism. 



2 . 3 . 2 . 5  C u l t u r a l  p r a c t i c e s  c 
- - - - - - - - 

\ - T 1  

The e f f e c t s  of c u l t u r a l  p r a c t i c e s  on P. pnetrank w i l l  be 
- -- 

- d i s c u s s e d  i n  t h e  s u b s e c t i o n  Qf I n t e g r a t e d  P e s t  Management 

d e a l i n g  y i t h  c u l t u r a l  c o n t r o l s  (See S e c t i o n  2 . 4 . 4 ) .  
1 

2 . 4  IN'TEGRATED PEST MANAGEMENT 
h * 

3 

1. 

" I n t e g r a t e d  p e s t  Management (IPM) is an  i n t q d i s c i p l i n a r y  
.\ 

' s c i e n c e  d e a l i n g  w i t h  the-development ,  e v a l u a t i o n ,  
. . 

impternentation o f  pest c o n t r o l  strategies t h a t  r e s u l h  i n  
I \ 

f a v o r a b l e  economic, e c o l o g i c a l  and 

(Bird  1980) .   he main components 

nematode IPM are t h e  v a l u e  of t h e  

o f : t h e  management a l t e r n a t i v e .  To t h i s  end,  F e r r i s  (19801 

a rgues  t h a t  t h e  r e l a t i v e  immobil i ty  of  nematodes is advantageou 

f o r  t h e  development of  p r e d i c t i v e  models. 

h > 
The fundamental  r e l a t i o n s h i p , b e t w e e n  p l a n t  p a r a s i t i c  

nematodes and t h e  growth and y i e l d  a'•’ p e r e n n i a l  p l a n t s  i s a  

f u n c t i o n  of  pre-plant '  nematode popu la t ion  d e n s i t i q s  (Barker  and - - - 

o l t h o f ,  1 9 7 6 ) .  Although a c c i d e n t a l  r e - i n t r o d u c t i o n  and b u i l d u p  

of i n i t i a l  u n d e t e c t a b l e  nematode p o p u l a t i o n s  must be cons ide red ,  

newly " p l a n t e d  trees appear  t o  be more e a s i l y  damaged and have a  

g r e p t e r .  s u s c e p t i b i l i t y  t c h i n f e c t i o n .  ~a"ckham e t  a1 . (1975) 

' r e p o r t e d  t h a t  s i x  y e a r s  a f t e r  p r e p l a n t  fumiga t ion  w i t h  1 , 3 , -  

d i ch lo ropropsne ,  P. pene t rans  p o p u l a t i o n  d e n s i t i e s  i n  a p p l e  . - 
r o o t s  w e r e  s i m i l a r '  i n  t h e  t r e a t e d  and unfumigated p l o t s  on t h e  

'same sk-te. ~ o w = v e r ,  11 y e a r s  a f t e r  t r e a t m  trees i n  t h e  
- 

c o n t r o l  p l o t s  were only  a  t h i k d  t h e  s i z e  o 

fumigated p l o t s .  Cameron e t  a l .  (1986) p r e s e n t e d  ev idence  fl 

s u g g e s t i n g  t h a t  e q u i v a l e n t  r o o t  p o p u l a t i o n  o f  P. , 

p e n e t r a n s  i n  p e a r s  a r e  more damaging t o '  t k e e s  t h a n  

t o  o l d e r  e s t a b i i s h e d  trees. I n  tkials ,  J a f f e e  and 

~ a i  (1g79a) observed * t h a t  t h e  younger t h e  a p p l e  s e e d l i n g s  a t  

t i m e  of i n o c u l a t i o n ,  t h e  g r e a t e r  t h e  i n f e c t i o n  by and 

r e p r o d u c t i o n  ok P. p e n e t r a n s  i n  t h e  r o o t  system. - 

' P  - 



4 
- 
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k 

characterization. of nematode-host interactions for the 
- - - - L -  -- ---- -- -- - 

a development of an effective IPM strategy is dependent -on (Barker 
> 

and Olthof 1976) : 4- 
- - - - - - -- 

t 
4 

1) precise measurements of host response; 
b %a , . t" 

2) reliable methods of-monitoring the nemat de 
L- - 

population; 

d 

3') consideration3 of environmental factors. /" 1 < = r' 
I 

~ h %  first two factors will be examined with regard to the L I 
1 - -A 

- host-parasite relationship of the apple-lesion nematode; 

environmental :':ackors have already been diseussed:to some extent, 
\ ' C 

in section 2.3.2. . -  
&J 

, 2.4.1 Measurement of host response . . 

Hoestra and Oostenbrink (1962) demonstrated, throigh line$r 

regression of plant growth against the log o$ pre-plant 

population densities of P. penetrans, a highly significant 21 
negative correlation between shoot growth-and neme'to%ex densities - 

/ 

in two difierent experimental fields with four varieties of 
\ # 

apple. Heavy infestation (130-33d nematodes per 100 ml 

of soil) by greater than 50%. 

Extrapolation to zero P. penetrans population density (no plant 
J 

response) suggests significant losses at even a relatively low 
1 level of 33 P. penetrans per 100 ml of soil; 
* '\ 

o\\, - Seinhorst ( 5) argued that the extrapolatioIQ of plant, - 

response from-a high rancje of nematode densities,to zero could r 

easily lead to an overesti#nation of damage, lower densities. + 
He indicated that two phenomena invalidated extrapolation to 

zer6. First, plants may have more roots than are needed to 

support the amount of shoots they produck; therefoke, not all 

root tissue may be of equal importance. Second, plants'have the 

ability to replace lost roots. These two phenomena aontribuce 

to a tolerance level below which detectable damage would not 

occur. Seinhorst (1965) argued that alternative exponential 

model, based on the theoretical considerations presented above * 



dd 
\ -  

is more appropriate thqn a lin&r2igresdon m o  I n  a l a t e ~  - 

paper, Oostenbrink (1972) defended the use of the linear 
5- 

ession mode1 as a predictive~tool, givzg numerdus empii'Tca1 

exam les of data &ich fit the model. He defended his . , '"7 - B L '  
dontention that extrapola#on to zero is valid, by saying that a - 
horizontal curve must theoretically   recede the sloping - 

regression to account for the plant's ability to sustain or 

compensatk for a light infection.  erri is (1980) argueC that . 
k < 

validity and predictability are the important qualities o 
0 

model ko be used for pest management decisions. 
5"'- 

-1 - - 

2 

In summary, the tolerance of apples to the root lesion 

nematode has not been accurately determined. With the exception 

of Hoestra and ~ostenbrink (1962) the res~onsd of apple trees 
- - 

to P. penetrans has only been demonstrated indirectly through - 

the use of nematicides, or from trials conducted- in greenhouses. 

A full discussion of the relationship between nematode 

population densities and crop responses is given in a review by 

Barker and Olthof (1.976) point out that data from greenhouse 

trials have poor transfer ity to the field, 
- 

2.4.2 Monitoring of nematode populations 

The horizontal distribution pattern of nematodes is 

generally patchy (Goodell and Ferris 1980, McSorley and Parrado 
r' 

1982, Barker 1985). The patchy distribution is attributed to 
I 

numerous factors including unevenly occurring environmental 

factors (e.g. hosts, roots, soil type) antl the tendency for some 

species to aggregate independently of environmental factors 

(Elliot 1971). The vertical distribution of nematodes varies 

greatly depending upon crop, nematode species and soil type 

. (Brodie 1976) . - 
D 

The clumped distribution of phytoparasitic nematodes in the 

soil is not a random, normal distribution but a contagious 

distribution. There are numerous mathematical models which can 

be fitted ta contagious distributions. The populations are k 
characterized bf a variance to mean ratio of greater than bne 



C (Elliot 197 +-- 1) ~ence , the :variance an& sampl ing-errar;-increase 
. . 

with' popiiatr'on density (~kkris 1984).  he distribution which 
- -- - - - - 

.is most commonly applied and is perhaps the most useful-for . * 
2, - 

, . riemz-de count& is the negative binomial distribution ('Proctor 
\ 

and Marks 1974, Goodell and Ferris ,1980, -McSorley and Parrado . . - 
1982) . N%e and Campbell (1985) questioned certain assumptions . s - 

o f  the negative binomial distribution and investigated several 

more direct analysis of spatial dis&ibutionoin an attempt to 
-3 . I 

r" 
define more efficient'sampling ~lans. 

, 
.a 

+ 

B Soil sampling is- commonly done using g. cylindrical-core- --- 
2 \ 

sampler. Due to ,the distributionwf ne es a<d the' tfme 
- & 

qequired to pfoc'ess each sample, a sevega site 'samples are * - 
-taken at random per unit area. . 4?hisSgives_data fromewhich it is 

k impossible to separate sampli& Erom b?iolo6ical variance . 

(Southwood 1978), unless numerous bulK samples are taken from 

. -the same area. There are numerous mathematical model-s from 

which the number oE cores required for a given level bf . " 
precision can be estimate$ (Karindinos 1976, Southwood 19781,. 

Use of these models requires estimates of the mean ant3 a 
b 

para met^ of the negative binomial distribution (&) which is a 

measure of clumping. Elliot (1971) suggests that a sample size 

of greater than 50 observations is required for an accurate 
& estimate. of k. 

d 

For advisory purposes, a <bulked sample of twenty 2.5 cm 

diameter corestaken to a depth of 20 cm is generally 

recommended for an area no larger than 2 hectares (Goodell and 

Ferris 1981). ~koctor and Marks (1974) demonstrated that for a 

plot of 100 m2, estimates of P. penetrans densities, based on 

one subsample of a 20 core sample, were of very low precision. 
d 

concluded that to achieve a Precision such tEat 95% of the 

ossible estimates of nematode density per 0.01 ha plot lay 9 
C within 20% of the true mean density, this would require five 

subsamples~from each of five 40 core samples per plot, for a f' " 

total time expenditure of about 7 %ours. Goodell and Ferris 

(198L) examined sampling optimization for advisory purposes on 



the recommended adbisory sampling program would give-an estimate 
-- -- - -- 

within 15% of the true mean.. The differences in the species of - . 
Pratylencbus under kvest igat ion anh +he methoaolosy used- 

, I 
contribute to'the Qidely divergent eevalt$ations of the 2OQcore 

- samples re6okended for advisory. pprposes. . . 
\ c, 

il&. 4. h /'.-- - , > 
The wimdiffeqences in the estimated errors reported above. 

& 

.--illustrate Barker's (1985) contention that more investigation, 
. #  

into the inherent error in sampling and extraction techn-. is ! 

- - i required. - A  a - -- 

2 . 4  .!3 chemical control  z T 

. - 

Thp chemicals currently' available in \briad? forL-control 6f 
F2 

are preplant fumigants 'or-a'systemic nematicide for, - 

-, 
apple trees   dams 1987).   he fumigants 

belong to the two pesticide grdups listed below (Hague and   ow en 
b 

1987.), registered fumigants are $isted afterLtheir pesticide- , 

A ,  

grouping: 1) ~alogenated aqphafic hydrocarbons - Methyl J. , .- .. = 

bromide, 1,3-dichloropropene (1,3-D) mkxtures (Telone 11), 
b 

. chloropicrin. 2) ~ B t h y l  isothiocyanate (MIT) precursor compounds - - dazomet (Basamid) and metham 'sodium (Vapam) and metliyl 
% 

isothiocyanate mixture (MIT) and 1,3-D (Vorlex). The systemic 
- 

nematicid.e r'egistered' in Canada. is manly1 from the Oxime- 
'* 

carbamate. group (Hague and Gowen 1987) . Details on the 

'specifics of application and efficacy of these different 

compounds are reviewed in numerous articles (Van Berkum and 

Hoestra 1979. Adams 1987, Hague and Gowen 1987, Vrain 1987) , A 
5 general discussion of how fumigation works-and the factors % . - effecting successful fumigation follows. - .  

a % 
2.4.3.1 Fumigation 

0 

- 

Fumigants are introduced into the soil, where they are - 

quickly transformed into a gas. The gas moves thmugh the air 

spaces in the soil and dissolves into the film of water 

surrounding the soil where nematodes and other - 
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%' 

microorganisms aye found. - \The.neinat ic idal  - - -- - - -- e f f e c t  - - - of  - - - t h e  - - - - 

fumigant &:dependent upon a n  I t e f f e c t i v e  doset1 which is a 

, * 
\ 

a f f e c t i n g  t h e  e f i i c a c y  bf fumigb& -&e (van Berkum and = Hoestra  ' 

1979, Hague knd Gowen 1987,s b r a i n  1988) : 1) composition. and ? 

I struc-e of t h e a s o i l ;  2 )  s o i l  temperdture:  3 )  moil mdi-sture , 
b - .  

- c o n t e n t ;  4 )  p h y s i c a l  p r o p e r t i e s  of  t h e  fumigant.  
r' . ' .  

d 
I n  g e n e r a l ,  l o o s e l y - s t r u c t u r e d  s o i l s  e n a b l e  easy .d i f fuk ' ion  

of t h e  fumigant  g a s e s  and,  a s  a r e s u l t ,  may r e q u i r e  t a r p i n g .  It  , ' 

h a s  been d&m_onstrated t h a t  d i f & s i o n  of gas -- t h rokgh  - -  - t h e  s o i l  A -A is - - - +- 

s lower  i r i  pea ty  s o i l s ,  and jn  w e t ,  h e a v i & r r s o i l s '  ( G i s t r a  + . l972 

a n d  1973, c i t e d  by Van Berkum a,nd Ho&st-ra 1979) . Higher k a t e s  

o f t f u m i g a n t  may be requiqed i n  s o i l s  w i t h , a  h i g h  o r g a n i c  m a t t e r  

c o n t e n t  as t h e  fumigant is bound t o  - t h e  o i g a n i c  rnattey..   he * 
1 9 

# - perken tage  of  blocked pore  s p a c e s  and t h e  mois tu re ,ho ld ing  - 

c a g a c i l y  i s  u s u a l l y  h i g h e r  i n  f i n e  ' texture 'd,  c l a y  s o , i l s  (Van 

~ e ~ k * r n  and Hoes t ra  1979) 1 
+ 

* 
* * 0 

. 
i S & l  tempera ture  w i l l  e f f e c t  d i f f u y o n  o f  t h e  fumigant , { a  , G  

P\ - 
throbgh . t h e  s o i l .  I f  t h e  t empera tu re  is t o o  hicjh, - t h e  fumigant 

vapouli w i l l  i s p e r s e  t o o  r a p i d l y .  I f ' t h e  t e m p e r a t u ~ e  is t o o  - - 

l o y ,  d i f f u s i o n  is t o o  slow and the-opt imal  c o n c p n t r a t i o n  x t i m e  
1 2 

\ 
p r o d u c t s  w i l l '  not' be reached.  &?he optimum temp-erature f m  

f u m i g a q o n  is between l o 0  C and 20•‹ C (Van Eierkum and Hoestra  

r W' - 
-% - 

The mois tu re  c o n t e v t  of  t h e  s o i l  is c r i t i c a l  f o r  successfulJ 

s o i l  fumigat ion .  T o o . 1 0 ~  w a t e r  c o n t e n t  may r e s u l t  i n  e x c e s s i v e  

d i f f u s i o n  and escape  of t h e  fumig&nt p r i o r  t o  ach ihv ing  l e t h a l  
b .  

- -, 
dosages.  C o n v e r s l y , . e x c e s s i v e  s o i l  mois tu re  w i l l  r e s u l t  i n  poor 

d i f f u s i o n ,  due t o  vapburs  d i s s o & v l n g  i n  w a t e r .  - T h i s  -- resef:'ks i n  
s1 

uneven fumigant d i s t r i b u t i o n  fhrougkout  t h e  s o i l  (Van Berkum and 
I 

Hoest ra  1979, Hague and Gowenfi987, Vrain 1988) .  % 

\ 
k. 

\ 

*The p h y s i c a l  p r o p e r t i e s  of  t h e - f u m i g a n t  c o n t r i b u t e  t o  t h e  

e f f i c a c y  of f h i g a t ' i o n .  Each chemical. h a s  a c o n s t a n t  r a t i o  o f -  
- \  

fumigant  c o n c e n t r a t i o n  i n  s o i l  wa te r  t o  fumigant  c o n c e n t r a t i o n  * s  

1 
4 



d -  

in soil air'at a given temperature. 
ratio xater air for 1,3-D at 20•‹ C 

-5 
same conditions the ,ratio fdr MIT is 

D. Therefore, MIT requires a higher e 

For example ,-the-weigh&-- -- - 

is 18, whereas 'under the 
- - P - - - - - -- 

92, fice times that of 1,3- 
- 

volume fraction of a& 

filled pores to diffuse as suec&s~ully as 1,;-D. (Van Berkum 

and Hoestra 1979). 

The factors presented above illustrate the need for 

care and sophistication for ahhieving success in fumigant 

applications.< The soilstructure, moisture and temperature 

parameters define a narrow window of timing for successfui -- - - 

application. *q 

- 

A distinction is made in-erature between 

nMultipurpose f~migants*~ pr "broad spectrum biocidesM and "True 

nematicide,sgl or "nematicidal fumigantsw(Van Berkum and Hoestra 

1979, Mai and Abawi 1981, Hague and Gowen 1987). Fumigants in 
- 

the first -category include methyl bromide, dazomet , metham 
sodium and the MIT 1,3-D compound Vorlex. The activity of ' 

\ 

fumigant nematicides is more restricted than that of the broad- , 

spectrum fumigants. ~oweber, 1,3-dichloropropene at high rates 

of applicatien are fungicidal. Fungicidal activity has been 

reported against Sclerotium rolfsii, some ~ukarium species g d  

species of Phytophthora .(Rodriguez-Kabana and Curl J980) . 
\ P 

Several workers have observed a gr~ater growth Pesponse of fruit 

trees to broad spectrum fumigants than to fumigant nematicides 
9 

( ~ a i  and Abawi 1981, Jensen and Buszard 1988'). This- provides 

additional support to the concept af P. k n e t r a n s  being only one 
\ 

of several organisms involved in the apple'.disease complex. I 

'\ 
? 

Several workers have used economic studie of the plant \ 
response to pematicidal fumigants as a justifica\ion for 

control. Arneson and Mai (1976) determined that 

fumigation with Vorlex was cost effective within 

period. Mai and Abawi (1981) cite two examples 

on investment over seven and nine-year periods was positxye. 

Contrary to these reports, Cameron et al. (1986), working hn 

pear orchards, determined that despite yield increases over a 



10-year period in response to fumiqation, the monetary retqrn - -:- 

barely paid for-.the cost of fumigation. The problem with 
- - -. P -- studies sdch as these is that the economic valGscused- are often. 

'J 

relevant only to the particular time and place where they - were 

conducted and, therefore, can not be readily extrapolated to 

other situations. 

-2,4.3.2 ~isadd~nta~es of chemical use 
\ 

- 

'\ 
There are sev,eral disadvantages to-thp3use of soil 

\ 

\ fbmigants. All of the fumigants reported here hqve a moderate A 

to high rnahalian - toxiCity (Adams 1987). This factor combined 
\ 

with their volatility can make them very hazardous to the 

applicator. Methyl bromide iscqn extreme example becan'se at 

ambient temperatures it is ~colourless, odourless gas that is 
R 

highly toxic to humans. ~0th' methyl bromide and methyl 

isothiocyanate may remain in the soil (Hague and Gowen 198.7) and 

.r 
residues are found in ground water (Vrain 1987). 

Certain potential draw-backs to the use of fumigants have 

been reported in crops other than apple and are of concern. It 

has been demonstrated that the use of broad spectrum fumigants 

in citrus orchards can result in stuntihg and chlorosis 'in-the 
2 

newly planted trees because of inadequate nutrition brought 

about by the death bf mycorrhizal fungi (Kleinschmidt and' 
I _  

, 

Hussey and Roncadori (1.982) cited two sj!kPres, one 
5 

conducted in cotcon and the other in rough lemon where the 

simhtaneous presence of vesicular-arbuscular (VA) mycorrhizal 

C fungi and migratory endoparasitic nematodes resulted in - improved 
growth of the host. In cotton, the VA mycorrhizae reduced the 

number of nematodes in the host plant, possibly by making the 

host less suitable for the parasite. In rough lemon, the 

beneficial effects were due to the presence of VA mycorrhizae 
I 

greatly outweighing the growth retardation attributed to the 

nematode, without reducing the nematode population in the roots. 
- 



, 

Fumigation can be expensive. In British Columbf a, the--costp- - 

per hectare of fumigatiorf ranged between .$ 620 for Telone I1 B 
- - - - -  

and $4000 for a methyl-bromide-chloropicrin mixture in 1988 B 

(Vrain 1988). 

, 2 . 4 . 4  cultural control - 
h-8 According to Brown (1 2) cultural methods are rvattempts to 

adapt husbandry practices so as to minimize losses due to 

nematodes. He divides cultural control of nematodes into four 

categories: 1) crop rotation 2) prevention of spread; 3-) 

selection of healthy propagating meerials; and 4) the influence 
- 

of manuring. This categorization fails to identify other 
- 

cultural methods, such as intercropping, fallow, and'the use of 
7 

plastic mulches which were examined experimentally in this 
- 

study. Crop,rotation, intercropping, fallow and the plastic 

mulches will be examined-in some detail later. 
- 

The ubiquitous presence of P. penetrans in'the soils of 

temperate regions makes prevention of spread within an area 

difficult . If ,fumigation is used to reduce nematode populations 

in soil, care should be used to keduce the transfer of soil in 

- The selection of uninfested 
is difficult since there are no 

from other fields; however) this is considered almdst impossible 
. - 

and certainly impractical with farm machinery (Brown 1982) . 
- 

- 

fruit tree vrootstocks in Canada 

regulations for nurseries to 

keep their rootstocks free of P. 

vigorously growing repldnt t,rees 

2.4.5 crop rotation 

penetrans. Selection of 

is a recommended practice. 

The criteria by which the success of,crop rotation schemes 

 can be rneas~red~were developed in the early part of this century 

(Bessy 1911 as cited by Nausbaum h d  Ferris 1973) and are stil-k 
C 

considered valid today. The crop rotation must: 1) prevent . 
I - development and reproduction of the parasite; 2) at least pay 

5 

'for the expense of working the land, as well as rent, taxes, 

etc.; 3) enrich the land or at least not impoverish it; and 4) 
- 



, 
hake such vigorous growth as to choke out susceptible weed- --- 

hosts. 
/ I 

Corisiderable work has been done-on potential orchard cover 

- crops and their status as hosts of P. penetrans . This section 

will consider crops with potential for use in orchards either as 

intercrops or in rotations in two parts: i) gYass crops and ii) 

marigolds (Tagetes spp.) and other compositae. 

\ 

2.4.5.1 Grasses 

I 

Table 2.1 summarizes the status of numerouF,temperate or - 

semi-tropical crops as hosts of P. penetrans. The ratings given 
t 

in the table are based upon comparisons among speoies evaluated - 

by each researcher. Due to different experimental conditi~ns, ' 

-establishment of a common rating system was impossible. 9 

  evert he less, plants rated wit4 ( * )  indicate they support low 

levels of P. penetrans appear to have promise as co-ver or 

intercrops. These include some cultivars of oats (Avena ' 
sativa), tall fescue (Festuca arundinacea), creeping red fescue, 

(~estuca rubra) , sudangrass (Sorghum: vulgare) and sorghum - * 

sudangpass hybrids (Sorghum sudanese x Sorghum bicolo~). 

Table 2.1 also reveals conflicting reports on khe host 1 
status of a number of.species. Oats (Avena sativa), for 

example, have confilicting evaluat<ons which can be explained by 
r 

three factors: 1) the use of cultivars with varying levels of 

resistance, e.g.+ I1Saia l1 oats appear to have greater resistance , 

than most oat cultivars; 2) possible presence of different 

pathotypes of P. penetrans; and 3 )  the use of different 

experimental procedures including inoculation, - - extraction and 

different grow-ing conditions. Townshend et al. (1984) reported 

wide- discrepancies in the tolerance of species to P.,penetrans 

between evaluationsa conducted under greenhouse a ~ d  field 

conditions. 



C Table 2.1 Some of the plant specses reported as potential- ,- -- -- - 

cover crops for use- in Pratylenchqs penetr'ans management. 
- --- 

L 

Species Rating Reference 

% 
1. Oats b 

Avena uw 
( C V .  Saia) 

(CV.  Saia) - 
MacDonald and Hai(1963) 

L >  

Colbran (1979) . 
C 

Tounshend (1989) , , , 
(CV.  Uocdstock) t Tounshend (1989) 

tt MacDmald and Hai (1963) 

1 (CV .  Redpatch) 
7 

U i l l i s  e t  e l  (1982) 

3. Orchard grass 

hJty\l glomerata 
u 

\ 0 

B i r d  (1968) , 

4. T a l l  fescue - .  
Festuca arundinacea 

(CV.  Oregon 8 )  

Tounshend e t  a l .  (1984) ' 

- 
5. Creeping r e d  fescue ' . 

Tounshend e t  e l .  (1984) 

Marks and Tounshend(l973) 

Festuca rubra 
W 
b ( va r ious )  

6 .  Perennial  r ye  grass 

Loll* perenne 
\ 

7. Rye 
? i 

Sccale cereale 

B i r d  (1968) 

Marks and Townshend(l973) 

Colbran (19.79) 

Dunn and Hai (1973) 

Marks and Tounshend(l973) 

8. ~orghum, 
;! 

Sorghun vulqare 

var.  sudanese 

( C V .  Piper )  

B i r d  (1968) \ 

a MacDonald and Mai (1963) 

DUM and Hai (1973) 

Marks and~ownshend( 1973) 

Marks e t  a l .  (19734  

9. Sorghun-sudangrass h y b r i d  9 

B i r d  (1968) 

Dunn and Hai (1973) - 
Cglbran (1979) 

Johnson and Bur ton( l973)  

Sorghun sudanes,? x 

2orghun b i c o l o r  

( C V .  Zulu) - 

v 
* supported low levels of P.penetrans 
* *  supported medium levels of P.penetrans 
* * *  supported high levels of P.penetrans - 



2 . 4 . 5 . 2 .  Marigolds and o t h e r  compositae 
e 

P l a n t s  &n t h e  genus Tagetes, coinmonly r e f e r r e d  t o o a s  

mar igolds ,  have l o n g  been r e p d r t e d  t o  have nemat ic ida l  L 

p r o p e r t i e s ,  and & n s i d e r a b l e  resgarch  h a s  been undertaken t o _  
rn 

determine  t h e i r  e f f i c a c y  a s  a  r o t a t i o n  c rop  f o r  nematode 

c o n t r d l .  
- 

Some of t h e  most e x t e n s i v e  f i e l d  work conducted on t h e  
J 

memat ic ida l  e f f e c t s  of Tagetes spp. was by 'winoto Suatmad j i 
I 

+ (1969) ,  who r e p o r t e d  t h e  s u p p r e s s i o n  of p o p u l a t i o n s  of s p e c i e s  

of  Pratylenchus, Meloidogyne, and Tylenchorhynchus. ~ o ~ u l a t i o n s  

of t h e  genus Pratylenchus w e r e  suppressed  by T. patula, T. 

erect=. and T. minu'ta i n  descending  o r d e r  o f  e f  f e c t i v e n e s s .  

~ f t e ' r  s e v e r a l  months of growth T. patula reduced f i e l d  
t \ 6 

p o p u l a t i o n s  o f  P. penetrans t o  n e a r  zer-while i n  f a l low s o i l  

two y e a r s  were r e q u i r e d  t o  reduce  popu la t ions  t o  t h e  same l e v e l .  

I n ~ r e a s e d  growth of  tobacco  was r e p o r t e d  fo l lowing a 
'? 

r o t a t i o n  of mar igo lds  which c o n t r a s t e d  wi th  t h e  growth 

of tobacco  fo l1owing.a  c r o p  o f  r y e  (Secale 

of P. penetrans ( M i l l e r  and Aherns 1969)  . 

Merwin and  S t i l e s  (1989) r e p o r t e d  t h a t  a p p l e  s e e d l i n g s  

grown i n  s o i l  fo l lowing  growth of T. patula cv.  Sparky, 

t r e a t m e n t - w i t h  O r y z a l i n  h e r b i c i d e ,  and growth o f , A S t r o  oa t s , -  i 

r e s p e c t i v e l y ,  had d r y  we igh t s  of  97%, 68% and 4 3 %  t h a t  of - -  . 
s e e d l i n g s  grown i n  s team s t e r i l i z e  o i l .  They a t t r i b u t e d  t h e -  

s i g n i f i c a n t l y  g r e a t e r  p l a n t  growth response a s s o c i a t e d  w i t h  T. 

patula i n  t h i s  b i o a s s a y  t o  lower s o i l  p o p u l a t i o n s  of  P. . L 

penetrans. I n  an  ear l ier  s t u d y  (Winoto Suatmadji  1969) ,  t h e  

growth of  a p p l e  s e e d l i n g s  was s l i g h t l y  reduced fo l lowing  a c r o p  

o f  Taqetes ' i n  a  s o i l  n o t  i n f e s t e d  wi th  P. penetrans. T h i s  

, r e d u c t i o n  i n  growth was z t t r i b u t e d  t o  a  r e d u c t i o n  of  s o i l  

n i t r o g e n  a f t e r  a  Tagetes c rop .  



Daulton and curtis (19631 observed that each of T. patuza, --- - - -  - 

T. erecta and T. minuta, effectively reduced soil populations of 

~eloi%~ne javaqica and resulted in higher tomato yiercs- the ' - 
following year. O i "  

Gommers and ~oorin~v'Ho1,t (1976) reported that 70 out of 
.J 

175 species of. compositae tested effectively suppressed 

populations of P. penet~ans. Hi j ink- and Winoto Suatmadj i (1967) 

reported that certain species from several genera of compositae, 

such as Helenium, ~ailJardia, and Eriophyllum, were as effective 

as Tagetes spp. in reducing feproduction of P. penetrans. 

2.4.5.2;l Mode of action. 
- % L 

The'mode of accion of marigolds has been studied in depth 

by Uhelnbroek and Bijloo (1958) , Winoto Suatmadj i (1969) and 
Gom~ers (1973). 

0 
Winoto ~uatmadji (1969) observed that leachates from - 

potted T. patula, red clover (Trifolium repensj, apple trees, 
- 

and control soil without plants did not effect P. penetrans. 

'soil remairkd only slightly nematicidal after the removal of T. 

patula roots. Penetration of T. patula roots appeared to be 

less than that of a susceptible host red clover. This finding * 

was challenged by Gomrners (1973) why reported the same degree of 
'4 

penetration of T. patula by P. penetrans as in a susceptible 

host, Afena sativa. Nematodes in the genera ~rat~ienchus and 

~eloidogyne which penetrated T1 patula died or did not repradilce - 
- once in, the roots (winoto Suatmadj i 1969) . Root extracts -of T. 

, 
patula demonstrated nematicidal properties which killed P. 

~ e ~ e t r a n s  in vitro (winoto Suatmadji 1969). 'Winoto Suatmadji 

I ( 1969) concluded that the endoradicular ef f&s were primarily 
rti 

responsible for the nematicidal effect of Tagetes. The +. 

histological reaction of T.,patula roots to infection by P. 

penetrans was very slight: The resulting lesions were small, 

dark, necrotic and contained 

often dead, dying or twisted 

only 1 to 3 nematddes which were 

(Winoto Suatmadji 1969). 



~helnbroek and Bij loo (-1958) , cited -by Winoto 
- -- 

~uatmadji (l969), were* the'f irst workers to iselate nematicidal . 

i thiophenes from the roots of T a g e t e s .  They identifhtf the -- 

principal nematicidal compounds to be alpda-terthienyl and 5-'(3- 

buten-1-ynyl) -2, 2, -bithienyl. 

A close relationship was shown between P. p e n e t r a n s  
- 

suppression and the chemotaxonomy of,70 of the 175 species of - 

compositae reviewed by Gommers and vodrinvt Holt (1976).   hose 
@species of compositae which suppressed nematodes contained 

- thiophenes, principally alpha-terthienyl and 5-(3-buten-1-yny1)- 

2,29ithienyl. Gommers (1973 ) reported that' the nematicidal 

thiophenes present in the poots of T a g e t e s  were photo-activated 

by ultra-vioiet light. "There was .no conclusion as to how these 

compounds were activated within the roots of T a g e t e s .  

2.4.5.2.2 Practical aspects 
4 

one of Bessyls (1911) criteria for judging the success of a . 

crop rotation was that it would at-least pay the expense of 
- 

working the land, as well as rent, taxes, etc. Winoto Suatmadji 

(1969) concluded that the value of T a g e t e s  as a source of 

organic matter, stains, therapeutics or othe? chemicals limited 

its potential for use as an economic control of nematodes. 

Assuming: 1) certainty that preplant populations of P. p e n e t r a n s  

are above threshold: 2) other replant organisms are absent;-and 

3) the establis6ment and management of marigold plantings is 

feasible 0n.a large scale; I would argue.that with a potentially 

high value perennial crop, such as apples, that a rptation of 

one year out every 10 to 15 years could be economically viable. 

The three assumptions listed above illustrate the Reed for more 

research in these areas. 

i 
winoto Suatmadj i ('1969) recommended that a breeding 

program be developed*for T a g e t e s  to combine its strong 

nematicidal effects with more useful agronomic properties. In 
\ 

the Dutch climate, they recommend that T a g e t e s  be planted in the 

autumn to precede a main crop. - 4 Spring planting was not 

re~ommended due to the slow establishment of T .  p a t u l a  in cooler - 



climates. The fact that apile harvest 

and replanting is most successful when 

spring suggest 'that a complete growing 

occurs late - in the fall, 
- - -  - 

cohducted in t_he early- - 

seasdn woufid be nee&ea to --z 

grow Tagetes in British ~olum6i.a. 
- , 

2.4.5.2.3 'ntercropping - - 

Intercropping of Tagetes spp. witK numerous crops to 

control several different nematodes has resultGd -in mixed - 
results with regard to nematode control and Crop yield. 

i 

The report m s t  relevant tp this *study,waB that of ~oestra 
- 

and 0osten6rink (1962) who under-seeded young apple tr&s with 

Fed clover, apple seedlings, marigolds and maintained fallow 
2 

'control plots. The Pratylenchus spp. population was high 

(865/100 ml of soil) for red clover, intermediate for apples a 

(320/100 ml) and fallow (300/100 mlJ zgd low for Tagetes patu9a 
- 

(160/100 ml). -For a study conducted which.was conducted ovef a 

single growing seaFon, the results are encouragiag. A measure 

of the root population den~ities'of~~. penetrans would aid in 

the evaluation of this practice.. 
I 8 

I * € I( 

Other reports of limited success in intercropping with . 
* +  Tagetes have also been published. According to Rhode (4962 as 

, 'c. ' 
cited by Mai et al. 1977) interplanting marigolds with potatoes 

, 
ceduces populations of P. penetrans when ~abetes are grown at 23 - 

\ 

cm from potatoes but not when grown at 46 cm. This indicates . 
that the proximity of T. patula to the crop may be an important 

factor for successful intercroppi'ng. This experiment also 

suggests that if there &any prefer&tia,l attraction of P. 

penetrans- to T. patula, that it may be limited by distance. 

Motsinger et al. (1977) believed there wa; random penetration of 

P. penetrans ihto both tomato and marigold roots. From 

greenhouse trials, they reported fewer Meloidogyne spp.,rnature 

females in tomato roots intercropped with T. patula than in 
I 

tomatoes grown alone. In field trials, there was no significant 

difference in nematode population densities between the two 

treatments. Laboratdry experiments by Winoto Suatmadji (1969) 

suggested that P. penetrans host selection 'was random. If this 



. c 

is true, it would suggest that intercropping w uld most like 
- - 

be of limited success in reducing nematode pop 
\ - 

The following reports confirm the limitations of 1 
intercropping Tageces spp. 'with different crops to control 

several sped& of nenlatode: Tarjan (1960) reported that, . 

interplanting T. erecta with grapefruit seedlings in the 

greenhouse significantly reduced populations of Radopholus \ \  

sirnilis in the soil in three out of four tests and in the roots - 
- \ 

in two out of four tests. However, under-seeding citrus trees \ 

in large field plots resulted in.no significant difference in 

nematode populations. Miller and-~herns (1969), intercropped 

marigolds with strawberries, tomatoes diolas to control 
d 

P. penetrans and found that the marigolds beHaved as a weed by 

competing with the crop and reducing rather than inkreasing 

-yields. Hackney and Dickerson (1975) reported that '. 
intercropping of marigalds with tomatoes did not reduce numbers 

of Meloidogyne spp. or ~ratylenchus alleni the roots. 

2 . 4 . 6  Fallow 
*u 

In Ontario, Marks et al. (1?73) determined that preplant 

herbicides were effective in soil populations of P. 

penetrans. Moreover, hand the end of July, at 

which time the land was allowed -evert to weeds and 

maintained by mowing, resulted in large root-lesion nematode 

buildups. Merwin'and Stiles (1989) reported a significant 

reduction in soil popu?lations of P. penetrans following a 

>treatqent with the herbicide 0ry3alin. However, this did not 

resukt in a significant growth response in an apple seedling 

Townshend and Davidson (1960) reported 'that 55 common weed . 
species in Ontario strawberry plantings were good hosts of P. 

penetrans. This suggests that complete weed control is required 

for fallow to-be effective.   here are no reports in the 
literature on the effects of periodic disruption, such as 

cultivation, on reproduction af P. penetrans. 



25 

Clean cultivation around trees may increase infectiollrhy- E.- 
'0 

penetrans, prekumably by removing alternate hosts in which the- 

nematods may reproduce. *Hoestra and ~ostenbrink ( 1 9 6 2 ~  
- 

observed that nematode population density in the roots of 
, cleanly -cultivated apple trees was high, while populati&n 

densities in the surrouqding soil-was close to zero. On a clay 

,/ soil, they observed thatch the cultivated area, nematode 

per gram of apple rpot was one order of 

than root population density where grass was 

W 0 (1968) determined the s~il'~o~ulations of 
Pratylenchus spp. in apple orchards to be greatest in the top 10 , - Y 

cm of soil, reducing to one fifth to, a third that density in the 

next 10 cm. A stronger association of P. penetrans with grass 

roots than with apple tre.e roots was proposed to explain this 

observation. An equally valid interpretation may be that the 

higher nematode population is associated with the greater 

availability of both grass and apple roots for reproductive 

sit s rather than any host preference. Weed control with 

h d! bicides after peach tree establishment did not result in a 

~eduction of P. penetrans apparently because the peach trees 

we?e- effective hosts (Marks et al. 1973) . 
2 . 4 . 7  P l a s t i c  mulches - 

- 
", 4 . - 

The use of plastic'mulches is becoming increasingly -. 
prominent in modern agriculture as a way to improve crop yields . . 
(Stapleton and DeVay 1986,). In young apple orchards, black 

- 

plastic nylches have been shown to significantly increase 

vegetative growth and fruit yields more than herbicide 

treatments (Mage 1982). The manner in which plant growth is 

increased is due to an effect of both warming of the soil and 

improved nutrient uptake. The effect of mulching on vegetative 

growth appears to be most pronounced in the first year after 

application. Mage (1982) reported that,the nitrogen content of 4 
apple leaves from mulched trees was significantly higher than 

from unmulched trees in the flrst two years of growth. 

I 



Other benefits to be considered from the - use - -  ofpplagicp 
mulches are increased soil moisture retention, weed control, 

soil temperature management, protection against SoiT e-lcon a35 

improvement of soil tilth (Stapleton gnd DeVay 1986). 
- 

Reports in the literature of the effects of mulching on 

nematodes can be .divided into two broad areas: solarization and* 

environmental modification. 

. - 

2.4.7.1 Solarization with clear plastic mulch G 

Stapleton and Devay (1986) define solprization as "the 

thermal, chemical and biological changes in soil'caused by solar 
- 

radiation when covered by clear plastic film, especially when 

the soil has a high moisture content.Ith 

Stapleton and Devay (1986) list the principle factors which 
. - 

influence the efficacy of solarization: 

i. Soil preparation; a smooth soil surface is required to allow 
> 

close_proximity of the plastic t.o the soil by reducing the 
- 

insulating effect of air between soil and the plastic film. 

2. Soil characteristics; dark soils transfer more radiation 

than light colored soils. 
i 

/ 

3. Soil moisture; thermal sgnsitivity of soil borne microflora 

and fauna and conduction are increased by irrigating before 

-- mulching. 
i 

L 4. Film type and characteristics; Clear transparent 

polyethylene, 20 to 25 microns thick,-is usually employed 

because of its low cost, high strength and ef fectiveneks. 
I 

' I  \ 

Katan (1984) discusses tn detail the mechanisms through 

which solarization controls pkant disease. The- three inajor - 

factors contributing to improved growth are: 1) the thdrmal 

inactivation of pathogens; 2) enhancement of biological 

controls; and 3) increased plant growth beyond pest c~ntfiol. 
Q 
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-=Solarization has been used to successfully controlawide -- 

range of soil-born pests including bacteria, fungi, weeds, mites 
- - ----- 

and nematodes (Katan 1984, Stapleton and Devay 1986). Perhaps 

the most detailed study of solarization on nematodes was 

conducted on ten field sites in. California by Stapleton and 

Devay (1983). Solarization for 4-6 weeks resulted in soil 

population denszty reductions of 42 to 100 % of seven 

phytoparasitic nematode genera, including Pratylenchus spp. 

~dditional sampling 7-10 months later often indicated a further 

reduction of nematode population? perhaps due to the enhancement 

of biological controls. The effectiveness of solarization was - 

reduced at increasing depths. Plant growth increased following 

solarization. However, the authops could not correlate this 

with a reduction in nematode numbers. The inability of 

solarization to completely eradicate nemat-odes makes its value 

as a cdhtrol for nematddes questionable in the opinion of the 

authors (Stapleton and Devay 1983). . a 
2.4.7.2 Environmental modification with black plastic mulch 

- This section deals with enhancement of biological controls 

and increasbd growth re?sponse through the utclization of black 

plastic mulkhes. 

Colbran (1979) in Australia reported almost complete 

control of P. p e n e t r a n s  with black polythene film for a period 

of 4 months. This reduction was significantly greater than the 

reduction achieved by clean cultivation. Apple tree 'shoot 

growth following black polythene was significantly higher than 

'following a cover crop mixture of maize, 

sudan grass and cowpea. However, it was 

following clean cultivation, 
r 

Miller and Waggoner (1963) reported 

oats, rye, blue 

not "higher -than 

that the numbeq 

lupin, 

p e n e t r a n s  in the soil under young apple trees was reduced 

Q 
significantly by mulching with a black plastic film. 

~dditionally, they observed an increase in the fungus 

~hizoctonia s o l a n i  in plots covered with the black plastic 



mulch. However, when the Rhizoctonia wag ;uppressed by the >dse 
- - -  Y - - - - b - - - - - - - 

of the fZlngicide pe~tachloronitrobenz&e (WpB); dnder .the mulch , - . 
3 $ 

the nematode p+lations were nok redud.  Rxwwkkse 

observations, they hypothesized that, the mode of action of the 
a 

mulch was to modify the environment as to encourage growth of 
1 

microorganisms predacious on P. penetrqhs. 
,J - 

~iller (1977) found that a black plastic mplch 'bed. on - ,- 

tom_atoes significantly reduc6d P. penetrans populations to 60% 

of that in the controls .in the first y>ear . However, in the , - 

3 second year, the 'of P. penetrans in the roots 
* J - 

actually increased to about 170% of the control.' - 

Many other workers have reported a growth response to, 

mulching of crops with black plastic, but few have reported on " 

the effects on nematodes. Johnson et al. (1977) reported a <  . - 

reduction in the population densities of Criconemoides ornatus '. 
under a film mulch,.but the treatment did not affect crop 

I 

yields. 
, 

b 

Jensen and Buszard- (1988) reported an excellent kesponse of 

replanted apples in an apple replant disease area to a black 

plastic mulch treatment, but no observations"were,inade on P ,  
- 

penetrans populations. A Vorlex tseatment included-in the same . 
experiment resulted in a significant increase in total branch 

length-and total number of branches over the untreated control,, 

but this was significantly less than the response to treatment 

with plastic mulch. Without measurement of the P. penetrans 
b - populations, it is not clear if the plastic mulch had any effect 

on nematode populations. These results collectively illustrate 

that black plastic mulch,can have an effect that goes beyond 

controlling the nematode component of replant problems in 

apples. ' . a . ,  
I 

This literature review has demonstrated that P. penetrans, 

which is widespread in British Columbian orchards, can be a 
. .  f \ C 

serious pest sf fruit trees, Historically chemical nematicides 

have been used to control P. penetrans. Dqe to increasing public 
3 

I 
'. 



\ 

- 

, - ?  29 
, % 

concern over the use of toxic,pesticides, the problems ppppp . A-P- - 
- - 

associated with their usage and the availability of,promising 

non-chemical controls gave impetus to the f i ~ l h  st-uay- &esc~:iiea 
- 

-in the following section. ALthough a substantial amount of work 

has been done using marigolds as a rotational crop,,little work 

has been done orl intercropping. The use of plastic mulches to 

reduce nematode pogulations has shown soapromise- for nematode 

&ontrol, Initially the-focus of this project was to evaluate 

intercropping marigolds with apples and raspberries and the use 
- 

of plastic mulches on these same crops to determine their 

effects on populations of P o -  penetrans. Unfortunately,' due to - - 

the death of the majority of raspberry plants at one field site 

.and unavailability of a second site for a repitition of the 

apple intercropping experiment, the focus of the experiments was 
1 

changed. The final experimental plan of -orchard, noncropped and 

greenhouse experiments was designed to accommodate available , 

options as well as to seek empirical support for the use of 

alternatives to chemicals for the control of P. 

British, Columbia. 

penetrans in 



3. MATERIALS AND METHODS 

Nematode e x t r a c t i o n  from t h e  s o i l  and r o o t  samples i n  a l l  

t h r e e  exper iments  was c nducted w i t h i n  f i v e  days  o f  sampling. B -- Samples were skored  i n  a c o l d  room a t  l o 0  C u n t i l . t h e y  were 

p rocessed  f o r  e x t r a c t i o n . .  

The modif ied  Baermann pan t echn ique  (Townshend 1963) was 
-P - 

used t o  e x t r a c t  nematodes from s o i l .  M a t e r i a l s  f o r  t h i s  
\ 

procedure  inc luded  a  c o a r s e  s i e v e  (10  mesh, 2 . 0  mm a p e r t u r e ) ,  a 
- 

5 0  cc beaker ,  t h r e e - p l y  paper  t i s s u e ,  p l a s t i c  s c r e e n s  (17, c m  

d i amete r )  suppor ted  on t h r e e  5 mm l e g s  anda lumin ium p i e  pans 
\ 

( 2 0  crn d iamete r )  t o  accommodate t h e  s c r e e n s .  

Each s o i l  sample was thoroughly  mixed and t h e n  s i e v e d  

through t h e  c o a r s e  s i e v e  on to  a  l a r g e  pah t o  remove a l l  r o o t s ,  

r o c k s  and t o  r educe  t h e  s i z e  of l a r g e r  &il clumps. Small 

q u a n t i t i e s  o f  s o i l  were t a k e n  randomly wi th  a  teaspoon from t h e  

s i e v e d  sample and combined t o  make up a  50 m l  volume f o r  
* 

e x t r a c t i o n .  T h i s  s o i l  was t h e n  spread  uniformly on a  t h r e e  p l y  

t i s s u e  paper  superimposed on a p l a s t i c  s c r e e n .  The s c r e e n  was 

t h e n  p laced  i n  a  p i e  p l a t e  and s u f f i c i e n t  wa te r  was added te 
b. r 

b r i n g  t h e  meniscus s l i g h t l y  above t h e  s c r e e n  wi thou t  completely 
I C 

submerging t h e  soil sample. The Baermann pans were s t o r e d  a t  

room tempera tu re  i n  l a r g e  p l a s t i c  bags t o  minimize evapora t ion  

f o r  a  p e r i o d  of 7 d .  

- 
A f t e r  7 d ,  t h e  nematode suspens ion  i n  t h e  p i e  pan was 

poured i n t o  a  f i n e  s i e v e  ( 2 0  micron nylon mesh) ,  and4the bottom 

of  t h e  p l a s t i c  s c r e e n  and t h e  p i e  p l a t e  were r i n s e d  on to  t h e  

s i e v e  t o , a s s u r e  complete  recovery  o f - n e n a t o d e s .  A squeeze 

b o t t l e  was used t o  r i n s e  t h e  nematodes from t h e  s c r e e n  i n t o  a  

sample j a r  w i t h  a minimum volume of water .  

A m i s t i n g  chamber was used t o  e x t r a c t  nematodes from t h e  

r o o t  samples ( S e i n h o r s t  1950) .  The fo l lowing m a t e r i a l s  were 
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used: 15 m l  c o n i c a l  c e n t r i f u g e  t u b e s  , g l a s s  f u n n e l s  (100 mm 
- - -  -- 

d i a m e t e r ) ,  m i s t i n g b a s k e t s  (80 mrn d i amete r )  and a m i s t i n g  
" ' 0  

chamber. L 

Roots were s e p a r a t e d  from t h e  s o i l  sample w i t h  t h e  coa r se*  

s i e v e  and washed o f f  wi th  p r e s s u r i z e d  t a p  w a t e r .  A f t e r  f r e s h  

we igh t s -were  r ecorded ,  t h e  r o o t s  were chopped in to .2 -4  c m  
- 

- 

l e n g t h s  and p laced  i n t o  a  m i s t i n g  baske t .  The m i s t i n g  b a s k e t  
I 

was on a g l a s s  funhe l  which 'emptied i n t o  a 1 0  m l  t u b e .  

T h i s  e n t i r e  a p p a r a t u s  was t h e n  p laced  i n t o  t h e  chamber where a  

f i n e  m i s t  was a p p l i e d  f o r  1 minute a t  every 10 minute i n t e r v  - 
The nematodes t h a t  emerged from t h e  r o o t s  w e r e  washed i n t o  t h  

Y 

c e n t r i f u g e  t u b e ;  t h e  nematodes ga the red  a t  t h e  bottom of t h e  

, t u b e ,  which allowed t h e  e x c e s s  h a t e r  . from mi;ting t o  run  o f f  t h e  - ) 
t o p .  A f t e r  a  p e r i o d  'of 7 d ,  t h e  nematodes a r e  washeh from t h e  ,2 

c e n t r i f u g e  t u b e s  i n t o  v i a l s  where t h e y  w e r e  s t o r e d  i n  a 

r e f r i g e r a t o r - f o r  coun t ing .  ----... 

"s  he- progedure used f o r  i d e n t i f y i n g  and c o u n t i n g  nematodes 

was the - same  f o r  b o t h  s o i l  and r o o t   sample^. The c o u n t i n g  v i a l s  

were a g i t a t e d  t o  s u s p e n d + t h e  nemato&es randomly. A 3  m l  a l i q u o t  

was removed and p l a c e d  in4 a  g r i d e d  p l e x i g l a s s  c o u n t i n g  d-ish. 

A l l  d i f f e r e n t  stage's  6f  P.' penetrans nematodes were counted  

under a  d i s s e c t i n g  microscope. The t o t a l  volume o f  t h e  c o u n t i n g  
1 - 

v i a l  was measured and from t h i s  coun t s  w e r e  c o n v e r t e d  t o  number 

of nematodes p e r  v i a l ,  e q u i v a l e n t  t o  t h e  number p e r  50 cc ok 

s o i l  o r  r o o t  weight .  T h e  count  p e r  r o o t  we igh t  w a s  t h e n  

conver ted  t o  coun t  p e r  gram of  r o o t s .  A l l  nematode c o u n t s  were 

generous ly  performed by M r .  Rob Favr in ,  a  t e c h n i c i a n  i; D r .  

V r a i n ' s  l a b o r a t o r y  a t  A g r i c u l t u r e  Canada Research S t a t i o n  

Vancouver. 

A l l  nematbde coun t s  f o r  bo th  exper iments  w e r e  l o g  

t ransformed-and ' sub jec ted  t o  a n a l y s i s  of  ~ a r ~ i a n c e .  FLisherts LSD 

( l e a s t '  s i g n i f i c a n t  d i f f e r e n c e )  t es t  was used t o  compare means 

fo l lowing  a  s i g n i f i c a n t  ANOVA. - 



Two f i e l d  exper iments ,  a  noncropped 

were conducted t o  e v a l u a t e  f i v e  c u l t u r a l  
and o rchard  gxperiment,  

- 

c o n t r o l  methods f o r  P. 

p e n e t r a n s .  I n  t h i s  s e c t i o n ,  a d e s c r i p t i o n  o f  t h e  t r e a t m e n t s ;  T. 

p a t u l a ,  b l a c k  and c l e a r  polyetf iylene mulches, handweeding and 

c e r e a l s  is fol lowed by t h e  d e t a i l s  of each  experiment ,  

-3.2.1 Marigolds 

French mar igold ,  T. p a t u l a  v a r .  P e t i t e  ~ a r h o n ~ ,  seed  was 

o b t a i n e d ~ f r o m  s i m i l a r  exper iments  conducted by D r .  Vrain and 

I n t e g r a t e d  Crop Management I n c .  (a  p e s t  management c o n i u l t i n g  - 
and r e s e a r c h  company i n  t h e  Okanagan Val ley)  i n  a  p rev ious  yea r .  

Seed bed p r e p a r a t i o n  c o n s i s t e d  of both r o t o v a t i o n  by t r a c t o r  and 

hand hoeing.  A l l  p l o t s  w e r e  t h e n  raked t o  p rbduce-a  f i n e ,  even 
/'> 

seedbed and seed  was manua&l$ b roadcas t  a t  a  r a t e  o f  8 kg p e r  

h a .  The seed  was ' l i g h t l y  covered by rak ing  and r o l l e d  wi th  a  

lawn r o l l e r .  I r r i g a t i o n  was necessa ry  f o r  t h e  Gstabl ishment  -9f 
t h e  mar igolds  and was a p p l i e d  according  t o  t h e  a v a i l a b i i i t y  of 

wa te r .  The f - e s t r i c t e d  a v a i l a b i l i t y  of w a t e r  was a  r e $ u l t  of t h e  

l i m i t e d  wa te r  r e s o u r c e  of commercial o p e r a t i o n s  where t h e  p l o t s  

were l o c a t e d .  Weeding was done manually every  2 weeksx,for  t h e  

, f i r s t "  2 months u n t i l  t h e  mar igo lds  were l a r g e  enough t o  shade 

o u t  compe t i t ion .  Uneven e s t a b l i s h m e n t  of t h e  marigold s t a n d s  a t  

b d t h  s i t e s  r e q u i r e d  manual re -seeding  i n  m i d - ~ u n e .  &% 

3.2.2 Plastic mulches 

The p l a s t i c  mulches used were made of po lye thy lene .  The 
I c l e a r  po lye thy lene  ,was 50 microns t h i c k  and t h e  b l a c k  

f io lye thy lene  was 150 microns t h i c k .  Land p r e p a r a t i o n  f o r  t h e  

b l a c k  and c l e a r  p l a s t i c  mulch t r e a t m e n t s  was conducted i n  an 

i d e n t i c a l  f a s h i o n  t o  t h a t  o f L t h e  marigold t r e a t m e n t s .  The p l o t s  
\ 

\ w e r e  i r r i g a t e d  t h e  day b e f o r e  t h e  mulches w e r e  l a i d .  The 

p o l y e t h y l e n e  f i l m s  were l a i d l o u t  by hand and a n c h o r e d - i n  a 15 c m  

t r e n c h  su r round ing  t h e  p l o t  by r e f i l l i n g  wi th  s o i l .  I n  t h e  

noncropped experiment"tw0 s h e e t s  of  c l e a r  p o l y e t h y l e n e  were 

g l u e d  t o g e t h e r  by a  c o n s t r u c t i o n  g l u e  PL300. The g l u e  however 
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deteriorated mid-way through the seagon and was replaced by a 
- -- 

water-resistant duct tape. 
$ 

a - - A  -- -- 

3.2-3 Hand weeding , j , t 

All control plots were weeded every 2 weeks for the 

duration of the field season. . 
- 

3 . 2 . 4  Cereals 

The oat and sorghum-sudangrass treatments were included in 

the noncropped experiment only. They were seede2 with a 

precision arden Seeder Model-1001 B, from Earthware Products -Y 
Inc. ~ristoj IN. USA 46507. The sorghum-sudangrass, 'Pioneer 

~ybrid var 99811, was seeded at a rate of 56 kg ha'' with 50 cm 

between rows.  he* oats var. ttCascadell, were seeded at a rate of * 

120 kg ha-' with 20 cm between rows. 
4 \ 

3 - 2 . 5  Noncroppcd experiment 

The objective of this experiment was tc determine the 

effects of five cultural practices on soil populations of P. 

penetrans-in the absence of a crop. 

3.2.5.1 Site selection and description 
- 

preliminary samples of twenty cores were taken randomly 

- from two separate areas of a field that had a previous history 

of P. penetrans infestation. Results indicated a P. penctrans 

population of 212 nematodes=per 50 ml of soil in one of-the two 

areas',lhich was considered to be a sufficiently high population 

density for.the establishment of a field trial. 

The site was established at "The Ginseng Farmtt in Armstrong 

situated in the northern Okanagan Valley, located approximately 

50 28'N and 119 14IW. The farm is owned and operated by Pat 

~guilar. The site has a western exposure and a slope of one to 

two 2 ercent. The exact cropping history of the site is, 

unavailable as the farm was purchaseddin 1987 and records prior 

to that are-unavailable. However, it is refiuted to have been 

planted to cereals, predominantly oats. In the summer of 1987, < - 



a 

it was planted to wheat, nd in the spring of 1988, to oats. 

~ollawing the harvesk of the oats, the land was kept faj.1-ow by 

discing approximately every 2 weeks during thekest of tKe - 

2 growing season until the experiment was established in the . 
spring of 1989. 

3.2.5.2 ~x~erimentai design. 

Plots 4 x 5 m were established in a randomized*complete 

block design. The blocks were perpekcular to the slope of the 
I 

field and each- treatment was replicated five times. Treatments 

were assigned randomly within each block. The five treatments 
- 

tested on this site were: i) french marigolds T. patula var. 

Petite Harmony; ii) 50 micron clear polyethylene film; iii) a 

sorghum - sudangrass hybrid cultivarwPioneer hybrid variety 
98811; iv) an oat cultivar llCascadell and v) a hand'weeded 

control. 

- 

3.2.5.3 Sampling 

sA 
Each plot was s a w e d  three times during the experiment. 

The initial sampling wasPprior to the applicatiop of the, 

treatment on p May a 31St, a mid-season sampling'on August 2oth and 

a final sampling at the end. of the growing season on October 

loth. A single bulked soil sample, comprised of 20'randomly - 

selected cores taken with a 2.5 cm diametLr Oakfield sampling 

tube to a depth of 20 cm, was taken from each plot. Root* 

samples from the oats and sarghum-sudangrass treatments were 

comprised of small portions of roots from ten randomly chosen 

plants within the plot, the outer three rows were not sampled. 

Samples were ut into labelled plastic bags and placed in a B styrofoam ic chest. Within 24 hours samples were transported 

to Vancouver where they were stored at lo0 C until extraction. 

3.4 5.4 Soil temperatures 
i 

Soil temperature data was recorded in the solarization and 

control plots at depths 5 cm, 10 cm, and 20 cm with an Omn i 



Data Logger from 

~aximum, minimum 

recordemery 2 

- 

?, . - 

35 
- 

Omnidata International, North Logan Utah. - - - 

and average soil and air temperatures were 
-- 

hours during most of the month of August. 
- 

3.2.6 Orchard experiment 

 he-objective of this experiment was to determine the : 

effect of four culturql practices on the rhizosphere and root -, 

populations o f  P. penetrans in replanted apple trees. 

3.2.6.1 Site selection and description 

criteria for site selectioh were: a) apple trees replanted 
, 

in a former orchard within the last 4 years b) poor tree growth 

c) at least 80 apple trees, to allow for an experimental design - 

incorporatingta plot size of four trees, four treatments and 

five replicates and, where0 possiBle, d) a known infestation o$ 

P.  penetrans. 

Sites meeting the first three criteria were sampled to 
c- 

determine the 

each taken to 

sampling tube 

population density of nematodes. 20 soh1 cores 
Y 

a depth of 20 cm with a 2 . 5  cm diameter Oakfield 

, were collected rand~mly from an area of 
f 

approximzkely 80 trees, thoroughly mixed and a subsample was 

removed for nematode extraction. Nematcodes extracted from each 

soil sample wers identified and counted. , 

Twenty sites were sampled between May 6 and 29, 1989. The 

site with the highest P. p&etrans counts was chosen for the 

experiment. 

The site chosen had an initial nematode count of 160 P. 

penetrans per 50 ml of soil, and was located in the 

unincorporated town of 0yama in the northern Okanagan Valley, 

approximately 50 05'N and 119 22'W. The orchard was owned and 

managed-by Leo Giroux. 

' .  

The previous crop, a 30 year old orchard of mixed apple 

varieties with a 10 x 10 m spacing was removed in the summer of 
1985. The site was replanted in the spr ing  of 1986 t o  Antonovka 

P 
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spur   ads with a 5 x 3 m spacing'and rows estdbllshed in a 
--- - 

northi~outh orientation. Vegetation was allowed to regrow . 
naturally between rows after the new trees were eskablished. - - 

The experimental site was located-at the north end of the block. 

3.2.6.2 Experimental design 

- 
A randomized*complete b'lock design was chosen for ,this 

experiment.- Each plot consisted of four adjacent trees-within a 
P- row. The treatments covered the ground between each tree acrd 

extending a past the end trees in the plot, and a meter-on 

either side tree. The area between rows was defined By 
- 

a herbicide strip and Bordered by the ground cover of 

predominhtly Agropyron repens -qnd a mixture of other weeds. 

Blocking was determined on-the basis sf the different slopes 

present on the site. The four treatments tested at this site 

were: i) french marigolds, T. patula var. Petite Harmony; ii) 

clear polyethylene film, 50 microns thick ; iii,) black. 
- 

polyethylene film, 150 micron thick and iv) a hand-weeded 

control. ~ a c h  treatment was replicated five times and 

randomized dithin each block. 

3.2.6.3 Sampling 

Each plot was sampled three times during the experiment: 

the initial sampling prior to the application of the treatment 

on May 3othf a mid season sampling ~ k ~ u s t  2oth and a final 

sampling at the end of the g.owing season on Octo 

/ - T loth- Twenty soil cores re taken randomly at the d iplines of 

the four trees in each plo-c. Cores were taken with a 2.0 cm 

aiameter Oakfield sampling tube t6 a depth of 20 cm. Soil cores 

were bulked, thoroughly mixed, put into labelled plastic bags 

and placed in a styrofoam ice chest while still in the field. - 
Within 24 hours samples were transported'to Vancouver where they 

were stored at 10 C. 9 



and p laced  i n  a  s tyrofoam ice c h e s t  whi l e  s t i l l  i n  t h e  f i e l d .  - - - -- 

Within 24 hours  samples  were t r a n s p o r t e d  t o  Vancouver where t h e y  
* 

were s t o r e d  a t  10 - C. - 

* 
Root samples were bulked from t h e  f o u r  trees i n  each  p l o t . -  

I n i t i a l l y ,  r o o t  samples t a k e n  wi th  t h e  s o i l  sampler  w e r e  t o  be 
b 

used. However, t h i s  provided i n s u f f i c i e n \ m a t e r i a l .  There fo re ,  

a  t r o w e l  was used t o  remove r o o t s  from t h e ' f o u r  q u a d r a n t s  around 

each t ree t o  a dep th  of 2 0  c m  and t h o s e  r o o t s  w e r e  added t o ' t h e  

s o i l  sample f o r  e x t r a c t i o n .  

3.3 GFGZNHOUSE EXPERIMENT 

The o b j e c t i v e  o f  t h i s  experiment  was t o  determir ie  t h e  

e f f e c t  of i n t e r c r o p p i n g  mar igolds  wi th  a p p l e  s e e d l i n g s  o n  an  

e s t a b l i s h e d  p o p u l a t i o n  of  P. penetrans b o t h  i n  t h e  a p p l e  
LL_ . 

s d e d l i n g  r o o t s  and sur rounding s o i l .  

\ - ; *., -., S t r a t i f i e d  Macintosh a p p l e  s e e d s  were d d n a t e a  by t h e  . 
A g r i c u l t u r e  Canada Summerland Research S t a t i o n .  These s e e d s  

were p l a n t e d  i n t o  7 . 5  c m  p o t s  wi th  a  2 : l : l  greenhouse  p o t t i n g  

mix of s o i l :  p e a t :  p e a r l i t e ,  and maintained u n t i l  t h e y  reached 
8 - 

approximate& 20 c m  i n  h e i g h t .  Roots were washed o f  s o i l  and 

t h e  t o t a l  p l a n t  weight  was recorded.  P l a n t s  w e r e  r e p o t t e d ,  a 

s i n g l e  seedlin*er p o t ,  in to . l .5  1 of s o i l  i n  15 c m  p o t s  wi th  

@one of t h e  fo l lowing  t r e a t m e n t s :  

1) 0 P. penetrans p e r  p o t  

2 )  4000 P. penetrans p e r  p o t  

3 )  8000 P. penetrans p e r  p o t  

4)  o Pi penetrans and one T. patula f ". 5)  4000 P. penetrans and one T. patula 

6 )  8000 P. penetrans and o n e  T. patula. . 
The nematode inoculum was prepared  u s i n g  t h e  f o l l o w i n g  

procedure:  p o t t e d  r a s p b e r r y  p l a n t s  were i n o c u l a t e d  w i t h  

i n f e s t e d  f i e l d  s o i l  and grown over  t h e  summer. The p l a n t s  w e r e  

t h e n  c u t  back and t h e  s o i l  and r o o t s  were s t o r e d  a t  lo0 C. The 

P. penetrans2-;rfioculum was p repared  by homogenizing approximate ly  



80 liters of soil and raspberry roots. From this volumeafour 5(1- - -  - 

ml samples were taken at random and were extracted using the' 
-- 

modified Baermann pan method. The mean number of nematodes was - 

used as the population density of the inoculum. The-inoculum 

soil was then mixed'with a quantity of uninfected greenhouse 

soil to achieve the desired nem2tode populatidn density. 
3 . 

The soil, used for the tre a zero nematode 

population, was prepared by soil at '12O c 
for a 12 h, period to kill the nematodes. Post freezing 

> .  
extraction revealed that 10 to 5 5  P. jpenetrans per 50ml of soi-1 - . 

survived,the freezing proc&ss. z 

Three seeds of French marigolds, T. patula var Petite 

Harmony, were planted in each pot of the appropriate treatment 

but were then thinned to one per pot after 2 weeks. 

The experiment was maintained in a greenhouse at the 

Agriculture Canada Research Station in Vancouver. Greenhouse 
6 

temperature was maintained at 21•‹ C with a range 29 - 26O C. 

The plants grown at 21•‹  with a range 20 - 26O C, under- 
- 

- 

florescent light with 17000 lux, initially for a 10 h period 

beginning at noon each day and later foy a 16 h period as all 

plants were growing poorly under the initial light regime. All 

pots were fertilized with a liquid 20-20-20 fertilizer at 3  week 

intervals, 

3 . 3 . 2  Experinlental design 

The experimental design was a 2 x 3 factdriil (marigolds 

and nematodes) experiment, with 10 replicates per treatment in a 

randomized complkte block design. Blocking was achieved by 

grauping apple seedlings of common weigh& together, treatments 

w&re then randomized within these blocks. 
- 

3 . 3 . 3  Sampling 

I ' - 

7 The experiment was left to run for 3 . 5  months at which 

time the height of the apple seedlings was measured and the 

plants harvested. Roots were washed of soil and blotfed dry. 



- 

- 39 

The wet weight of stems and roots of each-apple seedling was - - - 

taken; After weighing, all the ,fine feeder roots 'were taken . 
--- 

from each pot and extracted in the mist chamber. From each pot 
i 

50 ml of soil were extracted using the modified Baermann pan 
I technique. 

Nematode counts were log transformed to stabilize variance. 
- Nematode counts and plant measurements were subject to analysis 

of variance. A randomized block model assuming no interaction 
* 

between treatments and blocks was used (Neter et al. 1990). 
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In the apple .tree roots, prior treatment, the populatt.on - - - 7' 
density of P. penetrans was significantly lower in the control 

-- 

plots than the treatment plots (Table 4.4). Root samples-were 

not taken from the T. patula plots in the mid-season t=coid a 
? 

damaging the T. patula plants which were poorly established at 

this time. The number of P. pnetrans extracted from the apple 
L 

tree roots at the mid-season were significantly lower (P < 0.05) 

under the clear plastic bhan in the control plot. Fopulation 
;Id 

density of P. penetrans under the black plast'ic mulch did not 

differ significantly from the other two treatments. This effect 
- 

was not apparent at +he post-treatment sampling. Post-treatment 

P. penetrans population densities were significantly higher in ' 

the roots from under the black plastic mulch than in the weeded 
i 

control or the T. patula plots (Table 4.4) . 
4.3 GREENHOUSE EXPERIMENT \ 

A significantly lower soil population density of P. 
- - 

penetrans was observed in pots with T. patula grown concurrently 

with the apple seedling (Table 4.5, ~igure I.).* The 

relationship between inoculation level and the nhmber of P. 

penetrans per 50 ml of soil is positive and differences were 

- significant at P < 0 .05  (Table 4.5, Figure 1.). 

% 
There was no significant diff'erence between the apple 

I 

seedling root population densities of P. penetransgrown with or 
i 

without T. patyla (Table 4.6, Figure 2.). The root population 

.d density of nematodes was significantly lower at the zero P. 

penetrans inoculum level than at the higher levels of inoculum. 

The difference in root population densities of nematodes between 

the 4000 and 8000 P. penetrans per pot level of inoculum was. not 

significant 

There were fewer P. penetrais per pot with the T-. patula a 

plant than without (Table 4.7).   here &re signi?icantly (P , 
0.0-5) fewer nematodes in those pots inoculated withe the frozen 

inoculum (zero nematodes) than those inoculated at 4000 and 8000  + 

which were not significantly differrent from each other (Table 
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The dry weight of the total apple seedling was 

significantly greater (P < 0.05) when grown without 

companion plant- T3 patula (Table 4.8) . Analysis of 

the 
-- 

variance of - 

both the root and stem components of the total plant weight 
' 

indicated the stem weight to be more severely affected than the 

root weight. There was a significant interactionGs(~ < 0.05) 4 
between T. patula alld the three 'inoculum levels of P. penetrans 

on stem dry weight. The interaction effdct on total seedling 

dry weight was also near to the standard level of significance 

(P < 0.06, Figure 3.). The effects of different levels of •‹ 

nematode inoculum on plant mean weights are also presented in 

Table 4.8; The negative relationship between plant dry weight e 

and the inoculum level were significant at P < 0.05. 

Apple seedling height decreases significantly (P < 0.05) 
- 

with higher levels of nematode inoculum and when grown together 

with T. patula (Table 4.9). The interaction between the 

treatments is significant (P < 0.05) . 
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-- 

5 .  DISCUSSION 
-- 

The first section of the discussion is on the sampling 

procedure used to estimate P. penetrans populations. This is 

'followed by a discussion of the results obtained from #each of 

the three experiments._ 4 
/ 

5.1 SAMPLING - 0 

The distribution of phytopardsitic nematodes-in the soil is 

often clumped (Goodell and Ferris 1980, McSorely Oand Parrado 
/----- - 

1982, Barker 1985)-. The results of both4field experime s .ands 

'the greenhouse experiment were characterized by varianc <iUch 
largcr than the means for each treatment. This is an indication- 

of a clumped or contagious distribution (Elliot 1971). Plotting 
- 

treatment variances against the treatment means on a log-log 

scale (Southwood 1978) resulting in a positively sloped straight 

line with a slope significantly greater than one indicates a 

dependence of the variance on the mean. A variance-to-mean 

ktio of greater than one is a common relationship that' 

describes the distribution o; many organisms (Southwood 1978, 

. Elliot 1971). Dependence of the variance on the mean is also a -  

violation of one of the assumptions of the analysis 6f variance 
' 

1 _ 
L 

(~lliot 1971, Sokal and Rohlf 1973, Southwood 1978). 

s at he ma tical transformations of the data can be applied to meet 
the assumptions of ANOVA. Classification of the dis ibution to Y 
choose an appropriate normalizing transformation requires a 5 
large number of samples from the same population. The time 

expenditure required per nematode count makes this process very 
- 

difficult. In nematology, logarithmic transform~ions, based E 

upon sampling and distribution studies (Proct r and Marks 1974, 7 
Goodell and Ferris 1981, Franc1 1986), are often applied to 

nematode counts (Townshend et al. 1984, Vrain and Copeman 1987, 
- 

~erwin and Styles 1989). Q 

For the nematode count-data, obtained in ach of the C! 
. . 

experiments, I plotted the log variance of each. treatment 
f -  

against the log mean of each treatment and fittedea regression 
3 

- 



e 

s line.  he slope of the lines were tested and determined to be * 
- --- - - 

greater than one. Base6 uppn this infcWiEtion, and the 

precedence in the literature, all P._penetkans count data,were -- 
log transformed. - 

P 

The geometric means were calculated by taking the apti- 

logarithms of the means of the transformed counts 'ko which the' 

analysis of variance was applied. Presentation of data as back- 

transformed means is recommended-by Elliot- (1971) and ~okal and 

L Rohlf (1973) . The 95% confidence intervals are deriv& by 

multiplying the standard error of each rngan, caJculated from the 

transformed data, by the tabulated t statistic based on the 

number of observations per mean. ' The resulting value is added , 

and subtracted'from the mean to calculate the upper and lower 

confidence Intervals,respectively. ~ack-transforming these 

confidence intervals, by taking anti-logarithms, results?in the 

uneven confidence intervals presented in the tables. The 

standard error terms used in these ~alculations are determined 
\ 

by taking the square root of the error mean square term from the 

analysis - of variance divided by the number of observations per 

mean. The 95% derived conkidence intervals are presente&lpng 

with the'geometric megns as an indicat tot the reader of the 

variability found in the nematode counts P"',~ tween plots. 

d 
Franc1 (1986) reported that the frequency distribution of 

,- nematode counts from a set of subsamples, taken from a bulked 

field sample, would at best be random. If this observation is 

valid for my own samples,(it wasn't tested) then my own sampling 
- 

procedure may have been improved greatly by the extaaction of 

numerous subsamples from the$bulk& field sample%. This would 

have improved the estimate - of the meaq fo? each plot; tligreby - .  
/ 

reducing the e6erimental error term and providing a measure of 
* - . 

sampling error. The disadvantage to subsampling is the 

considerable investment of timd required in p-epa;ation and 

couriting of each additional. subsample. 
A I 

The significantly dihfferent population densities prior to 
1 $ 

the application of treatments, observed in the sdil in the -' 
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noncropped experiment [Table 4.1) and the apple - tree --  roots in , 
A -- - - - - -- - -- --- 

the orchard experiment (Table 4.4), may be a result of sampling 
- 

- - - -  - error or a chance occurrence. - - - - 

5 . 2  MARIGOLDS 

The results from the uncropped experiment, which indicated'? 

no significant difference :in soil population densities of P. I 

b 
penetrans in the T. patula or the weeded treatment (Table 4.1), 

are contrary to many reports of the near eradication of soil 

populations of P. penetrans by T. patula (winoto-~uatmadj i 1969, 

Vrain 1989 (pers. comm.), Merwin and Stiles Y 9 8 9 ) .  -- 

L 

- 

The average number of P. penetrans per gram of T I  patula 

root was 5 per gram (Table 4.2) which is\very low compared with 

the numbers extracted from sorghum-sudangrass hy rid and the Oat . 
& P , 

cultivar treatments, which were 94 and 5481per gram of root 

respectively. Based on the liter~ture, th:s suggests that 'P. 

penetrans was not reproducing in T. patula: 'A possible 

explanation for the sustained densities of P. penetrans in the 

T. patula plots is the small number of weeds which continually 

proliferated between weedings and provided suitable alternative - 

hosts for P. penetrans reproduction. Anothe~ possible- , 

explanation for the unimpressive results iq the T, patula 

culti~ar,~~lPetite Harmony1', which was reported by Rickard and 

Duprek (1978) to be ineffective at suppressin& soil populatiqns 

of Meloidogyne spp. This suggests that-the c u l t i v ~  used may 
/ 

not be a preferred cultivar for nematode control\ However, 

Vrain (pers. comm. 1989) observed a reduction in soil 

of P. penetrans following a culture of this variety, thus 

supporting the explanation that P. penetrans proliferated in the 

weeds. 
1 

, I 

In ehe orchard experiment, the failure of T. patula to 

reduce soil population densities of P. bnetrans (Table 4.3) may 

be explained by the presence ~'f the apple trees. With large 

population densities of P. penetraAs in apple roots, any subtle 
* ,  

reduction in population soil densities resulting from T. patula 

intercropping could be buffered by the nematodes moying into the 
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soil close to the roots. This result conflicts with that of ' 

Hoestra and Oostenbrink (1962), whd reported a significantly 

lower soil population in the rhi~osphere sbil of apple trees . 

intercropped with T. patula. 

Population densities  a able 4.4) of P. penetrans in the 
apple root were not significantly affected by the intercropping 

0f.T. patula when compared with the weeded control. There is 

little evidence in the literature suggesting a preferential 

attraction of nematodes to T. patula roots as opposed to other 

types of roots. winoto-Suatmadjiits (1969) tested the 
- 

attraction of P .  penetrans to different host plants in an agar 
C 

medium. Results from his experiment suggested there was no 

influence of roots from either good or poor host plants on the 
I 

movement of P. penetrans. If true, or, assuming there is an 9 

equal attraction of P. penetrans to thfe rodts of T. patula, and 

the roots of other plants, then intercropping might prove 1 
somewhat effective if both plants are planted simultaneously. 

I 

In this scenario, nematodes entering the T. patula root would be 

unable to reproduce and eventually this could result in a 

significant overall decrease in the total P. penetrans 

populations. This hypothesis was tested in the greenhouse 

experiment where apple seedlings and T. patula seeds were 

planted simultaneously into soil inoculated with P. penetrans. 
j - \ 

In the greenhouse experiment, there were signif icaritly 

lower P. penetrans densities iCTXe soil with Tagetes 

intercropped (Table 4.5). There was a tendency for fewer P. 

penetrans to be in the roots of apples with T. patula 

intercropped'than without, but this result was not significant. * 
i\l 

I 

The calculation of,k$e number of nematodes per pot is 
C 

biased but discussion purposes. The most 

important2 he ot density was multiplied by the 

total root 

OL 
to determine the number of P. penetrans 

g in the enti m. ' P .  penetrans were extracted only 

from'the fi ts in eac5 pot, while fresh weight was a 

measurement o ntire root mass including the larger roots 



which are less suitable for P. penetrans reproduction. - S h c ~ - - ~  

h a v m o  estimate of the feeder to larger root ratio for qich - . .  - - - -  - 
pot, a simple multiplication of population density by total , 

- 

Jresh weight will result in an over estimation of the number of 
d 

nematodes in each root system. This overestimation may be even 

greater in those pots whose fine feeder root system was largely 

de-stroyed by the nematode population. Nevertheless, as T. d * 

patula did not effect the apple root dry (Table 4 - 8 )  or fresh 

weight, the calculated value gives us an estimate of the effect 
\ 

of T .  patula on the entire%population per pot. Although 

reduction in the total number of P.  penetrans per pot was not 

significant at P < Q.05 it-would have been at P 'P.P.1. Even if 

this reduction were statistically significant it is unlikely to - '  
J 

be biologically or agronomically significant. 

- 
- 

The reduction $n seedling growth observed with the 
b - 

intercropping of T. patula (Table 4.8 and Table 4.9) is of 

serious concern. Whether this is a cbmpetition or allelcrpathic 

effect cannot be determined by this experiment. If it is a 

co~petition effect, then it may have been caused by the 

g;eenhouse conditions where root grow= was severely. restricted. 

Results demonstrating a significant positive growth response of- 
3 

apple seedlin s-following Tagetes in rotatioa (winoto-~uatmad-ji r 
1 9 6 9 ,  Merwin and Stiles 1989) suggest that if the effect 

served here is allelopathic, there is no persistent toxicity 

the soil. 
- 

There was a significant interaction between T. patula and - 

the different densitfes of P. penetrans inoculum on final stem 

length (Table 4.9) and stem dry weight  a able 4.8) . The near 
- 

significant (P < 0.06) iyteraction between marigold and nematode 

effects can be seen graphically in Figure 3-. This interactiona , 

is explained by T. patula reducing the growth of the apple trees- 

as a result of competition, but there.is no additive negative 

effect of P. penetrans to this competition effect at these 

levels of inogulation. Determination of the true extent of this 

competition effect would require a similar trial be conducted in 

the field. 
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The 'results of the orchard and greenhoyse experiments 
- 

- - - - - - - - 
suggest that intercropping ~ ~ ~ e t e s  

ineff ecfive at contro;lling PI 

accordance with much of the 

T a g e t e s  (Tarjan 1960, Miller 

Dickerson 1975, Motsinger et al. 1977.): The potential 
I 

competition effect ca6sed by T. p a t u l a  together with it's poor 

performance at reducing P. p e n e t r a n s  populations suggest that it 
CJ 

is of little value as an intercrop. 
b . ) 

  he effectiveness of T. p a t u l a  as a cover crop for P. 
1 - - 

p e n e t r a n s  reduction between tree removal and replanting is 

'unsubstantiated by' the results of the noncropped experiment. 

However, lack of repitition of this trial aAd the considerable 

success of P. p e n e t r a n s  control by T .  p a t u l a  reported in the 

literature suppbrts further investigation of T .  p a t u l a  f8r. P .  

p e n e t r a n s  control. . 
e -\ 

From a practical bas is,'^. p a t u l a  proved djfficult to 
a 

establish and competed poorly with weeds.+ These are serious 

limitations for' a cover crop anbwere .recognized by 'winoto- 

Suatmadji (1969) as being two of thk primary restrictions to ' I . -. 
/ . , ~ a g e t e s  use. 1f the few weeds that proliferated 'in the 

were the source of the P. p e n e t r a n ~ ~ f o u n d  $in the (r. p a t u l a  pAots 
* 

in the noncropp3d epperimept, then th,e development o( a 
.4 

herbicide program for T. patuPa culture is critical.  noth her 
i, 

ma)or;odstacle with using T. p h t u l a  in an orchard rotation for 

P,. pene ' t rans  cont<ol is t h a t  it' requires the orchard to be out 
\ v '  

,o'f prpduction for k a?d$tiona18 season, which is an 

Gn+cceptable cohst' ta. <any producers? 

i 
b 

' *'~olariza$ion wit? clear polyethylene m h h  maintained low 

nematode populations $y  mid-spason in both field ekperiments . i 
(Tables 4.1 & 4.4). The duration of the solarization at mid- 

1 

season was longer than that used by many otgkr workers (Katan 

H 8 4 ,  Stapleton and DeVay,1983), nevertheless the plots were 

maintained to allow #comparisons with other treaJpents. The 

%. & 



rebounding of t h e  popu la t ion  a t  t h e  f ina l '  sampling d a t e  may have 
- - - - --- - 

. r e s u l t e d  from t h e  fo l lowing phenomena. I n  t h e  noncropped I 
I 

1' 

experiment  weeds were e f f e c t i v e l y  c o n t r o l l e d  by t h e  so3"arization A 
e f f e c t  u n t i l  t h e  beginning  of  September. A f t e r  t h i s  t i m e  weeds / 

/ 
began t o  p r o l i f e r a t e  under t h e  p l a s t i c ,  presumably due t o  t h e  

Q 

lower s o i l  t empera tu res  accompanying t h e  c o o l e r  wgather.  Any 
'J 

s u r v i v i n g  nematodes n o t  k i l l e d  by s o l a r i z a t i o n  may have t h e n  
i 

reproduced on t h e  weeds. Moreover, t h e  l o w  mid-d'eason coun t  may 

have been a  resilt of  t h e  nematodes moving de;per i n t o  t h e  s o i l  

i n  response  t o  i n c r e a s e d  s o i l  t empera tu res  and r e s u r f a c i n g  when 
% < 

t h e s e  eggreme f f f t p e r a t u r e s  subs ided  l a t e r  i n  t h e  season.  
, 

%. 

,A s i g n i f i c a n t l y ,  lower P. penetrans populatfion d e n s i t y  was 

observed i n  t h e  r o o t s  of a p p l e  trees under  t h e  c l e a r  p l a s t i c  

mulch t h a n  i n  t h e  weeded . c o n t r o l  p l o t s  a t  t h e  mid-season (Table 

4 . 4 ) .  However, t h e r e  was no corresponding r e d u c t i o n  i n  s o i l *  
\ 

. p o p u l a t i o n  d e n s i t i e s  of P. penetrans (Tab le  4.3); t h i s  s 

d i sc repancy  and t h e  extreme v a r i a b i l i t y  observed i n k a l l  p l o t s  - 
s u g g e s t  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  i n  r o o t  c o u n t s  i n  t h i s  

-L 
s , i t u a t i o n  may have been an a r t i f a c t  o f  t h e  d a t a .  T h i s  mid- 

\ f s e a s p n  t r e n d  d i d  n o t  show a t  t h e  f i n a l  sampling d a t e .  Weed . 
c o n t r o l  was a  cont inuous  problem under t h e  e l e a r  p l a s t i c  i n  t h e  

o rchard  a s  t h e  p l a s t i c  c o i l d  n o t  be s e a l e d  and h e a t  b i i l d - u p  a t  

t h e  base  of t h e  t r e e  was most l i k e i y  l i m i t e d .  . -  

sub-optimal s o i l  t empera tu res , .  30•‹ C t o  .40•‹ C, h a t e  been 
Y 

demonstrated- t o  reduce  r o o t  !and s h o o t  growth o f ,  a p p l e  trees (Gur 

e t  a l .  1972) .  There fo re ,  any p o s i t i v e  e f f e c t  r e s u l t i n g  from - 
decreased  P. penetranq r o o t  d e n s i t i e s  foklowing s o l a r i z a t i o n  

mlgh t 'we l l  be o f f s e t  by a  cor responding r e d u c t i o n  i n  growth from 
Q 

e x c e s s i v e  h e a t i n g .  
i li 

Considerable  t e c h n i c a l  problems w e r e  encountered  w i t h  t h e  

dmnidata Easylogger  and complete t empera tu re  d a t a  sets were n o t  

o b t a i n e d .  However, t empera tu res  i n  e a r l y  ~ u g u s t  under  t h e  . c l e a r  

p l a s t i c  feached 4 g 0  C a t  5 c m  and 3 2 b  C a t  2 0  Cm. ~ d r n i y a  (1971) - 

r e p o r t e d  t h a t  t h e  developxfent o f  P. penetrans was i n h i b i t e 4  i n  

c o n i f e r  s e e d l i n g s  grown a t  a c o n s t a n t  S o i l  t e m p e r a t u r e  of 330 C. , 



The.temperatures recorded in this experiment are comparable to- 

temperatures reported by others in successful solarizations - 
- 

(Stapleton and DeVay 1986) and it indi&,a\tes thatpsolarization 

has potential at locations in the int or of British Columbia. 4 
Use of solarization- in apple replank situations is somewhat 

limited by seasonal considerations. To be.most effective in 

the Okanagan solarization should be implemented during the 

, hottest months of July and August, and replanting should be done 

in the spring to enable tree establishment by fall. The 
-I 

incompatibility of simultaneous solarization and establishment 
- - 

7 

of young trees would require that the land be left uncropped in 

the year of treatmeny. Additionally, in the summer of 

treatment further management would be required to control weeds 

following solarization to discourage a rebuilding of P. 

- p e n e t r a n s  populations. This might be achieved through the use 

of residual herbicides or a competitive cover crop that is a -\ 

poor host of P. p e n e t r a n s .  

The root count of P. p e n e t r a n s  under the black polyethylene 

mulch (Table 4.4)" at the orchard site -w iff. greater than 300 P,. 
p e n e t r a n s  per gram of root compared to less than 150 P. 

- 

p e n e t r a n s  per gram of root for each of the other three 

treatments: Significantly different (P < 0.05) than counts from 

the weeded control or the T a g e t e s  treatment, this result 
, 
suggests that the black plastic mulch may have created an 

environment in the roots advantageous to the development of the 
B 

P. p e n e t r a n S  populations perhaps b y  increasing soil temperatures 
d 

closer to 30•‹ C which has been determined to be advan$ageous to 
I p  

development of P. p e n e t r a n s  (Mamiya 1971, Mai et al. 1977). 

This result contradicts the work of Miller and Waggoner (1963) 

and Colbran (1979) who observed significant reductions in P. 
- 

p e n e t r a n s  populations in the soil under young apple trees 

mulched with black plastic. 
- 

B 
If black plastj c mulch increases nematode reproduction in 

the roots of apple brees then this drawback must be weighed 

against the reported benefits of weed control, growth response 
ir 
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. k q o i l  warning (naije 1982). anda positive Igrowth response -- , - -- - 

\\ comparable to that of biocides when used in some replant 

situatiohs (Jensen and Buszard 1988). 
2- . , .  

\ 
\ 

5 . 4  CEREALS ',, - - 

'\ 

suda 

4 
the o'&& variety "Cascadett nor the sorghum - 
ybrid "~'i~neer 988t1 appeared to be anlunfavorable 

\\ 

( ~ k l e  4.1 and Table 4.2) . . The conflicting 
reportk in the. literatur&egarding these species suggest that- 

/ \ the level of suceptibility mqy vary greatly between cultivars 

within a species (MacDonald a+ Mai 1963, Bird 1968, Marks et 'a1 a 

1972,   arks and Townshend 19'73, Colbran 1979) . It is 
- > 

interesting to gote that the final root count in sorghum- 

sudapgrass treatment .was 94 P. penetrans  per g -of root, which is 
r - 

much lower than the mid-seasdn average of 424 P. pene t rans  per 
- 

gram of root (Table 4.1). correspondingly the soil count,from 

the sorghum-sudangrass hybrid plots increased over the same 
- 

period from 126 to 494 P. penetrans per 50 ml of soil (Table 

4.2). This suggests there may- have been a movement from the 

sorghum roots to the soil later in the season. The soil counts 
- 

of P. penetrans  for both the oats and the sorghum-sudangrass 

hybrid were higher than for the solarization, T. p a t u l a  or 

weeded treatments, suggesting that these cultivars of oats-and 

sorghum-sudangrass would be unsuitgble rotation crops for P. 
L. 

penetrans reduction. 

The advantages a€ easy management, soil conservation, 

addition of organic matter to the soil and economic return 

through the sale of sillage, hay or grain make cerdcrops 

attractive to the grower. O m b a s i s  of the results from this 

study, further investigation of nual grains as cover crops'for 

P .  pef ie trans control, those cultivars reported to 

support low P.  such as the oat-cultivar 

"SaiaM (Colbran 1979, Townshend 1989) and the sudangrass 

cultivar "Piperw (MacDonald and ~ a i  1963), is considered 

necessary. 



6. - CONCLUSIONS -\ 
6 

- rill Each of the three experiments reported up n was done 
-- -- -- 

without. repitition. ~onsequentl~ these llconclu ionsH should 

be considered in that context and with the realiza ion that 

further experiments are necessary. 

- 

None of the cultural practices evaluated in 

more effective at reducing P. p e n e t r a n s  populations, eiiher in - 

rotatiop or intercropped with apple trees, than that whib was. 

achieved by clear cultivation. 
, - . \- 

~esults from the T. p a t u l a  and solarization 

-the absence of apple trees are inconclusive. The greenhouse \ - 

experiment offers some evidence-that intercropping with T. \ 
p a t u l a  'is ineffective at reducing root densities of P. pene t ra  , A P 
in apple seedlings. Intercr'opping of T. p a t u l a  in the 

greenhouse resulted in a relative reduction in dry weight of the 

apgle seedlings hich may be attributable to either competition \ 
or allelopathy. Further study is necessary in order to obtain 

conclusive results. 
1 

Both the oat cultivar llCascadeH and the sorghum-sudangrass 
' 

hybrid "Pioneer 988" were good hosts of P. p e n e t r a n s .  . 
Investigation of other sorghum-sudangrass and oat cultiva&s 

reported in the literature are warranted. 
- 

Based upon the literature reviewed and the observed effects 

of P. p e n e t r a n s  on apple seedling growth in the greenhouse trial 
I 

it is my opinion that P. p e n e t r a n s  can contribute extensively to 

damaging apple trees. The degree to which P. p e n e t r a n s  damages 

apple trees replanted in t.e field, the fgctors contributing and 

interacting to cause that damage, and the overall importance of 

P. p e n e t r a n s  in tree fruit production in British Columbia, are 

unclear. Both short and long term field studies are necessary 
I 

to establish the precise role of this pathogen in apple replant 

'problems. Vrain and Yorston (1987) clearly established that P. 
h, 

--A p e n e t r a n s  is often found in ~ritish ~olurnbian orchards. They 

identified soil population densities of P. p e n e t r a n s  in the root 
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zone of established orchards'comparable to the damaging pre- - - -  

plant thresholds determined by Hoestra and Oostenbrink (1962). 
- -  

However, the relationships among pre-plant soil-densities, 

established root densities and damage are unclear. . 
perhaps the most cost effective approach to determining the 

importance of P .  penetrans in orchards is, combined 

horticultural/pest management studies similar to the one 
\ 

reported upon here. Essential elements needed in such a study 
- 

would include: 1) continuous sampling throughout the season to 

determine its population dynamics ofP. penetrans in an orchard; 

2) a study on the distribution of P. penetrans in roots and soil 

within orchards to calibrate sampling for advisory purposes; 3) 

determination of a damage threshold under B.C. growing 
* 

conditions using different cover crops and fumigants to 4 

establish different P. penetrans pre-plant soil population 

densities; 4) determination of the relationship among pre-plant 

P. p e n e t r a n s  densities, tree damage and population densities of 
P. p e n e t r a n s  after damage has been incurred, as a diagnostic 

tool. A suitable time frame for a study of this type would be 

three to five years to account for seasonal variations and 

enab$e sufficient tree growth and crop yield to a 

i 

& >  

measure damage. t 1  
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