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ABSTRACT

The aim of this study was to determine the effects of different levels of moisture
content in the growth substrate on water potential, gas exchange rates, growth, and
yield in strawberry plants grown under greenhouse conditions. Strawberry plants of
the cultivar ‘Elkat’ were grown in containers stacked in columns. The containers were
filled with a substrate consisting of sandy loam and perlite. Each column consisted of
three sections. The bottom section was partially submerged in a container filled with
water. Water flowed to the upper sections of the column by capillary action. The
moisture content of the substrate was not uniformly distributed in the column. The
moisture content of the substrate was about 34% v/v in the bottom section, about 25%
v/v in the middle section, and about 14% v/v in the top section of the column. Leaf
fresh weight, leaf surface area, and yield were highest in the plants growing in the
bottom and middle sections of the column, and lowest in the plants growing in the top
section of the column. However, there were no significant differences in root fresh
weight and total root length between plants from different sections of the column.
Water potential and gas exchange rates were measured in order to assess the
physiological state of the plants. Water potential in the leaves decreased when the
availability of water was limited. This was especialy true for the plants growing in
the top section of the column. Photosynthetic rates and transpiration rates were also
lowest in the plants growing in the top section of the column.
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INTRODUCTION

Strawberries have a high water
requirement because they have
shallow root systems, a large ledf
area, and fruits with a high water
content (Matuskovié, 1999; Treder,
2003). Generdly, plants grown in
soilless culture under greenhouse
conditions are exposed to sudden and
severe stress when irrigation fails.
This is because the volume of the
substrate in which the plants are
growing is limited. Water reserves
are therefore quickly exhausted, and
the plants suffer from water stress.

Reduced water availability induces
numerous physiologicd and bio-
chemicd changes in dl plant organs.
Gas exchange in the leaves is limited,
which in  turn reduces carbon
assimilation. Changes in the distri-
bution of photoassimilates can reduce
vegetative growth and even severdy
reiard the development of plant
reproductive organs (Boyer, 1970;
Gehrmann, 1985; Singer et d., 2003).

Better understanding of plant
responses to water stress may help
improve irrigation  management
practices. The aim of this study was
to examine the effect of different
levels of moisture content in the
substrate medium on growth, water
potential, and gas exchange in
strawberries grown under greenhouse
conditions.

MATERIAL AND METHODS
The experiment was carried out

in 2005 in the greenhouse of the
Research Institute of Pomology and
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Floriculture in Skierniewice, Poland.
‘Frigo’ plants of the cultivar ‘Elkat’
were planted in containers stacked in
columns filled with a substrate
consisting of three parts of sandy
loam and one of part perlite (Fig. 1).
Each column was divided into three
sections connected by  water
absorbing material. The bottom
section was partially submerged in
acontainer filled with 2 to 5 cm of
water. The containers were arranged
so that the moisture content of the
substrate was different in each
section of the column. The moisture
content of the substrate was
monitored with ECH,O capacitance
probes connected to a data logger
(Decagon Devices, USA). The
experiment was carried out in three
replicates of one column each. Each
section of each column contained six
plants.

The physologicd dae of the
srawbery plants was assessed by
mesasuring water potentid and gas
exchange rate in the leaves. Measu-
rements were performed thirty and sixty
days after the gtart of the experiment.
The gas exchange rate was measured
in two leaves from each plant using
an LI-6400 portable photosynthesis
system (LI-COR, USA). Tempereture,
CO, concentration, and irradiance in the
leaf chamber during analysis were set
to approximate ambient condi-tions.
Midday leaf water potential was
measured using an SKMP-1400/40
pressure chamber (Skye Instruments,
UK).

The leaf fresh weight, leaf
surface area, root fresh weight and
total root length were measured at
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Figure 1. Column of stacked containers

the end of the experiment. The leaf
surface area was measured using
aWinDIAS image anaysis system
(Delta-T  Devices, UK). Root
samples from each plant were
collected and cleaned. Total root
length was then measured using
aSCAN image analysis system
(Delta-T Devices, UK).

All data were datigticadly elabo-
raed using andyss of variance
(ANOVA), followed by means
separation using Duncan’'s multiple-
range t-test at P<0.05. All calculations
were performed with the help of the
Satistica 6.0 software package
(StatSoft, USA).
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RESULTS AND DISCUSSION

The moisture content of the
substrate was not uniformly distri-
buted in the column (Fig. 2). The
moisture content of the substrate in
the bottom section of the column was
about 34% v/v, or 100% of the water
holding capacity. The moisture
content in the middle section of the
column was about 25% v/v, or 74%
of the water holding capacity. The
moi sture content in the top section of
the column was about 14% v/v, or
41% of the water holding capacity.
During the course of the experiment,
the moisture content in the top
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Figure 2. Moisture content of the substrate in different sections of the column

(representative data for a two-week period)

section of the column gradualy
decreased so that additional irrigation
was hecessary.

Water availability is a limiting
factor for a wide range of physio-
logical processes in plants. One of
the first responses of plants to
drought is stomatal closure. The
stomata regulate gas exchange
between the inside of the leaf and the
atmosphere. Therefore, they are the
main means of regulating water
relations and carbon assimilation in
plants (Hetherington and Woodward,
2003). Stomatal closing protects
plants against excessive water 10ss,
but also restricts the diffusion of CO»
into the leaves (Chaves et a., 2003).
In the present study, the physio-
logical state of the strawberry plants
was estimated by measuring water
potential and a rate of leaf gas
exchange.
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Gas exchange rates varied depen-
ding on which section of the column
the plants were growing in (Tab. 1).
The highest photosynthetic rates and
trangpiration rates were found in the
plants growing in the bottom section of
the column, where the moisture
content of the substrate was highest.
Water potentia in the leaves decreased
when the availability of water was
limited (Tab. 1). This was especially
true for the plants growing in the top
section of the column. Gas exchange
rates were aso lowest in the plants
growing in the top section of the
column. The photosynthetic rate was
not significantly reduced in the plants
growing in the middle section of the
column. On the other hand, sixty days
after the gtart of the experiment, the
transpiration rate was reduced in this
group of plants because the water
reserves in the subgirate were exhausted.
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Table 1. Water potential, photosynthetic rate, transpiration rate and water-use
efficiency (WUE) in strawberry plants of the cultivar ‘Elkat’ growing in different

sections of the column

Sampling date and the section of the column
Parameter 30 days after the start of the | 60 days after the start of the
experiment experiment
top middle | bottom top middle | bottom

Weter potentia -15la | -109b* @ -056c | -155a | -L18b | -077c
(MPa)
Photosynthetic 1ale | 10624 | 1311b | 1357b | 4l1la | 5268 7.39b
[umol CO, m*s7]
Transpiration rate
[ | HOm?s] 250a | 3.88b 4.04b 059a | 099a | 1.83b
WUE
[umol CO, m?s? 495b | 347a 338a 710b | 647b | 469a
/mmol H.O mi?s’]

*Means in the same line followed by the same letter are not significantly different according to Duncan’s
multiple-range t-test at P<0.05. Analysis performed separately for each sampling date

A reduction in gas exchange rates has
been observed in many fruit crops
grown under drought conditions (Jorba
et a. 1985, Chandler and Ferree,
1990; Klamkowski and Treder, 2002).
The response of strawberry plants to
different levels of water availability
was studied in detail by Sruamsiri and
Lenz (1986). These authors suggested
-1 MPaas afirst threshold for drought
effects, -1.7 MPa as an onset of wilting
and -25 MPa a an onset of
irreversible  drought  effects in
srawberry plants. This agrees wdll
with the results of the present study, in
which the plants in the top section of
the column began to wilt when the
water potentia fell below -1.5 MPa,
making additional irrigation necessary.

The water-use efficiency (WUE)
was calculated in order to integrate the
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results on changes in gas exchange
rates. WUE can be described in
different ways. At the leaf level, WUE
can be defined as the ratio of the
photosynthetic rate to the transpiration
rate (Sinclair et d., 1984; Pietkiewicz
et a., 2005). WUE has been used in
many experiments on water relations
and drought resistance in various crop
species (Flore et d., 1985; Escalona et
a., 1999).

In the present study, WUE varied
depending on which section of the
column the plants were growing in
(Tab. 1). WUE was highest in the
plants growing in the top section of
the column, where water stress was
most severe. According to Chaves et
a. (2003) most plants tend to show
an increase in water-use efficiency
when water deficit is mild. This
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increase results from a non-inear
relationship between stomatal conduc-
tance and carbon assimilation. Water
loss is reduced before and more
intensdly than photosynthesis is
inhibited (Chaves et d., 2003; Piet-
kiewicz et d., 2005). These changes
leed to optimization of carbon
assmilation in reaion to water
supply. This agrees wel with the
results of the present study. The
differences in WUE in plants growing
in different sections of the column
were mainly due to differences in the
transpiration rate. For example, sixty
days after the start of the experiment,
the difference in the photosynthetic
rate between the plants growing in the
bottom section of the column and the
plants growing in the top section of the
column was about 44%. The difference
in the transpiration rate was even
greater, 68%. The reduction in the
transpiration rate was the main reason
why values for WUE were higher sixty
days dafter the start of the experiment
than they were thirty days after the
start of the experiment.

Another one of the earliest
responses of plants to water deficit is
growth inhibition (Boyer, 1970;
Hsiao, 1973). In the present study,
growth rate in the strawberry plants
was affected by differences in water
availability (Tab. 2). The leaf fresh
weight and the leaf surface area were
highest in the plants growing in the
bottom and the middle sections of the
column. However, there were no
significant differences in the root
fresh weight and tota root length
between plants from different sections
of the column. This indicates that
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growth inhibition in response to
reduced water availability was higher
in the above-ground portions of the
plants than in the root systems. An
increase of investment in roots
results in enhancement of root depth.
This enables the plants to increase
water uptake and survive during
drought. This agrees well with other
studies (Chandler and Ferree, 1990;
Gehrmann and Lenz, 1991).
Photosynthesis is an important
factor that determines plant pro-
ductivity. Inhibition of photo-
synthesis in response to reduced
water availability reduces yield. In
the present study, yield was highest
in the plants growing in the bottom
and middle sections of the column,
and lowest in the plants growing in
the top section of the column, where
the moisture content of the substrate
was lowest (Tab. 3). Reduced yields
during drought were also observed in

other studies (Gehrmann, 1985;
Chandler and Ferree, 1990).
There were no significant

differences in vegetative growth and
yield between the plants growing in
the bottom and middle sections of the
column (Tab. 2 and 3). Thisindicates
that the optimal moisture content for
the substrate used in this experiment
is between 25 and 34% v/v. If the
water content was below 25% vl/v,
growth and yield would be strongly

reduced.
CONCLUSIONS
Maintaining the proper level of

moisture in the growth substrate is one
of the most important reguirements
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Table 2. Leaf and root parameters in strawberry plants of the cultivar ‘Elkat’

growing in different sections of the column

Leaf fresh Root fresh
Section of the | weight per Total IeTf atrea weight per Root I«Iang;[h
column plant per plan plant per plan
(g Lem? (g Lom]
Top 6.8 a* 175a 279a 1213 a
Middle 13.3b 427b 3.04a 1598 a
Bottom 175b 530b 312a 953 a

*Means in the same column followed by the same letter are not significantly different according to

Duncan’s multiple-range t-test at P< 0.05

Table 3. Moisture content of the substrate and yield in strawberry plants of the

cultivar ‘Elkat’
. . M oisture content :
Section of Moisture content [% of water holding Yield
column [% viv] . [%]
capacity]
Top 14 41 61 a*
Middle 25 74 95 b
Bottom 34 100 100 b

*Explanation, see Table 2

for successful strawberry production
in soilless culture under greenhouse
conditions. The optimal moisture
content for the substrate used in this
study was between 25 and 34% vlv,
or between 74 and 100% of the water
holding capacity. In a previous study
in which strawberries were cultivated
in a peat substrate, yield was reduced
in the plants growing in the bottom
section of the column because of the
high moisture content (unpublished
data). In the present study, yield was
not reduced in the plants growing in
the bottom section of the column. In
fact, the best conditions for plant
growth were in the bottom section of
the column.

J. Fruit Ornam. Plant Res. val. 14, 2006: 163-171

The column method used in this
study is very useful in determining
plant responses to different levels of
water availability. The columns do
not take up alot of space. It is dso
easy to regulate the moisture content
of the substrate using this method.
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FIZJOLOGICZNA | MORFOLOGICZNA REAKCJA
ROSLIN TRUSKAWKI NA ZROZNICOWANE
ZAOPATRZENIE W WODE

Krzysztof Klamkowski, Waldemar Treder
i Anna Tryngiel-Ga¢

STRESZCZENIE

Celem doswiadczenia byto okredenie wptywu réznegl wilgotnosci podtoza na
wybrane parametry fizjologiczne, wzrost i plonowanie truskawki. Truskawki odmiany
‘Elkat’ posadzono do specjanie skonstruowanych kolumn wypetnionych gleba
zmieszang z perlitem. Kolumny byty podzielone na 3 strefy odizolowane od siebie
i potaczone mata o wlasciwosciach podsiakowych. Po rozpoczeciu wzrostu roslin,
dolna czes¢ kolumn umieszczono w wodzie tak, aby mogta ona dzigki sitom
kapilarnym podsi aka¢ w gore kolumny. Pomiary zawartosci wody w poszczeg6lnych
czesciach kolumny wykazaty, ze w dolngj strefie wilgotnosé podtoza utrzymywata si¢
na statym poziomie (ok. 34% v/v). W strefie gornej obserwowano state obnizanie sie
wilgotnosci podioza, co pociagato za soba koniecznos¢é dodatkowego nawadniania
roslin tam rosnacych. W celu oceny stanu fizjologicznego roslin, w trakcie wzrostu
wykonano pomiary natezenia wymiany gazowej oraz potencjau wody w lisciach.
Rosliny rosmce w dolnegj czesci kolumny, gdzie wilgotnos¢ podtoza byta najwieksza,
transpirowaly z najwyzsza intensywnoscia. U roslin tych stwierdzono réwniez
najwyzsze wartosci natezenia fotosyntezy i potencjatu wody. Ograniczona wilgotnosé
podioza byta przyczyna obnizenia potencjatu wody w tkankach roslinnych, co
zaobserwowano u rosélin rosnacych w gorngj oraz srodkowej czesci kolumny.
Niedobér wody spowodowal wyrazne zahamowanie natgzenia wymiany gazows,
szczegllnie u roslin rosnacych w gorneg strefie kolumny, gdzie stres wodny byt
najsilnigjszy. Zréznicowane zaopatrzenie w wode wplyneto na wzrost i plonowanie
roslin. Swieza masa czeéci nadziemnej roslin oraz powierzchnia lisci byty najwyzsze
w przypadku roslin rosnacych w strefie dolngj i srodkowej. Nie zaobserwowano
natomiast istotnych réznic w wielkosci systemu korzeniowego pomiedzy roslinami
rosnacymi w réznych strefach kolumny. Stres wodny w istotnym stopniu ograniczyt
plonowanie roslin. Najwyzszy plon uzyskano z rodlin rosnacych w strefie dolnegj
i srodkowej, najnizszy w strefie gornej kolumny, gdzie wilgotnos¢ podtoza byta
najnizsza.

Slowa kluczowe: Fragaria ananassa, Wymiana gazowa, potenciat wody, ‘Elkat’, system
pionowy

J. Fruit Ornam. Plant Res. vol. 14, 2006: 163-171 171



