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Abstract: This study was conducted to determine the drought tolerance of 6 different economically important 

wine grape cultivars (‘Sultani Seedless’, ‘Çalkarası’, ‘Emir’, ‘Boğazkere’, ‘Öküzgözü’, ‘Narince’) of Turkey 

under in vitro conditions. Drought stress was induced on in vitro-grown explants by 3 different PEG (8000) 

(poly ethylene glycol) doses (2, 4 and 6 %). Plants were subjected to drought stress for 6 weeks and plant fresh 

weight, dry weight, shoot length, number of shoots, number of leaves, electrolyte leakage, relative water 

content, proline content and lipid peroxidation (MDA) were determined. Being more distinctive at higher 

doses, PEG treatments yielded significant decreases in fresh weight, dry weight, shoot length, number of shoots 

and number of leaves. As compared to the control, PEG treatments also yielded greater electrolyte leakage in 

all cultivars. All three PEG concentrations decreased relative water content of all cultivars. Proline content of 

explants increased with increasing PEG doses. While plant response to PEG treatments varied with the 

cultivars in 2 % PEG treatments, significant increases were observed in MDA content of all cultivars at higher 

doses (4 and 6 %). 

Keywords: PEG,  in vitro Screening, Proline, MDA 

In Vitro Koşulları Altında Bazı Şaraplık Üzüm Çeşitlerinin Kuraklığa Toleransı 

Öz: Bu araştırmada, Türkiye’de yetiştirilen bazı önemli şaraplık üzüm çeşitlerinin (‘Sultani Çekirdeksiz’, 

‘Narince’, ‘Öküzgözü’, ‘Boğazkere’, ‘Emir’ ve ‘Çalkarası’) kuraklık stresine toleranslarını belirlemek 

amaçlanmıştır. Araştırmada çeşitlere ait in vitro şartlarda yetiştirilen eksplantlara kuraklık stresi 3 farklı PEG 

(8000) dozu  (% 2,4 ve 6) olacak şekilde uygulanmıştır. Altı hafta süreyle strese maruz bırakılan bitkilerde yaş 

ağırlık, kuru ağırlık, sürgün uzunluğu, sürgün sayısı, yaprak sayısı, iyon sızıntısı, oransal su kapsamı, prolin 

miktarı ve lipid peroksidasyonu (MDA) belirlenmiştir. PEG uygulamaları, yüksek dozlarda daha belirgin 

olacak şekilde, yaş ağırlık, kuru ağırlık, sürgün uzunluğu, sürgün sayısı ve yaprak sayısında belirgin azalmalara 

neden olmuştur. İyon sızıntısı bütün asma çeşitlerinde kontrole kıyasla PEG uygulamalarında daha yüksek 

olarak ölçülmüştür. PEG’nin üç konsantrasyonu da bütün çeşitlerin eksplantlarının oransal su kapsamında 

azalmaya neden olmuştur. Explantlardaki prolin miktarı aratan PEG uygulama dozuna bağlı olarak artış 

göstermiştir. MDA içeriği açısından % 2’lik PEG uygulamasına verilen tepki çeşitlere bağlı olarak değişirken, 

yüksek konsantrasyonda (% 4 veya % 6) PEG uygulaması bütün çeşitlerin MDA içeriğinde önemli artışlara 

neden olmuştur.  

Anahtar Kelimeler: PEG, in vitro Screening, Prolin, MDA 

1. Introduction    

Climate largely dominates geographical 

formations and human life (IPCC( 

Intergovernmental Panel On Climate Change) 

2007). Anthropogenic activities, especially 

agricultural activities are also largely dependent 

on weather conditions and climate. Climate 

parameters have significant impacts on yield 

and quality of agricultural products (Adams, 

2001; Sivakumar, 2006).  

Together   with   current global   warming 

and climate change, plants are exposed to 

various abiotic stress factors (drought alone or 

in combination with salinity, extreme 

temperatures, excessive CO2 accumulation). 

Climate change-induced abiotic stressors 

then exert significant threats on agricultural 
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sustainability, biodiversity, plant genetic sources 

and global food safety (Ahuja et al.,  2010). 

Viticulture is a significant branch of agriculture 

worldwide and thus expected to be influenced 

significantly from the prospective global 

warming trends and resultant drought stress. 

Therefore, significant changes are expected in 

both physiological activities and grape yield and 

quality of grapevines (Carbonneau et al.,  2007; 

Kunter et al., 2017). 

Droughts and high temperatures are the 

primary outcomes of global climate change. 

Drought or continuous water deficits 

significantly influence plant growth and 

development, plant life and yield (Ahuja et al., 

2010). Just depending on duration and severity, 

droughts generally result in stomal closure, 

reduce photosynthetic activity, influence the 

elasticity of cell membrane, generate some toxic 

metabolites and ultimately end up with total die 

outs (Rampino et al., 2006). 

There are various measures to be taken 

against potential negative impacts of drought 

stress on plants. Drought stress-tolerant 

genotypes constitute a significant solution to 

cope with such stressors. Before the initiation of 

breeding programs to be designed for such 

purposes, initially tolerance status of available 

cultivars should be determined. Several studies 

were carried out to determine the effects of 

drought stress on physiological activities of 

various plant species (grapevines, apples, pears, 

peas, wheat and so on) (Dami and Hughes 1995; 

Šircelj et al., 2007; Parida et al., 2007; Sánchez 

et al.,  2004; Alvarez et al.,  2008; Carmo-Silva 

et al., 2009; Winning et al., 2009). Besides in 

vivo researches on recent drought stress in 

grapevines (Babalık 2012; Sabır 2016; Sucu et 

al., 2018; Tangolar et al., 2016; Canturk et al., 

2018), there are some other studies carried out 

under in vitro conditions (Dami and Hughes, 

1995; Babalık, 2015; Cui et al., 2016 ). In vitro 

studies are performed in small areas and shorter 

periods. It is also possible to control or observe 

plant behaviors efficiently. Therefore, such 

studies are generally used as complementary 

part of studies carried out under field conditions 

(Jain, 2001; Keskin and Kunter 2007, 2009; 

Manoj et al., 2011). 

PEG is used to stimulate water stress in 

plants. It is a non-ionic osmoticum with high 

molecular weight. PEG is up taken by the plants 

without any toxic impacts and reduces water 

potential of nutrient medium. It was observed in 

previous studies that PEG increased water stress 

in in vitro culture (Sivritepe et al., 2008) of 

cherries and mulberries (Tewary et al., 2000).   

This study was conducted to determine 

drought tolerance of 6 different economically 

important wine grape cultivars (‘Sultani 

Seedless’, ‘Çalkarası’, ‘Emir’, ‘Boğazkere’, 

‘Öküzgözü’, ‘Narince’) of Turkey under in vitro 

conditions. 

 

2. Material and Method 

2.1. Plant material 

Explants to be sued in this study were taken 

from ‘Sultani Seedless’ (K7 clone), ‘Çalkarası’, 

‘Emir’, ‘Boğazkere’, ‘Öküzgözü’, ‘Narince’  

grape cultivars. Initially, single-bud cuttings 

were taken from the vines of these grape 

cultivars and they were planted into perlite 

media in growth chambers at 24-25 oC for 

shooting. Before planting, cuttings were 

subjected to hot water treatments at 50 oC for 30 

minutes and they were then surface sterilized 

through dipping into 1 %  sodium hypochlorite 

(NaOCI) solution for 5 minutes. Again, before 

planting, the perlite medium to be used was 

saturated with distilled water and sterilized in an 

autoclave. Planted cuttings were irrigated with 

½ Hoagland solution until the new shoots had 5-

6 nodes.  

 

2.2. In vitro propagation and stress 

treatments 

About 0.4 – 0.5 mm single-bud (active bud) 

explants taken from newly developed shoots 

were cultured in MS (Murashige , Skoog 1962) 

growth medium supplemented with 0.5 mg L-1 

BA ( N6- Benzyladenine), 3 % sucrose and 0.7 

% bacto agar and a pH of 5.7- 5.8. Following 

the culture of explants in MS medium for 4 

weeks, micro cuttings (2 cm long) were cultured 

in 300 ml glass jars including 50 ml MS 
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medium with different PEG supplementation 

levels (0, 2, 4, 6 %). Following measurements 

were performed after 6 weeks of stress 

treaments:   

Growth measurements 

Following 6 weeks of stress treatments, plant 

fresh and dry weights (mg), shoot lengths (mm) 

and number of leaves per shoot were 

determined.  

Electrolyte Leakage  

They were separated into 0.3 g equal pieces, 

placed into 25 mm × 150 mm glass tubes and 

supplemented with 15 ml distilled water. 

Samples were then shaken at 100 rpm for 24 

hours. Following the incubation, electrical 

conductivity of the solution (EC1) was 

measured with an EC meter (Hach brand HQ 

40d Model portative EC meter). Then the same 

samples were autoclaved at 115 ºC for 10 

minutes. They were at room temperature for 24 

hours and electrical conductivity of the samples 

(EC2) was measured again. Leaf electrolyte 

leakage was calculated as EL = EC1 / EC2 ×100 

and expressed as percent (Özden et al., 2009).       

Leaf relative water content  

Leaf relative water content (LRWC) was 

calculated in accordance with Yamasaki, 

Dillenburg (1999). Leaf fresh weight (FW), 

turgor weight after keeping in distilled water for 

6 hours (TW) and dry weight after drying at 80 

ºC for 24 hours (DW) were used to calculate 

leaf relative water content (%) with the aid of 

the following equation; 

LRWC = [(FW-DW) ÷ (TW-DW) x 100 ]  

Proline content    

About 0.5 g fresh leaf sample was 

homogenized with 3% sulphosalicylic acid and 

filtered through filter papers. Then, 1 ml of the 

filtrate was taken and supplemented with 1 ml 

acetic acid and 1 ml ninhydrine solution. 

Samples were placed into tubes, incubated at 

100 ºC for 1 hour and the reaction was 

terminated on ice. Cooled samples were 

supplemented with 2 ml toluene, vortexed and 

reading was performed in a spectrophotometer 

at 520 nm. A graph was generated with proline 

standards ( Sigma- Aldrich, Germany)  and 

sample proline content was calculated with the 

aid of this graph (Bates et al., 1973). 

MDA (Lipid peroxidation) 

About 0.4 g fresh leaf sample was 

homogenized in 1 % TCA. The homogenate was 

centrifuged at 15000 rpm for 15 minutes. About 

0.5 ml sample was taken from the resultant 

supernatant and supplemented with 20 % TCA 

including 1 ml 0.5 % (w/v) TBA. Samples were 

then incubated in a water bath at 95 ºC for 30 

minutes, instantly cooled on ice, centrifuged at 

10000 rpm for 15 minutes. Supernatant readings 

were performed at 532 nm. Resultant readings 

were subtracted from the readings made at non-

specific 600 nm. Following the error 

corrections, MDA content of the samples was 

calculated by using an “extinction coefficient” 

of 155 mM-1 cm-1 (Heath and Packer 1968). 

 

2.3. Statistical analysis 

The experiment was arranged in completely 

randomized design with 5 replicates, each 

consisting of three plants. Thus, there were 30 

plants in each treatment and a total of 240 plants 

in the experiment. Descriptive statistics wrew 

expressed as mean and standard deviation or 

(Standard error of mean). One-way ANOVA 

(Analysis of Variance) were used to analyze the 

data. Following the ANOVA, Duncan’s multiple 

range test was performed to determine different 

groups. Statistically significant lewel was 

considered as 5% and SAS software was used 

all statistical computations.  

 

3. Results and Discussion 

PEG treatments yielded significant 

differences in fresh weight, dry weight, shoot 

length, number of shoots and number of leaves 

of all grape cultivars at 5 % level. 

While higher PEG doses (4 and 6 %) yielded 

distinctive decreases in fresh weight of all 

cultivars, effects of lower doses (2 %) varied 

with the cultivars. As compared to the control, 2 

% PEG treatments decreased fresh weight of 

Narince, Boğazkere, Emir and Çalkarası 

cultivars, however  did not yield significant 

changes in fresh weight of Sultani Seedless and 

Öküzgözü cultivars. A similar case was also 
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observed in dry weights. The 4 and 6 % PEG 

treatments yielded significant decreases in dry 

weight of all cultivars. While 2 % PEG 

treatments did not result in significant changes 

in dry weight of Narince cultivar, they decreased 

the dry weight of the other cultivars. Similar 

with the present findings, PEG-induced drought 

stress inhibited growth and development of 

various other plants under in-vitro conditions 

(Sivritepe et al., 2008, Babalık et al., 2015, 

Dami and  Hughes 1995, Al-Khayri and Al-

Bahrany 2004). Such a case was mostly 

attributed to inhibition of plant water intake by 

PEG through reducing the osmotic potential of 

growth medium (Kaufmann and Eckard 1971; 

Bressan et al., 1982; Dami and Hudges, 1995; 

Sawwan et al., 2000, Al-Khayri and Al-Bahrany 

2004, Chai et al., 2005). Except for 4 % PEG 

treatment in Emir cultivar, PEG treatments 

yielded significant decreases in shoot length of 

all cultivars. PEG treatments also resulted in 

significant decreases in number of leaves of all 

cultivars (Table 1).  

 

Table 1. The effects of different PEG doses applied to varieties on growth and development 

parameters 

Çizelge1. Çeşitlere uygulanan farklı PEG dozlarının büyüme ve gelişme parametrelerine etkileri 

A,B,C  : Different capital letter on on the sam eline represent statistically significant differences among the cultivars 

a,b,c : Diffrent lowercase letter on the same coloumn represent statistically significant differences among the PEG 

doses (p˂0.05). 

 

Decrease in number of leaves was considered 

as a defense mechanism of plants against 

drought stress. Such a case probably resulted in 

less light absorption and reduced transpiration 

surface area (Molassiotis et al., 2006 and 

Sivritepe et al., 2008). Similar findings were 

also reported in several previous studies (Taiz 

and Ziger 1998; Pellegrino et al., 2005, Ghaderi 

et al.,, 2011; Babalık, 2012; Sabır, 2016).     

PEG treatments had significant effects on 

leaf relative water content, proline and MDA 

values of all cultivars at 5 % level. 

Cell membrane is the most critical 

component of the plants influenced by stress 

conditions. Electrolyte leakage is an important 

physiological parameter used in identification of 

plants with greater tolerance to drought and high 

temperatures (Leopold et al., 1981; Stevanovic 

et al., 1997; Bajji et al., 2001). Present drought 

treatments yielded distinctive increases in 

electrolyte leakage of all cultivars. As compared 

to the control, 4 and 6 % PEG treatments 

yielded almost 4 times greater electrolyte 

leakages. While all three PEG treatments had 

similar effects on electrolyte leakage of 

 
Treatm. Narince 

Sultani 
Seedless 

Öküzgözü Boğazkere Emir Çalkarası Mean 

F
re

sh
 

w
ei

g
h
t 

(m
g

) 

Control C 413.50 a   A 518.20 a A 548.50 a A 530.50 a BC 435.00 a AB 492.00 a 489.61a 

%2 PEG B 266.83 b AB 452.50 a A 588.33 a A 266.00 b B 237.17 b AB 373.50b 364.06 b 

%4 PEG B 180.50 bc AB 220.70b AB 216.67b A 281.00 b B 197.83 b B 187.50 c 214.03 c 

%6 PEG B 109.50 c   B 109.50 b A 193.33 b B 124.00 c A 175.83 b B 107.83 d 136.67 d 

Mean 242.58 C 358.78 A 376.44 A 324.22 AB 322.22 B 274.78 B  

D
ry

 w
ei

g
h

t 

(m
g

) 

Control AB 83.00 a  A 106.83 a A 102.00 a A 99.16 a C 80.33 a B 89.33 a 93.44 a 

%2 PEG AB 68.16 a AB 55.17 b A 73.00 b  B 39.33 b AB 52.50 b AB 52. 66 b 56.80 b 

%4 PEG A 23.83 b A  44.17 bc A 37.83 c  A 45.66 b A 46.67 b A 28.16 c 37.72 c 

%6 PEG A 20.00 b A 20.00 c A 28.33 c  A 17.16 c A 30.00 b A 24.66 c 23.36 d 

Mean 48.75 B 56.54 AB 60.29 A 50.33 B 52.37 AB 48.70 B  

S
h

o
o

t 

le
n

g
h

t 

(m
m

) 

Control A 26.93 a A 29.32 a A 29.15 a A 29.31 a A 27.50 a A 28.80 a 28.80 a 

%2 PEG A 19.36 b A 23.87 b A 23.48 b A 22.44 b A 21.99 b A 22.61 b 22.29 b 

%4 PEG B 18.18 b B 17.81 c B 19.01 b B 17.77 c A 24.87 ab B 18.96 bc 19.43 c 

%6 PEG B 14.33 c B 14.33 c A 19.01 b AB 15.05 c B 14.07 c AB 16.02 c 15.47 d 

Mean 19.70 B 21.33 AB 22.66 A 21.14 AB 22.11 A 21.60 AB  

N
u

m
b
er

 o
f 

le
av

es
/s

h
o
o

t 

Control A 8.61 a A 8.70 a A 9.51 a A 8.70 a A 8.02 a A 9.23 a 8.80a 

%2 PEG A 5.33 b A 5.66 b A 7.00 ab A 6.75 ab A 5.50 b A 6.91 b 6.19 b 

%4 PEG A 5.16 b A 4.52 bc A 5.33 b A 5.33 b A 4.66 b A 4.66 b 4.88 c 

%6 PEG A 4.16 b A 4.16 c A 5.16 b A 5.00 b A 4.50 b A 4.30 b 4.61 c 

Mean 5.81 BC 5.76 BC 6.75 A 6.44 AB 5.67 C 6.28 ABC  
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Çalkarası cultivar, 4 and 6 % PEG treatments 

yielded significantly greater electrolyte leakage 

values than 2% treatments in the other cultivars. 

Similar findings were also reported for drought 

stress in kiwifruits (Savee et al., 1990) and figs 

(Karimi et al., 2012). Teulate et al. (1997) 

pointed out relative water content as a 

significant indicator for plant water condition. 

Akbarpour et al. (2017) investigated the drought 

response of almond cultivars under in vitro 

conditions and reported greater relative water 

content values for resistant cultivars as 

compared to sensitive ones. Rasouli (2000) 

indicated that the grapevine cultivars able to 

sustain higher relative water contents under 

drought stress were more resistant to droughts. 

In present study, PEG treatments significantly 

reduced explant relative water content of all 

cultivars. While all PEG concentrations had 

similar effects on relative  water content of 

Boğazkere and Emir cultivars, greater 

concentrations were found to be more effective 

in the other cultivars. The relative water content 

of around 80 % measured in all cultivars 

decreased to 30 % levels with 6 % PEG 

treatments.  

 

Table 2. The effect of different PEG doses applied to the varieties on ion leakage, relative water 

content, proline accumulation and MDA content 

Çizelge 2. Çeşitlere uygulanan farklı PEG dozlarının iyon sızıntısı, nispi su miktarı, prolin miktarı 

ve MDA miktarı üzerine etkisi 

 Treatm. Narince Sultani Seedless Öküzgözü Boğazkere Emir Çalkarası Mean 

E
le

ct
ro

ly
te

 

L
ea

k
ag

e 
 (

%
) Control A 17. 40 c AB 16.12 c AB 15.09 d B 13.54 c B 14.58 c AB 15.59 b 15.39 c 

%2 PEG B 33.51 b B 31.29 b AB 37.39 c AB 34.83 b AB 37.33 b A 46.21 a 36.76 b 

%4 PEG A 61.29 a A 56.45 a A 57.38 b A 57.14 a A 52.54 a A 52.39 a 56.68 a 

%6 PEG AB 57.68 a A 57.68 a B 68.52 a B 60.02 a B 58.20 a B 54.33 a 58.93 a 

Mean 42.47 A 40.39 A 44.59 A 41.38 A 40.67 A 42.13 A  

R
el

. 
w

at
er

 

co
n

te
n
t 

(%
) Control A 84.02 a AB 83.22 a AB 82.92 a AB 80.51 a B 77.07 a A 83.67 a 81.90 a 

%2 PEG A 47.90 b A 49.07 b A 55.16 b A 38.47 b A 42.39 b A 47.63 b 46.77 b 

%4 PEG AB 39.19 bc C 33.72 c C 33.21 c BC 35.85 b C 33.65 b A 40.42 bc 36.01 c 

%6 PEG A 32.14 c A 32.14 c A 33.32 c A 32.50 b A 33.34 b A 33.72 c 34.86 c 

Mean 50.81 AB 49.45 ABC 51.15 A 46.83 BC 46.61 C 51.36 A  

P
ro

li
n

e 
(m

g
.g

-

1
F

W
) 

Control A 0.330 d C 0.199 d BA 0.297 d BA 0.292 d BA 0.270d BC 0.236 c 0.272 d 

%2 PEG B 0.530 c A 0.620 c A 0.630 c CB 0.516 c C 0.465 c D 0.236 c 0.501 c 

%4 PEG C 0.740 b BC 0.828 b C 0.755 b AB 0.880 b C 0.755 b A 0.919 b 0.814 b 

%6 PEG A 1.170 a BC 0.979 a BC 1.018 a AB 1.107 a C 0.910 a AB 1.080 a 1.045 a 

Mean 0.699 A 0.657 BC 0.675 AB 0.699 A 0.601 D 0.618 CD  

M
D

A
 (

n
m

o
l)

 

Control C 49.98 c C 50.63c B 55.93b AB 60.52 c D 34.79c A 62.08 b 52.32 d 

%2 PEG AB 68.99 b C 55.35c B 63.05b AB 67.51 c D 47.78b A 70.55 b 62.20 c 

%4 PEG BC 77.47 b CD 62.33c AB 89.95a A 107.47 b D 54.38b B 84.32 a 79.32 b 

%6 PEG A 123.70 a B 78.44a B 89.11a A 125.58 a AB101.52a B 80.18 a 99.75 a 

Mean 80.04 B 61.69 C 74.51 B 90.27 A 59.62 C 74.28 B  

A,B,C  : Different capital letter on on the sam eline represent statistically significant differences among the cultivars 

a,b,c : Diffrent lowercase letter on the same coloumn represent statistically significant differences among the PEG 

doses (p˂0.05 

Plants generates tolerance to stress factors 

through osmoticums (Hoekstra et al., 2001, 

Yokota et al., 2006; Ben Ahmed et al., 2008) 

and such osmatic regulations are realized by 

accumulation of osmatic compounds (Patakas 

and Noitsakis 2001). Proline accumulation 

increases with decreasing water potentials 

(Ragab and Moustafa 2008). Such an increase 

then aids in reducing cell water potential and 

preventing cell water loss and ultimately provide 

plant resistance to high evaporations without 

losing cell turgor (Mahajan and Tuteja 2005; 

Ben Ahmed et al., 2008). Similar findings 

supporting the above literatures were also 

observed in present study carried out with 6 

different grapevine cultivars. PEG treatments 

yielded significant increases in proline content 

of all cultivars. Increasing proline contents were 

observed with increasing PEG doses. For 

instance in Narince cultivar, proline content of 

0.33 mg.g-1FW in control treatment increased to 

1.17 mg.g-1FW with 6 % PEG treatments. 

Similar cases were also observed in the other 

cultivars. MDA (malondialdehyde, a product of 
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lipid peroxidation) is generated through 

peroxidation of membrane lipids and commonly 

used as an indicator of oxidative damage under 

stress conditions (Zhang and Kirkham 1996). 

Yağmur (2008) investigated drought resistance 

of different grapevine rootstock-cultivar 

combinations and indicated that drought stress 

yielded different rate of increases in MDA 

contents depending on the rootstocks and 

cultivars. Similar findings were also observed in 

present study. While lower PEG concentrations 

(2 %) increased MDA content of Narince and 

Emir cultivars, they did not result in significant 

changes in MDA content of the other cultivars. 

On the other hand, greater PEG concentrations 

(4 and 6 %) yielded distinctive increases in 

MDA content of all cultivars (Table 2). Zhong et 

al., (2012) reported increasing MDA content of 

grapevines with different PEG concentrations 

under in vitro conditions. 

4. Conclusions 

Present findings revealed that PEG 

supplement to in vitro growth medium yielded 

significant changes in investigated parameters of 

all grape cultivars. Such findings indicated that 

in vitro PEG treatments could efficiently be 

used in investigation of the effects of drought 

stress on grapevines. Considering the changes 

generated in fresh weights by 2 % PEG 

treatments, Öküzgözü and Sultani Seedless 

cultivars seemed to be more resistant to drought; 

but considering the other parameters, it is better 

to indicate that there were not significant 

differences in drought tolerance of the cultivars.  
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