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Abstract

The list of strawberry diseases caused by fungal pathogens on roots and rhi-
zomes, stolons, leaves, flowers and berries, known in the world and in Romania is
presented.

Some aspects concerning epidemiology, non-chemical control methods - as us-
ing bacterial and fungal biocontrol agents, biological products (Trichodex 25 WP,
Trichopulvin 25 WP, etc.), plant extracts, resistance, solarization and chemical
control, mostly of grey mould, are reviewed. A list of selective pesticides suitable
for application in IPM together with biopreparations, especially Trichoderma spp.,
based on author’s results and on literature is included. Finally, some examples of
successful integrating different control methods in protecting strawberries against
the main diseases are presented.

Key words: strawberry, fungal diseases, biocontrol agents, bioproducts, IPM, se-
lective pesticides

Introduction

Strawberry (Fragaria X ananassa) is an important world-wide grown and
high-value crop, increasing in recent years. The leader in its production is Europe,
followed by USA and Asia; the main producer in Europe is Spain (10% of world
production) followed by Italy and France.

In Romania, strawberry production area increased from 1 400 ha in 1998 to
2000 ha in 2003. The production reached 39 200 t in 2003, as compared to 13 000 t
in 1998 (“Anuarul statistic...” 2004), which gives Romania 13th place in Europe.
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Material and methods

Field tests were performed at the Research-Development Institute for
Pomology (RDIP), Miracineni-Arges, in 1986-1997, with Trichoderma viride iso-
lates Tds, Td,s, Tdyg, Tds, (dry biomass), or Trichodex 25 WP (0.2%), on cv.
‘Senga Sengana’, highly susceptible to grey mould, and cv. ‘Red Gauntlet’. Four
treatments, based on forecasting of pathogen occurrence, at green and white
flower-bud, start of petal fall and fruit formation, were applied in combinations
with insecticides (Thiodan R 35 and Zolone 35 EC), both at 0.25% rates. Test plots
area was 15 m?; the variants were randomized with three replications.

The results were expressed as attack level/attack degree (AL) on fruits and
yield and compared to standard (Rovral 50 WP, Rovral 50 DF, Sumilex 50 WP) and
untreated check. Efficacy (E%) of treatments was calculated with Abbott’s for-
mula. Duncan’s test was used for field data processing.

Invitro effect of 45 pesticides (5 fungicidal mixtures, 6 insecticidal mixtures, 11
insecticide-fungicide mixtures, 23 herbicides) on T. viride (isolate Tds,), growing
on PDA (potato dextrose agar) amended with the pesticides at the rate recom-
mended by the “Codexul...” (2004), and diluted to 50%, 25% and 12.5%, was
tested. The diameter of T. viride colonies was measured until they completely cov-
ered the surface of medium in Petri dishes in check (without pesticides). Rating
has been performed by calculation of inhibition (I %), lethal concentrations (LC
50, LC 90), regression line equations (RLE), correlation coefficients (Ccf) by the
method of dose-logarithm, mortality-probit.

Results

Strawberry diseases

The list of major strawberry diseases based on the literature (“Starea...” 1930
— “Starea...” 1962, Hulea and Savescu 1977, Sutton 1980, Bontea 1985-1986, Ellis
and Ellis 1985, Hulea (coord.) 1984, 1987, “European handbook...” 1988,
Teodorescu 1989, Constantinescu and Negrean 1997, “Compendium...” 1998,
Legard 2000, Kabrick 2002) as well as on our personal results is presented in Table 1.

Grey mould (Botrytis cinerea) is the most important and damaging strawberry
disease all over the world and the most extensively studied one (Sesan 2003, Boff
2001). The results of strong impact on integrated control of the disease in the field
will be considered here. In Romania, the first record of B. cinerea on strawberry was
in 1938-1939 by Savulescu et al. (“Starea...” 1938 — “Starea...” 1960). Since than
grey mould was for a long time recognized as the most dangerous disease of this
crop, present in 19 out of 42 districts of the country (“Starea...” 1930 — “Starea...”
1962, Hulea and Savescu 1977, Hulea (coord.) 1984, 1987).
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Table 1
Major strawberry diseases

Infested

part of plant Fungal pathogens (in alphabetical order)

Roots and  |Athelia rolfsii (= Corticium rolfsit, = Sclerotium rolfsii), Armillaria mellea, Colletotrichum
rhizomes  |acutatum, Fusarium sambucinum, F. oxysporum f.sp. fragariae, Phoma pomorum (= Depazea
[prunicola), P. leveillei, Pythium spp., Phytophthora cactorum, P. fragariae, Rhizoctonia solani,
R. fragariae, Rosellinia necatrix, Sclerotinia sclerotiorum, Verticillium dahliae

Stolons Colletotrichum acutatum, Sphaerotheca humuli, S. macularis f. fragariae (= S. alchemillae,
= Oidum fragariae)
Leaves Botrytis cinerea, Cercospora vexans, Colletotrichum acutatum, C. fragariae, C. gloeosporioides,

Diplocarpon earlianum (= Ascochyta fragariae, = Fabraea earliana, = F. fragariae,

= Marssonina potentillae f. fragariae, = Phyllosticta potentillae), Discohainesia oenotherae

(= Hainesia lythri), Gnomonia comari (= G. fragariae), G. fructicola, Lewia scrophulariae

(= Pleospora scrophulariae), Mycosphaerella fragariae (= Ramularia tulasnei, = R. grevileana),
Peronospora fragariae, Pestalotiopsis longisetula, Phomopsis obscurans (= Dendrophoma
obscurans), Phytophthora fragariae, Septoria fragariae, Sphaerotheca macularis £. fragariae,
Stagonospora fragariae

Flowers Aspergillus spp., Botrytis cinerea, Colletotrichum spp., Coniella fragariae, Diplocarpon

and berries |earlianum, Gnomonia comari, G. fragaria, G. fructicola, Mucor spp., M. piriformis,
Mycosphaerella fragariae, Oidium fragariae, Phytophthora cactorum, P. fragariae, Rhizoctonia
[fragariae, Rhizopus stolonifer (= R. nigricans), R. sexualis, Sphaerotheca macularis f. fragariae

Biological control of strawberry diseases

In last years some interesting and promising results of studies on B. cinerea
biocontrol were performed (Table 2).

Some potential biocontrol agents (BCAs) tested against other strawberry
pathogens are presented in Table 3.

In Romania field studies with T. viride against B. cinerea were also performed.
The results (Table 4) showed an efficacy (E%) in controlling B. cinerea (CE = Con-
trol Effect) by isolates of T. viride (dry biomass) ranging from 88.1 to 64.1%, as
compared to the chemical standard (100%), which was also reflected by the yield
(4.1-3.7 kg per 15 m?), as compared to 4.3 kg in the standard and 3.6 kg in the un-
treated check (Sesan and Teodorescu 1993).

Yield from biologically treated plots, though lower than after chemical control,
are nevertheless close to it in some cases (Td,;, Tds) — an advantage of avoiding
fungicide residues.

A very widely used biopreparation Trichodex 25 WP, manufactured from T.
harzianum T 39 by Makhteshim Chemical Works Ltd., Israel, was tested in a few
countries: Germany (“Resistenzmanagement...” 2000), Poland (Meszka and
Bielenin 2004), Romania (Teodorescu 1997). Spraying with Trichodex 25 WP re-
sulted in significant decrease of strawberry grey mould severity, when applied al-
ternatively with chemicals: the first treatment (green bud) and the third (petals
falling and forming first berries) with an antibotrytis fungicide (Ronilan 50 WP,
Ronilan 50 DF, Rovral 50 WP, 0.1%) while the second (white bud) and the fourth
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Table 2
Biocontrol agents (BCAs) used against grey mould (Botrytis cinerea) of strawberry
BCA group BCA (Bioproduct) Literature
Bacteria Paenibacillus polymyxa 18191 Helbig (2001 a)*
Bacillus mycoides Guetsky et al. (2002 a, b)
Bac;'llus pumilus strain 2808 (Sonata [Bost and Straw (2002), “Tennessee’s...” (2003)
AS
Bacillus subtilis Gengotti et al. (2002)
Bacillus subtilis strain QST 713 Bost and Straw (2002), “Tennessee’s...” (2003)
(Serenade, Rhapsody)
Bacillus thuringiensis (Bacikol) Kandybin (2003)
Pseudomonas spp. Nakkeeran et al. (2002)
Other bacteria Guinebretiere et al. (2000)*
Yeasts Candida oleophila, Candida pulcherima  |Ippolito and Nigro (2000)*
10L8
Candida saitoana (Biocure) Bost and Straw (2002), “Tennessee’s...” (2003)
Candida reukaufii 5L.3, 10CL4, 10L2 |Guinebretiere et al. (2000)*
Cryptococcus (Torula) laurentii Zheng Xiao Dong et al. (2003)
Metschnikowia fructicola Karabulut et al. (2004)
Pichia guillermondii Ippolito and Nigro (2000)*, Guetsky et al. (2001)*,
(2002 a, b), Wszelaki and Mitcham (2003)
Rhodotorula glutinis 10391 Helbig (2001 b)*
Fungi Aureobasidium pullulans Sesan and Teodorescu (1987), Lima et al. (1999)*,

Cladosporium herbarum

Gliocladium roseum (Clonostachys
rosea)

Trichoderma spp.
Trichoderma harzianum

Trichoderma harzianum 1295-22
Trichoderma harzianum F1
Trichoderma harzianum-atroviride P1

Trichoderma viride Td,, Td,,, Td,,,
Td,,

Ulocladium atrum 385

Schena et al. (1999)*, Ippolito and Nigro (2000)*,
Adikaram et al. (2002)

Sesan and Teodorescu (1987)

Sutton and Peng (1993)*, Sutton et al. (1996)*,
Valdebenito-Sanhueza et al. (1996)*, Kohl (1998)*

Washington et al. (1999)*, Nakkeeran et al.
(2002)

Antoniacci et al. (2000)*, Hjeljord (2002),
Gengotti et al. (2002), Freeman et al. (2004)

Kovach et al. (2000)*
Hjeljord et al. (2000)*
Hjeljord (2002)

Sesan and Teodorescu (1987, 1993), Teodorescu
and Sesan (1988)

Kohl (1998)*, Kohl and Fokkema (1998, 1999)*,
Boff (2001), Koéhl and Molhoek (2002), Boff et al.

(2002)

*Literature from Sesan (2003).
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Table 3

Biocontrol agents (BCAs) used against other pathogens of strawberry

Strawberry pathogen, disease

BCA (Bioproduct)

Literature

Phytophthora cactorum

Verticillium dahliae

Fusarium spp., Helminthosporium spp.

Sphaerotheca macularis f. fragariae

Colletotrichum crown rot
Colletotrichum acutatum
Colletotrichum spp.

Downy mildew

Post-harvest diseases

Serratia plymuthica HRO-C48

Serratia plymuthica HRO-C48

Bacillus thuringiensis (Bacikol)

Lecanicillium (Verticillium) lecani
Talaromyces flavus (Biotrust)
|Ampelomyces quisqualis (AQ 10™)
Bacillus pumilus 2808 (Sonata A)
Bacillus subtilis QST 713
(Serenade, Rhapsody)
Trichoderma spp.

Trichoderma harzianum

Talaromyces flavus (Biotrust)

Bacillus pumilus 2808 (Sonata A)
Bacillus subtilis QST 713
(Serenade, Rhapsody)

Candida saitoana (Biocure),

Candida oleophila

Kurze et al. (2001), Muller et al.
(2004), Wolf et al. (2004)

Kurze et al. (2001), Muller et al.
(2004), Wolf et al. (2004)

Kandybin (2003)

Miller et al. (2004)
Nozawa et al. (2004)
Ames et al. (2003)
“Tennessee’s...” (2003)
“Tennessee’s...” (2003)

Porras et al. (2003)
Freeman et al. (2004)
Nozawa et al. (2004)

“Tennessee’s...” (2003)
“Tennessee’s...” (2003)

“Tennessee’s...” (2003)

Table 4

Efficacy of treatments with Trichoderma viride against grey mould of strawberry
(Sesan and Teodorescu 1993)

Variant Concentration|Attack level, AL| Efficacy, E |Control effect, CE| Yield per 15 m?

(%) (%) (%) (%) (kg)

Td, 0.2 14.4 61.5 83.3 83.3

Td,, 0.2 13.1 65.0 88.1 88.1

Td,, 0.2 16.6 55.6 75.3 75.3

Td;, 0.2 19.7 47.3 64.1 64.1

Rovral 50 WP 0.1 9.8 73.8 100.0 100.0

(chemical standard)

Control (untreated) - 37.4 - - -

LSD 5% 11.6
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(forming of first normal green berries) treatment with Trichodex (Teodorescu
1997). The attack level (AL) of diseased plants — ‘Red Gauntlet’ cv. — in the plots
treated in 1996 with Trichodex 25 WP was 6.3—-6.8% in comparison to the chemi-
cal treatments (AL from 1.5 to 5.2%) and the untreated control (AL 9.8%)
(Teodorescu 1997).

In the experiment performed in 1997 on ‘Senga Sengana’ treated four times
with Trichodex 25 WP, the attack level of the disease was 2.8%, in comparison
with the chemical standard Sumilex 50 WP 0.1% (AL 3.4%) and the untreated
control (10.1%) (Teodorescu 1997).

Good control of grey mould with Trichodex 25 WP (T. harzianum T-39, T.
atroviride T-161 and T. longibrachiatum T-166) was obtained also in USA (Freeman
et al. 2004) and in Poland with Trichodex 40 WP (Meszka and Bielenin 2004).

Several bacterial products were tested against B. cinerea: Sonata AS (Bacillus
pumilus strain 2808), Serenade, Rhapsody (B. subtilis QST 713), Biocure (Candida
saitoana) and C. oleophila against post-harvest grey mould (Bost and Straw 2002,
“Tennessee’s...” 2003). Bioproduct Bacikol (B. thuringiensis), used for controlling
Colorado beetle, has an additional activity against Botrytis grey mould (Kandybin
2003).

Plant extracts and some other natural products can also be used in control
of strawberry diseases. Extract of seaweed (Maxicrop, Seasol), tea tree oil
(Multicrop), essential oils from Thymus vulgaris (Laval-1, Laval-2) are known as ef-
ficient alternative products in protecting strawberry, particularly against B. cinerea
(Sesan 2003). Some other compounds of natural origin like Messenger (harpin),
Biochicol 020 PC (chitosan) and Biosept 33 SL (grapefruit extract) have displayed
good antibotrytis activity in experiments in Poland (Meszka and Bielenin 2004).

A biological-like fungicide (Ludi) containing 2-allyl phenol gave better control
of grey mould (72.5-78.98%) than chemical standards Sumilex 50 WP and
Chlorothalonil 75 WP (Liu et al. 2002). A naturally occurring compound
sampagnine, patented in 1990 for human treatment, is now patented to control B.
cinerea (US No. 6,844, 353). Also bioactive constituents from Turkish Pimpinella
spp., as a new phenylpropanoid 4-(3-methyloxiran-2-yl)phenyl 2-methylbuta-
noate and epoxypseudoisoeugenyl 2-methylbutyrate, proved significant efficiency
in inhibiting B. cinerea (Tabanca et al. 2005).

Resistance of strawberry cultivars to major diseases. Daugaard and
Lindhard (2000) tested 20 strawberry cultivars and found ‘Honeoye’ the least sus-
ceptible to grey mould and suitable for organic farming. ‘Cortina’ was moderately
susceptible while ‘Polka’, ‘Korona’ and ‘Dania’ were susceptible. In the Tables 5
and 6 some cultivars resistant to strawberry pathogens, valuable for Integrated
Pest Management (IPM) in various countries, are listed.

In Poland (Labanowska et al. 2002) strawberry cultivars tested in 1995-1997
proved resistant to some diseases, as to grey mould (‘Kent’, ‘Honeoye’), to com-
mon leaf spot (‘Marmolada’, ‘Dana’, ‘Dukat’, ‘Honeoye’), to powdery mildew
(‘Kent’, ‘Dana’, ‘Kama’, ‘Cortina’), to Verticillium wilt (‘Dukat’, ‘Kama’, ‘Senga
Sengana’, ‘Real’) and susceptible to diseases: to grey mould (‘Marmolada’, ‘Dana’,
‘Senga Sengana’, ‘Syriusz’), to common leaf spot (‘Kent’, ‘Kama’, ‘Syriusz’, ‘Real’),
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Table 5
Reaction of selected strawberry cultivars to diseases (“Tennessee’s...” 2003)

Cultivar Leaf spot | Leaf scorch | Leaf blight | Anthracnose | Red stele |Verticillium wilt
‘Allstar’ R M S S R R
‘Cardinal’ R M - S S S
‘Chandler’ M - S S S -
‘Delmarvel’ R R M R R R
‘Earliglow’ M R S S R R
‘Idea’ S - M R - -
‘Latestar’ M R - - R R
‘Primetime’ R R - - R R
‘Redchief M M S S R R
‘Sweet Charlie’ M - S R - -

R - moderately resistant to highly resistant, M — moderately resistant to moderately susceptible, S —
moderately susceptible to highly susceptible, - — unknown.

Table 6

Strawberry cultivars registered in 2003-2004 in Romania
(“Catalogul...” 2002-2004)
2003: ‘Delicios’ (01), ‘Mara’ (01), ‘Ralu’ (01), ‘Roxana’ (01), ‘Safir’ (01), ‘Viva’ (01),

S to Tarsonemus fragariae, M to Mycosphaerella fragariae, M to Diplocarpon earlianum,
M to Botrytis cinerea

2004: ‘Floral’ (ffc), MS to Mycosphaerella fragariae, T to Botrytis cinerea

(01) - early, ffc — everbearing, S — susceptible, M — moderately resistant, MS — moderately susceptible,
T — tolerant.

to powdery mildew (‘Elsanta’, ‘Marmolada’, ‘Gerida’), to Verticillium wilt
(‘Elsanta’, ‘Kent’, ‘Syriusz’, ‘Cortina’) and to Phytophthora cactorum crown rot
(‘Elsanta’, ‘Honeoye’). None was resistant to all diseases.

Chemical program of disease control. A single application of fenhexamid at
anthesis controlled Botrytis fruit rot as well as multiple weekly applications begin-
ning at anthesis. Strawberry flowers are more susceptible to B. cinerea than green
fruit, and stamens are the principal infection gate. Fungicide applications should
focus on peak bloom period to minimize fungicide use and optimize control of
preharvest Botrytis fruit rot. During bloom period, applications should be made at
close intervals (< seven days) to minimize losses from Botrytis (Mertely et al.
2002). In Poland a new fungicide Swich 62.5 WG (cyprodinil + fludioxonil)
proved promising due to curative action against grey mould (Meszka and Bielenin
2004).

Pathogen’s resistance to pesticides. Up to the present day the most frequent
resistance to fungicides has been observed in B. cinerea and much less in other fungi
pathogenic to strawberry.
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In USA some B. cinerea isolates were resistant to benomyl (Wedge et al. 2002)
while in Spain, Dianez et al. (2002) reported 86% of B. cinerea isolates resistant to
benomyl, 44% to dicarboximides and 25% to pyrimethanil.

The resistance should be managed (Legard 2002) by: 1) the best cultural prac-
tices available to minimize disease, 2) limiting the number of applications of
high-risk/single-site fungicides in a season, 3) alternation or tank-mixing
high-risk/single-site fungicides with a low-risk/ prospective fungicide, 4) applying
fungicides at adequate rates (not below minimum labelled rate), 5) applying fungi-
cides as a preventive whenever possible.

Ecotoxicology. To obtain suitable combinations of biological and chemical
treatments in the IPM, many pesticides were tested against antagonistic fungi,
especially against Trichoderma spp. A list of selective pesticides that can be success-
fully applied together with biological preparations has been compiled combining
our experimental results and those from the literature (Sesan 2002). Out of 45
tested pesticides, very few insecticides (Oleoekalux + Quinalfos 3%, US 1-RV),
insecto-fungicides (Tebuconazole + Lindan) and herbicides (Icedin Super RV,
Banvel 600 LC, FRV 0.6 LC, Romazin 500 SC, Romanex 500 SC) had a slightly
toxic effect on the biocontrol agent T. viride, allowing most of them to be used to-
gether in the IPM strategy. After in vitro testing their biological activity they can be
classified in five categories (Table 7).

Table 7
Biological activity of pesticides to Trichoderma viride
Activity Pesticides
Toxic Fungicides: Tiracarb 60 PTS, Tiracarb 600 SC, Tiramet 60 PTS, Tiramet

600 SC, FRV 12 SC

Insecto-fungicides: Tirametox 90 PTS, Tirametox 625 SC, Supercarb 80
PSU, Supercarb T 585 SC, Procarb L, Trialin MT

Herbicides: Butizin 600 SC, Mecloran 48 CE, Oltisan Extra, Olticarb 75
CE

Toxic to moderately toxic |Insecto-fungicides: Diniconazole + Lindan, Gammavit 85 PU, Trialin
Herbicides: Sanolt Combi 400 SE

Moderately toxic Insecticides: Oleoekalux + Quinalfos 3% (1998), Lindan 666 SC,
Applaud +Mineral oil

Insecto-fungicides: Tebuconazole + Lindan, FRV 1A PTS

Herbicides: Butiran 1:1, Diburom 800 CE, Diizocab 80 CE, Mecloran 35
CE, Oltest 500 CE

Moderately toxic Insecticides: Oleoekalux + Quinalfos 3% (1997), US 1-RV, Lindan 400 SC
to slightly toxic Herbicides: Butizin 40 SC, Oltisan M, 1,4 SDMA 600 RV, Zinal 500 SE,
FRV 04 CE, FRV 05 LC, FRV 09 CE, Select Super RV

Herbicides: Icedin Super RV, Banvel 600 LC, FRV 06 LC, Romazin 500

Slightly toxic to selective SC, Romanex 500 SC

Integration of different control methods. Albajes et al. (“Integrated...”
1999) described IPM programs for greenhouse crops, including strawberry. Differ-
ent authors recommend: fungicide application, aeration, plastic mulch, sanitation,
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biocontrol with Trichoderma spp. (“Integrated...” 1999), sprays with Ulocladium
atrum (Boff 2001), non-chemical fungicides for organic farming (Daugaard 1999,
2000, Daugaard and Lindhard 2000, etc.), combination of hot water (63°C for 12
s), biocontrol agent Pichia guillermondii and controlled atmosphere (15 kPa CO, for
5 and 15 days, followed by two days at 20°C ) to protect harvested strawberries
stored at 5°C against grey mould, under usual market conditions (Wszelaki and
Mitcham 2003).

Strawberry production systems depend on the duration of culture: 1)
plasticulture (bed raised plasticulture) or annual system of production in which planting
takes place in plastic-mulched rows in autumn, and the plants are destroyed the
following summer, after harvest, 2) matted-row system or perennial system in which
the plants are allowed to spread, and the plantation is maintained for several years,
it is a low-risk system requiring less concern and labour than annual plasticulture
systems, 3) ribbon row system (perrenial), which employs high-density and low-den-
sity planting in a single row.

Another classification of strawberry production systems includes: 1) organic sys-
tem — a technology excluding the use of synthetic fertilizers and pesticides, and re-
quiring soil building and biological pest control, 2) conventional/classical system —
common technology used in each cropping zone, depending on local pedological
and meteorological conditions.

Organic cultivation of strawberry in Florida (Ames et al. 2003) follows the
rules: 1) with methyl bromide (MB) excluded by current legislation from 2005, alter-
natives to MB: solarization + manure (5 kg/m?), a two-year-rotation with green
manure crops, composts and soil solarization are applied, 2) plastic mulch prevents
sun rays from penetrating soil, beds remain cool, resulting in slower initial growth
of plants and reduced irrigation frequency as compared to clear plastic mulch, 3)
no herbicides, 4) cultivars suitable for organic culture, as ‘Onda’ in Italy
(D’Antuono et al. 2004).

Plasticulture is not an environmentally sustainable system and that is why the
use of biodegradable plastic is recommended, based on corn- and soybean. Fields
mulched with plastic suffer up to 15 times more soil erosion than fields mulched
with organic matter. Planting grasses or other type of vegetation along drainage
ditches can reduce the rate of erosion, and provide habitat for beneficial insects.
Plasticulture provides good to excellent weed control without herbicides. An alter-
native to weed control with few or no herbicides is groundcover management -
planting rye, Sudan grass, etc., effectively producing a “killed mulch” in place.

IPM programs for control of strawberry fungal diseases

American IPM systems

The guidelines for IPM in southern USA (Arkansas) were established by Ames
etal. (2003), in the southeastern USA (Florida) by Mertely et al. (2002), and in the
northeastern (Massachusetts, New York) by Cooley et al. (1996). The latter au-
thors claim that IPM of strawberry is based on: 1) optimization of pest control in
an ecologically and economically sound manner, 2) emphasis on coordinated use
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of multiple tactics to enhance stable crop production, 3) maintenance of pest dam-
age below threshold levels, minimizing hazards to humans, animals, plants and
the environment, 4) reduction of chemicals use, more biologically and culturally
based alternatives to chemical control. The first step in developing an IPM program
is to move from preventive, calendar-based pesticides applications to treatments
only when there is potential for significant crop damage.

One of the priorities of IPM programs is establishing key pests, based on several
factors: 1) potential for economic damage, 2) relative amount of management
needed (particularly chemicals), 3) availability of some form of alternative man-
agement.

Research on grey mould cycle showed that the pathogen establishes quiescent
infections in young leaves, which subsequently expand, and sporulates as the
leaves senesce and die. Thus, stages of growth when new leaf production is high
could be targeted for fungicide applications to protect against these initial infec-
tions, or senescing or dead leaves could be targeted to suppress sporulation. De-
struction of leaves in autumn is a way to reduce the availability of inoculum during
the subsequent flowering and fruiting season.

Standard cultural practices are of great importance to disease control. Good aer-
ation around host tissues minimizes the incidence and severity of the grey mould;
also, air drainage, maintenance of row widths no greater than 60 cm (NY) or 70 cm
(MA), and excellent weed control are essential for control of grey mould on straw-
berry. Overfertilizing with nitrogen in pre-flowering stage is not recommended ei-
ther, as supplemental pre-flowering application of nitrogen at 33.6 and 67.2 kg/ha
increased grey mould incidence by 141 and 198%, respectively, as compared to
standard application of nitrogen at renovation only (Wilcox, after Cooley et al.

Table 8

Evaluation of non-chemical pest management tools for diseases control
(“Tennessee’s...” 2003)

Certified .
. disease Avoid Resistant
Disease Rotation | Renovation overhead | Sanitation | Location . Mulching
free |. . - cultivars
irrigation
plants
Grey mould o+ ++ NERANT R
++
Anthracnose +++ +++ +4+4++ | ++++ +++
Leather rot +++ +++ ++
Leaf bllght ++ +++
Common leaf spot ++ +4++
Angular leaf spot ++++ | +++
Crown rot +++ +++ + +
Powdery mildew +4++ +4
Red stele, red core | +++ +++

+ — poor control, ++ - fair control, +++ - good control, ++++ — excellent control.
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1996). Organic mulch layer (wheat or rye straw) between soil and fruit is also rec-
ommended as it greatly reduces splash dispersal of pathogens, mainly of Phyto-
phthora cactorum (leather rot).

In Table 8 an evaluation of non-chemical pest management tools for disease
control is presented (Daugaard et al. 2002, LaMondia et al. 2002, “Influence...”
2002, “Tennessee’s...” 2003).

European IPM systems

Spanish system. Spain is the second largest producer of strawberry in the
world, with 85% of Spanish strawberries produced in Atlantic coastal area of
Huelva. The autumnal and winter climate of southern Spain is cooler than that of
west central Florida, so strawberries are grown under clear plastic tunnels. The
standard production system in Spain is the two-row bed system, where beds are fu-
migated with a 50/50 nm methyl bromide/chloropicrin and covered with black
polyethylene mulch. There are also systems where plants are grown in peat,
rockwool, or coconut fiber filled bags. The bags are typically used for two seasons
and then replaced. Water and fertilizer is supplied to each bag through drip tubing
(Chandler 2005).

Dutch system is an annual type of production. In 2001, Boff developed an al-
ternative management method of grey mould control in strawberry and showed
that the availability of necrotic leaf substrate for spore production of the pathogen
was generally low and varied between seasons and with the quality of transplants.
Inoculum production of B. cinerea inside the crop was not significant.

Sprays with the antagonistic fungus Ulocladium atrum during flowering effec-
tively reduced grey mould in annual strawberry crops. Suppression of naturally
present B. cinerea was consistent only at U. atrum conidia densities higher than
1500 per 1 cm?, and also successful with Alternaria spp. but less efficient with
Zythia fragariae and Cladosporium spp. Flowers are the key pathways for initiation of
B. cinerea infection, that is why significant reduction in grey mould was more fre-
quent when the antagonist was introduced at late flowering or early fruit stages.

In annual strawberry systems only a small amount of crop debris is produced
and inoculum of B. cinerea produced in the field does not contribute significantly to
total spore load and to grey mould development. Therefore, in annual cropping
systems with waiting-bed transplants, biological control strategies of grey mould
should aim at protection of flowers and developing fruits for saprotrophic coloni-
zation and infection by B. cinerea, and not target inoculum sources on leaf debris.
Sanitation of crop debris is of no use for grey mould reduction in production sys-
tems with little production of crop debris, whereas sanitation of infected fruits can
reduce the disease especially under conducive weather conditions.

In fact, the future of strawberry IPM has to be directed to appropriate manage-
ment of technological tools, to chemical technologies towards non-pesticide ones,
towards resistance of cultivars to diseases and pests.

Romanian system contents the following steps: 1) healthy planting material,
2) herbicide weed control, 3) treatment 1, at the 3rd decade of April — insecticides
and acaricides against some pests (Tarsonemus fragariae, Aphelia viburniana,
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Anthonomus rubt) and a fungicide for pathogen control, especially B. cinerea, 4) treat-
ment 2, at the beginning of flowering — antibotrytis fungicides and insecticides, ef-
fective also against Mycosphaerella fragariae and Sphaerotheca macularis, 5) treatment
3, at flowering — antibotrytis fungicides, 6) treatment 4, at white fruit stage — insec-
ticides and fungicides, 7) treatment 5, after harvesting — acaricides, insecticides,
fungicides, 8) treatment 6 — 10-12 days after treatment 5 — the same pesticides, 9)
removal and destroying senescent leaves and debris material (Baicu and Savescu
1986).

Conclusions

Strawberry (Fragaria X ananassa), an important world-wide grown and high-va-
lue crop, is exposed to numerous infectious diseases.

The pathogens causing strawberry diseases are 35 fungal species, belonging
to Oomycetes (11%), Zygomycetes (9%), Ascomycetes (69%) and Basidiomycetes (11%).

No method, individually or in combination with other methods, is capable of
controlling strawberry diseases satisfactorily.

Biological control agents and bioproducts, as well as some plant extracts, rep-
resent environment friendly means for strawberry integrated protection against
diseases.

Use of resistant cultivars is an important tool in preventing and controlling
major diseases. Strawberry breeding programs of various countries depend on lo-
cal horticultural strategies.

Technological tools lead to minimizing chemical input in integrated control of
strawberry diseases.

Chemical control of fungal diseases bases on adequate programs of treat-
ments, with proper fungicides, applied at forecasting in correlation with diseases
cycles, at recommended rates, resting times, etc. IPM in strawberry production
consists of more efficient fungicide timing and cultural management components
used to decrease the need for fungicides and avoiding the occurrence of pathogen
resistance to pesticides.

IPM systems, in fact, should aim at appropriate management of technological
tools, to the chemical technologies towards non-pesticide ones, towards resistance
of cultivars to diseases and pests, and other efficient alternatives in controlling
strawberry diseases.
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