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Abstract

Grey mould, leaf spot and powdery mildew are the most common and impor-
tant strawberry diseases in Poland. Each year chemical control is necessary to limit
infections. Pathogens’ resistance problem, residue of fungicides in fruits and pro-
tection of environment have stimulated the search for alternative control methods.
The efficacy of laminarin in control of strawberry diseases under field conditions
was examined in 2006 and 2008. Laminarin applications reduced Botrytis cinerea in-
fection from 50 to 80%, depending on disease severity. Its effectiveness in reduc-
tion of leaf spot was about 50% and of powdery mildew 70–80%. Laminarin can be
successfully included into commercial fungicide program. It gives possibilities to
reduce number of chemical sprays against strawberry diseases, which is very im-
portant in Integrated Pest Management (IPM) strategy.
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Introduction

Strawberries are attacked by many pathogens causing fruit, leaf and crown dis-
eases, which are important factors in strawberry production in Poland. Several
chemical sprays are needed each year to control the diseases.

Grey mould (Botrytis cinerea), leaf spot (Mycosphaerella fragariae) and powdery
mildew (Sphaerotheca macularis) are the most common and important strawberry
diseases in Poland. Their severity depends on cultivar susceptibility (Muller 1965),
weather conditions (Jarvis 1964) and level of infection source. Some strawberry
cultivars, like ‘Senga Sengana’, ‘Kent’, ‘Malling Pandora’, ‘Kama’ are seriously af-
fected by M. fragariae, other, like ‘Elsanta’, ‘Marmolada’, ‘Honeoye’ and ‘Cama-
rosa’, by S. macularis (Łabanowska et al. 2004, Meszka and Bielenin 2007). ‘Senga
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Sengana’, ‘Marmolada’, ‘Kent’ and ‘Pegasus’ are very susceptible to grey mould. In
some seasons the percentage of affected fruits can be over 80%.

Due to environment protection and chemical residue in fruits problem, alterna-
tive strategies are required (Aziz et al. 2003). They involve biological agents as an-
tagonists of pathogens or activation of plant defense mechanism using elicitors,
such as laminarin (linear -1,3 glucan), which is extracted and purified from the
brown alga Laminaria digitata. Laminarin shows no toxicity and application of this
compound allows to stimulate the natural resistance of the plants against diseases.

The aim of the presented work was evaluation of laminarin efficacy in control of
strawberry diseases under field conditions.

Materials and methods

Laminarin was tested on commercial strawberry plantations in 2006 and 2008.
The experiments were conducted on ‘Kent’ and ‘Senga Sengana’ for control of grey
mould and leaf spot, and on ‘Elsanta’, ‘Marmolada’ and ‘Honeoye’ plantations for
control of powdery mildew. Depending on the disease controlled, following stan-
dard fungicides were used: piraclostrobin + boscalid (Signum 33 WG), cyprodinil
+ fludioxonil (Switch 62,5 WG) and folpet (Folpan 80 WG) against grey mould;
tetraconazole (Domark 100 EC), tiophanate methyl (Topsin M 500 SC) and
trifloxystrobin (Zato 50 WG) against powdery mildew and leaf spot. In 2006 tested
product was used at four different rates: 0.5, 0.75, 1.0 and 2.0 l/ha four times dur-
ing blooming and twice before harvest, with five–seven days intervals, while stan-
dard fungicides only four times during blooming. In 2008 applications were made
three or four times during blossom and with tested product laminarin also twice
before harvest only at one dose 1.0 l/ha.

The biological effectiveness of laminarin in control of strawberry leaf spot and
powdery mildew was evaluated based on the number of affected leaves (100 leaves
in each of four replications) using six-degree scale, where: 0 – healthy leaf, 1 – up to
1% of leaf surface with spots, 2 – (2–5%), 3 – (6–20%), 4 – (21–50%) and 5 – above
50% for leaf spot, and 0 – healthy leaf, 1 – up to 10% of leaf surface with spots, 2 –
(11–20%), 3 – (21–50%), 4 – (51–80%) and 5 – above 80% for powdery mildew.
Grey mould infestation was evaluated during the harvest, based on the number of
affected fruits, both in field and after five days of storage at 4.5°C. Fruits for analy-
sis, 100 fruits in each of four replications, were randomly sampled from individual
plots, twice during the harvest.

The results were analysed statistically by variance method on percent data
transformed according to Bliss function. The significance of differences between
averages was estimated by Newman-Keuls test at the 5% significance level. The ef-
fectiveness of tested products was calculated using Abbott method.
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Results

In 2006 season, the intensity of grey mould on non-protected plots was on a
medium level, 21.5% affected fruits in the field and after storage at 4.5°C (Fig. 1).
The effectiveness of laminarin in control of the disease was very good and varied
from 68% to 89% depending on the dose (Fig. 1). The best results were obtained at
higher rates, 1.0 and 2.0 l/ha with the efficacy more than 80%. Laminarin used at
lower rates, 0.5 and 0.75 l/ha, reduced the disease intensity, respectively by 68%
and 71% (Fig. 1). The effectiveness of laminarin used at the highest tested rate, 2.0
l/ha, was the same as that of the standard fungicide Signum 33 WG.

In 2008, from 11% to 44% of fruits were affected by grey mould, depending on
location. Under low disease pressure conditions the efficacy of laminarin was high,
about 90%, the same as that of the standard fungicides Signum 33 WG, Switch
62,5 WG and Folpan 80 WG (Table 4). On the other plantation, where the inten-
sity of grey mould on the non-protected strawberry plants was higher (total per-
centage of infected fruits was 44%), efficacy of laminarin was 60.5% after three and
83% after five applications and it was poorer in the case of three sprays and the
same after additional two applications before harvest as standard fungicides (Table
4). On the 3rd plantation, where 31% of affected fruits on control plots were ob-
served, efficacy of laminarin was low, about 50%, both after three and five
sprayings and it was lower than that of the reference products (Table 4).

Our results showed that laminarin effectively reduced also leaf spot (M. fraga-
riae) and powdery mildew (S. macularis). The intensity of both diseases in 2006 sea-
son was high, more than 50% of affected leaves on cv. ‘Kent’ and 31% of leaves
affected by leaf spot on cv. ‘Senga Sengana’ (Table 1) and more than 50% of cv.
‘Elsanta’ leaves affected by S. macularis (Table 2). The second indicator which was
checked in this experiment was degree of leaf infestation. The tested product –
laminarin, showed good efficacy in reducing the disease intensity. Its effectiveness
at higher rates used 1.0 and 2.0 l/ha was very good on cv. ‘Senga Sengana’ and
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Fig. 1. Efficacy of laminarin in control of grey mould on strawberry cv. ‘Kent’ in 2006 (means
followed by the same letter do not differ at 5% level of significance according to Newman-Keuls test)
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Table 1
Efficacy of laminarin in control of strawberry leaf spot in 2006

Product Rate
(l/ha)

Affected leaves
(%)

Efficacy
(%)

Level
of infestation
(scale 0–5)

‘Kent’ – assessment 13 July
Control 57.5 d – 2.0 b
Laminarin (4 sprays during
blossom +2 sprays before
harvest)

0.5 29.0 c 49.6 0.7 a

Laminarin (as above) 0.75 25.9 c 55.0 0.6 a
Laminarin (as above) 1.0 23.4 c 59.3 0.5 a
Laminarin (as above) 2.0 7.7 b 86.6 0.2 a
Domark 100 EC – standard
(4 sprays during blossom)

0.6 0.1 a 99.8 0.005 a

‘Senga Sengana’ – assessment 13 July
Control 31.2 e – 0.8 c
Laminarin (4 sprays during
blossom + 2 sprays before
harvest)

0.5 14.2 d 54.5 0.3 b

Laminarin (as above) 0.75 10.2 cd 67.3 0.1 ab
Laminarin (as above) 1.0 6.7 c 78.5 0.08 a
Laminarin (as above) 2.0 3.4 b 89.1 0.06 a
Domark 100 EC – standard
(4 sprays during blossom)

0.6 0.5 a 98.4 0.01 a

Means in columns followed by the same letter do not differ at 5% level of significance according to
Newman-Keuls test.

Table 2
Efficacy of laminarin in control of powdery mildew in 2006

Product Rate
(l/ha)

Affected leaves
(%)

Efficacy
(%)

Level
of infestation
(scale 0–5)

‘Elsanta’ – assessment 30 June
Control 54.3 c – 1.4 b
Laminarin (4 sprays during
blossom + 2 sprays before
harvest)

0.5 24.9 b 54 0.5 a

Laminarin (as above) 0.75 21.3 b 61 0.4 a
Laminarin (as above) 1.0 17.1 ab 69 0.3 a
Laminarin (as above) 2.0 17.0 ab 69 0.3 a
Domark 100 EC – standard
(4 sprays during blossom)

0.6 10.1 a 81 0.2 a

Means in columns followed by the same letter do not differ at 5% level of significance according to
Newman-Keuls test.
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Table 3
Efficacy of laminarin in control of strawberry leaf spot

and powdery mildew in 2008

Product Rate
per 1 ha

Leaf spot Powdery mildew
affected
leaves
(%)

efficacy
(%)

affected
leaves
(%)

efficacy
(%)

I location ‘Senga Sengana’ –
assessment 1 July

‘Marmolada’ –
assessment 17 July

Control 47.2 d – 36.1 b –
Laminarin (3 sprays during
blossom)

1.0 l 20.1 c 57.4 7.6 a 78.9

Laminarin (3 sprays during
blossom + 2 sprays before
harvest)

1.0 l 23.6 c 50.0 6.9 a 80.9

Domark 100 EC – standard
(3 sprays during blossom)

0.6 l 11.0 ab 76.7 3.7 a 89.8

Domark 100 EC – standard
(3 sprays during blossom +
2 sprays before harvest)

0.6 l 9.4 a 80.1 3.1 a 91.4

Zato 50 WG – standard
(3 sprays during blossom)

0.25 kg 17.8 bc 62.3 5.3 a 85.3

Topsin M 500 SC – standard
(3 sprays during blossom)

2.5 l 24.0 c 49.2 3.5 a 90.3

II location ‘Senga Sengana’ –
assessment 22 June

‘Honeoye’ –
assessment 22 July

Control 73.6 c – 36.8 d –
Laminarin (4 sprays during
blossom)

1.0 l 42.3 b 42.5 8.1 c 78.0

Laminarin (4 sprays during
blossom + 2 sprays before
harvest)

1.0 l 34.4 b 53.3 3.9 ab 89.4

Domark 100 EC – standard
(4 sprays during blossom)

0.6 l 14.5 a 80.3 2.5 a 93.2

Domark 100 EC – standard
(4 sprays during blossom +
2 sprays before harvest)

0.6 l 11.9 a 83.8 2.1 a 94.3

Zato 50 WG – standard
(4 sprays during blossom)

0.25 kg 18.7 a 74.6 3.0 ab 91.8

Topsin M 500 SC – standard
(4 sprays during blossom)

2.5 l 34.2 b 53.5 5.4 b 85.3

Means in columns followed by the same letter do not differ at 5% level of significance according to
Newman-Keuls test.



reached 90%. There were no significant differences as compared with standard
fungicide Domark 100 EC. The results showed that laminarin at all tested rates on
cv. ‘Kent’ reduced level of infestation similarly as a standard. At the highest tested
rate its efficacy was 90% and at lower rates about 70% (Table 1).

In 2008, on the non-protected strawberry plants of cv. ‘Senga Sengana’ symp-
toms of leaf spot were observed on 47% or 74% of leaves, depending on location,
and powdery mildew symptoms on more than 36% of ‘Marmolada’ and ‘Honeoye’
leaves (Table 3).

The experiment conducted in 2006 season showed that laminarin in all tested
rates 0.5, 0.75, 1.0 and 2.0 l/ha reduced percentage of cv. ‘Elsanta’ leaves affected
by powdery mildew, but the best effectiveness occurred when higher rates of the
product, 1.0 and 2.0 l/ha, were used. At these rates its efficacy was similar to a
standard fungicide tetraconazole (Table 2). Laminarin at all tested rates showed
good efficacy in reducing of disease intensity. Its effectiveness ranged from 64% to
79% and it did not differ statistically from standard fungicide.

In 2008 laminarin used at the dose 1.0 l/ha showed good effectiveness in con-
trol of powdery mildew on cvs. ‘Marmolada’ and ‘Honeoye’. Its effectiveness was
about 80% and additional two applications before harvest significantly increased
efficacy of this product on cv. ‘Honeoye’ (Table 3). Efficacy of laminarin was the
same or slightly lower in control of powdery mildew than that of the standard fun-
gicides. In 2006, laminarin was tested in four doses in control of strawberry leaf
spot. This bioproduct used at the highest tested rate, 2.0 l/ha, has shown the best
effectiveness, 89% on cv. ‘Senga Sengana’ and 87% on cv. ‘Kent’ (Table 1).
Laminarin applied at lower rates has reduced the number of leaves affected by M.
fragariae by 50 to 70% (Table 1). The efficacy of laminarin in all tested rates in con-
trol of leaf spot was lower than standard fungicide tetraconazole.

In 2008, laminarin used at the rate 1.0 l/ha reduced severity of leaf spot. Its ef-
fectiveness was about 50% and it was the same as that of the standard fungicide
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Table 4
Efficacy of laminarin in control of grey mould on strawberry

cv. ‘Senga Sengana’ in 2008 on three plantations (%)

Product
1 2 3

affected
fruits efficacy affected

fruits efficacy affected
fruits efficacy

Control 11 b – 44.3 c – 30.7 c –

Laminarin 3× 1.1 a 90 17.5 b 60.5 14.3 b 53.4

Laminarin 5× 0.3 a 97.3 7.7 a 82.6 15.4 b 49.8

Signum 33 WG 3× 0.2 a 98.2 2.7 a 93.9 2.5 a 91.9

Folpan 80 WG 3× 0.6 a 94.5 3.9 a 91.2 6.1 a 80.1

Folpan 80 WG 5× 0.3 a 97.3 1.4 a 96.8 3.5 a 88.6

Switch 62,5 WG 3× 0.2 a 98.2 2.2 a 95.0 2.7 a 91.2

Means in columns followed by the same letter do not differ at 5% level of significance according to
Newman-Keuls test.



Topsin M 500 SC but poorer than Zato 50 WG and Domark 100 EC. Additional
two laminarin treatments before harvest, did not increase its effectiveness in con-
trol of the disease (Table 2).

Discussion

Laminarin is a structural analog of the linear -1,3 glucan oligosaccharides nat-
urally involved in the cell-cell recognition mechanisms in land plant-pathogen in-
teractions, either exogenous (resulting from the fungal cell walls degradation) or
endogenous (callose fragments) to the host. Because -glucan is common in fungal
cell walls, the vaccine could protect against other pathogenic fungi (Casadevall and
Pirofski 2006). Broadly effective vaccines could alter the balance between host and
microbiota and might have unanticipated untoward effects. Similar to other conju-
gate and subunit vaccines, laminarin might induce antibody responses that are not
comparable in normal and impaired hosts (Torosantucci 2005). It also induced de-
fense reactions in tobacco leaf tissue. A marked overproduction was observed
within two days of treatment for all of the four families of PR proteins that were
tested (Klarzyński et al. 2000). These PR proteins have well-described anti-
microbial activities against different pathogens (Fritig et al. 1998).

As our experiments showed, the efficacy of laminarin against strawberry dis-
eases was good. Bioproduct reduced severity of all fungal diseases. Its efficacy
depended on the applied dose, weather conditions, age of plants and disease inten-
sity. Aziz et al. (2003) also showed different efficacy of laminarin depending on the
dosage used in reduction of B. cinerea infection of grapevine. Klarzyński et al.
(2000) indicated that tested bioproduct effectively reduced severity of soft rot of
tobacco caused by Erwinia carotovora. Authors showed that bacteria did not spread
beyond laminarin zone and their multiplication was inhibited in plants. This
oligomeric -1,3 glucan elicits a variety of defence reactions in tobacco, increasing
resistance to the soft rot agent. Laminarin is known also as a good product to con-
trol downy mildew of grapevine (Aziz et al. 2003). The authors have recorded that
the percentage of leaves affected by Plasmopara viticola was lower by 75% when
laminarin was used in 0.5 to 1 g/l concentration. In the era of limited range of plant
protection products and of searching alternative protection methods, laminarin
seems to be a good ecological solution to control many fungal pathogens. Another
problem is, the dramatic increase in fungal diseases in recent years what can be at-
tributed to the increased aggressiveness of chemical therapy and other human
activities. Carbohydrate and especially, protein antigens that exert protective im-
munity against various fungal diseases have now been identified (Cutler et al.
2007).

In conclusion, we showed here that laminarin, the oligomeric -1,3 glucan natu-
rally abundant in marine brown alga, had good effectiveness in control of grey mould
and powdery mildew and reduced intensity of leaf spot. The use of laminarin in
strawberry protection program can help to reduce the number of fungicide sprays.
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Streszczenie

AKTYWNOŚĆ LAMINARYNY W OCHRONIE
PRZED CHOROBAMI TRUSKAWKI

Szara pleśń, biała plamistość liści i mączniak prawdziwy są powszechnie wystę-
pującymi chorobami truskawki w Polsce. Każdego roku konieczna jest ochrona
chemiczna w celu ograniczenia ich nasilenia. Intensywna ochrona chemiczna, poza
korzyściami, niesie jednak za sobą także wiele problemów, np. ryzyko selekcji od-
pornych form patogenów, pozostałości środków ochrony roślin w owocach oraz
skażenie środowiska, dlatego też poszukuje się skutecznych metod alternatyw-
nych, ograniczających zużycie fungicydów.

Doświadczenia nad skutecznością laminaryny w zwalczaniu chorób truskawki
w warunkach polowych prowadzono w latach 2006 i 2008. Laminaryna ograniczyła
nasilenie szarej pleśni truskawki w 50–80%, w zależności od nasilenia choroby.
Skuteczność w redukcji białej plamistości liści truskawki wyniosła 50%, a mącz-
niaka prawdziwego – 70–80%. Laminaryna może więc być włączona w standardo-
wy program ochrony, dając możliwość ograniczenia liczby zabiegów chemicznych,
co jest szczególnie ważne w systemie uprawy prowadzonym zgodnie z zasadami in-
tegrowanej ochrony roślin (IPM).
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