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o . * ABSTRACT
g e S e s
r ) ’ . “, -

The root-lesion nematode (Prétjlenchus penetrans) is a

mlgratory endopara81te with a broad host range. A recent/survey ‘

of apple orchards in British dolumbla revealed that soil

populatlon densities of P. pénetrans commonlygexceeded levels

.reported to be damaging to youngttrees.

Pre-plant fumigationuand a/systemic nematicide application,
for non-bearing trees, are the only regiStereo control methods.
The cost, unpredlctablllty of control and potentlal negative
side jffects of broad spectrum fumlgants ‘combined with

arlncre sing health and environmental concerns, illustratée the

need for research into alternatlve control measures.

-

The purpose of this study was to eJ%luate alternatlve fiield
practlces that could be uséd by orchardlsts to control P
penetrans. In the summer of 1989, E’a fleld trials were

a;« conducted. 1In the first trial five treatments were evaluated in
a noncropped field: marigolds (Tagetes patula), oats (Avenas -
sativa var. Cascade) and a sorghum sudangrass hybrld (Sorghum
sudanese X Sorghum:blcolor var. Pioneer Hybrid var. 998),a11
sown as cover crops.fﬁg clear polyethylene .film mulch and hand
weeding served as additional treatments. Post-treatment soil"
population densities of P. penetrans were significantly greater

p (b < 0.05) in the sorghum-sudangrass and the oat plots than in

-

the hand weeded, clear plastic, or T patula plots. =5

In the second'experiment, four treatments were establlshed

in an orchard of poorly growing young apple trees J;th\hlgh root
population densities of P. penetrahs. Treatments ere:‘mulching

~with clear or black polyethylene, ihtercropping with T. patula,

111

S
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/res ulted in a s1gn1f16antly h1gher LEﬁ;_QigglgtrggngQ; o . -
populatLon dens1ty of P. penetrans than dia T. ‘patula or the

" weeded control. o : - ) T R

_ e

A greenhouse experlment was conducted/to further evaluate
the potentlal for lntercropplng T. patula w1th ple trees.
Three population densities of P. penetrans (O, 4000'v8060 per .
1.5 1 pot) and presgnce or absence of a T.. patula plant were h
incorporated into a factor;al experlment. ‘T, ‘patulalresulted in

a,s1gJ’}10antly @P < 0.05) lower populatlon dens1ty of P.

penetrans in the soil, but not 1n the roots of the apple 7 g
seedlings. Both the T. patula alone_and 1noculum\levels of 4000 .
and 8000 p. penetrans-reSulted,in'significantly (P < 0.05) lower
apple seedllng dry welght and stemlength than the controls.

"P‘ Recommendatlo S fqr further WOrk on management of p, . - |

penetrans in applerreplant 51tuatlons are presented. e
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- - 1. INTRODUCTION I 3
SN o ‘ - : S SN
The root- le51on nematode, Pratylenchus penetrans Flllp]ev &
- Sch. Stekoven, has a 51gn1f1cant role in certain replant =
"problems of ‘apple trees A recent survey of 58 orchards- in‘the
Okanagan Valley of Br;tlsh Columbia revealed that 76. 4% of 5011
samples and 69.8% of root samples from 127 sites contalned P.
'peﬁetrans (Vra;n;énngorston 1987). Forty-one ‘per cent of solls_wmw
from apple tree root zones had populatlon den51t1es greater than
50 P. penetrans per 50 ml: This population den51ty at plantlng
‘has been demonstrated to reduce tree growth (Hoestra and ‘

Oostenbrlnk 1962). . ‘ ' B =

. # . ST
The currently recommenaed methods for control of the root--
lesion nematode in British Columbxaeare elther pre- plant
- fumlgatlon or a systemlc nematicide applled to hon-bearlng
apples trees’ (Adams 1987). concern oyer human health ‘and
" environmental risks of pesticide use, cost of treatmeht/ and
uncertainties associated with fumigation efficacy point to the

need for alternative managementrstrategies for P. penetrans.

This-study examines the role of P. penetr s as-a pathooen
of apple trees (Malus domestica Borkh) ther§2ure 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 experlments and a greenhouse experlment whlch
eyaluate potential cultura&g&ontrols of P. penetrans—are

presented. S . , ’ L

-
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~ 2. LITERATURE REVIEW

2.1 APPLE REPLANT DISEASE -~ _—

- The damage caused by P. penetrans on young apple treeé is
often &onsidered to be part- of the “Apple ReplantlDisease
complex. "Replant disease" refers to the poor growth of
~ deciduous fruit trees such as hpples,,peaches, pears and
cherries replanted on former orchard sites (Jaffee et al.
1982a). - ) ) ‘ )

The c1a531f1cat10n .of apple replant problems as either
Spec1f1c Apple Replaht Dlsease (SARD) or Non- Spec1f1c Apple
Rgplant (NSARD) 1is based on the- crop precedlng the replanted )
apﬁle tfees>which eXhlblt symptoms of the disease. With SARD
the precedlng crop is the same or a closely related species to
that currently grown. With NSARD, the precedlng crop is not the
same or closely related species (Traqualr 1984) The root—v\
.lesion nematode is w1dely reported to be one of the causal ~
‘agents ogfggARD (HPestra~and Oostenbrink 1962, Parker and Mai
1974, Mii and Abawi 1978).

~In a reéent review article Traquair (1984) concludéd that
the categorization of replant problems as either specific Qr'
hon—specific has littiermerit due to the difficulty in
establishing che causal agents against a background of other
7factor$. In my-opinion,'thg term replant diséase is perhaps
more confusing than enLightening as it is a very broad term
applied to a complex of problems rather thah to a specific
prbblem. Therefore,'the remainder of thié paper avoids the.
terminology "SARD" and "NSARD" and focuses‘étrictly on those

replant problems in apples associated with P. penetrans.

«



" 2.2 THE ROOT-LESION NEMATODE : o o

2.2.1 Description

Pratxﬁenchus penetfans Filipjev & Sch. Stekhoven was
identified by Cobb ih'1917, who describéd it a% a plant pafésite;‘
of potatoes, violets and othér hosts. All f1ve stages of this
tylenchid nematode are vermlform Males and females are
morphologically similar, except for sexual characterlstlcs (Mal

‘et al. 1977).

* Proper identification,oflPL penetrans is diincultJ,Tﬁe
genus PratyIénchua.contaiﬁs épproximately 40 described Spécies,
andkknowiedge of the extént of intraspecific variability is
often lécking. Mai et al. (1977)7oﬁserved that\morphqiogiQal
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 previously

used to identify P..pénetrans. - : -~

2.2.2 Hostfrange

Nearly 400 hésts of P. penetrans have been described from
- six continents (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‘rangé,of weed species

(Townshend and Davidson 1960).

vThere aré two reports of the occurence of different strains
or pathotyﬁeS“of P. penetrans. Olthof (1968) réported'two
strains of P. penetrans which were differentiated by their
pathogenicity and reproducti&e potential on tobacco. Zepp'and
Szczygiel (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 consideration in ‘the evaluation of host plants, whlch

will be considered later in this paper.

e
v



[

2.2.3 Life cYcle and dispersal . . -
~ p. penetrans is considered,to,he aﬁmigratoryrendoparasitefs,lll
indicating that it moves freely in the soil, and feeds within™ .
the root tlssues. Females lay eggs in clusters, primarily in' - -
the cortical tissue- of roots. Males are requlredffor 7
fertilization. Apparently, all juvenlle and adult stages are.
infective (ﬁai et al. 1977). However, adults and fourth stage o
larvae travFl further (Jones and Mai 1964) and are f?und in

greater proportions outs1de the roots (McGuidwin 1989) than

earller instars.

The duration of the life cycle of -P. penetrans ranged from
30 days at 30° C to 92 days at~ 15° ¢ on alfalfa (Mai et al.

. 1977). Mamiya (1971) rerrted developmental cycles of P.

; penetrans of between 30- -31 days at 3OO'C and 86 days at 15o C in

seedllng roots of the conlfer Cryptomeria japonlca D. Don.

‘However, at 33° c, P. penetrans development was 1nh1b£ted and

f
eggs layed never reached advanced stages of development.

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

resylted in > 90% mortality of P. penetrans in. soil after 4
ot

hours. At -4° C, 3.5 days were requiredtfor 50% mortality of P.

penetrans. 1In the field , winter soil te ratures averaging,’/f
between -1.1° to -0. 8° in each of foun/di??j}enfﬁyears resulted/“

L

"in 35%yto’59%/reductlon in the population density of P.

- was no decrease in the soil populatlon over the winter -

penetrans in tHe top 15 cm of soil. There was no ohange in the
soil population density‘of thesnematode at 15 cm to lo’om, Qhere
freezing did mot occur. 1In the fifth year of. study, where the
average soil temperature in winter did not go below 0° c, there

(Kimpinski and Dunn 1985). - -

-

The population dynamics of P. penetransrin‘orchards has{not .
been studied in detail but information from other host plants is
pertinent. McGuidwin (1989) compared the relative distribution.
of Pratylenchus scribneri among the roots and soil habitats in
corn. (Zea mays) and potatoes (Solanum tbberosum)'before, ?uring,
and after the growing season. - Results indicated that the

LY
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percentage of the total populatlon ‘recovered- from thefs01waas—fmf4h—
about 20% durlng the growing season, and averaged about 50% at

the beginning and ‘the end of the grow1ng season.

N

Colbran (1954) reported that root- 1esion nematodes-in soil

from an appIe orchard did not surv1ve for more than 9 months in .

' the absence of arhost plant McGuidwin (1989) reported that 50% -

of P. scribneri were found to overwinter in dead roots, and

emphasized that this aspect should be taken into.consideration
when sampling. N ' ' , L
. The root-lesion nematodes primary means of dispersion is
mlgratlon ‘through the soil from root to -root. They can be .
transported to new sites by the movement of soil adhering to

cultivation equipment or workers boots, infected plants and

occasionally by floodwater (Brown 1982).

2.3 HOST-PEST-ENVIRONMENT INTERACTIONS - -

'2.3.1 Etiology and symptoms

3 . .
"pitcher et al. (1960) determined that P. penetransxwas a =
primary pathogen of apple trees since the nematode was'able to
invade, feed on and reproduce in apple feeder roots in the

4
absence of all-other potential pathogens;

The symptoms of damage due to P. penetrans in the fleld are. .

~stunting of trees ‘and _retarded shoot growth (Hoestra aﬁd

Oostenbrink 1962).‘ The stunting associated wlth P. penetrans
infection is usually unevenly distributed throughout the -

orchard. THese symptoms are not diagnostic. Visual symptoms on

‘the feeder roots are necrotic lesions, dead rootilets, overall

discolouration of the root system, and small root systems (Mai
1960). More specificaily, Pitcherret al. (1960) desoribed'the
stptoms of P. penetrans on’apple‘Seediings as discoloration and
necrosis of‘the epidermal.and endodernal tissue in the feeder
roots. Apple seedlings sustained P. penetfans 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 invasion (Mount&in and Patrick 1959).
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Apple and peacht roots contain phenolic compounds.which are .

broken down by enzymes secreted by the nematode ta produce

*phytotox1c compounos and’ root dlscoloratlon ‘These phenollc

compounds accumulate to high concentratlons in peach roots,
resulting in rapid and exten51ve necrOSLS and dlscoloratlon of
damaged roots. 1In apple- roots, phenollcs are found pr1mar11y in
the dermal and endodermal cells correspondlng to the observed
sites of root discoloration (Pltcher et al. 1960).

\
1

Merw1n ahd Stiles’ (1989) conducted faliar nutrlent analys1s‘
and showed that all nutrients were lower in apple seedlings .-
grown in a nematode replant soil than thos& grown in the same 7
soil after steam pasteurization. -They concluded that 1mpa1red

nutrient uptake was an important factor in thlS replant problem

-
(

Physiological“disorders observed in other‘plant'speCies
associated with P. penetrans infectign include: 1oss of root-
‘cation exchange capacity, increased water tension in the stems

i and ‘leaves, 1ncreased water loss from the leaves, a decrease 1n
phosphorus content, and an increase in free phenols in the
leaves (Mai et al. 1977) Evidence suggests that P. penetrans -
may reduce cold tolerance in cherries (Edgerton and - Parkerm
1958) . , -

2.3.2 Environmental factors '
] . o A .
eBiotic and. ablilotic factors effect the nematode'population;

its distributionvand/or the/manifestation'or disease symptoms.

-~

2.3.2.1 Associated pathogens

M

Interactions between;nematodes and other pathogens is a
common phenomenon (Powell 1971)‘ It has been demonstrated that
Pratylenchuslspp 1nteract synerglstlcally with Verticillium
spp. and Trlchoderma spp in certain crops (Vrain 1987, Powell
1971), and that p. penetrans predlsposes other host spec1es to

'bacterlal 1nfectlons (Vraln "and Copeman 1987).

By
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In apple seedlings, Pitcher et al.‘(196D)robser&edrlittlerWm;;r
injury in response to infection with surface aseptic nematodes '
over several months.  This suggests that in apple orchards,

other organlsms may be involved in the manifestation of the

disease symptoms, Further ev1dence to support this contentlon

is the differential response of apple trees to broad spectrum

ang nematicidal fumigants. Jaffee et al. (1982a, 19829)

isolated pathogens in addition to P. penetrans from lesions on

apple roots, wnich‘were found to cause additive rather than. : ,
4 ‘ , 5 -

N

synergistic effects.

\ Associations of spec1es of phytopathogenlc nematodes w1th
p. penetrans are common (Ma1 et ‘al. 1977). However, P.
penetrans is "the only species believed to play a significant

role,in apple replant problems (Mai and Abawi 1978).

2.3.2.2 Apple rootstocks

Hoestra and Oostenbrlnk (1962) saggegted that dlfferentlal
susceptibility . to nematode damage may exist in dlfferent 7
rootstock - scion combinations. Commercial apple trees are
.produced by graftrig the budwood or "sc1on" of a desirable »
cultivar onto a root gystem or "rootstock" which' 1mparts certain
growth characterlstlcs to the tree. The Malling (M) rootstocksri
named after the East Malling Research station in England where
they were developed, are used extensively in British Columbia
.Hoestra.and Oostenbrinki(1962) reported

that seven Malling rootstocks tested supported high levels of P.

-

orchard production.

‘penetrans.’ However, the extent of.reduction in height and."
branch growth between inoculated and uninoculated rootstocks
varied. For erample in Malling four (M IV), growth was reduced
by 51% compared to M VIIrin which growth was,reduCéd:by,ll%p”"
The authors.suggested that this difference was due to tolerance .
in the M VII, but their data iacksaa measure of variance or test
of 'significance. Their observation has been supported also by
empirical observations: Parker and Mai (1974) concurred that M
that the response of VII was less to soil fumigat?dn with 1;3—

dichloropropene-dichloropropane than many of the other Malling



rootstocks. They observed thatideeply‘rooted root-stocks

appeared to respond less to fumigation and suggested that'this

relationship'may/be the cause of the apparent tolerance of some = -
of rootstocks. ) : 7 B ’ )

Exten51ve screenlng or breedlng for rootstock resistance to
P. penetrans has not been undertaken. - Host re51stance occurs®
most frequently where there is a complex host- para51te
}nteractlon, such as those between sedentary endoparas1tes llke ‘ -
Meloidogyne and Heterodera’and their hosts (Howard and Cotten’
1982) . . The" para51te—host 1nteractlon between P. penetrans and
its host is less specialized whlch could account for the*

‘relatively few reports of resistance.

«
[]

- - . , i

S TS
2.3.2.3 SOil’moisture’
Jaffee and Ma1 (1979b) compared growth of rootstocks
‘inoculated with #. penetrans to uninoculated at water ten51ons 7
of 40 kPa and 1014 kPa . They observed reductlons 1n growth due

to each of the factors 1nd1v1dually, -but there was no -
interaction between them. Mai et al. (1977) reported the rate
of P. penetrans population-orowth was,greatest at a moderate
range of soil moiStureitensions (between 10 to 100 kPa) and was

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

2.3.2.4 Soil t_y&aes, ’ o A

Hoestra. and Oo&tenbrlnk (1962) observed P. penetrans to be
more prevalent 1n sandy soils than in clay 50115. Mai and Abawi
(1981) also reported that hlgher populatlons,of P. penetrans
were found in coarser 50115 The fact'that'pore'diameter
restricts nematode movement through soil (Jdnes 1982)J could
account for the observations reported above. Winoto Suatmadji
(1969) suggested that a heavier.soil might interfere with a
hypothesized host detection mechanism of P. penetrans;'such as a
CO, gradient. His experimentation failed:to provide evidence
for the existence of such a mechanism. )

L
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2.3.2.5 Cultural practices -~ , : - e !

- — T ——

RN N + —

The effects of cultural practices on P. penetrans'will be -

‘dlscussed 1n the subsection of Integrated Pest Management

deallng w1th cultural controls (See Sectlon 2.4. 4) S

2.4 INTEGRATED PEST MANAGEMENT o - : S
"Integrated Pest Management (IPM) is an 1nterd1sc1p11nary '

‘science dealing with the development evaluatlon, and ’

1mp1ementatlon of pect control strategles that resul

-/favorable economlc, ecological and soc1ologlca1 conse , nces"w

(Bird 1980) The main components of the decision process in kY
nematode IPM are the. value of the predlc%ed damage and the
of ‘the management alternatlve. To this end, Ferris (1980) =~
argues that the relative 1mmob111ty of nematodes is advantageou:

for the development of predlctlve models.
. The fundamental relationshipgbetween\plant{parasitic

 nematodes and the growth and yield of perennial plants is a
function of pre-plant’ nematode population densities (Barker and
olthof, 1976). Although accidental re-introduction and bujldup
of initial undetectable nematode populatlons must be cons1dered
newly planted trees appear to be more ea511y damaged and have a
greater susceptlblllty tos 1nfectlon. Rackham et al. (1975)

’reported that six years after preplant fumlgatlon with 1,3,
dlchloropropene, P. penetrans populatlon densities in apple
roots were similar in the treated and unfumlgated plots on the
’ same site. However, 11 years after treatm nt the trees in the
control plots were only a third the size oi those in the

fumigated plots. Cameron et al. (1986) presented evidence -

suggestlng that equ1Valent root populatlon gensltles of P. Q

penetrans in pears are more damaging to newly p¥pnted trees than

-

to older establlshed trees In greenhouse trlals, Jaffee and
Mai (1979a) observed ‘that the younger the apple seedllngs at
time of inoculation, the greater the infection by and

reproduction of P. penetrans in the root system. -

«
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Characterization of nematode-host 1nteractions -for the

development of an effective IPM strategy is dependent*on (Barker

Th%'first two factors will be examined with regard‘towthe

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

environmental “acfors have already been discussed-to some eéxtent.
- . N 7 R a ¥ ,

in section 2.3.2. . S <

2.4,1.Measureﬁent of host response »

’

Hoestra and Oostenbrink (1962) demonstrated through linear
‘ regress10n of plant growth against the log of pre-plant

,population/densities of P. penetrans, a highly s1gnif1oant 3

negative correlation between shoot growthwand nematodg‘densities‘

in two different experimental fields with four varieties of
apple. Heawvy nematod infestation (130 330 nematodes per 100 mi
of 5011) reduced shoot/;rowth by greater than 50%. ‘
Extrapolation to zero Ps penetrans population den51ty (no plant
response) suggests significant losses at even a relatively low

level of 33 P. penetrans per 100 ml offsoila - -

. Seinhorst (3535) argued that the extrapolation of plant
response from a high rande of nematode densities to zero could

~easily lead to an overestigmmation of damageai% lower densities.

- He\indicated‘that two phenomena invalidated extrapolation to

zeroy First, plants may have more roots than are needed to
}support the amount of shoots they produce; thereforef not all
root tissue may be of equaljimportance. Second, plants’ have the
ability to\replace lost roots. These two phenomena contribute
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

' and Olthof 1976) : T —
®» ‘ ) . N . . Tl B . 5 S
o 7 | o o
1) precise measurements of host response; . ' E?k/,
“ - Fa ﬂritv // b <t -
2)/reliable,methods of-monitoring the nematdde
population; ) )
rfjﬁkconsiderations of environmental factors. A |
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1s more approprlate than a 11near‘regressionﬁmo
paper Oostenbrlnk (1972) defended the use of the llnear N

In,,,a laten,,,,,,,, :

‘re ssion model as a predlctlve tool, giving numerous emplf!cal
ex:{bles of datalﬂhlch fit the model.. He defended his: .~ I
gontention that extrapolaﬂﬁbn to zero is valld by sayghg that a
horlzontal curve must theoretlcally precede the sloplng ’ s

. regre551on to account for the plant's ab111ty to sustaln or
compensate for a llght 1nfect10n.‘ Ferrls (1980) - argues”that .
valldlty and predictability are the important qualltles ?ﬁ a’ .

model #o be used for pest management decisions.

2 - - — e

- ™ . - d | B .
In summary, the tolerance of apples to the root lesion

nematode has not been accurately determined. With the exception.
of Hoestra and Obstenbrink (1962) , the response 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 resbenseslis given in a review by
Barker and Olthof (1976) ' point out that data from greenhouse
trials have poor transferablility to the field. 7

2.4.2 Monitoring of nematode populations

" The horizontal distribution pettern of nematodes is
generally patchy (Goedell and Ferris 1980, McSorley and Parrado
1982, Barker 198?)- The patchy dietribution is attributed to
numerous factors including unevenly occurring environmental
factors (e.g. hosts, roots, soil type) and the tendency for some
species to aggregate independently of environmental factors
(Elliot 1971). The vertical distribution of nematodes varies
greatly depending upoh crop, nemetode‘species and soil type
.(Brodie 1976). A

—
L)

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 to. contagious distributions. The populations are

characterized by a variance to mean ratio of greater than one

PR
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(Elllot 1971)lr Hence, the varlance and,sampllnglerrorflncrease;
with populatlon denslty (Ferrls 1984). The dlstrlbutlon whlch

is most: commonly applled and 1s perhaps the most useful for
nemat@de counts is the negatlve b1nom1al d1str1bu§10n (Proctor
and Marks 1974, Goodell and Ferris. 1980, McSorley and Parrado.,

'1982) < qu and Campbell (1985) questioned certaln assumptlons
."of the negative binomial d1str1butlon and 1nvest1gated severalv

e

_more direct analysis of spat1a1 distrlbutlon°in an attempt to
deflne more efflclent sampllng plans. "f - :

e

= \
—

~ _ soil sampllng 1skcommonly done:u51ng chyllndrlcal _core _
sampler.' ‘Due to the dlstrlbutlonaof nex odes and the time
~required to process each sample,‘several COmp051te samples are‘
" taken at random per- unit- area. * §his’ glves data from which it is
1mposs1ble to separate sampllng @rom blologlcal variance L
(Southwood 1978), unless numerous bulk samples are taken from
the same area. There are numerous mathematlcal models from
whlch the number of cores required for a given level of
'prec1s1on can be estimated (Karindinos 1976, Southwood 1978).
Use of these models requi}es estimates of the mean and a - ‘
parameter ofvtﬁe_negative binomial distribution (k) which is a
measure of clumping. Elliot (1971) suggests that a sample size
of greater than 50 observations is required:forfan accurate-
estimate'of k. | ‘ 7

T

- ) ®
For advisory purposes, a bulked sample of twenty 2.5 cm

diameter cores taken to a depth of 20 cm is generally

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

Ferris 1981). Proctor 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.

;;hsy concluded that to achieve a precision such that 95% of the :
o

ssible estimates of nematode density per 0.01 ha plot lay
within 20% of the true mean density, this would requlre five
subsamples’ from each of five 40 core samples per plot, for a
total time expenditure of about 7 hours. Goodell and Ferris

(1981) examined sampling optimization for advisory purposes on
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five nematodefspeCLes and concluded*that foraPratylenchus‘mInyuswmfr

the recommended adV1sory sampllng program would give an estlmate

within 15% of the true mean.- -The differences in the spec1es of ,-;
,Pratylenchus under vestlgatlon and the methodology used I
contrlbute to .the W1dely dlvergent evaluatlons of the 20‘'core

15

samples redommended for adv1sory purposes. -

L ) , N s , e
v \é *' . . ]
The w1&§ dlfferences in the estlmated errors reported above.
rallustrate Barker S (1985) contention that more 1nvest1gatlon
into the 1nherent—error in sampllng and extraction techn&gues is

SIS SR S

requlred* T e e e Sl

2.4.3 Chemicallcontrol
Tng chemicals currently avallable 1n\banada fortcontrol of’

\\>f. penetrans are preplant fumlgants or .a’ systemlc nemat1c1de for
LuSe,on non-bearlng apple trees (Adams 1987) . The fumigants \,
beloné to the two pesticide groups listed below (Hague and Gowen~.
1987), registered fumigants are llsted after&thelr pest1c1de/
grouplng 1)- Halogenated al;phaglc hydrocarbons - Methyl #Fuf?

. bromide, 1 3~-dichloropropene (1, 3- D) mlxtures (Telone I11),

_ . chloropicrin. 2) Méthyl 1sothlocyanate (MIT) precursor compounds
- dazomet (Basamid) and metham sodium (Vapam) = and methyl
1sothlocyanate mixture (MIT) and 1,3-D (Vorlex). .The systemlc
nematicide reglstered in Canada is oxamyl from the-0x1me-
carbamate’ group (Hague and Gowen 1987). Details on the
spec1f1cs of application and efficacy of these different -
compounds are reviewed in numerous artlcles (Van Berkum and

VHoestra\1979, Adams>l937, Hague_and Gowen 1987,erain 1987),
general discussion of how fumigation works .and the factors . 8

s

\effecting'successful fumigation follows.

A TN

2.4.3.1 Fumigation

Fumigants are introduced into the soil, where they are
quickly transformed into a gas. The gas moves through the air
spaces in the soil and dissolves into the film of water =~

surrounding the soil particles where nematodes and other

°
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B mlcroorganlsms are found \Ehe nemat1c1dal effect of the-

gcontent; 4) phy51cal propertles of the fumlgant

- Hoestra 1979, Hague and Goweng&987 Vrain 1988). - e

»,,“v\ . B '.? ‘7:

fumlgant is: dependent upon an "effectlve dose“ Wthh is a .

concentratlon x tlme product'(Hague*andtcoWen\i9877*‘Factor54c““““*
affecting the efflcacy of fumlganté are (Van Berkum and Hoestra S
1979, Hague and Gowen 1987, “rain 1988): 1) compos1t10n and .

structure of the soil; 2) 5011 temperature; 3) s01l molsture

I

In general loosely structured 501Ls enable _easy. dlffu51on
of the fumlgant gases and, as a result may requ1re tarp1ng.7 It -
“has been ‘demonstrated that dlffu51on of gas through the s011 1s '

slower in peaty 50115,_and rn wet heavier.soils’ fLelstra 1972

and 1973, c1ted by Van Berkum and Hoéstra 1979). ngher rates

of fumlgant may be requlred in soils with a- h1gh organlc matter

content as the fumlgant 1s bound to the organlc matter. The -
percentage of blocked pore spaces and the moisture holdlng o

capacity is usually h1gher 1n flne textured clay SOllS (Van
Berkum and Hoestra 1979) o N

=

. B . . v K]

¢ T Seil temperature will effect dlffuggon of -the fumlgant
throhgh the\201l If the temperature is too hlghﬁ\the fUmlgant

vapouE will 1sperse too rapldly. If the temperature 1s too

low, dlffu51on is too slow and thé™optimal concentratlon x tlme‘
products will not ‘be reached. ﬂhe optimum temperature for
fumlgatipn,ls between 10°‘C andk2‘0o C (Van Berkum and;Hoestra/

1979).

v
g

¥ .
The moisture content of the 5011 is criticatl for successfu{/a
soil fumlgatlon. Too- low water content may result in excessive
dlffu51on and escape of the fumlgant prior to achieving. lethal
dosages. Conversly, exce551ve soil m01sture will result 1n poor
diffusion, due to vapours dissolving in water.: This resurts in

uneven fumlgant distribution throughout the soil (Van Berkum’ and

The physical propertres of the{fumigant contribute to the
efficacy of fumigation. Each chemical has a constant ratio of" - -
fumigant concentration in soil water to:fumigant'concentration

3
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in soil air at a given temperature,_ For eXampleTﬁthesweightms¥fv4Jﬂ¥
ratlo wa ter igalr for-1, 3-D at 20° C is 18, /Yhereanunder the;;_ﬁr/rﬁ
same conditions the’ ratlo for MIT is 92, five times that of 1, 3-7

D. Therefgge MIT requires a hlgher volume fractlon of air )
filled pores to dlffuse as successﬁully as 1, 3 -D. (Van Berkum

and Hoestra 1979) . 1 : : .

) " The factors presented above illustrate the need for
?*care and SOphlSthatlon for achieving success in fumlgant -

: appllcatlons.‘ The soil - structure, molsture and temperature o -
rparametersrdeflne a narrow window of timing for successful P Er—

appl;catlon ’ 7 STy

A distinction is made in“thepiferature between
"Multlpurpose fumigants" or "broad spectrum bloc1des" and "True
'nemat1c1des" or "nemat1c1dal fumlgants"(Van Berkum and Hoestra
1979, Mai and Abaw1 -1981, Hague and Gowen 1987) Fumigants in
the first category 1nc1ude methyl bromide, dazomet métham -
sodium and the MIT 1 3 D compound Vorlex. The act1v1ty of °
fumigant nematicides 1s more restricted than that of the broad-
spectrum fumigants. .HoweVer, 1,3-dichloropropene at hlgh rates
Vof'application are,fungiCida}. ,Funoicidal activity has beén
reported against=SClerotium rolfSii, some Fusarium species and
species of Phytophthora (Rodrlguez ~Kabana and Curl 1980)

Several workers have observed .a greater growth response of frult -
trees to broad spectrum fumigants than to fum;gant nemat1c1des
(Mai and Abaw1 1981 Jensen and Buszard 1988) This prov1des
additional support to the concept of P. penetrans belng only one

of several organlsms involved 1n ‘the apple\dlsease complex. -
\ ’

Several ‘workers have used economic studle of the plant
response to nematicidal fumlgants as a justlfxcat}on for -
control. Arneson and Mai (1976) determined that prxeplant
fumigation,w1th Vorlex was cost effective within axtwo-year
period. Mai and AbaWi (1981) cite two examples where\theqreturn
on investment over seven and nine-year periods was positiye; ’
Contrary to these reports, Cameron et al. (1986), working in

pear orchards, determined that despite yield increases over a

i
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'10-year period in response tokfumigation the monetary return

barely paid for. the cost of fumigation; The problem with

studies such as these iS'tQat the economic values used are often
arelevant only to the particular'time and - place where the§ were
'conducted-and, therefore, can not be readily extrapolated to
other situations. o ' |
, \\\ ) i
“2.4.3.2 DisadOantagesnof chemical use
_ N ,

.There are several dieadvantages to’theause of soil
fumigants. All of the fumigants reported here have a,moderaté/
to h1gh mammallan toxrc1ty (Adams 1987). This factor combined,'
w1th their volat111ty can make them very hazardous to the |
appllcator Methyl bromlde is‘'an extreme example because at
amblent temperatures it is a\colourless, odourless gas that 1s
highly toxic to humans. Both methyl bromide and methyl
1sothlocyanate may remain in the. 5011 (Hague and Gowen 1987) and,

residues are found in ground water (Vraln 1987).

Certain potentiai 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 fumlgants’
in citrus orchards can result in stuntlng and chlorosis in the
newly planted trees because of 1nadequate nutrltlon brough
about by the death of mycorrhizal fungi QKlelnschmldt and’
Gerdemann, 1972). < 7 ‘ |

-Hussey and Roncadori (1982) cited two s{hdres, onei
conducted in cotton and the other in rough lemon where the

51mu1taneous presence of vesicular-arbuscular (VA) mycorrhlzal

) T‘fungi and migratory endoparaeitic nematodes resulted‘iniimproved

growth of the host. 1In cotton, the VA mycorrhizae reduced the
number of nematodes in the host plant, possibly by making the - p
host less suitable for the parasite. 1In rough lemon, the '
beneficialfeffects were due to the presence of VA mycorrhizaei

greatly.outweighing the growth retardation attributed to the

nematode, without reducing the nematode population in the. roots.
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Fumlgatlon can be expensive. 1In British Columbla,‘the*cost*)"**

per hectare of fumigatior ranged between $ 620 for Telone 11 3

‘and $4000 for a methyl bromide~ chloroplcrln mixture 1n 1988 b -

L
(Vrain 1988) : : E . ‘ : -

't»

'2.4.4 cultural control

%; According to Brown (1382) oultural methods are‘"attempts to -
.adapt husbandry practlces 'so as to minimize losses due to
‘nematodes. He d1v1des cultural control of nematodes into four
_categories: 1) crop rotation. 2) preventlon of spread 3)
_selection of healthy propagatlng materlals, and 4) the 1nfluence
- of manuring. ThlS categorlzatlon fails to identify other
7cu1tural methods “such -as 1ntercropp1ng, fallow, and the use of
plastic mulches which were examined experlmentally in this
study. Crop'rotatlon, 1ntercropp1ng, fallow and the plastlcy—

mulches will be examined in some detail later. o .

The ubiquitous presencexofrP.rpenetrans in’the soils of
temperate reglons makes ‘prevention of spread within an area
dlff;cult If fumigation is used to reduce nematode. populatlons
in soil, care should be used to reduce the transfer of soil 1n
from other fields; however;, this is con51dered almdst 1mp0551ble

and certalnly 1mpract1ca1 with farm machlnery (Brown 1982)

* The seleotion of uninfested fruit treevrootstocks in canada
'is difficult since there are no regulations for nurseries to
keep their rootstocks free of P. penetrans. Selection of '

vigorously growing replantrtrees is a recommended7practice.

2.4.5'Crop rotation -

The criteria- by whlch the success of. crop rotatlon schemes

- can be measured were developed in the early part of thls century

(Bessy 1911 as c1ted by Nausbaum ahd Ferris 1973) and are still
considered valid today. The crop rotation must: 1): prevent .-
development and reproduction'of the parasite; 2) at leastﬁpay

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)
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make such vigorous growth as to choke out susceptible weed . ._.____
hosts. ' ‘

| _ s : '77, SR R
Corisiderable work has been done on potential orchard cover

crops and their status as hosts of P.'penetransr. -This sect}en
will consifler crops with potential for use in orchards either as
intercrops Qr”in rotations in two parts: i) grass crops and ii)
marigoldS'(Tagetes spp.)'and‘othet compésitae. 7

-2.4.5..1 Grasses

.

Table 2.1 summarizes the status of numeroys, temperate?or
semi~ troplcal crops as hosts of P. penetrans.‘ The ratings glven
in the table are based upon comparlsons among specqes evaluated
by each researcher.L Due to different experimental condltlohs,/“
.establishment of a common rating system was impossible. / v
Neverfheless, plants rated with (*) indicate they support low
levelsrof P. penetrans appear to haye promise as cover or ’
intercrops. These include some cultivars of oats (Avena
sativa), tall fescue (Festuca arundinacea), creeping red fescue , .
(Festuca rubra), sudangrass (Sorghums: Vulgare)‘and sefghum -« »

sudangrass hybrids (Sorghum sudanese x Sorghum bicolor).

Table 2.1 aleo reveals conflicting reports on the host 3\
status of a number of species. Oats (Avena sativa)1 for
“example, have conflicting evaluations whicﬁ can be explained by
three(factors; 1) the use of cultlvars w1th varylng levels of
4resistance, e.g. "Saia " ‘'oats appear to have greater r951stance
than most oat cultivars; 2) p0551b1e presence of dlfferent_
pathotypes of P. penetrans; and 3) the use of different
iexpetimental procedures ineludlng 1noculatlon, extraction and
different growing conditions. Towhsheae et al. (1984) reported
wide discrepancies in the tolerance of species to P. penetrans
between evalﬁations‘qohducted under greenhouse and field

conditions.

. )
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Table 2.1 Some of the plant sbeci‘ies reported as potential- - - -
.cover crops for use in Pratylenchus penetrians management.

‘Species , : Rating . Reference
1. Oats N R
Avena sativa : o ' MacDonald and Mai(1963)
(cv. Saia) _ ! ' , - Colbran (1979) . -
(cv. Saia) - > ' Townshend (1989) i
(cv. Woodstock) . e N Townshend (1989)
2. Bromegrass - - )
. Bromus spp. bl ) ~ MacDonald and Mai (1963)
(cv. Redpatch) o - - MWillis et al (1982) o -
™~ . (- - -
3. Orchard grass - o
" pactylis glomerata . 23 : © Bird (1968) e
‘ ' . o : Willis et al (1982) l
4. Tall fescue - ' - - -
Festuca arundinacea . * Townshend et al. (1984)

(cv. Oregon B) -

5. Creeping red fescue - T -
¢ Festuca rubra o W Townshend et al. (1984) ~
(various) ) . “Marks and Townshend(1973)
6. Perennial rye grass ) )
Lolium perenne * Bird i1968) o -7
' Marks and Townshend(1973) _
7. Rye . ’
§J?£ALE. cereale . Lo , * Colbran (1979)
' ok 7 * Dunn and Mai (1973) .
o Marks and Townshend(1973) - » )
8. Sorg\;hu'n‘ - . .
Sorghum vulgare * . Bird (1968) N
var. sudanese : - ' - :
(cv. Piper) * . MacDonald and Mai (1963)
el K Dunn and Mai (1973)
b Marks andTownshend(1973)
: ; oo ' Marks et al. (1973% - .
9. Sorghum-sudangrass hybrid N i
Sorghum sudanese x * © Bird (1968) .
Sorghum bicolor ' o Dunn and Mai (1973)
(cv. Zulu) - Wk Colbran (1979)
. e ) Johnson and Burton(1973)

/

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



2.4.5.2. Marigolds and other compositae a . N "“mfm

Plants«in the genus‘Tagetes, commonly\referred to as

¢

-properties, ard dbns1derable research has been undertaken to .

marlgolds, ‘have long beén reported to have nematicidal

" determine their efficacy as a rotation crop for nematode
control. .

~ Some of the most extensive field work’conducted on the
nemat1c1da1 effects of Tagetes spp. was by Winoto Suatmad]l
(1969), who reported the suppression of populatlons of spec1es
of Pratylenchus Meloidogyne, and Tylenchorhynchus., Populatlons
of the genus Pratylenchus were suppressed by T. patula, T.
erecta*and T. mlnuta ;n descending order of effectiveness.
After several months of growth T. patula reduced field
pgpulations of P. penetrans’to near‘zenéL\while'in falfoW'soil

two years were required to- reduce populations to the same level.

Increased growth of tobacco was reported following a
rotatlon of marigolds which contrasted with the reduced growth -
of tobacco following. a crop of rye (Secale cereal ), a good host

of p. penetrans (Mlller and Aherns 1969) .

Merwin and Stlles (1989) reported that apple seedllngs,'
grown in soil follow1ng growth of T.,patula cv. Sparky,
treatment with Oryzalin herbicide, and growth of. Astro oats,
respectively, had dry welghts of 97%, 68% and 43% that of - - ) :
®o0il. They attributed the .
significantly greater plant growthﬁresponse associated with T.

seedllngs grown in steam sterlllzeqf

patula in this bloassay to lower soil populatlons of P.
penetrans. In an earlier study (Winoto Suatmadji 1969), the

- growth of apple seedlings was slightly reduced following a crop
of Tagetes 'in a soil not infested with P. penetrans. This

_ ereduction in growth was gttributed to a reduction of soil

nitrogen after a Tagetes crop. .
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Daulton and Curtis (1963) obServed that each of T. patula,;;flf
T. erecta and T. minuta,- effectlvely reduced 5011 populatlons of

Me101dsgyne javanica and resulted in hlgher tomato yields the"ﬁf"”

following year. ’ . o : _ _—

Gommers and Voorin' t Holt (1976) reported that 70 out of
175 species of/comp051tae tested effectively suppressed S
'lpopulatlons of P. penetrans. Hljlnk and Winoto Suatmadjl (1967)
reported that certain spec1es from several genera of comp051tae,
such as Helenium, Galllardla, and,Erlophyllum, ‘were as effective
as\Tagetes spp.'inrreducing reproduction of P. penetrans. A ..
2.4.5.2:1 Mode of action. -

- ' M ) A : w ' . : .
The mode of accion of marigolds has been studied in depth

by Uhelnbroek and Bijloo(1958), Winoto Suatmadji (1969) and
Gommers -(1973). / \

Winoto Suatmadji (1969) observed that 1eachates from
-potted T. patula, red clover (Trifolium repens), apple trees,
and control scil without plants did not effect,Pf penetrans.
"Soil remairked only slightly nematicidal after the removal of T. _
patula roots. Penetration of T. patula roots appeared to be
,1ess than that of a susceptible host red clover. This‘finding
was challenged by Gommers (1973) who reported the same degree of
penetratlon of T. patula by P. penetrans as in a susceptlble
. host, Avena sativa. Nematodes 1n the genera Pratylenchus and 5
Meloidogyne which penetrated T, patula died or did not reproduce
once in.thé roots (Winoto Suatmadjl 1969). Rocot extracts -of T.
patula demonstrated nematicidal properties which'killed P. ]
perietrans in vitro (Winoto Suatmadji 1969). ‘WinotokSuatmadji
(1969) concluded that the endoradicular effects were primarily
respon51ble 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 only 1 to 3. nematodes which were

often dead, dying or twisted (Winoto Suatmadji 1969).

‘¥



] . Uhelnbroek and Bljloo(1958), c1ted<by W1noto
Suatmadji(1969), were the f1rst workers to 1solate nemat1c1da1 R
thiophenes from the roots of Tagetes. They;ldentlftad’the' e
principal nematicidal compounds to be alpnafterthienyl and,5—13—5W:
buten-l-ynyl)-z, 2,-bithienyl. 7 ' ) ‘

A close re1atlonsh1p was shown between P. penetrans

suppression and the chemotaxonomy of 70 of the 175 spec1es of S
compositae reviewed by Gommers and7V00r1n't Holt-(1976). Those
‘species of compositae whichrsuppressed nematodes contained
-~ thiophenes, prinéipally alpha-terthienyl and 5-(3-buten-1-ynyl)-

2, ZPJplthlenyl Gommers (1973) reported that the nematicidal

thiophenes present in the Foots of Tagetes were photo- activated

by ultra—v101et 11ght There was -no conc1u51on as to how these.

compounds were act1vated w1th1n the roots of Tagetes

}

2.4.5.2.2 Pract1cal aspects

~ One of Bessy's (1911) criteria for judding 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. W1noto Suatmad}l’
(1969) concluded that the value of Tagetes as. a source of
‘organic matter, stains, therapeutics or other chemicals 11mited
its potent1a1 for use as an economic control of nematodes '_
' Assuming: 1) certainty that preplant populatlons of P. penetrans
fi;fi are above threshold; 2) other replant arganisms are absent; and
R 3) the establishment and management of marigold plantings is
feasible on a large scale; I would argue~that»with a potentially'
nigh value perenniai crop, such as apples, that a rptation of
one year out every—io to 15 years could be economically viable.
Theﬁthree'assumptionsrlisted aboverillustrate the ﬁeedrfor more

research in these areas.

Winoto Suatmadji (1969)"recommended that a breeding
program be developed-for Tagetes to combinefits Strong : -,
nematicidal effects with more useful agronomic properties. In
the Dutch,ciimate, they recommendfthat Tagetes be planted in the
autumn to precede a main crop. , Spring planting was not

Y

recommended due to the slow estabiishment of T. patula in cooler _
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.climates. The'fact that apple harvest -occurs late in'the fall,

and replanting is most successful when cohducted in the early.

.sprlng suggest ‘that a complete grow1ng'season would be needed to
grow Tagetes in British Columbla. - ' ' -

- >

2.4.5.2.3 Intercropping -

Intercropping of Tagetes spp: with numerous'crops to .
control several different nematodes has resulted-in mixed -

results w1th regard to nematode control and crop yield.

The report most relevant to this~study was that. of Hoestra/
and Oostenﬁrlnk (1962) who under-seeded young apple trees with -
%ed clover, apple seedllngs, marlgolds and malntalned ‘fallow

control plots. The Pratylenchus spp. populatlon was hlgh
(8§5/1OO ml of soil) forired clover,,lntermedlate for apples
(320/100 ml) and fallow (300/100 ml) an§ low for Tagetes patula .
(160/100 ml). -For a study conducted which. was conducted ovef a
751ngle grow1ng seagon, the results are encouraglng A measure
of the root population densities of P. penetrans would a1d in
the eyaluatlon,of this practice.. , - 4

. -
A A3 £

Other reports of limited success in intercropping with .
Tagetes have also been published. Accordlng to Rhode (1962 as
cited by Mai et al. 1977) interplanting marlgolds w1th potatoes
reduces. populatlons of P. penetrans when Ta@etes 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 beran'important
factor for successful intercropping. This - experiment also .
suggests that if there Iﬁxany preferent1al attractlon of P.
penetrans to T. patula, that it may be llmlted by distance. -
Mot51nger et al. (1977) belleved there was random penetration Of
P. penetrans into both toemato and marigold roots. From '
greenhouse trials, they reported fewer Me101dogyne spp. mature
females in tomato rovots intercropped with T. patula than in.
tomatoes grown alone. In field trials, there was no significant
difference in nematode population densities between the two o
treatments. Laboratdry experiments by Winoto Suatmadji (1969)

sogqested that P. penetrans host selection was random. If this



B . 7 B 24

N

is true, it would suggest that 1ntercropp1ng would most llkely
be of limited success in reduc1ng riematode popxﬁat%ons- T &

N ~
= - [ PR

The follow1ng reports conflrm the 11m1tat10ns of ™ )
1ntercropp1ng Tagetes spp. ‘with dlfferent crops to control
several spec1es of nematode. Tarjan (1960) reported that\
interplantihg T. erecta with grapefruit seedlings ‘in the | o
greenhouse 51gn1f1cantly reduced populatlons of Radopholus ) \\;’
similis in the soil in three out of four tests and in the roots
in two out of four tests. However, under—seedlng c1trus trees
in large field plots resulted in no significant difference 1n
‘nematode populatlons. Miller and ‘Aherns - (1969), 1ntercropped .
marigolds with strawberries, tomatoes’ and g}adiolas to control
P. penetrans and found that the ﬁarigolds behaved as a weed by
competing w1th the crop and reducing rather than 1néreas1ng
ylelds. Hackney and Dickerson (1975) reported that
1ntercropp1ng of marigalds with tomatoes did not reduce numbers»

of Meloidogyne spp. or\Pratylenchus alleni XS/the roots.

2.4.6 Fallow

. g E .
In Ontario, Marks et al. (1973) determined that preplant
herbicides were effective in reduc1ng soil populations of P.

penetrans. Moreover,.hand wee

ing until the end of July, at
which tiﬁe'the land was allowed to-revert to weeds and
maintained by mowing, resulted in large root-iesion nematode
buildups. Merwin' and Stiles (1989) reported a signifioant
‘reduction in soil populations of P. penetrans following a
otreatment'with the herbicide Ory%alin. rHoweQer, this did not
resukt in a significant growth response'in an apple seedling

bioassay.

3

Townshend and Davidson (1960) repOrted'that 55 common weed
species in Ontario strawberry piantings were good hosts of P.:
penetrans. This suggests that complete weed control is required
for fallow to -be effective. There are no reports in the |
.literature on the ef;ects of periodic disruption, such as

cultivation, on’reproduction of P. penetrans.
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Clean cultivation around trees may incfease infection;hy P
penetrans, presumably by remov1ng alternate hosts in which the
nematod®s may reproduce. ‘Hoestra and Oostenbrink (1962) - o
‘observed that nematode population density in the roots pf
cleanly cultivated apple trees was high, while populatidn
densities in the surrounding soil-was close to zero. On a clayf
soil, they observed that.in the cultivated area, nematode
population density per gram of apple rpoot was one order of
-mag tude hngEr than root populatlon den51ty ‘where grass was
grown. Egunjo i (1968) determined the soil populatlons of
PratYlenchus;spp. in apple orchards to be greatest in the top 10
‘cm of soil, reducing to one fifth to a third that density in the
next 10 cm. Aist:onger association of P. penetrans with grass
roots than with apple tree roots was proposed to: explain this
: Qbservation. An equally valid interpretation may be that the
higher nematode populatioh is associated with the greater |
,avallablllty of both grass and apple roots for reproductlve
S;Egs rather than any host preference. Weed contrecl with
_h

frgduction of P. penetrans apparently because the peach trees

bicides after peach tree establishment did not result in a

were effective hosts (Marks et al. 1973).

2;4.7-Pla§fic mulches - - | ) -
The use of plastlc mulches 1s becomlng 1ncrea51ng1y
promlnent in modern agrlculture as a way to 1mprove crop ylelds
(Stapleton and DeVay 1986).  In young apple orchards, black
plastic mulches 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 warmlng 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) repb{Fed that the nitrogen content of
apple leaves from mulched trees was significantly higher than

from unmulched trees in the first two years of growth. \
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~ Other benefits to be considered from the use of plastic

mulches are increased soil moisture retention, weed control,

soil temperature management, protection against soil erosion and
improvement of soil tilth (Stapleton and DevVay 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

Stapleton and Devay (1986) define solarization aéf"the

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

radiation when covered by clear plastlc f11m especially when

the soil has a high moisture content "

Stapleton and Devay (1986) list the pr1nc1ple factors wh1ch
1nfluence the efficacy of solarxzatlon°

1. Soil preparation; a smooth soil surface is required to allow
close proximity of the plastic to 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. é
3. Soil moisture; thermal sénsitivity of soil borne microflora
and fauna and conduction are increased by irrigating before
mulching. ’

, : N )
4., Film type and characteristics; Clear transparent

polyethylene, 20 to 25 microns thick, is usually employed
because of its low cost, high strength and effectiveness.

. : ¢ N
Katan (1984) discusses {gvdetail the mechanismsxthrough

which solarization controls plant disease. Thoﬁthree\@ajor
factors contributing to improved growth are: 1) the thé;mal
inactivation of pathogens; 2) enhancement of biological\

controls; and 3) increased plant growth beyond pest contﬁol;
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hﬂ>Solarizaﬁionrhas been used te~sucgéssfuliy7'control“a”wide’
5rahge of soil-born pests including bacteria, fgngii¥ygeds, mites
and nematodes (Katan iséﬁ, Stépléton éna4Bévay 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 density reductions of 42 to 100 % of seven
phytoparasiticfnematode genera, including Pratylenchus spp.
. Additional sambling 7-10 months,latef often indicated a further

reduction of nematode populations'pgrhapé due to the enhancement

of biological controls. The effectiveness of solarization was -
reduced at increasing depths. Plént,growth increased following
solarization. However, the authoys could not correlate this °
with a reduction in nematode numbers. The inability of
solarization to completely eradicate nematodes makes its value

as a cdﬁtroi for nematddes questionable in the opinion of the
authors (Stapleton and Devay 1983). | )*Q

2.4.7.2 Environmental modification with black plaétic mulch

- This section deals with enhancement of biological controls
and increased growth regsponse through the utfiizatibn of black

plastic mulches.

A

]

M.,

FaAAZS

. o _
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Colbran (1979) in Australia reported almost éqmpiete )
control of P. penetrans with black pdiythehe film for a péfiod
of 4 months. This réduction was significantly greater than the
reduction achieved by, clean cultivation. Apple”tfeeashoot
growth following black polythene was significantly higher than
‘following a cover crop mixture of maize, oats, rye, blue 1upin,'
sudan grass and’co@pea. Hdwever, it was not”higher"thanf,
fqllowiqg clgan‘cultivatioha - ) N 7

Miller and Waganer (1963) reported that the numbexr of P.
penetrans in the so0il under young. apple trees was reduced
significantly by mulching with a black plastic film.
Additionally, they observed an increase in the fungus

Rhizoctonia solani in Pblots covered with the black plastic

N

YA e
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r_'mulch. However, when the Rhlzoctonla was suppressed by the use_

of the fhng1c1de pentachloronltrobenzene (PCNB) under the mulch,-
the,nematode~populatlons~were notfredueedf Fremsthese—s—————A
observations, they hypotheslzed that the mode of actlon of the
.mulch was to modlfy the env1ronment as to encourage growth of

~m1croorgan1sms predacious on P. penetrahs.

(_o

Miller (1977) found that a black plast1c mulch ‘used on T
tomatoes 51gn1f1cantly reduced P. penetrans populatlons to 60%
of that in the controls Ain the first year . However, in the -
second year, the populatlon ‘of P. penetrans in the roots
actually increased to about 170% of the control o -

Many other workers haVeLreported a growth response’to, 7
" mulching of crops with black‘plastic,/but few haye’reported on -
the effects on nematodes. Johnson et al. (1977) reported a *
reduction in the population densities of Crlconem01des ornatus
under a film mulch, but the treatment d1d not affect crop

yields.

. .
*

-~ Jensen and Buszard-. (1988) reported an excellent response of
replanted apples 1in an apple replant dlsease area to a black -

- plastic mulch treatment, but no observatlons,were/made on P.
penetrans populations. A Vorlex treatment lncluded’inwthe same
experiment resulted in a significantvincrease in total branch
length™ and total number of branches over the untreated control
but this was significantly less than therresponse to treatment
with plastic mulch. Without measurement of the P. penetrans

~ populations, it is not clear if the plastlc mulch had any effect
on nematode populations. These results collectlvely 1llustrate,
that black plastlc mulch,can have an effect that goes beyond :
controlling the nematode component of replant’ problems 1n \
apples. : N

.~

/

This literature review has demonstrated that P. penetrans,
which is widespread in British Columbian orchards, can\be a

serious pest of fruit trees, Historically chemical nematicides

-

have been used to control P. penetrans. Duye to .increasing public:

s



concern over the use of tox1c pest1c1des the problems ;

‘assoc1ated w1th their usage and the avallablllty of, prom1s1ng

non -chemical controls gave impetus to the erId’study descrIBed T
-in the follow1ng section. Although a substantial amount of work
has been done using marigolds‘as‘a rotational crop,. little work
}has been done on lntercropplng.‘ The use of plastlc mulches to
reduce nematode pogulations has shown sg*éépromlse for nematode )
controls Initially the- focus’ of this progect was to evaluate -
intercropping marigolds with apples and raspberrles and the use-

of plastic mulches on these same crops to determine their )
effects on. populatlons of P. penetrans. Unfortunately, duefto S
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 experlments was
changed. The final experimentalrplan of‘brchard, noncropped and

" greenhouse experiments was designed“to accommodate available
'options as well as to seek\empirical support for the use of
alternatives to chemicalsrfor the control of P. penetrans‘in

~British Columbia.

’

|
kLS



3. MATERIALS AND METHODS
31 NEMATODE EXTRACTION TECHNIQUES

Nematode extractlcn from the soil and root samples in all
three experlments was c nducted within f1ve days of sampllng
,Samples were stored in a cold room at 10° ¢ until, they . were

‘processed for extraction. .

The modified Baermann pan technique (Townshend 1963) was
used to extract nematodes from s01l Materials for this
procedure 1ncluded a coarse sieve (10 mesh, 256 mm aperture), a
50 cc beaker, three-ply paper-tissue,‘plastic screens (17 cm
diameter) supported on three 5 mm legs and -@aluminium pie pans.

(20 cm diameter) to aCcommodate the screens.

Each soil sample was thoroughly mixed and then sieved
through the coarse sieve onto a large pah to remove all roots,‘
rocks and to reduce the size of larger Soil - clumps. Small
quantities of soil were taken randomly with a teaspoon frem theA>
sieved sample and combined to make up a 50 ml volume for
extraction. This soil was then spread uniformly on a three pIy»
~tissue paper superimposed on a plastlc screen. The screen was
then placed in a pie plate and suff1c1ent water was added to»
bring the meniscus slightly above the screen without completely
submerging the soil sample. The Baermann pans were stored at
room temperature -in large p1ast1c bags to minimize evaporatlon

for a perlod of 7 4.

After 7 4, the nematode suspension in the pie pan was
poured into a f1ne sieve (20 micron nylon mesh), -and .the bottom
of the plastic screen and the pie plate were rlnsed onto the - \
.~ sieve to. assure complete recovery of -nematodes. wA squeeze
bottle was used to rinse the nematodes from the screen into a

sample jar with a minimum volume of water.

A misting chamber was used to extract nematodes from the

root samples (Seinhorst 1950). The following materials were

1



used: 15 ml coniCal centrifuge tubes , glass funnels (100 mm
diameter), misting baskets (80 mm-diamet%r) and a misting

chamber. .

Roots were separated from the soil sample with the coarse‘v,
sieve and washed off with pressurized tap water. After fresh
weights- were recorded, the roots were choppedfinto:2-4‘cm S
lengths and placed into a misting basket;thhe mlsting basket -
was placed on a glass funnel which ‘emptied into a 10 ml’tube.br
This entlre apparatus was then placed into the chamber where a
- fine mist was applled for 1 minute. at every 10 minute intery'l;
The nematodes that emerged from the roots ‘were washedrinto th

centrlfuge tube, the nematodes gathered at the bottom of'the
* tube, whlch allowed the excess Water from mlstlng to run off the
top. After a perlod Oof 7 d, the nematodes are washed from the - C
- centrifuge tubes into vials where they were stored in a 4 “

refrigerator for counting. e

Thefprooedure used for identifyingdand counting nematodes.
was the same for both soil and root samples. The counting vials
' were agitated to suspend- the nematodes randomly. A 3 ml aliquot -
was removed and placed 1n a grided plexiglass countlng dish.
All different stages -of P. penetrans nematodes were counted
under a dissecting mlcroscope. The total volume of the countlng
vial was measured and from thlS counts were converted to number
‘of nematodes per vial, equivalent to the number per 50 cc of
-soil or root weight. iThe count per root‘welght was then
converted to count per gram of roots. All nematode counts-were/
generously performed by Mr. Rob Favrin, a technician in Dr. |
Vrain's laboratory at Agriculture Canada Research Station — B

Vancouver. - _

All nematdde _counts for both experiments were log
transformed and ‘subjected to analys1s of variance. Fisher s LSD
(least significant difference) test was used to compare means

following a significant ANOVA.
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3.2 FIELD E'xpERIMEENTs B

Two fleld experiments, a noncropped and- orchard experlment

were conducted to evaluate flve cultural control methods for P.

,penetrans In this sectlon a descrlptlon of the treatments; T.

patula, black and clear polyethylene mulches, handweedlng and

cereals is followed by the details of each experiment.

3.2.1 Mar;golds

-

French marlgold; T. patula var. Petite Harmony, seed was
obtained from similar eXperiments conducted by Dr. Vrain and
Integrated Crop Management Inc. (a pest management consultlng

and research company in the Okanagan Valley) 1n ‘a prev1ous year

"Seed bed preparation consisted of both rotovatlon by tractor and

hand hoeing All plots were then raked to produce-a fine, even
seedbed and seed was manually broadcast at a rate of 8 kg per
hat The seed was llghtly covered by raklng and rolled with a
lawn roller. Irrigation was necessary for the establishment Qf
the marigolds and was applied according to the availabiliity of
water. The??estricted availability of water was a result of the
limited water resource of commercialroperations where the plots
were located. Weeding was done manually—every 2 weeks«for the-
first" 2 months until the marigolds were large enough to shade
out competition.w Uneven establishment of the marlgold stands at

] . g
bdth sites requlred manual re- seedlng 1n mid-June. SR %ﬁ.

3.2.2 Plastlc mulches

The plastlc mulches used were made of polyethylene., The
clear polyethylene was 50 microns thick and the black ’
polyethylene was 150 microns tthk Land. preparatlon for the-
black and clear plastic mulch treafments was conducted in an

identical fashion to that of ‘the marlgold treatments. The plots

‘were 1rr1gated the day before the mulches were la1d The

polyethylene fllms were laid'out by hand and anchored in a 15 cm
trench surrounding the plot by refilling with soil. 1In the
noncropped'experimentftwo'sheets of clear polyethylene were
glued together by a construction glue PL300. The glue however:

N
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deteriorated mid-way through the season and wasrreplaced~byfa;m;7

water-resistant duct tape.

3.2.3 Hand weeding

Allicontrol plots were Wéeded every 2 weeks for the

-

‘duration of the field season.

3.2.4 Cereals

«

The oat and sOrghum?sudangrass‘freatments were included in
the noncropped experiment only. They were seedeé with a
Erec1s1onf arden Seeder Model- 1001 B, from Earthware Products
Inc. Brigzgx IN. USA 46507. The sorghum sudangrass, "Pioneer
Hybrid var 998", was seeded at a rate of 56 kg ha~! with 50 cm
between rows. The oats var. "Cascade", were seeded at a rate of

120 kg,ha"1 with 2Q cm between rows.

4 . \

3.2.5 Noncropped experiment

The ob]ectlve of this experlment was tc determine the
effects of five cultural practices on 5011 populatlons of pP.

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 infestétioﬁ% Results indicatéd a P. penetrans

' population of 212 nematodes.per 50 ml of soil in one of the two

areasf*which was considered to be a sufficiently high population

Qensity for the establishment of a field trial.

The site was established at "The Ginseng Farm" in Armstrong
situated in the northern Okanagan Valley, lncated approximately
50 28'N and 119 14'W. The farm is owned and operated by Pat

_Agui;gib The site has a western exposure and a slope of one to

two ggercent. The exact cropping history of the site is
unavailable as the farm was purchased in 1987 and records prior
to that are unavailable. However, it is reputed to have been

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



it was planted to wheat, s@nd in the sorlng of 1988, to oats.
Follow1ng ‘the harvest of the ocats, the land was kept fallow by

discing approximately every 2 weeks dutlng the rest of the =~~~
{ .growing season until the experlment was establlshed in the '

spring of 1989.
3.2.5.2 Experimentai design.

Plots 4 x 5 m were establlshed 1n a randomized éomélete
block deslgn The blocks were: perpendlcular to the slope of the
fleld and each treatment was repllcated flve t1mes. Treatmentsfk
were assigned randomly within each block The flve treatments
tested on this site were: i) french marigolds. T. patula var.
Petite Harmony; ii) 50 micron clear polyethylene film; 111) ‘a
sorghum - sudangrass hybrld cultivar"Pioneer hybrid variety
988" ; iv) an oat cultivar "Cascade" and v) a hand weeded

control. ' . ) ] 4 ' ‘ - )

3.2.5.3 Sampling

- Each plot was samg;ed three times during the experlment
The initial sampling was’prlor to the appllcatlon of the.
treatment on May 3lst! a mid-season sampllng on August 20th and'
a final sampllng at the end. of the grow1ng season on October'
10th, A single bulked soil sample, comprised of 20° randomly
selected cores taken with a 2.5 cm diameter Oakfield sampling
tube to a depth of'207cm, was‘takenrfrom each plot._,Reot‘
hsamples from the oats and sorghum—Sudangrass;tfeatments were
comprised of small portions of roots‘from ten randomly chosen -
plants within the plot, the outer three rows were not sampled.
Samples wereé%ut into labelled plastic bags and placed in a
'styrofoam icg chest. Within 24 hours samples were transported

to Vancouver where they were stored at 10° c until extraction.

3.EX5.4 Soil temperatures |
L - B \ -

Soil temperature data was recorded in the solarization and

control plots at depths of 5 cm, 10 cm, and 20 cm with an Omni -



Data Logger from Omnidata International, North Logan Utah. - -
Maximum, minimum and average soil and air témperatures were
’ recorded_€very 2 hours during most - of the month of August.

3.2.6 Orchard experiment

The-objective of~tnis experiment was.tordeterminedthef’ B
effect of four cultural practices on the rhizosphere and root

populations of P. penetrans in replantedfapple trees.

3.2.6.1 Site selection and description ’ 7 ~

Criteria for s1te selectlon 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
'1ncorporat1ng a plot size of four trees, four treatments and
five rteicates and, whereepossiﬁle, d) a known infestation of

P. penetrans. o : - ; ' _

L

Sites meeting the first three criteria were sampled to
determine the population.density of nematodes. 20 soilicores'” _
each taken to a depth of 20 cm with a'2.5'cn‘diameter Oakfield i’
sampling tube, were collected randomly from an area of
approxima%ely 80-trees, tnoroughly mixediand a subsample was
removed for nematode extraction.. Nematodes extracted from each

'soil sample were identified and ‘counted. -

Twenty s1tes were sampled between May 6 and 29, 1989. The
site with the highest P. penetrans counts was chosen for the

experlment. &Q . - -
The site chosen had an initial nematodercount of 160 P.
penetrans per 50 ml of soil, and was located in the
unincorporated town of Oyama 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 spacihg was removed in the summer of
1985. The site was replanted in the spring of 1986 to Antonovka

#
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Spur Macs with a 5 x 3 m spacing and rows establlshed in a
north-south orientation. Vegetatlon was allowed to regrow'n'
naturally between rows after the new trees were established.

The experlmental site was located  at the northrend of the block.
3.2.6.2 Experimental design = ‘ ) ]

A randomized complete block design was chosen for this
experiment.- Each plot consisted of four adjacent trees” w1th1n a
row. The treatments égsered the ground between each tree and
extending a m ter past the end trees in the plot, and a meter -on
‘elther side S;BeaCh tree. The area between rows was definedrby :
a hefbicide strip and bordered by the ground cover of
: predomin%ntlyAAgropyron repene"and a mixture of other weeds.  °
Blocking was determined on-the basis of the different slopes ;
present on the site. The four treatments tested at this eite
were: i) french marigolds, T. patula var. Petite Hafmony; ii)
ICIEar-polyethylene film, 50 microns thick ; iii) black . )
polyethylene film, 150 micron thick and_iv) a hand weeded
control, Each treatment was replicated five times and '

randomized within each block.

3.2.6.3 Sampling 8 i ‘(\; o o S
Each plot was sampled three times during the experiment:
the initial sampling prior to the application of the treatment
on May 30th, a mid sedson sampling August 20tP and a final
sampling at the end of the g ow1ng season on OCtdb§C 10th

Twenty soil cores re taken randomly at the driplines of
the four trees in each plot. Cores were taken with a 2.0 cm
dlameter Oakfield sampling tube td a deptn 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. v
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~ and. placed in a styrofoam ice chest while still in the field. -
W1th1n 24 hours samples were transported to Vancouver where they

were stored at 10 C. . / ~
‘ ’ -

Root samples were bulked from the four trees in each plot
-Inltlally, root samples taken with the soil sampler were to be
i‘used However, this prov1ded 1nsuff1c1ent3mater1al Therefore,
a trowel was used to remove roots from the,four quadrants around
each tree to a depth of 20 cm and those roots were added to the

soil sample for extraction.

3.3 GREENHOUSE EXPERIMENT

- The objective of this experlment was to determlne the
effect of intercropping marigolds with apple seedlings on an
established- populatlon of»P. penetrans ‘both 1nrthe apple

seedling roots and surrounding soil.

3.3.1 Treatments

Stratified MacIntosh apple seeds were ddnated”by the e
Agrlculture Canada Summerland Research Statlon. These seeds
were planted 1nto 7.5 cm pots with a 1:1:1 greenhouse potting
mix of soil: peat: pearlite, and malntalned until theyfreached‘
approximateﬂy 20 cm in height. Roots were washed;of“soil and
the total_plang weight was recorded. P}ants were repotted, a
single seedlinﬁ er pot, into 1.5 1 of soil_invls cm pots w%th"

#one of the following treatments: |

1) 0 P. penetrans per/pot
'2)L4OOO,P. penetrans per pot

3) 8000 P. penetrans per pot

4) 0 P. penetrans and one T. patula

5)} 4000 P. penetrans and one T. patula

-6) 8000 P. penetrans and one T. patula.

. The nematode inoculum was prepared using the following
procedure: potted raspberry plants were.inoculated with
infested field soil and grown over the summer. . The plants were
then cut back and the soil and roots were stored at 10° C. The

P. penetrané—ifioculum was prepared by homogenizing approximately




80 liters of soil and raspberry roots. From this volume5foar 50
ml samples were taken at random and were extracted using the’
modified Baermann pan- method. The mean number of nematodes was )
used as the populatlon density of the inoculum. The’ 1noculum
soil was then mixed with a_ quantlty of unlnfected greenhouse

Soll to achieve the desired nemdtode populatlon density.

The soil,/usedvfor the tre&tments requiring a zero nematode

pdpulation was prepared by freezing the infested soil. at -12° C

-for a 12 h period to k111 the nematodes., Post free21ng
extractlon revealed that 10 to M5 Pp. penetrans per 50ml of SOlle—m‘

s

survived the freezing procéss. o - -

-

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 7 '}
Agriculture-Canada Research Station in vancouver. -Greenhouse
. temperature was maintained at 21° C with a range 29 - 26° C.
The plants grown at 21° c“with a range 20 - 26° ¢, under -
florescent light with 17000 1lux, 1n1t1ally for a 10 h period
beginning at noon each day and later for a 16 h period as all
plants were growing poorly under the initial light redime. All
pots were fertilized with a liquid 20-20-20 fertilizer at 3 week
intervals. o

3.3.2 Experiniental design

The experimental design was‘alz'x 3 factdrial (marigolds
and nematoaes) experiment, with 10 replicates per treatment in a
randomized complete block -design. Biocking was achieved by |
greuping apple‘seedlings of common weights together, treatments
were then randomized within these'blocks. ' -

3.3.3 Samplinq
/

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 blotted dry.



- S 39

gTheswet weight df,stems ahd rootsfof'each;apple seedling was -~ —-

taken. After‘Weighing, all the .fine féedér roots were taken
from éach pot and extracted in thg_mist,cﬁgﬁﬁér. From each pot
50 ml of soil were extracted using the‘modified'Baermann pan
technique. ﬂ 7 ' ’ ' ' "
Nematode counts were log transﬁormed'to‘stabilizg‘yariance,
Nematode counts and- plant measurements were subject to analysis-

-

.of variance. A randomized block model assuming no interaction o

between treatments and blocks was used (Netervét al. 1990).




‘4. RESULTS

4.1 NONCROPPED EXPERIMENT S . : ;

The number of P. penetrans per 50 ml of s011 was
51gn1f1cantly hlgher in the solarlzatlon plot prlor to treatment
(Table 4.1). 8011 populatlon dens1t1es of P.»penetrans were
,;significantly greater than in the weeded control in the sorghum~
sudangrass and oats plots at both the mid- season and final
sampling dates (Table 4.1). On the final sampllng daéﬁ the _
sorghum sudangrass plots had a s1gn1f1cantly larger soil
population density of P. penetrans than the oat plots, this
difference was t significant at the m1d -season sampling .
Solarlzatlon (mglching with clear plastlc) resulted in lower
‘nematode densitiss. tﬁan did T. patula, oats or sorghum—’-

" .sudangrass cover crops at the mid-season sampling. However,
this population den51ty was not significantly lower’ than that of
the weeded control. Results from the final sampling date
indicate no significant differences between P. penetrans counts
in the solarization, T.patula cover crop and weeded control '
(Table 4.1). S - |

.At the mid-season, root population densities of P. -
penetrans were higher in the oats than in the sorghum-sudangrass
hybrid but not significantly (Table 4.2). T. patulalroots.were
not harvested due to the small siZe of the T. patula plants at
this time. The post-treatment sampling ylelded 51gn1f1cantly
different (P < 0.05) root population densities of P. penetrans,
listed in increasing order of magnitude theyfare Tw épi

atula j
Sorghum-sudangrass and oats (Table 4.2). -

4.2 ORCHARD EXPERIMENT

In this experiment there were no significant (ﬁ < 0.05)
treatment effects on the soil populatlop density of P. penetrans
(Table 4.3).
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In the apple. tree roots, prlor'treatment the populatlon o

density of P. penetrans was 51gn1f1cantly lower in the control
plots than the treatment plots (Table 4. 4) Root samples were
not taken from the T. ‘patula -plots 1n the mid-season to a avoid
damaging the T. patula plants which were poorly established at
this time. The number of P. penetrans extracted from the apple
tree roots at the- mid-season were significantly lower (P < 0. 05)
’under,the clear plastic than in the control,plot./ ?upulatlon
density of P.,penetrans‘under,the'blackpplastic mulch did not

, differ signlficantly~from,the other two treatments. This effect
‘was not apparent'at the post-treatment sampling Post- treatment
P. penetrans populatlon den51t1es were 51gn1f1cantly higher in
the roots from under the black plastlc mulch than in the weeded
'control or the T. patula plots (Table 4.4) ..

4.3 GREENHOUSE EXPERIMENT ' \ - . -

A sionificantly lower soil popUlation density of P..
penetrans was observed in pots with T. patula grownIConcurrently
with the apple seedling (Table 4.5, Figure 1.).° The
relationship between inoculation level and the ntmber ofrP.s
penetrans per 50 ml of soil is positiwepand differences were

. significant at P < 0.05 (Table 4.5, Figure 1.).

There was no significant difference between the apple
seedling root population den51t1es of P. penetrans_grown w1th or
 without T. patyla (Table 4.6,,F1gure 2.). The root population
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

signiflcant )
- There were fewer P. penetrans per pot with the T. patula'
plant than without (Table 4.7). There were sionificantly (P,
0.05) fewer nematodes in those pots inoculated withe the frozen
inoculum kzero nematodes) than those inoculateéed at 4000 and 8000
which were not significantly dlfferent from each other (Table '

4.7).

-8
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The dry weight of thettotal apple seedling was = e

significantly greater (P < 0.05) when grown without the

companion plant T. patula (Table 4.8). Analysis of variance of .-

both the root and stem components of the total plant welght )
1ndlcated the stem welght to be more severely aff ected than the
root weight. ! There was a significant 1nteract10n (P < 0.05)
between T. patula and the three ‘inoculunm levels of P. penetrans
on -stem dry weight. The 1nteract10n effect on total seedling
dry weight was also near to the;standafd level of significance
(P < 0.06,\Figufer3.). Theleffects of different levels of -
nematode inoculum,on'planttmean weights are also presented'in,'
.Table 4.8. The negative'relationship between plant dry weight

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 dlscus51on is on the sampllng
procedure used to estlmate p. penetrans populatlons. This is
"followed by a dlscu551on of the results obtained from each of -

the three exper;mentst

y

5.1 SAMPLING I ‘ o

The distribution of phytoparasitic nematodes in the 5011 is
often clumped (Goodell and Ferris 1980, McSorely and Parrado‘ —
1982, Barker 1985). The results of bath field experime s:andx

"the greenhouse experlment were characterized by varianceés much
larger than the means for each treatment. Thls is an 1nd1catlon
of a clumped or contaglous ‘distribution (Elllot 1971). Plotting
treatment_Variances‘against the treatment—neans‘on‘a log-log |
scale (Southwood 1978) resulting in a positively sloped\straiéht ,
line with a slope significantly greater than one indicatee a
dependence of the variance on the mean. A variance—to—mean
 Yatio of greater than one is a common relationship*thatj
describes the distribution of many organiems (Sohthwood'1978;

. Elliot 1971). Dependence. of the variancedon'the’meanlie~also aj
violation of one of the assumptions of the anaiysis of variance -
(Elliot 1971, Sokal and Rohlf 1973, Southwood 1978). i |
Mathematical transformations of the data can be applied to meet
the assumptions of ANOVA. Classifioation of the dissyibution‘to
choose an appropriate normalizing transformation requires a

large number of samples from the same population. The time
expenditure required per nematode count makes this prOcess very
difficult. 1In nematology,‘logarlthmlc transforméklons, based
upon sampllng and distribution studies (Procter and Marks 1974,
Goodell and Ferris 1981, Francl 1986), are often applled to
nematode counts CTownshend et al. 1984, Vrain and Copeman 1987,
Merwin andistyles 1989). ‘

For the nematode count;data, obtained in e;chvof the
experiments, I plotted the log variance of each treatment

against the log mean of each treatment and fitted-ra regression

3
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line. The;slope of the lines were tested and determined to be

greater than one. Based uppn this 1nformatlon, and the

precedence in the 11teraturel all P.Lpegegrans,count data were:

log transfdrmed.

o

The geometric_means were calculated by takind*the anti- -
logarithms of the means of the transformed counts:tO‘which?the
~analysis of variance was applied. Presentation of‘data:as back-
transformed means is recommended by Elliot (1971) and Sokal and
Rohlf (1973). The 95% confldence intervals are derlved by
fmultiplying the standard error of each mean, calculated from the
transformed data, by the tabulated t statlstlc based on the
number of observatlons per mean.. The resulting value is added
and subtracted'from the mean to calculate the upper and lower
confidence intervals-respectively. Back—transforming these
confidence intervals, by taklng anti-logarithns, results- in the
uneven confidence intervals presented 1n the tables. The . o
standard error terms used in these calculatlons are determined
by taking the square root of the error mean square term from thel
‘analysis of variance divided by the number of observatlons per
mean. The 95% derived confidence intervals are presented wlong
with the geometric means as an indicatij, tol the reader of the
variability found~in the nematode counzzﬁbktwéen plots.

b
Francl (1986) reported that the frequency distribution of

~ nematode counts from a sét of subsamples, taken from a bulked
field sample, would at best be random. If this observatlonrls
valid for my own samples (it wasn't tested) then my own sampling
;procedure may have been 1mproved greatly by the extractlon of
numerous subsamples from the’bulked field samples . This would
' have 1mproved the estimate of the mean for each plot; thereby
reducing the eXﬁerimental<error term and prov;dingra measure of
sampling error. The disadvantage to subsampling‘is the . = i
considerable investment of timd required in preparation and

.. couriting of each additional subsample.

y ) -

The significantly dlfferent populatlon densities prlor to
the application. of treatments observed in the 5011 ‘in the
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'noncropped experiment (Table 4.1) and the apple tree roots in - -

the orchard experlment (Tahle 4.4), may beiabresult of sampling

error or a chance occurrence. , e e

5.2 MARIGOLDS

=

The results from the‘uncrOpped experiment which indicated \5\
no significant difference in 5011 populatlon den51t1es of P. -
penetrans in the T. patula or ‘the weeded treatment (Table 4.1), '
are contrary to many - reports of the near eradlcatlon of s011
populations of P.,penetrans by T. patula (wlnoto Suatmadjl 1969,

S

Vrain 1989 (pers. comm.), Merwin and Stiles 19892). - . S

The average number of P. penetrans pér gram of T. patula
root was 5 per gram (Table 4.2) which isyvery low compared with
the numbers extracted from sorghum—sudangrass hy?rld and the Oat
cultivar treatments, whlch were 94 and 548" per gram of root
respectlvely. Based on the literature, this 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 suitablefalternative
"hosts for P. penetrans reproduction. Another-possiblei - .
explanation for the unimpressive results is the T. patula
-cultivar,h"Petite HarmonY"; which was reported by Riokard and -
Dupree (1978) to be ineffective at Suppressing‘soil'populatiqns
of Me101dogyne spp. This suggests'that the éultivarrUSed’may
not be a preferred cultlvar for ‘nematode controlx' HoWever, o
Vrain (pers.‘comm. 1989) observed a reduction in soil dens s
of P..penetrans following a culture of thlS variety, thus/Aﬁi\ |
supporting‘the explanation"thatrP.[benetrans‘prolirerated in the
weeds. : ' ; '

In fhe orchard experiment, the failure of T. patularto
reduce soil populatlon den51t1es of P. penetrans (Table 4.3) may
be explalned by the presence ~of the apple trees . With large -
populatlon densities of P. penetrahs 1n‘app1e roots;‘any subtle
_ reduction inupopulation soil densities resulting from*T. patula

intercropping could be buffered by the nematodes moying into the

N
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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 rhrzosphere soil of apple trees
intercropped with T. patula.- , -

Populatlon densities (Table 4.4) of p. penetrans in the
apple root were not 51gn1f1cant1y affected by the 1ntercropp1ng
of “T. patula when compared with the weeded control. There is *
llttle,evldenceyln the l;terature suggesting a,preferential '
attraction of nematodes to T. patula roots as opposed to other
- types of roots. ”Winoto-Suatmadjii'e (1969);tested the
attraction of P..penetrans to'different host plants in an—aéar
medium. Results from his experiment suggested there Qas no
inflnence of roots from either good or poor host plants on the
movementAof P./penetrans. If true, or:assuming there is an
equal attraction of P. penet}ans to the roots of T. patula, and
the roots of other’plants then 1ntercropp1ng mlght prove
somewhat effectlve if both plants are planted simultaneously.

In this scenario, nematodes enterlng 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 hypothe51s was tested in the)greenheuse"
experiment where apple seedlings and T. patula seeds weretw-ﬂ

planted simultaneously into soil inoculated with P.Epenetrans.
In the greenhouse experiment, there were significantly
lower P. penetrans densities in~TthHe soil with Tagetes 7
intercropped (Table 4.5). There was a tendency for fewer P.
penetrans to be in the roots of apples with T. patula
‘intererepped{than without, but this result was not significant.

o i

] The'calculation of ,the number of nematodes per pot is
biased but is included{fo
% is thaf the

resh wej¥ght to determine the number of P. penetrans

discussion purposes. The most

1mportant#pla
total root

~-in the entixe root system. "P. penetrans were extracted only .

ot den51ty was multlplled by the

from the find feede ‘foots in each pot, while freeh'weight was a

measurement of t ntire root mass including the larger roots



~which are less suitablé for P. penetrans reproduction. - Slnce“f'
have\qo estlmate of the feeder to larger root ratio for each
pot, a simple multlpllcatlon of populatlon den51ty by total

ﬁ;resh welght will result in an over estimation of the number of
nematodes in each root systen. This overestlmatlon may be even
greater in those pots whose flne feeder root system was largely 7
destroyed by the nematode population. Nevertheiess, as T:,&'“
patula did not effect the apple root‘dry (Table 4.8) or fresh .
welght the calculated value glves us an estimate of the effect o

-of T. patula on the entire populatlon per pot , Although ‘
reduction in the totel number of P. penetrans perfpot was not
significant at P < .05 it would have been at P % p.1. ‘Even if
this reduction were statistically significant it is unlikely to

be biologicaliy or agronomically significant. -~ - -

. . . s

The reduction én seedling growthiobserved with the
1ntercropp1ng of T. patula (Table 4.8 and Table 4.9) 1s of

serious concern. Whether this is a c%mpetltlon or allelopathlc
effect cannot be determlned‘by this experiment. If‘lF*lS a - T
competition effect, then it may have been caused by the '
greenhouse conditions where root growth was severely'restriéted
Results demonstratlng ‘a 51gn1f1cant p051t1ve growth response of.
apple seedlings- follow1ng Tagetes 1n rotation (Winoto- Suatmadiji
1969, Merwin and Stiles 1989) suggest that 1f;the effect

observed here is allelopathlc there\is ho,persistent toxicity

in the soil.

There'was a significant interaction between T. ‘patula and
the different den51t1es of P. penetrans 1noculum on final stem
length (Table 4. 9)and stem dry welght (Table 4. 8). The near :
significant (P < 0.06) interaction between marlgold'andrnematode
effects can be seen graphically in Figure 3. Thisrinteractioq_
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 o (
levels of inogulation. Determination of the true eitent of this
competition effect would require a similar trial be conducted in
the field.
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The results of the orchard and greenhouse experlments
e suggest that 1ntercropp1ng Tagetes w1th ap le trees iss o o -

ineffective at,controlllng P;_penetrans -/ This: ebservatxonhts~1n*——**

accordance with much of the work report€d on 1ntercropp1ng with
Tagetes (Tarjan 1960, Miller and Aher S. 1969 Hackney and k(:/
Dickerson 1975, Mot51nger et al. 1977 ) The potentlal

competltlon effect catised. by T. patula together with- 1t's poor
.l?‘performance at reduc1ng P penetrans populatlons suggest that it

$

is of little value as an 1ntercrop - S o _)7 -

The effectiveness of T. patula as a cover crop for P.
penetrans reductlon between tree removal and replantlng is
‘unsubstantiated by the results of the noncropped experlment
. However, lack of repltltlon of . thlS trial and the con51derable : t

sucCess of pP. penetrans control by T. patula reported in the

llterature supports further 1nvest1gatlon of T. patula eriP'

penetrans control : : ] ,F\\\\

From‘a practical basis, T. patula proved difficult to
establLsh and competed poorly with weeds. These are serlous

‘llmltatlons for a cover crop and.were recognlzed by W1noto-

. Suatmadjl (1969) ‘as belng two of the prlmary restr1ct10ns to ™ ¢

Tagetes use. If the few weeds: that prollferated in the plots

were the source of the P. penetrans found*ln the T. patula plots

q

in’ the noncropped‘experlmept then the development of a-
herb1c1de program for T. patuia culture is cr1t1ca1  Another

majorqobstacle w1th u51ng T. patula in an orchard rotatlon for .

P. penetrans control is™ that 1t requ1res the orchard to be out
of production for an addrtlonal grow1ng season, which 1is an

‘unacceptable cost ta, many producers

L%
.o

5.3 PLASTIC MULC}ﬁ:s o o , :

oy g -

'g. BT | ;
C

"

Solarlzatlon w1th clear polyethylene mulch malntalned low
#nematode populatlons by mld season - 1n both field e&perlments

t (Tables 4.1 & 4.4). The duratlon of the solarlzatlon at mid-
season was longer than that used by many other workers ‘- (Katan
984, Stapleton and DeVay .1983), nevertheless the plots were

malntalned to allow comparisons. w1th other treatments " The
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reboundlng of the populatlon at the f1nal sampllng date may have -~

resulted from the followlng phenomena In the noncropped
experlment weeds were effectively controlled by the solarIzation
effect until the beglnnlng of September. After this t1me weeds
began to;prollferate under the plastlc, presumably due tolthe‘
lower 5011 temperatures accompanying the cooler wiather. Any
rrsurv1v1ng nematodes ‘not killed by solarization may have then
reproduced on the weeds. Moreover, the low m1d deason count may
have been a result of the nematodes moving deeper 1nto the 5011
in response to increased 5011 temperatures and resurfac1ng when
, these extreme temperatures sub51ded later in the season.

\
»41\1 T

A significantly lower'P\ penetrans populaﬁion density was
observed in the roots of appleé trees under the clear plastlc i
mulch than in the weeded .control plots at the mid-season (Table
4.4). However, there was no correspondlng reductlon in soile
\populatlon den51t1es of P. penetrans (Table 4. .3); this . ‘
discrepancy and the extreme varlablllty observed 1n\all plots:
suggest that 51gn1f1cant dlfferences 1n root counts. in this
situation may have been an artlfact of the data. ThlS mid-
ffseason trend did not show at the final sampling date. Weed

control was a continuous problem under the c¢lear plast1c in the‘
orchard as the plastlc could not be sealed and heat bulld up at -

the base of the tree was most llkely 11m1ted

Y -

Sub- optlmal soil temperatures,. 30O C to'4'(3O C, have been‘

demonstrated‘to reduce root and shoot growth of apple trees (Gur

- et al. 1972) Therefore any pesitive effect resultlng from
decreased P. penetrans root densities followlng solarlzatlon‘

might ‘well be offset by a correspondlng reduction in growth from

A

excessive heating.

Y

-

~ Considerable technical:problems were encountered.with‘the

Omnidata Easylogger and complete temperature'data sets were ot

obtained. However, temperatures in early August under the-.clear

plastic reached 49° Cc at 5 cm and 32b C at 20 cm. . Mamiya (1971)
reported that the development of P. penetrans was 1nh1b1ted in
conifer seedllngs grown ‘at a_ constant soil temperature of 33° C.

-

R

*
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The.temperatures recorded in this experiment are comparable to '
téemperatures reported by others in successful solarizations = _ -

(Stapleton and DeVay 1986) and it 1nd1cates that solariza Elon" B —
has potentlal at looatlons in the.lnt or of Brltlsh Columbla. 7

- Use of solarization in apple replant situations is somewhat
llmlted by seasonal considerations. To be most effective in
the Okanagan solarlzatlon should be implemented during thev
hotteSt months of July and August, and replantlng should be done
in the sprlng to enable tree establlshment by fall. The' -  “', -
1ncompat1b111ty of 51multaneous solarization ‘and establlshment _
"of young trees would require that the land be left uncropped in
the year of treatment. Additionally, in the summer of
treatment further ‘management. would be requ1red to control weeds
following solarization to dlscourage a rebuilding of P. '
penetrans populatlons This might be achieved through the use

of re51dual herbicides or a competltlve cover crop that is a ) i

poor host of P. penetrans S , _ S

The root count of P. penetrans under the black polyethylene
mulch (Table 4.4)" at the orchard. 51te-w§g’greater than 300 P.
penetrans per gram of root compared to less than 150 P.
penetrans per gram of root for each of the other three
treatments. Significantly dlfferent (P < 0. 05) than counts from
the -weeded  control or the Tagetes treatment, this result 7
euggests that the black plastic mulch may have created an

environment in the roots advanta@eous,to the development of the

P. penetrans populations perhaps by ncreasing'eoil'temperatures
o . .

closer to 30° C which has been determined to be advanﬁageous to
development of P. penetrans (Mamiya 1971, Mai et al. 1977)
This result contradicts the work of Miller and Waggoner- (1963)

- and Colbran (1979),who observed significant reductlons in P.

penetrans populations in the soil under young apple trees
mulched with black plastic. .

- . o
If black plastic mulch increases nematode reproduction in
the roots of apple trees then.this drawback must be weighed

against the reported benefits of weed control, growth response

v
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period from 126 to 494 é{ penetrans per 50 ml of soil (Table

\\\soil'warming (Mage 1982), and a positive growth ‘response,

comp;raple to that of biocides when used in some replant

51tuatlons (Jensen and Buszard 1988) -

AN
N

5.4 CEREALS -

the level of suceptlblllty may vary greatly between cultlvars

within a spe01es (MacDonald and Mai 1963 Blrd 1968, Marks et "al

1972, Marks and Townshend 1973, Colbran 1979) It is
1nterest1ng to~gote that the f1na1 ‘root count in sorghum-
sudangrass treatment ‘was 94 P. penetrans per g _of root, which is
much lower than the mid- season average of 424 P. penetrans per
gram of root (Table 4.1).~~Correspondinglyfthe soil count from
the sorghum-sudangrass hybrid plots increased over the samei
4.2). This suggests there may have been a movement from thei

sorghuﬁ roots to the soil later in the season. The soil counts

~of P. pénetrans for both the oats and the sorghum—sudangrass

~attractive to the grower. On

hybrid were higher than for the solariéatidn,‘T. patula or
weeded treatments, suggesting that these cultivars of oats~” and

sorghum- sudangrass would be unsu1table rotatlon crops for P.

-

penetrans reduction.

-

The advantages of easy management, soil conservation,

addition of organic matter to the soil and;economic'return

through the sale of sillage, hay or grain make cereéT/oropsL

e basis of the results from this
study, further 1nvest1gat1on of ahnual grains as'coVer—crops\for
P. perietrans control, particular]ly those cultivars reported to

support low P.‘penetrans number , such as the oat/cultivar

"Saia" (Colbran 1979, Townshend|1989) and the sudangrass

cultivar "piper" (MacDonald and Mai 1963), is considered

necessary.
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,achleved by clear cultlvatlon

o

‘rotatlop or 1ntercropped with apple trees, than that whi

6.- CONCLUSIONS

further experiments are necessary.

None of the culturalipractices evaluated in this

more effective at reducing P. penetrans populations, either in..

Results from the T. patula and solarlzatlon treatments
the absence of apple trees ‘are-inconclusive. The greenhouse
experlment offers some evidence. that 1ntercropp1ng with T.
patula is 1neffect1ve at reducing root densities of P. penetrans -

in apple seedllngs. —Intercrbpping of T. patula in the

greenhouse resulted in a relative reduction in dry welght of the
apple seedlings which may be attrlbutable to e1therrcompet;tlonr
or allelopathy. Further study is necessary in order to obtain

conclusive results.

Both the oat cultivar "cascade" and the sorghum-sudangrass ‘\-
hybrid "Pioneer 988" were good hosts of P. penetrans. a

Investigation of other sorghum-sudangrass and Qat'cultivags

- reported in the literature are warranted. ?' , . S

Based upon the literature reviewed and the observed effectsﬂ |
of P. penetrans on apple seedling growth in the greenhouse trial o
it is hy opinion that P. penétrans can contribute extensively to |
damaging apple trees. The degree to which P. penetrans damages
apple trees replanted in the field,. the f@ctors contributing and
interacting to cause that damage, and the overall importance,or

P. penetrans in tree fruit production in British Columbia,fare

unclear. Both short and long term field'studies‘are necessary

fdto establish the precise role of this pathogen in apple replant

problems. Vrain and Yorston (1987) clearly established‘that P.
penetrans is often found in British Columbian orchards. They

identified soil population densities of P. penetrans in the root

e
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‘ zone of establlshed orchards comparable to the,damaglng pre—r~éﬂﬁ;Wﬁ
plant thresholds determlned by Hoestra and Qostenbrink (1962)

- However, the relatlonshlps among pre-plant7501l denSLtles,

‘ established'rootrdensities and damage are unclear.-

Perhaps the most cost/effective approach to determining the
importance of P. penetrans in orchards is, combined . c
,hortlcultural/pest management studies: s1m11ar to the one
- reported upon here. Essentlal elements needed in such a study
would include: 1) contlnuous sampling throughout the season to
determine its populatlon dynamlcs of P. penetrans in an orchard;

2) a study on the dlstrlbutlon of P. penetrans in: roots and soil
within orchards to callbrate sampling for adv1sory purposes, 3)7;“
determination of a damage threshold under B.C. growing )
-conditions using different cover crops and fumigants to
establish different P. penetrans pre-plant soil population.
densities; 4) determination of the relationship among pre-plant

p. penetrans densities, tree damage and populatlon densities of

-P. penetrans after damage has been 1ncurred ‘as a dlagnostlc

tool A suitable tlme frame for a study of this type would be
three to five years to account for seasonal varlatlons and

enable sufficient tree growth and crop yleld to agcurately -

measure damage. o : , R

v = —
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