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This study was carried out in the Selcuk University Faculty of Agriculture
Department of Horticulture Research and practice greenhouse. In the study,
Ata77, Bolverim77, Doruk77, Dorukhan77, Eren77, Erenoglu77 and Hilal77
strawberry varieties obtained from Yalova Atatiirk Horticultural Research
Institute were used. Sewing 5-6 leaf stage seedlings strawberries made after the
arrival of field capacity after the leaves of plants irrigation turgor until drought.
After implementation of the varieties of drought with healing and drought
period of watering again losses to determine. Leaf relative water content
(LRWC) loss 15. by the end of the day up to Ata77 cultivar (51.51%) while the
cultivar Dorukhan77 with at least lost 29.74%. Improvement of then 7. day
also represents the maximum improvement in the kind of Dorukhan77 (%
5.38), while according to the day of check out lost 17.57% Ata77. Membrane
permeability up to Ata77 cultivar (91.32%) while the lowest membrane radi-
cals Doruk77 (71.46%). The drought is finally low stomatal conductivity
Ata77 (10.70 mmol m-2 h-1) from the rubrics communicate the highest sto-
matal conductivity Doruk77 (106.76 mmol m-2 h-1) measured from. Measured
in terms of the amount of chlorophyll in leaves, drought and recovery period
maximum type of SPAD value from Eren77 (56.52 and 56.73) while Hilal77
the lowest values were obtained from (52.15 and 52.31). Body weight value of
relative dry drought at the end of the implementation of the Doruk77 with the
highest being obtained from 33.47 g minimum value has been obtained from
Ata77 with 24.35 g. In terms of relative root dry weight, the highest value is
being obtained from 24.79 g Doruk77 with the minimum value has been ob-
tained from Dorukhan77 with 18.44 g. Leaf after leaf of the drought in the area
measuring growth% 2.57 cultivar Dorukhan77 with, while the lowest leaf

growth is cultivar has been Doruk77 0.26%.

1. Introduction

Strawberry is one of the important fruit species
grown commercially in the world and in Turkey, and
this importance is increasing. The commercially grown
strawberry belongs to the Fragaria genus of the Rosa-
ceae family and is included in the Fragaria X ananassa
species, obtained by crossing Fragaria chiloensis and
Fragaria virginiana species (Deuel and Plotto, 2004).
Strawberry is a type of fruit that can easily adapt to
different ecological conditions and climate types. As a
matter of fact, it can be grown in different ecological
conditions from Siberia to Ecuador, from places with
high altitudes to places at sea level. Therefore, it can be
grown in almost every region in Turkey. Strawberry
production is mostly carried out in the Mediterranean
and Aegean regions of Turkey, and over time,
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strawberries have been grown in other regions of Tur-
key. In the world, especially China, USA, Mexico,
Turkey, Spain, Egypt are important strawberry produ-
cer countries (Anonymous, 2021).

Today, drought has reached social and economic
dimensions that threaten the environment and countries
with the increase in the world population, climate
changes, deforestation and global warming. Drought is
one of the natural disasters that cause the most damage
to people and the environment and cause great losses.
It is estimated that Turkey is among the countries with
a high risk group in terms of the possible effects of
global warming, and that especially the Mediterranean
and Central Anatolia regions will be more affected by
climate change in the future. Turkey has very different
climatic zones and microclimate areas due to its geog-
raphical location and structure. Climate elements and
especially the precipitation factor, which has the grea-
test impact on production, show great temporal and
spatial changes. Although the annual precipitation
average in Turkey is around 640 mm, water shortage
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and drought are experienced in many regions due to the
irregularity of the precipitation distribution (Ozcan et
al., 2004). Among the main factors affecting drought in
Turkey are atmospheric conditions, physical geography
factors and climatic conditions (Anonymous, 2008).
Drought stress caused by the lack of moisture neces-
sary for the plant to grow normally and complete its
life cycle; It is common in regions where rainfall is
irregular and irrigation is weak (Sircelj et al., 2007).
Drought is a meteorological phenomenon in general
terms and is defined as the period when there is no
precipitation until the water content of the soil and
plant growth decreases significantly and the water
shortage reaches the amount that will cause distress
(Ozcan et al., 2004). In drought conditions, the water
potential of the soil and then the plant decreases. In the
later stages, low turgor pressure, closure of stomata,
decrease in leaf growth and decrease in photosynthesis
rate occur. Plants exposed to drought stress have limi-
ted growth, lower dry matter production, increased
susceptibility to diseases and pests, and decreased
product quality and quantity (Monti, 1987).

Plants to drought stress; they respond with the
change they show in morphological, biochemical and
metabolic processes (Romo et al., 2001). As a result,
plants exposed to water scarcity are more sensitive to
other biotic and abiotic stresses (Coruso et al., 2008).

Global warming, which is seen as a potential threat
to agricultural production in the future and whose im-
pact we feel increasing day by day, will necessitate the
determination of drought tolerance of existing cultivars
and the cultivation of new drought-tolerant genotypes.
For this purpose, in this study, the drought stress of 7
short-day strawberry cultivars, Bolverim77, Hilal77,
Doruk77, Dorukhan77, Ata77, Eren77, Erenoglu77,
breeding in Yalova Atatiirk Horticultural Central Rese-
arch Institute.

2. Materials and Methods

2.1. Materials

This research was carried out in the greenhouse of
the Department of Horticulture, Faculty of Agriculture,
Selcuk University in 2016-2017. The plants were
grown under sunlight, at an average temperature of
31/22 (day/night) and approximately relative humidity
% 60-70 during the growing period. In the research, 7
strawberry cultivars, Bolverim77, Hilal77, Doruk77,
Dorukhan77, Ata77, Eren77, Erenoglu77, which were
breeding in Yalova Atatiirk Horticultural Central Rese-
arch Institute, were used. Characteristics of the
strawberry cultivars below.

ATAT77: Tioga x Cruz hybrid. Its fruits are medium
large, the outer color of the fruit is bright red, the fruit
flesh is hard, the fruit is heart-shaped, the taste and
smell are very good (Anonymous, 2017).

EREN77: Ottoman x Tufts hybrid. Its fruits are me-
dium large, conical in shape, the outer color of the fruit
is bright red, the taste and smell is very good, the fruit

quality is good and the fruit flesh is hard (Anonymous,
2017).

HILAL77: Ottoman x Tufts hybrid. Its fruits are me-
dium-large, heart-shaped, the outer color of the fruit is
bright red, the taste and smell is very good, the fruit
quality is good and the fruit flesh is hard (Anonymous,
2017).

BOLVERIM77: Tioga x Yalova-104 hybrid. The fruits
are large, the outer color of the fruit is bright light red,
the hardness of the fruit is medium, the shape is flatte-
ned, the fruit taste is medium (Anonymous, 2017).

DORUKT7: Tufts x Cruz hybrid. The fruits are small,
the outer color of the fruit is bright red, the fruit flesh is
quite hard. It is suitable for the food industry and can
also be used as a table (Anonymous, 2017).

DORUKHANTY7: Tufts x Cruz hybrid. The fruits are
medium-large, the outer color of the fruit is bright red,
the fruit flesh is hard. It is quite efficient. Although it is
table quality, it is also suitable for the food industry
(Anonymous, 2017).

ERENOGLU77: Cruz x Tioga hybrid. The fruits are
large, the outer color of the fruit is bright red, the fruit
flesh is medium hard. Fruit quality is very good
(Anonymous, 2017).

2.2. Methods

In the study, frigo strawberry seedlings were plan-
ted in 3-liter pots filled with peat. After the seedlings
are planted, the flowers and branches are plucked until
they reach the 5-6 leaf stage, and vegetative develop-
ment of the plants is ensured. The seedlings used in the
study were selected with equal vigor. The seedlings,
whose development was completed, were irrigated at
the field capacity level and no irrigation was applied
until the first sign of drought (withering of the leaves).
After the first sign of drought, the plants were started to
be watered again and the recovery vitality was maintai-
ned.

The study was planned on 7 strawberry cultivars
with a 15-day drought application followed by re-
irrigation of the plants. In the study, there were 3 repli-
cations and 3 plants in each replication. In the study,
morphological measurements of leaf area, plant fresh
and dry weight, root fresh and dry weight were made.
In addition, physiologically membrane permeability,
leaf proportional water content, stomatal conductivity
and chlorophyll content measurements were made.

The mature leaves from the plants were measured
with the Winfolia leaf area meter program. Measure-
ments were made on 10 leaves selected by chance from
plants belonging to each application (Ipek et al., 2014).

At the end of the research, the parts of the plants
removed from the pots, except for the root parts, were
first kept in an oven at 72°C for 48 hours after their wet
weight, and their dry weight was determined by we-
ighing them with precision scales (Ipek et al., 2014).

At the end of the study, the roots, excluding the
plant green parts of the plants removed from the pots,
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were first taken from the wet weight and kept in an
oven at 72°C for 48 hours, and their dry weight was
determined by weighing them with a precision balance
(Ipek et al., 2014).

For membrane permeability, 3 leaf discs, each 1
cm2 in size, were taken and passed through distilled
water 3 times in glass tubes. After this process, 10 ml
of water was added and shaken in closed vials at 25°C
for 24 hours. Immediately afterwards, EC was measu-
red (C1), the same samples were kept in an autoclave at
120°C for 20 minutes, then cooled down to 25°C and
then EC was measured again (C2). Membrane permea-
bility was determined by the following formula (Lutts
etal., 1996).

Membrane Permeability = C1/C2x100

The leaf discs taken from the plants were weighed
and their wet weight was determined, then they were
kept in petri dishes filled with pure water in an airtight
manner and weighed and their turgor weight was taken.
Then, the leaf discs were kept in an oven at 72°C for 48
hours and their dry weight was weighed, and the relati-
ve water content was calculated according to the for-
mula below (Kaya et al., 2003).

LRWC (%) = (WT-FW) / (WT-DW) x100
LRWC = Leaf Relative Water Content
FW = Fresh Weight

DW = Dry Weight

WT = Weight in Turgor State

Gas exchange in the leaves was measured with the
“Leaf Porometer” device from the middle part of the
randomly selected leaves from the plants. These mea-
surements were made during the drought phase and on
the first day of the healing process (Kusgu, 2006).

Table 1

The present study used a completely randomized
design, including three replicates per treatment and 5
plants per replicates. All data was subjected to one-way
ANOVA. The Duncan’s multiple range test was used
to compare mean values at p < 0.05 by SPSS 23.0
software.

3. Results and Discussion

3.1. Results

Leaf area

With the effect of 15-day drought stress, there was
almost no increase in the leaf area of the plants. The
effects of drought stress on strawberry cultivars were
found to be statistically significant. In 2016, the variety
with the highest leaf area was Hilal77 and the lowest
variety was Doruk77 in control, drought and recovery
applications (Table 1.) In 2016, the highest leaf growth
was in Eren77 during the drought and recovery period.
Leaf area decreased between 0.97% and 3.28% compa-
red to the control group in drought application. The
highest decrease in leaf area occurred in Erenoglu 77,
the lowest decrease occurred in Ata77 cultivar.

The results of 2017 were generally similar to the re-
sults of 2016. This year, the most leaf area was deter-
mined in Hilal77 and the least in Doruk77 variety in
control, drought and recovery applications (Table 1).
During the drought and recovery period in 2017, the
highest leaf growth occurred in Bolverim77 cultivar.
Leaf area decreased between 2.33% and 4.25% in dro-
ught application compared to the control group. The
highest decrease in leaf area occurred in Doruk 77, the
lowest decrease occurred in Ata77 cultivar.

Effects of drought stress on leaf area (cm?) in strawberry cultivars

2016 2017

Cultivars 0. da 15. day 15. day 7. day 0. da 15. day 15. day 7. day

-day control drought recovery -day control drought recovery
Doruk77 16.27d 16.95d 16.50d 16.56 d 17.63 e 18.55¢ 17.76d 17.80d
Dorukhan77 2241c 23.10c¢ 2251c 22.66 ¢ 21.92d 22.65b 22.09¢ 22.22¢
Hilal77 30.20a 30.85a 30.31a 3041la 30.09a 31.01a 30.27a 30.32a
Bolverim77 27.58b 28.65b 2797b 28.05b 28.75 bc 30.10a 29.02 ab 29.20 ab
Eren77 27.43b 28.30b 27.82b 27.95b 2757¢ 29.21a 27.82b 27.88b
Erenoglu77 22.99¢ 24.02 be 23.23¢ 23.33¢ 23.06 d 24.12b 23.23¢ 23.27¢
Ata77 28.29b 28.78 b 28.50 b 28.41b 29.94 ab 30.90 a 30.18a 30.27a
LSD 1.90 4.81 1.94 1.87 1.90 3.99 1.91 1.93

*: There is no difference between the averages shown with the same letter in the same column

Plant fresh weight

At the end of the drought stress, there was a slight
increase in plant fresh weight, and even a decrease in
some cultivars. In the control application in 2016, the
cultivars with the highest dry weight were Ata77 and
Eren77, and the lowest cultivars were Doruk77 and
Erenoglu77. In drought application, the highest dry
weight of the plant is Erenoglu77 and the lowest is
Doruk77. In the control application of 2017, the culti-

vars with the highest dry weight were found to be
Ata77 and Eren77, and the lowest was Doruk77. In
drought application, the highest dry weight of the plant
is Erenoglu77 and the lowest is Hilal77. In 2016, the
highest decrease in plant fresh weights occurred in
Bolverim 77, and the lowest decrease occurred in Ere-
noglu 77 cultivar. In 2017, the highest decrease in plant
fresh weights was detected in Eren 77, and the lowest
decrease in Ata77 cultivar (Table 2).
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Table 2
Effect of drought stress on plant fresh weight (g) in strawberry cultivars
Cultivars 2016 2017
0. day 15. day control 15. day drought 0. day 15. day control 15. day drought

Doruk77 39.35d 44.25¢ 42119 35.99d 40.12d 3757 f
Dorukhan77 45.16 ¢ 54.23d 51.74 f 38.15 be 49.26 46.50 d
Hilal77 52.66 b 58.36 C 55.50 37.66¢C 41.14d 35.77¢g
Bolverim77 51.67 b 68.53a 61.16 b 39.67 b 55.24 b 49.04b
Eren77 59.48 a 64.35b 58.51d 4524 a 50.58 ¢ 41.49e
Erenoglu77 40.20d 63.87 b 61.83a 3193e 60.05 a 52.10a
Ata77 58.61a 63.28 b 60.30 4576 a 49.69 ¢ 47.13c
LSD 2.38 4.02 0.94 2.93 3.86 0.59
*: There is no difference between the averages shown with the same letter in the same column
Plant dry weight was in Eren77 cultivar. In the control application in

It has been determined that the effects of drought 2017, the highest dry weight of the plant was determi-
stress differ according to the cultivars. In the control ned as Doruk77 (21.68 g) and the lowest was Eren77
application in 2016, the highest dry weight of the plant (13.77 g). In drought application, Erenoglu77 (17.74 g)
was Doruk77 (19.53 g) and the lowest was Erenoglu77 has the highest dry weight of the plant, and Hilal77
(13.32 g). In drought application, the highest dry we- (13.65 _g) has the Iowgst. The highest decrease in plant
ight of the plant is Ata77 (26.57 g), and the lowest is dry weights occurred in Eren 77, and the least decrease
Eren77 (18.16 g). The highest decrease in plant dry occurred in Dorukhan 77 cultivar (Table 3).
weights was found in Doruk77, and the lowest decrease
Table 3
Effect of drought stress on plant dry weight (g) in strawberry cultivars
Cultivars 2016 2017

0. day 15. day control 15. day drought 0. day 15. day control 15. day drought
Doruk77 19.53a 2756 b 25.34b 2168a 2352a 17.35ab
Dorukhan77 16.66 bc 28.45 ab 25.64 b 19.35b 24.66 a 15.70 ¢
Hilal77 14.97 cd 23454 2017 e 14.39d 17.10¢ 1365¢
Bolverim77 15.85 bc 26.89 bc 2261c 16.83 ¢ 19.51 b 17.05b
Eren77 16.99 b 23.44d 18.16 f 13.77d 16.53 ¢ 14.46 d
Erenoglu77 13.32d 2461 cd 21.36d 13.87d 20.30b 17.74a
Ata77 16.61 bc 29.47a 26.57a 17.50 bc 20.46 b 16.99 b
LSD 2.70 2.95 0.74 3.00 3.11 0.85
*: There is no difference between the averages shown with the same letter in the same column
Root fresh weight group in drought application. The highest decrease in
applications (Table 4). In 2016, root wet weight was wet weight was 9.63 g (Doruk77) and 18.31 g (Hi-
15.30 g (Doruk77) and 23.71 g (Ata77); In drought al77); in drought application, it is between 12.33 g
application, it was found between 18.92 g (Doruk77) (Doruk77) and 17.01 g (Bolverim77). The highest
and 23.35 g (Hilal77). Root wet weights decreased decrease in root fresh weights was detected in Erenog-
Table 4
The effect of drought stress on root fresh weight (g) in strawberry cultivars.
Cultivars 2016 2017
u 0. day 15. day control 15. day drought 0. day 15. day control 15. day drought

Doruk77 1530 e 23.33d 18.92¢ 9.63d 14.22d 12.33d
Dorukhan77 19.35d 24.16 cd 21.87d 12.61¢c 17.40 ¢ 15.06 ¢
Hilal77 20.68 ¢ 25.41 be 23.35a 18.31a 20.00 ab 16.21 ab
Bolverim77 1991 cd 26.85 ab 22.62 be 17.08 a 20.36 a 17.01a
Eren77 22.66 b 27.45a 22.88 ab 14.85b 18.24 hc 14.96 ¢
Erenoglu77 21.79b 23.63d 21.68d 12.33¢ 14.03d 13.32d
Ata77 23.71a 25.10 bc 22.10 cd 12.47 ¢ 17.09¢ 15.41 bc
LSD 1.27 2.29 1.03 2.07 2.83 1.62
*: There is no difference between the averages shown with the same letter in the same column
Root dry weight g (Hilal77); in drought application, it is between 5.24 g

Significant differences were determined in root dry (Ata77) and 7.42 g (Dorukhan77). In 2016, the highest
weights of cultivars according to the applications. In decrease in root dry weights was Doruk77, the lowest
(Dorukhan77); In drought application, it was found occurred in Bolverim77, the lowest decrease occurred
between 6.40 g (Erenoglu77) and 8.75 g (Doruk77). In in Eren77 variety (Table 5).

2017, the root dry weight was 3.03 g (Eren77) and 5.96
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Table 5
Effect of drought stress on root dry weight (g) in strawberry cultivars
Cultivars 2016 2017

0. day 15. day control 15. day drought 0. day 15. day control 15. day drought
Doruk77 7.30ab 9.10 ab 8.75a 4.35bc 8.11ab 7.30a
Dorukhan77 7.80a 9.24 ab 8.70a 4.73Db 8.19a 742a
Hilal77 6.40 cd 9.04a 8.46 ab 5.96 a 7.33 abc 6.45b
Bolverim77 7.16 b 8.86 ab 8.29 bc 3.77cd 7.19c 6.71b
Eren77 6.41cd 8.75ab 7.98 cd 3.03d 6.46 abc 547c
Erenoglu77 6.78 bc 750b 6.40e 3.74 cd 6.23 bc 552¢
Ata77 5.86d 8.36 ab 7.65d 4.44 e 6.14c 5.24c
LSD 0.80 3.05 0.54 1.19 2.95 0.74

*: There is no difference between the averages shown with the same letter in the same column

Membrane permeability

The results of membrane permeability in leaf samp-
les of strawberry cultivars are given in Table 6. As the
level of drought severity increases, it is seen that
membrane damage increases with the increase in
membrane permeability percentages. According to the
data of 2016, the membrane damage differed in the
cultivars, and the least damage occurred in Doruk77
(71.46%) and Ata77 (91.32%) the most in the drought
period. In the recovery period, the least damage was
detected in Doruk77 (35.73%), and the most in Ata77
Table 6

(44.58%). The highest increase in membrane permeabi-
lity occurred in Doruk77, the lowest increase in Hilal
77 variety. In 2017, the least damage occurred in Do-
ruk77 (61.67%) variety, followed by Dorukhan77
(62.57%), and Ata77 (82.14%) variety was the most
damaged. During the recovery period, the least damage
was determined in Doruk77 with 22.07% and the hig-
hest damage was determined in Ata77 with 30.98%.
The highest increase in membrane permeability was
determined in Doruk 77, the lowest increase in Hilal 77
variety (Table 6)

Effect of drought stress on membrane permeability (%) in strawberry cultivars

2016 2017

Cultivars 0 da 15. day 15. day 7. day 0. da 15. day 15. day 7. day

-aay control drought recovery -aay control drought recovery
Doruk77 17.71 ab 21.10a 7146 e 35.73d 17.52 cd 23.60 a 61.67 ¢ 22.07d
Dorukhan77 16.64 bc 18.36 bc 73.70 e 37.07c 20.09a 22.00 ab 62.57 e 27.48 be
Hilal77 15.71¢c 16.70 ¢ 82.45d 41.39b 16.13 e 18.00 ¢ 72.77d 26.29 be
Bolverim77 16.61 bc 18.00 bc 83.54 cd 41.83b 17.92 bc 19.30 be 73.54 cd 27.94b
Eren77 17.75 ab 18.24 be 8491c 42.43b 16.50 de 18.45 he 75.26 bc 26.00c
Erenoglu77 17.64 ab 18.35 bc 87.17b 4384 a 19.08 ab 19.87 bc 76.06 b 30.25a
Ata77 18.10a 19.14 ab 91.32a 44.58 a 18.57 bc 20.35 abc 82.14a 30.98 a
LSD 1.74 3.29 2.10 1.84 1.80 4.98 2.76 2.69

*: There is no difference between the averages shown with the same letter in the same column

Leaf relative water content

As a result of leaf relative water content measure-
ments, it was found that the applications were statisti-
cally significant. In 2016, the highest LRWC value was
observed in the cultivar Doruk77 (81.88%), followed
by Dorukhan77 (80.40%), and the lowest value was
determined in the cultivar Bolverim77 (78.27%). Du-
ring the drought period, LRWC Doruk77 (68.77%) was
the highest and the lowest was found in Ata77
(52.48%). Similarly, the highest LRWC Doruk77
(88.24%) and the lowest Ata77 (71.82%) variety were
found during the recovery period. The highest decrease
Table 7

in leaf relative water content was determined in Do-
ruk77, and the lowest decrease in Ata77 cultivar. In
2017, the highest LRWC Dorukhan77 (93.19%) was
found in the control, and the lowest was found in Hi-
lal77 variety. At the end of the 15-day drought applica-
tion, the highest LRWC was found in Dorukhan77
variety, while the lowest value was determined in
Ata77. In the recovery period after the drought, the
highest value was again found in Dorukhan77 and the
lowest in Ata77. The highest decrease in leaf relative
water content was determined in Doruk77, and the
lowest decrease in Ata77 (Table 7).

Effect of drought stress on leaf relative water content (LRWC) (%) in strawberry cultivars

2016 2017

Cultivars 0. day 15. day 15. day 7. day 0. day 15. day 15. day 7. day

control drought recovery control drought recovery
Doruk77 81.88a 80.14 abc 68.77 a 88.24 a 86.85b 80.36 ¢ 7419 a 87.17b
Dorukhan77 80.40b 82.65a 62.66 b 83.50 b 93.19a 90.01a 74.20 a 96.48 a
Hilal77 78.53 de 79.63d 60.39¢c 75.28 ¢ 74.58d 75.10d 58.40 bc 74.93 de
Bolverim77 78.27¢ 80.00 abc 57.86d 7550 ¢ 82.52¢ 83.25b 60.32b 77.69 cd
Eren77 7954 ¢ 81.74 ab 57.48d 73.41d 84.62 bc 84.00 b 56.19 ¢ 84.29b
Erenoglu77 78.69 de 79.96 cd 56.09 e 74.00d 84.85 bc 85.63 b 57.22¢ 7821c
Ata77 79.11cd 81.38 ab 52.48 f 71.82e 85.04 bc 84.52b 50.50d 72.65¢
LSD 1.06 2.92 0.83 111 451 291 3.45 451

*: There is no difference between the averages shown with the same letter in the same column
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Stomatal conductivity

Drought application caused great decreases in sto-
matal conductivity in strawberry cultivars. While the
highest decreases were found in Hilal77, Bolverim77,
Eren77, Erenoglu77 and Ata cultivars compared to
control in 2016, the decreases were less in Doruk77
Table 8

and Dorukhan77 cultivars compared to other cultivars.
However, during the recovery period, the stomatal
conductivities of the plants increased again to the cont-
rol level. The results of 2017 are largely similar to the
results of 2016 (Table 8).

Effects of drought stress on stomatal conductivity in strawberry cultivars.

2016 2017

Cultivars 0. day 15. day 15. day 7. day 0. day 15. day 15. day 7. day

) control drought recovery ) control drought recovery
Doruk77 358.37 a 365.00 a 116.63 a 373.67 a 355.86 a 358.14 a 106.49 a 368.33 a
Dorukhan77 345.70 b 348.30 bc 112.44b 366.07 ¢ 343.76 b 340.15d 103.03 b 355.96 b
Hilal77 339.26 ¢ 350.87 bc 37.63d 358.83d 338.06 ¢ 340.15d 16.73 cd 364.65 a
Bolverim77 348.93 b 351.36 abc 39.49c¢ 368.20 b 344.30 b 34490 c 17.19¢ 37051 a
Eren77 340.20 ¢ 341.25¢ 39.18¢ 366.23 bc 338.20¢c 340.52d 16.81cd 365.76 a
Erenoglu77 328.43d 328.70d 38.97 cd 366.47 bc 325.43d 32840e 16.07d 367.50 a
Ata77 359.10a 362.13 ab 2334e 35390 e 356.83 a 350.36 b 10.77 e 35136 b
LSD 4.98 2.45 2.05 2.79 5.61 2.98 1.40 9.62

*: There is no difference between the averages shown with the same letter in the same column

SPAD value

In 2016 and 2017, the SPAD value in strawberry
leaves decreased a little as a result of drought applica-
tion, but returned to the control level during the reco-

Table 9

Effect of drought stress on SPAD value in strawberry cultivars

very period. Although the SPAD values of the cultivars
are very close to each other, the highest values were
determined in Eren77 cultivar in all periods (Table 9).

2016 2017

Cultivars 0. day 15. day 15. day 7. day 0. day 15. day 15. day 7. day

) control drought recovery ) control drought recovery
Doruk77 55.06 bc 58.65 a 53.87b 55.38 bc 55.00 cd 56.31 bc 52.94 bc 54.85 bc
Dorukhan77 55.73 abc 54.65 bc 54.88 ab 55.94 abc 54.58 cd 5423 ¢ 52.77 bc 54.49 be
Hilal77 53.36 ¢ 55.32 bc 53.16 b 53.44 ¢ 55.03 bed 56.85 ab 50.55 ¢ 54.43 bc
Bolverim77 56.03 ab 55.52 bc 54.71 ab 56.16 ab 56.93 abc 55.36 bc 55.96 a 56.71 ab
Eren77 57.93a 57.62 a 56.53 a 58.02 a 58.22 a 58.63 a 56.07 a 57.90 a
Erenoglu77 56.80 ab 56.89 ab 55.32ab 56.79 ab 57.43 ab 58.41a 55.01 ab 57.18a
Ata77 54.70 bc 54.20 c 53.11b 54.53 bc 54.18d 55.36 bc 53.54 ab 54.28 ¢
LSD 3.55 3.02 3.40 3.56 3.40 2.68 3.61 3.23

*: There is no difference between the averages shown with the same letter in the same column

Discussion

Drought; It occurs when the usable water in the soil
decreases in plants and water is lost by transpiration or
evaporation due to atmospheric conditions (Jaleel et al.,
2009). Drought stress is one of the most important
stresses affecting plant growth and yield, and it affects
many physiological, biochemical and molecular pro-
perties in plants (Ozfidan, 2010). Therefore, understan-
ding the physiological and biochemical responses of
plants in resistance to drought stress will be useful in
identifying species and varieties that are resistant to
drought conditions. In this context, in our study on
newly bred strawberry cultivars, it was determined that
the responses of cultivars to drought stress differ. Du-
ring the 15 days of drought stress, the leaf area of the
plants hardly increased. Reduction in leaf area due to
drought also reduces dry matter production as it redu-
ces plant fresh weight and photosynthesis activity due
to sunlight intake (Sayyari and Ghanbari, 2012). In
addition, dry matter accumulation in drought-stressed
plants may result from changes in carbon and nitrogen
metabolism as a result of aging and dying of leaves
(Bertamini et al., 2006). Many plants provide resistan-
ce to dry conditions by accelerating the aging and
shedding of their old leaves. This process is known as

“leaf area arrangement” (Mahajan and Tuteja, 2005). In
studies on the subject, Nigues and Baker (2000), olive,
lavender and rosemary; Boutraa et al., (2010) in wheat;
Ipek (2015) on Myrobolan and Garnem rootstocks;
Klamkowski and Treder (2008) determined that the
leaf area decreased with drought stress in strawberry.
The decrease in leaf area in the plant under drought
stress is associated with the slowdown of photosynthe-
sis. This slowdown in photosynthesis is due to chlo-
rophyll content, water intake and insufficient nitrogen
content. Nair et al., (2009) found a decrease in leaf
area, water use efficiency, net assimilation rate and
transpiration rate in okra with drought stress.

It was determined that plant fresh and dry weights
of strawberry plants decreased under drought stress,
while there was a slight increase in root fresh and dry
weights. Leaf growth is more susceptible to drought
stress than root development. The reduction in leaf
expansion is beneficial for plants in water-deficient
conditions. Because the decrease in the growth of leaf
area increases the root development and volume by
carrying the excess of energy and carbohydrates requi-
red for growth to the roots (Taiz and Zeiger, 2008).
While water stress causes a decrease in growth due to
the inability to supply the water required for cell divi-
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sion and growth, deficiencies in carbon and nitrogen
metabolism also cause decreases in the fresh and dry
weights of plants (Kluge, 1976; Bertamini et al., 2006).
Our results, Rahman et al., (2002) tomato, Sivritepe et
al., (2008) Gisela 5 cherry rootstock, Abbaspour et al.,
(2012) Pistachio, Karimi et al., (2012) on almond,
Bolat et al., (2014) on apple and pear, and Ipek (2015)
on Myrobolan and Garnem rootstocks.

The maintenance of cell structure under stress con-
ditions depends on the properties of membrane proteins
and the structure of lipid compounds. Oxidative stress
usually causes cell damage due to the deterioration in
the structure of membrane proteins and lipids, depen-
ding on the concentration of active oxygen derivatives.
For this reason, cell damage occurs at lower levels in
genotypes that operate enzyme activities or perform
osmotic regulation (Kusvuran, 2010). In our study,
drought stress caused significant increases in cell
membrane permeability. These results are similar to the
data obtained by Karimi et al., (2012) on 5 almond
cultivars and GF 677 rootstock, Patel et al., (2011) on
chickpea and Ipek (2015) on Myrobolan and Garnem
rootstocks in vitro conditions.

Decreased root activities in plants in arid conditi-
ons, resulting in the roots not getting enough water,
decreases the water content of the leaves (Taiz and
Zeiger, 2008). The water content of plants provides the
protection of turgor and the uptake of mineral substan-
ces from the soil. When the relative water content dec-
reases, the plant cells shrink by losing their turgor and
try to control the preservation of cell volume by activa-
ting the protective mechanisms of the osmotic balance
(Cirak and Esendal, 2006). In our study, it was deter-
mined that drought application decreased YOSI values
and stomatal conductivity. Similar results were obtai-
ned in studies on the subject. Rahman et al., (2002)
determined that there was a decrease in the relative
water content of the leaves when the duration of water
stress was prolonged in 2 tomato cultivars. Larbi and
Mekliche (2004) determined that the relative water
content of leaves decreased in two wheat cultivars
under drought conditions. Ghaderi and Siosemardeh
(2011) examined the effects of different irrigation re-
gimes on two strawberry cultivars and found the hig-
hest leaf proportional water content in the control
group.

In our study, some decreases were observed in
chlorophyll content under drought stress in all culti-
vars. Water is one of the most important substances for
chlorophyll synthesis, leaf water content must be high
to maintain the maximum amount of chlorophyll
(Goss, 1973). Efeoglu (2009) determined in his study
that the total amount of chlorophyll in the leaves of the
corn plant under drought stress decreased, and the
amount of chlorophyll increased with re-irrigation.
Chlorophyll is one of the main pigments in the plant
and a decrease in its concentration causes chlorosis, a
decrease in growth and yield. Plants under stress give
similar responses in terms of chlorophyll breakdown.
Alisadeh et al. (2011) found that in apples and Zanjani

et al (2012) in zucchini there was a decrease in the
amount of chlorophyll with drought stress.

In the research that lasted for two years, the results
related to the properties examined in general showed
parallel. Differences between years in terms of some
characteristics may be the result of climatic differences
between years in uncontrolled greenhouse conditions.

4, Conclusions

Factors that inhibit plant growth are called stress.
Stress caused by drought, salinity, high and low tempe-
ratures, and heavy metals are common in many agricul-
tural parts of the world. In recent years, with the effect
of global warming, the importance of water has started
to be felt more and more with agricultural drought.
Plants develop tolerance mechanisms to adapt to envi-
ronmental conditions in the nature of physiological,
biochemical and molecular responses to drought stress
(ipek, 2105). All strawberry cultivars used in our study
were affected by drought, but some cultivars were less
affected than others. Doruk77 and Dorukhan77 culti-
vars were found to be superior to other cultivars in
terms of both drought resistance and post-drought re-
covery. The high drought tolerance of these cultivars
may depend on genetic characteristics. As a matter of
fact, the parents of both varieties are the same (Tufts X
Cruz). With the application of drought, leaf growth,
decrease in LRWC and SPAD values in varieties;
Membrane permeability and stomatal conductivity
increased.
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