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ABSTRACT

The aim of this study was to determine the effects of infestation with the two-
spotted spider mite ( Tetranychus urticae Koch.) on gas exchange, water uptake and
growth in strawberry plants of the cultivar ‘Elsanta’ cultivated under greenhouse
conditions. The rate of photosynthesis, the rate of transpiration and water
consumption were lower in infested plants than in uninfested control plants,
depending on the initia infestation level. Vegetative growth was aso reduced
especialy in plantsinfested by high population of spider mites.
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INTRODUCTION

The two-spotted spider mite
(Tetranychus urticae Koch.) is an
important pest on a wide range of
horticultural crops, including the
cultivated strawberry (Fragaria x
ananassa  Duchesne)  (Gimenez-
Ferrer et d., 1994; Greco et a., 2006).

The high reproductive potential
of T. urticae dlows populations to
increase very rapidly, especidly in

protected cultivation systems where
climatic conditions are favourably
for mite development and chemical
control against pest infestation is
difficult.

Spider mite infestation adversely
affects many physiological proces-
ses, thereby reducing growth and
yield (Hall and Ferree, 1975; Sances
et a., 1981, Park and Lee, 2005).
Reduction in the rate of leaf gas
exchange as aresult of two-spotted
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spider mite feeding has been shown
in various fruit crop species, including
apple, grapevine, black currant (Ferree
and Hdl, 1981; Candolfi et d., 1992;
Topaet ., 1999).

T. wrticae infestation reduces
growth and yidd in srawberies
(Sances et d., 1982ab; Butcher et d.,
1987; Walsh et d., 1998). However,
there have been few studies on the
physiologica effects of two-spotted
spider mite infedtation in strawberries
(Poskuta et al., 1975; Sances et 4.,
1979a).

A thorough understanding of pest
ecology and host plant physiology is
necessary to understand host-pest
relationships and host resistance
mechanisms. This is especidly
important for elaborating integrated
pest management strategies.

The am of this study was to
determine how infestation by the
two-spotted spider mite affects gas
exchange, water consumption and
plant growth in strawberry plants
grown under greenhouse conditions.

MATERIAL AND METHODS

The experiment was carried out
in 2005 at the greenhouse of the
Research Institute of Pomology and
Floriculture, Skierniewice, Poland

Frigo strawberry plants of the
cultivar ‘Elsantal were planted in
plastic pots with a volume of 1.2 dm?®
filled with peat substrate (Degernes,
Norway). The pots were fitted with
strips of water absorbing material
and placed on glass containers with
avolume of 1.0 dm® filled with
nutrient solution (Treder, 2002). Loss
of nutrient solution due to uptake by
plants was recorded daily, and the
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nutrient solution was replenished as
necessary.

After three leaves were fully
expanded, the plants were artificially
infested with two-spotted spider mites.
The mites had been raised on bean
plants (Phaseolus vulgaris). They had
been raised in a growth chamber with
atemperature of 20 to 25°C and
a relative humidity of 55 to 70%.

The plants were infested with
either 10, 50 or 100 adult mites per
leaf, that is, 30, 150 or 300 mites per
plant. Active femae mites were
transferred with a brush from the
bean plants onto paper discs, which
then were placed on the strawberry
leaves. Uninfested plants served as
the control.

Mite populations were alowed to
increase naturally. Population den-
sities were determined sixty days
after infestation. The number of
mobile mites was counted using
amagnifying glass. To keep the
mites from migrating, the experi-
mental plants were placed in plastic
trays resting inside bigger plastic

trays filled with water. The
experiment was carried out in
acompletely  randomized  block

design with six replicates of one
pot each.

Every two weeks, the gas exchange
rate was measured a noon on three
leaves for each plant. Measurements
were caried out using the LI1-6400
portable photosynthess sysem (LI-
COR Inc., USA) fitted with an LED
light source and a source of carbon
dioxide. Conditions in the leaf
chamber during the measurement
(temperature, carbon dioxide con-
centration, irradiance) were set to be
close to ambient values.
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At the end of the experiment, the
fresh mass of roots and leaves, the
number of leaves, and the leaf surface
area were recorded for al plants. Lesf
surface area was determined with the
help of the WinDIAS image andysis
system (Ddlta-T DevicesLtd, UK).

All data were statistically elabo-
rated using anaysis of variance,
followed by means separation using
Duncan’'s multiple-range t-test at
P<0.05. All calculations were perfor-
med using the Statistica 6.0 software
package (StatSoft Inc., USA).

RESULTS AND DISCUSSION

There was an increase in the
numbers of two-spotted spider mite
mobile forms during the course of
the sixty-day experimental period. At
the end of the experiment, the plants
initially infested with 10 mites per
leaf were infested with 109 mites per
leaf, or 10.9 times more than at the
beginning. The plants initialy
infested with 50 mites per leaf were
infested with 406 mites per leaf, or
8.1 times more than at the beginning.
The plants initially infested with 100
mites per leaf were infested with 686
mites per leaf, or 6.9 times more than
at the beginning.

The incresse in gspider mite
populations was not very large. This
agrees well with a previous study in
which artificidly infested strawberry
plants were cultivated in a growth
chamber (Poskuta et d. 1975).
However, in that study, mite popula-
tions had increased from ten-fold to
thirteen-fold by the 21st day after
infestation. In another study in which
apple trees infested with 7. wrticae
were grown under greenhouse condi-
tions, mite populations increased from
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35-fold to 71 fold by the 21st day after
infestation (Hall and Ferree, 1975).

The effects of two-spotted spider
mite populations on photosynthesis
and transpiration are presented in
Table 1. In plants initially infested
with 50 and 100 mites per leaf, there
was a significant decrease in photo-
synthesis on al sampling dates.
However, there were no significant
differences between the plants
initially infested with 10 mites per
leaf and the control plants.

Infestation  with  two-spotted
spider mites and other species of
spider mites reduces carbon dioxide
assimilation in many plants, including
strawberry, apple, dmond, grapevine,
black currant and cotton (Kolodzig
et d., 1974; Andrews and La Pre,
1979; Sances et a., 1981; 1982
Candolfi et al., 1992; Lakso et al.,
1996; Topa et al., 1999; Reddall et
al., 2004). However, in some studies
stimulation of photosynthesis and
other physiologica processes was
observed. According to Tomczyk et
al. (1987) under certain conditions
resistance mechanisms may occur.
When a population size of T. urticae
was low or after short periods of
feeding, some metabolic processes were
dimulated in various plant species,
including strawberries (Tomczyk et d.,
1987). In the other sudy, photo-
synthesis in strawberries infested with
two-spotted spider mites was not
reduced significantly until the level
of infestation was high (Poskuta et
al., 1975). In apple and plum trees
infested with the fruit tree red spider
mite (Panonychus ulmi), photo-
synthesis was not affected until
there was visible leaf damage
(Avery, 1964).
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Table 1. Effect of infestation with the two-spotted spider mite on the rate of
photosynthesis (P) and the rate of transpiration (T) in strawberry plants

Initial
popula- 14 days after 28 days after 42 days after 56 days after
tion of infestation infestation infestation infestation
mites
per leaf P T P T P T P T
10 10.3bc* | 23& | 9.3b 21c 10.7b 38b 94a | 20b
50 9.0a 20a | 79a l4ab | 95a 35a | 88a 20b
100 80a 19a 7.2a lla 94 a 30a 8.7a 17a
0 (control) 116¢c 27b | 9.2b 18bc | 115b 43c 10.3b 24c

*Means within columns with the same letter are not significantly different according to Duncan’s multiple
range t-test at P<0.05

P —rate of photosynthesis (umol CO,m? s%)

T —rate of transpiration (mmol H,O m?s™?)

Table 2. Effect of infestation with the two-spotted spider mite on growth

parameters in strawberry plants

In|t|_a| Leaf_fr%h Total leaf Number of Root_ fresh
population of weight surface area leaves per plant weight
mites per leaf [d] [emPplant™] perp [d]

10 42.1 ab* 1178 bc 122a 9.23a
50 349a 941 ab 138a 8.55a
100 342a 900 a 122 a 7.78a
0 (contral) 454b 1417 ¢ 148a 895a

*Explanations, see Table 1

At higher levels of infestation, the
inhibition of photosynthesis brought
about a reduction in vegetative
growth. The fresh weight and surface
area of the leaves were reduced in
plants which had been initialy
infested with 50 or 100 mites per leaf
(Tab. 2). On the other hand, plant
growth was not significantly affected
in the plants which had been
originally infested with only 10 mites
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per leaf. Reduced growth and
productivity as a result of infestation
with spider mites have been observed
in various vegetable, fruit and
ornamental plant species (Galik, 1975;
Jesiotr, 1978; Sances et al., 19823
Labanowski and Labanowska, 1996;
Park and Lee, 2005).

The reduction in photosynthesis is
caused by decreased stomatal opening
and increased mesophyll resistance
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(Sances et al., 1979a). Experiments on
cotton infested by T. urticae revealed
that both stomatal and nonstomatal
components of photosynthesis were
reduced by mite feeding injuries
(Reddall et al., 2004). Disturbance in
stomatal action mechanism is
probably the main reason for the
decrease in the rate of gas exchange
in infested plants. In one study, more
than 60% of stomata were closed on
strawberry leaves damaged by two-
spotted spider mites (Sances et 4.,
1979b). This reduced stomatal con-
ductance and gas exchange. In
chrysanthemums infested with T
urticae, the ssomata were closed and
deformed (Tomczyk and Kropczynska,
1984).

Photosynthesis is dso dependent
on biochemica carbon fixation, which
tekes place insde the leaf tissue.
Mechanica destruction of the leaf
tissue by spider mites can therefore
aso affect photosynthesis. Infestation
with spider mites may aso impair the
transport and distribution of nutrients,
assmilates, water and hormones
(Poskuta et d., 1975; Sances e 4d.,
1979a; Redddll et d., 2004).

In this study, infestation with the
two-spotted spider mite reduced
stomatal opening, thereby reducing
the rate of transpiration (Tab. 1).
A reduction in the rate of
transpiration is a primary response to
spider mite infestation and it has
been reported in many plant species
(Sances et a. 1979a, 1981, 1982a;
Andrews and La Pre, 1979; Candolfi
et d., 1992; Reddall et a., 2004).

In the plants initialy infested
with 100 mites per ledf, the rate of
transpiration was significantly reduced
as ealy as fourteen days after
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infestation. In plantsinitialy infested
with 10 mites per ledf, the rate of
trangpiration was significantly reduced
42 days after infestation. Thisindicates
that the disturbances in stomatal
behavior which affect the rate of
transpiration depend on the length of
the feeding period and the intensity of
feeding. In chrysanthemums infested
with the two-spotted spider mite, the
proportion of stomata that were closed
or damaged increased during the
course of the feeding period (Tomczyk
and Kropczynska, 1984).

A reduction in the rae of
transpiration aso brings about a reduc-
tion in the rate of water lossin infested
plants, which in turn affects water
consumption (Cohen et al., 1993;
Liang et a., 2002; Aharon et 4.,
2003). The effect of infestation with
T. wurticae oOn waer uptake in
strawberry plants had not been
previoudy studied. In this study,
water consumption was lower in
infested plants than in the control
plants (Fig. 1). Water consumption
was reduced in the highest degree
(by about 18%) in the plants which
had been initialy infested with 100
mites per leaf.

CONCLUSIONS

Infestation with T.  wrticae
reduced gas exchange in strawberry
plants. The magnitude of the effect
depended on the level of infestation.
Impairment of physiological proces-
ses due to feeding by mitesis therefore
probably responsible for the reduction
in growth rate in infested plants.

The reduced level of water
consumption of injured plants points
out that no additional amounts of
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Figure 1. Effect of infestation with the two-spotted spider mite on water consumption

in strawberry plants

water need to be applied during two-
spotted spider mite infestation.

The physologica responses of
strawberries observed in this study
may provide a basis for further studies
in order to determine the economic
threshold level of infestation by T.
urticae based on population density
and the length of the feeding period.
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WPLYW ZEROWANIA PRZEDZIORKA CHMIELOWCA
NA WYMIANE GAZOWA, POBIERANIE WODY ORAZ
WZROST ROSLIN TRUSKAWEK

Krzysztof Klamkowski, Matgorzata Sekrecka,
Hajnalka Fonyddi i Waldemar Treder

STRESZCZENIE

W doswiadczeniu badano wptyw zerowania trzech zréznicowanych liczebnie
populagji przedziorka chmielowca (Tetranychus urticae Koch.) naintensywnos¢ wymiany
gazowsej, wzrost oraz wielkos¢ zuzycia wody przez rodliny truskawek odmiany ‘Elsanta’ .
Doswiadczenie przeprowadzono w warunkach szklarniowych. Przedziorki naktadano na
ro$liny w momencie wyksztatcenia przez nie 3 lisci wliczbie 0, 10, 50 oraz 100 dorostych
osobnikéw na kazdy lis¢ Zozony. W doswiadczeniu wykazano ograniczenie natezenia
wymiany gazowel u roslin, na ktorych zeroway przedziorki. Nasinigsza redukcje
fotosyntezy stwierdzono u rodlin, na ktérych populacja przedziorkdw byta najlicznig sza
Natomiast u roslin zasiedlonych w ngimnigjszym stopniu poziom fotosyntezy byt zbli zony
do wartosci uzyskanych dla roslin kontrolnych. U raélin tych stwierdzono réwniez
ngmnigsze ograniczenie wzrostu (masy oraz powierzchni lisci). W doswiadczeniu
wykazano ograniczenie intensywnosci transpiragji u rodlin porazonych przez przedziorki.
Redukcja transpiracji wskazuje na ograniczenie utraty wody z lisci, co wplywa
modyfikujaco na wielkos¢ zuzycia wody przez rosliny. Potwierdzity to obserwagje,
w ktérych poréwnano pobieranie wody przez rosliny zdrowe oraz porazone przez
przedziorki. Ngjwieksza ilos¢ wody w trakcie trwania doswiadczenia zuzyty rosliny
kontrolne, ngimnigjsze zuzycie stwierdzono u rodlin najbardzig porazonych przez
przedziorki.

Slowa Kkluczowe: Fragaria ananassa, Tetranychus urticae, fotosynteza, transpiracja,
‘Elsantal
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