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The effect of grafting technique on plant growth of tomato plants (Lycopersicon esculentum L. cv. 
Despina) cultivated under salinity stress, either self-rooted (P7) or grafted on to themselves (P6) and 
five different rootstocks (P1, P2, P3, P4 and P5) was examined. Plants were grown both indoors (heated 
glasshouse) and outdoors, whereas salinity stress was simulated by applying three levels of salinity 
[Contol (0.69 mS/cm), 3 and 6 mS/cm) on growth medium. The results of the study showed that grafted 
plants formed more fruit in total and had a higher total yield than self-rooted plants at the level of 6 
mS/cm when grown indoors, whereas mean fruit weight was higher for P2, P5 and P6 combinations. For 
outdoor cultivation, scion × P1 and P2 combinations were superior to others at the level of 6 mS/cm, 
regarding total number of fruit and total yield, whereas mean fruit weight was higher for P5 
combination. In conclusion, implementing grafting technique on tomato plants results in the formation 
of more internodes and therefore flowers, especially, for outdoor cultivation, whereas significant effects 
were observed on both total number and total weight of fruit for indoor cultivation. In addition, 
rootstock × scion combination has a significant effect on plant growth and yield and could be used as a 
useful means in order to alleviate problems that arise from salinity stress due to either lack of water or 
high salinity of irrigation water. 
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INTRODUCTION 
 
Shortage of water for agricultural use is an ever-growing 
problem in many areas of the world, mainly due to 
increased consumption for industrial and urban use, as 
well as, deterioration of water quality through increase in 
salinity levels which is induced mostly from the activities 
of man. In addition, high soil salinity renders the 
cultivation of vegetables in many areas prohibitive, with 
almost  20%  of  the total arable land and 50% of irrigated  
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land to be deteriorated by salinity problems (McBride, 
1994; Zhu, 2001; Arzani, 2008), caused either by 
irrigation water or underground water of low quality. More 
than 800 million hectares of land throughout the world are 
salt-affected (including both saline and sodic soils), 
corresponding to more than 6% of the world’s total land 
area (FAO, 2009). High concentration of salts in root 
environment increases osmotic potential of soil and 
therefore decreases water availability for plants due to 
osmotic stress (Barbour et al., 1998; Bauder and Brock, 
2001). Salinity levels of 4 mmhos/cm resulted in a 10% 
decrease for tomato yield, whereas increasing electrical 
conductivity  up  to  8 mmhos/cm decreased yield by 50%  
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(Bernstein, 1964). Fruit yield decrease is reported in 
various studies; however, the decrease rate is affected by 
growing medium and salinity level (Demir et al., 1999; 
Chartzoulakis, 1995), composition of salts (Trajkova et 
al., 2006) and scion-rootstock combination (Huang et al., 
2009a, b). Sharaf and Hobson (1986), Drew et al. (1990) 
and Trajkova et al. (2006) also reported that yield 
reduction resulted mainly from a decrease in fruit size 
and not in fruit number and in turn in higher percentage of 
unmarketable fruit. One way of reducing decrease in yield 
caused by salinity is by using high-yielding genotypes of 
rootstocks capable of reducing the effect of external salt 
on the scion. For this, the plant breeder should investi-
gate the possibility of combining good scion characters 
with good rootstock characters, and of studying the 
contribution of genes transcribed in the roots towards the 
performance of the scion. Apart from yield, high salinity 
affects plant physiology by preventing seed germination, 
reducing root biomass, delaying shoot development and 
plant height (Cuartero and Fernandez, 1999; Kerkides et 
al., 1997; Khah et al., 2007), as well as, by reducing total 
leaf area (Perez-Alfocea et al., 1993; Khah et al., 2011). 
However, Allan et al. (2000) and Turhan et al. (2009) 
reported that there are significant differences among the 
various tomato genotypes in regards to high salinity 
tolerance. Besides, the growth stage of tomato plants is 
of major importance, with younger plants being more salt 
sensitive than the older ones (Olympios et al., 2003).  

Recently, grafting is being applied as a means of 
alleviating the negative effects of high salinity being 
simultaneously an environmental-friendly technique, by 
using rootstocks capable of getting over the problems 
induced by high concentration of salts in root environ-
ment (Zhu et al., 2008a, b; He et al., 2009; Huang et al., 
2009a, b, c, 2010; Uygur and Yetisir, 2009; Yetisir and 
Uygur, 2010; Zhen et al., 2010). In addition, recent work 
on cucumber suggested that the salt tolerance of grafted 
cucumber seedlings is related to the scion genotype (Zhu 
et al., 2008a, b), whereas Chen et al. (2003) and Santa-
Cruz et al. (2002) reported similar results for tomato 
plants. 

The aim of the present study was to examine the effect 
of grafting and rootstock × scion interaction on the 
growth, development and yield of tomato plants grafted 
on to five rootstocks and themselves and grown in pots 
under salt stress both at indoors and outdoors environ-
mental conditions. 
 
 
MATERIALS AND METHODS 

 
Location and plant material 

 
The experiment was conducted in a heated glasshouse at the 
University of Thessaly (Velestino, Greece). Tomato plants 
(Lycopersicon esculentum L. cv. Despina) were provided by 
Agrosystem S.A. (Ierapetra, Greece) on 20th April, 2010 and 
transferred  in  a  glasshouse  until  transplantation.  Tomato  plants  

 
 
 
 
were either self-rooted (P7), or grafted on to themselves (P6) or five 
experimental rootstocks (P1 to P5). Transplantation took place on 
29

th
 April, 2010 in 10 L plastic pots containing peat (Agrosystem 

S.A. Ierapetra, Greece) and perlite (Perloflor Company, Athens, 
Greece) in a ratio of 1: 1 (one plant per pot × 7 grafting treatments 
× 3 salinity stress levels × 5 replicates = 105 plants in total for each 
cultivation condition). Irrigation was applied via a fully automated 
drip system, whereas application of water stress treatment started 
28 days after transplantation (DAT).  
 
 
Field experiment 

 
A standard nutrient solution for tomato with an electrochemical 
coefficient (EC) of 0.67 mS/cm (bore water) was used as control 
and compared with two salinity treatments, namely 3.0 and 6.0 
mS/cm, which were obtained by adding 1165 and 2330 g of NaCl in 
850 L of water respectively. The three salinity treatments were 
combined with seven combinations of rootstocks and scions in a 
two factorial experimental design. During cultivation, EC of nutrient 
solution was recorded regularly and the appropriate adjustments 
were applied. Immediately after trans-plantation, Kelp 100 (Farma-
Chem S.A., Thessaloniki, Greece) was applied directly to the roots 
via watering cans (1ml per plant), whereas fertilization was applied 
49 DAT via irrigation system using 100 ml per plant of 20-20-20 (N-
P-K) for the first 18 days and 100 ml per plant of 20-10-30 (N-P-K) 
until the end of the experiment. Plants were trained as single stems 
in both indoors and outdoors experiments, whereas supporting was 
carried out on vertical cordons and wooden sticks for indoors and 
outdoors cultivation respectively. During cultivation of plant height, 
number of flowers, numbers of green and mature fruit were 
recorded at regular intervals starting from 15 DAT until 89 DAT. 
Fruits were harvested at commercial maturity (fully red colored) by 
hand. For fresh and dry weight evaluation, samples were taken at 
69, 83 and 95 DAT. Fresh samples of plant tissues were chopped 
and oven-dried at 72°C to constant weight. 

 
 
Statistical analysis 

 
The experiment was laid out in a split-plot design, each plot 
consisting of one irrigation regime with fully randomized sub-plots 
comprising the water stress levels. Statistical analysis was 
performed with the aid of the SPSS 14 for Windows statistical 
package (IBM Corp., New York, USA) and Microsoft Office Excel, 
2003. Data were evaluated by analysis of variance for the main 
effects and the means of values were compared by the Duncan 
Multiple Range Test (DMRT) at p=0.05. 

 
 
RESULTS AND DISCUSSION 
 
High salinity increased the osmotic potential of nutrient 
solution resulting in water stress conditions for plant 
grown in the environment. The results of our study 
showed that grafted plants grown outdoors formed more 
internodes than self-rooted plants, regardless of the 
salinity stress level, whereas for plants grown indoors, 
there were differences only at the level of 3 mS/cm, 
where scion × P2 combination plants formed less 
internodes than the others (Table 1). However, when 
highest salinity level was applied, no significant 
differences were observed among the treatments. 
Number  of  internodes  reduced  when salinity increased,  
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Table 1. The effect of salinity level and grafting × scion combination on the number of 
internodes measured at the stage of 82 days after transplantation (indoors cultivation). 
 

Grafting treatment* Control 3.0 mS/cm 6.0 mS/cm 

P1 × Despina 31.0(
a
) 31.0

a
(
a
) 24.3(

b
) 

P2 × Despina 28.7(
a
) 22,7

b
(
b
) 24.3(

b
) 

P3 × Despina 28.0(
abc

) 32.0
a
(
a
) 25.0(

c
) 

P4 × Despina 27.0(
a
) 28,7

a
(
a
) 26.0(

a
) 

P5 × Despina 29.3(
a
) 29.0

a
(
a
) 28.0(

a
) 

P6  31.0(
a
) 29.7

a
(
ab

) 27.3(
b
) 

P7 33.0(
a
) 31.0

a
(
a
) 27.3(

b
) 

 

*Grafting treatments refers to rootstock (P1-P5) × scion combination; P6: Despina × Despina; P7: 
Self rooted plants of cv. Despina. Mean values within the same row followed by different letters in 
parenthesis are significantly different by DMRT test at p=0.05. Mean values within the same column 
followed by different letters without parenthesis are significantly different by DMRT test at p=0.05. 

 
 
 

Table 2. The effect of salinity level and grafting x scion combination on the 
total number of flowers (outdoors cultivation). 
 

Grafting treatment* Indoors Outdoors 

P1 × Despina 30.4
b
 22

a
 

P2 × Despina 29.0
b
 21.6

a
 

P3 × Despina 29.8
b
 21.0

a
 

P4 × Despina 27.3
bc

 20.5
b
 

P5 × Despina 29.0
b
 17.0

c
 

P6  25.2
c
 22.0

a
 

P7 39.4
a
 13.0

d
 

Control 34.4
a
 17.57

a
 

3.0 mS/cm 28.5
b
 20.33

a
 

6.0 mS/cm 27.2
b
 20.95

a
 

 

*Grafting treatments refers to rootstock (P1-P5) × scion combination; P6: 
Despina × Despina; P7: Self rooted plants of cv. Despina. Mean values within 
the same column followed by different letters are significantly different by DMRT 
test at p=0.05. 

 
 
 

except for scion × P4 and P5 combinations where no 
differences were observed. The effect of salinity level and 
grafting treatment on plant height was similar to that on 
the internodes (data not shown). These results are in 
linewith the literature where salinity tolerance of the scion 
is suggested to be highly depended on the rootstock; 
however, the scion × rootstock combination may also 
affect the degree of salinity tolerance according to the 
exclusion ability of the genotype (Colla et al., 2010). Ruiz 
et al. (1997) also reported that grafting could result in an 
increased water and nutrient uptake by scion due to the 
enhanced vigor of the root system. Regarding the total 
number of flowers, self-rooted plants formed more 
flowers than grafted ones when grown indoors, regard-
less of the water stress level, whereas growing outdoors 
resulted in more flowers for grafted plants (Table 2). In 
addition, the number of flowers reduced when salinity 
increased, but only in the case of indoors cultivation.  

Plants  grafted on to rootstocks P4 and P5 had the best 

ratio of matured: green fruit than the other combinations, 
for indoor cultivation and the level of 6 mS/cm, though 
without significant differences among them, whereas for 
outdoor cultivation, scion × P1 combination showed the 
best results (Table 3). The effect of salinity level on the 
ratio of mature: green fruit was depended on the scion × 
grafting combination (data not shown). Fruit yield is 
previously reported by various studies to be affected by 
salinity level and salt composition (Bernstein, 1964; 
Chartzoulakis, 1995), whereas yield reduction may be 
attributed mainly to fruit size reduction (Sharaf and 
Hobson, 1986; Demir et al., 1999; Trajkova et al., 2006). 
Regarding fruit yield, grafted plants formed more fruit in 
total and had a higher total yield than self-rooted plants at 
the level of 6 mS/cm when grown indoors, whereas mean 
fruit weight was higher for P2, P5 and P6 combinations 
(Table 4). For outdoor cultivation, scion × P1 and P2 
combinations were superior to others at the level of 6 
mS/cm as regards the total number of fruit and total yield, 
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Table 3. The effect of grafting treatment on the ratio of green: mature fruit 
(expressed as percentage) at the level of 6.0 mS/cm for both indoors and 
outdoors cultivation. 
 

Grafting treatment* Indoors (%) Outdoors (%) 

P1 × Despina 17.3
bc

 17.9
a
 

P2 × Despina 19.1
b
 14.3

b
 

P3 × Despina 17.0
c
 12.5

c
 

P4 × Despina 20.5
a
 15.9

b
 

P5 × Despina 20.9
a
 11.9

c
 

P6  16.9
c
 11.9

c
 

P7 19.3
b
 13.0

c
 

 

*Grafting treatments refers to rootstock (P1-P5) × scion combination; P6: Despina × 
Despina; P7: Self rooted plants of cv. Despina. Mean values within the same 
column followed by different letters are significantly different by DMRT test at 
p=0.05. 

 
 
 

Table 4. The effect of grafting treatment on total yield and mean fruit weight per plant (g) at the level of 6.0 

mS/cm for both indoors and outdoors cultivation. 
 

Grafting treatment* 
Indoors 

 

Outdoors 

Total yield (g) Mean fruit(g) Total yield(g) Mean fruit(g) 

P1 × Despina 475.1
b
 50.9

c
 589.5

a
 85.5

c
 

P2 × Despina 521.3
a
 62.6

a
 594.4

a
 78.5

d
 

P3 × Despina 458.6
b
 55.1

b
 396.7

c
 85.7

c
 

P4 × Despina 544.7
a
 51.0

c
 454.3

b
 80.7

c
 

P5 × Despina 488.3
b
 61.0

a
 437.7

b
 105.3

a
 

P6  438.1
b
 59.8

a
 443.7

b
 93.0

b
 

P7 210.0
c
 52.5

c
 398.5

c
 67.6

e
 

 

*Grafting treatments refers to rootstock (P1-P5) × scion combination; P6: Despina × Despina; P7: Self rooted 
plants of cv. Despina. Mean values within the same column followed by different letters are significantly different 
by DMRT test at p=0.05. 

 
 
 

whereas mean fruit weight was higher for P5 combination 
(Table 4). Higher yield of grafted in comparison to self-
rooted plants grown under salinity stress conditions, may 
be attributed to the improved water and nutrient uptake 
as well as, to a better control of stomata conductance of 
leaves (Holbrook et al., 2002). However, rootstock × 
scion combination affects scion performance and plant 
growth in general under water stress conditions, 
rendering the choice of rootstock of major importance for 
high yield (Huang et al., 2009a, b; Allan et al., 2000; 
Turhan et al., 2009).  
 
 
Conclusions 
  

In conclusion, implementing grafting technique on tomato 
affects significantly physiology of plants grown under 
salinity stress, resulting in the formation of more 
internodes and therefore flowers, especially for outdoor 
cultivation, whereas significant effects are observed on 
both   total  number  and  total  weight  of  fruit  for  indoor 

cultivation. In addition, rootstock × scion combination has 
a significant effect on plant growth and yield and could be 
used as a useful means in order to alleviate problems 
that arise due to either lack of water or high salinity of 
irrigation water. The use of improved genotypes for 
rootstocks is required so as to improve yields under a 
variety of climatic and high salinity soil conditions. It is 
well known that the root system of the plants affects 
vegetative growth and yield and as such, the effects of 
grafting recorded in most research papers are obviously 
related to the differences in the root system between 
grafted and non-grafted plants, that is, to the efficiency of 
water and nutrient uptake by the roots, or even to the 
distribution of growth regulators. In Greece, where the 
vegetable cultivation is still carried out mostly by 
traditional methods and modern cultivated techniques are 
adopted slowly, the grafting technique could help in the 
solution of soil salinity problems by evaluating and 
screening new genotypes for their rootstocks tolerance to 
biotic and abiotic stresses occurring in intensive agro-
systems.  
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