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ABSTRACT 
 

In this study, the effect of rootstock on seed yield of watermelon was investigated. The watermelon 
[Citrullus lanatus (Thunb.) Matsum and Nakai] cultivar Crimson Tide was grown three successive 
years by grafting onto Lagenaria type rootstocks to investigate rootstocks effects on seed yield. 
Skopje, Emphasis, 216 and FRG (hybrid) and Birecik (landraces) were used as rootstock and 
ungrafted Crimson Tide watermelon cultivar was used as the control. The study was conducted in 
research area of Department of Horticulture, Faculty of Agriculture,  University of Cukurova located 
in Cukurova region, Southern Turkey, where watermelon cultivation is conducted mostly under low 
tunnels for early production. Plants were grafted by hole insertion grafting method and grown under 
low tunnel conditions until the outdoor temperature was suitable (22-25ºC) for watermelon 
production.  Fruit yield, seed number/kg fruit flesh, seed number per fruit and unit area were 
significantly affected by rootstocks and the grafted plants produced higher seed yield than the 
ungrafted control plants regardless of growing year. Rootstocks with vigorous root system caused 
increased seed yield by promoting plant growth, fruit number and fruit size in grafted watermelon. 
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1. INTRODUCTION 
 
Watermelon is o ne of the most grown vegetable 
crops in Turkey. Turkey is the world’s second 
largest watermelon producing country after China 
with about 4 million tons [1]. In the Cukurova 
region, southern Turkey, watermelon cultivation 
is conducted mostly under low tunnels for early 
production. Watermelon has been cultivated 
intensively for many years in this region. One of 
the serious problems of the watermelon 
production in Çukurova region is a yield loss due 
to soil-borne diseases, in particular Fusarium, 
and successive cropping. Grafting onto suitable 
rootstocks is an efficient way to overcome this 
problem in watermelon production [2,3]. 
 

Grafted in fruit bearing vegetables started about 
100 years ego in Korea and Japan [4]. The 
primary objective of the grafting in vegetables 
was to protect plants from soil-borne diseases 
such as Fusarium and Verticillium. After 
successful application of the interspecific grafting 
watermelon by grafting on gourd rootstocks, 
grafting purposes and grafted species in 
vegetable crops has been significantly increased 
[2]. Researches on cucumber grafting (C. sativus 
L.) also were introduced at the same time with 
watermelon grafting in the late 1920s, but widely 
agricultural applications occurred after 1960 [5]. 
In the Solanaceaous species, the earliest grafting 
practice was in eggplant (Solanum melongena 
L.) by grafting on S. integrifolium Poir (scarlet 
eggplant) in the 1950s [6]. Tomato (S. 
lycopersicum L.) has been commercially grafted 
since 1960s [7]. At present, grafted plants are 
used for mostly watermelon, tomato, eggplant, 
cucumber, melon and pepper in both open field 
and protected cultivation in Japan and Korea as 
well as other Asian and European countries such 
as China, Spain, Italy, Greece, Turkey and Israel, 
where fruit-bearing vegetables are being 
cultivated intensively [8,2,9]. Commercial grafting 
in vegetable crops was originated from Japan 
and Korea and was commercially used for more 
than 50 years. Some European countries 
introduced it in the early 1990s and it is currently 
being common horticultural application using 
local/introduced scion varieties and imported 
rootstocks in Cucurbitaceous and Solanaceous 
crops.  
 
The ban of methyl bromide (MB) fumigation has 
led to researches on alternative control methods 
for soil-borne pathogen in vegetable production, 

particularly in greenhouse and plastic tunnel 
vegetable cultivation. Although alternative 
chemical applications and other cultural practices 
have been tested and developed, one of the best 
environmentally friendly strategies to overcome 
soil-borne diseases problem is grafting 
susceptible cultivars onto resistant rootstocks. 
Furthermore, plant growth parameters, flowering, 
fruit ripening time, yield, and quality are improved 
by grafting onto suitable rootstocks [3]. 
 
Common objectives of the grafting in vegetables 
are tolerance to high [10] and low [11] 
temperatures, to iron deficiency in high pH soils 
conditions [12], to saline soil conditions [13], to 
promote plant nutrition absorption [14] and to 
increase water uptake and use efficiency [15]. 
Watermelon can be grafted onto interspecific 
squash hybrids (Cucurbita maxima Duch. × 
C.moschata Duch.), calabash (L. siceraria L.), 
squash (C. moschata Duch.) pumpkin (C. pepo 
L.), Benincasa hispida Thunb., watermelon 
[Citrullus lanatus (Thunb.) Matsum. et Nakai], 
African horned cucumber (Cucumis metuliferus 
E. Mey. Ex Naud) [16], sponge gourds (Luffa 
spp.) [2,17] ), and wild watermelon (Citrullus 
lanatus var. citroides) [18] for different objectives. 
Commercial grafted watermelon production is 
widely practiced by grafting onto hybrid squash 
and bottle gourd rootstocks [16]. 
 
The higher plant growth and yield due to grafting 
onto suitable rootstocks have been reported 
earlier in watermelon [3,19,20], melon [1214] , 
cucumber [21,22], tomato [23], eggplant [24,25] 
and pepper [26,27]. Promoting effect of the 
grafting onto plant growth and yield can be 
attributed to the interaction of some or all of the 
following physiological activities: improved water 
and plant nutrient absorption due to the 
rootstock’s strong root system [2,14], increased 
production of phytohormones [28,29], protective 
effect of rootstocks against some biotic and 
abiotic stresses [13,30,31,32] and promotion of 
scion vigor [33]. Studies on grafting in fruit 
bearing vegetables have been focused on mainly 
yield and quality [16,34], tolerance to abiotic 
stressful conditions [13,31,32], disease 
resistance [30,35,36] but studies about effect of 
grafting on different rootstocks on seed 
production is quite limited [2]. Grafting on 
suitable rootstocks enhanced plant growth and 
yield due to reasons mentioned above. It can be 
speculated that since grafting of scions on 
suitable rootstocks supports plants different 
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aspects to produce higher fruit yield, it can be 
utilized in seed production especially under 
problematic conditions. Therefore, in this study 
rootstocks effect of different bottle gourd 
rootstocks on seed and fruit yield of watermelon 
cultivar Crimson Tide was investigated.  
 

2. MATERIALS AND METHODS 
 

2.1 Production of Grafted Watermelon 
Seedlings and Experimental Design 

 

The watermelon [Citrullus lanatus (Thunb.) 
Matsum. and Nakai] cultivar Crimson Tide was 
grafted onto 5 different bottle (Lagenaria 
siceraria) gourd rootstocks (Table 1). Crimson 
Tide watermelon cv. is suitable for main and mid-
early growing seasons for both open field and 
protected cultivation. Fruit set is powerful and 
high yielding variety. It has distinctive smoky skin 
pattern and very long shelf life.  Seeds of scion 
cultivar were sown one week before than 
rootstocks seeds.  The hole-insertion grafting 
technique was used and plants were grafted 
following the procedure described by Lee (1994) 
and [7] (Fig. 1). Ungrafted Crimson Tide seedling 
were used as control. Seedlings were grown in 
an unheated greenhouse under plastic tunnels. 
The grafted seedlings produced in the 
greenhouse were transplanted under low 
tunnels, and the tunnels were removed when the 

outside air temperature was suitable (20-25°C) 
for watermelon cultivation. Seedlings were 
transplanted with 2.0 by 0.5 m spacing. Plants 
were fertilized with 180 kg N/ha, 200 kg P2O5/ha 
and 180 kg K2O/ha.  Total P was applied before 
transplanting to the field. Nitrogen and K2O were 
divided into 3 equal portions. The first portion 
was applied before transplanting to the field, the 
second 20 days after transplanting and the third 
40 days after transplanting in the field. The 
experimental design was a completely 
randomized block design. Each treatment was 
replicated 4 times with 15 plants in each 
replicate. The study was conducted in research 
area of Department of Horticulture, Faculty of 
Agriculture, University of Çukurova which is 
located at 3701’48.23’’ N latitude, 35 22’02.59’’ 
E longitude and elevation above sea level is     
55 m. 
 

2.2 Harvest and Measurements 
 
Ripe fruits were harvested twice and weighed 
immediately after harvest for fruit weight (g) and 
total yield (ton/ha and g/plant). The selected five 
fruit from each replicate were sliced and seeds 
were counted for each weighted fruit. Seed 
number per fruit and seed yield (number/kg flesh, 
number/m2 and seed number per plant) were 
determined. 

   

 
 

Fig. 1. Hole Insertion Grafting method. a: Scion preparation, b: Rootstock preparation, c: Hole 
formation, d: Insertion of scion, e: Post graft care unit, f: Grafted seedling ready for 

transplanting 
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Table 1. Name, definition, resistance and origin of rootstocks 
 
Rootstocks Definition Resistance Origin 
216* Lagenaria siceraria hybrid Fon 0, 1, 2 Korea 
FR Gold Lagenaria siceraria hybrid Fon 0, 1, 2 Korea 
Emphasis Lagenaria siceraria hybrid Fon 0, 1, 2 Korea 
Skopje  Lagenaria siceraria hybrid Fon 0, 1, 2 Korea 
Birecik  Lagenaria siceraria landraces Fon 0, 1, 2 Turkey- Sanlıurfa 

*: 216 was used in the third experiment due to unavailability of the seed. Fon: Fusarium oxysporum f. sp. niveum 

 
2.3 Statistical Analysis 
 
Data were subjected to an analysis of variance 
using SAS software [37] SAS statistical program 
and mean separation was performed with 
Tukey’s test at P<0.01 and P<0.05 levels and 
LSD values are also presented. 
 

3. RESULTS AND DISCUSSION 
 
3.1 First Experiment 
 
Fruit yield was significantly affected by rootstocks 
and all of the graft combinations produced higher 
yield than the ungrafted control plants. The 
highest yield was harvested from CT/Skopje graft 
combination with 118.8 ton/ha and 11880 g/plant 
while lowest yield was taken from the ungrafted 
control plants with 59.7 ton/ha and 7973 g/plant 
in the first year of the experiment. Fruit weight 
was also positively influenced by grafting onto 
different rootstocks and the grafted plants had 
larger fruits than the ungrafted control plants. As 
in yield, the heaviest fruit was harvest from 
CT/Skopje graft combination whereas the 
ungrafted control plants produced smallest fruits 
with 4018 g. Other graft combinations produced 
similar fruit weight with CT/Skopje graft 
combination (Table 2).  
 

Seed yield for kg fruit weight significantly varied 
based on rootstocks. The highest seed yield was 
recorded in the ungrafted control plants and 
CT/216 graft combination which have the 
smallest fruit while other four graft combinations 
had lower seed number for kg fruit weight in the 
first year of the experiment. Seed number per 
fruit was also significantly increased by grafting. 
Seed number per fruit varied from 556.1 
seed/fruit (ungrafted control) to 858.8 seed/fruit 
(CT/216). Seed yield for unit area was also 
significantly affected by rootstocks and higher 
seed yield was recorded in all the grafted plants. 
While lowest seed yield was harvested from the 
ungrafted control plants with 33.3 g/m

2
, 

CT/Skopje graft combination produced the 
highest yield with 59.2 g/m

2
. Rootstocks had 

significant effects on seed number per plants and 
grafting onto different rootstocks increased 
significantly seed number per plants. While 
lowest seed number per plants was determined 
in the ungrafted control plants, the highest 
number per plant was recorded in CT/Skopje 
graft combination with 1479 see per plant        
(Table 2).  
 

3.2 Second Experiment  
 

Total yield was significantly affected by 
rootstocks genotypes, and all the grafted plants 
produce higher yield than the ungrafted control 
plants. CT/Birecik and CT/Skopje graft 
combinations had the highest yield while lowest 
yield was harvested from the ungrafted control 
plants with 68.4 ton/ha. Similar results were 
determined as regarded to fruit yield per plant. 
As in yield data, all the grafted plants produced 
larger fruits than the control plants. The largest 
fruits were harvested from CT/Skopje, CT/216 
and CT/Birecik graft combinations whereas the 
smallest fruits were harvested from the ungrafted 
control plants with 5435 g (Table 3). 
 

Seed yield results were presented in Table 3. 
Seed yield was significantly increased by grafting 
onto different rootstocks. The highest seed yield 
for kg fruit weight was recorded in the ungrafted 
control plants while the lowest seed yield for kg 
fruit weight was recorded in all the graft 
combinations except for CT/Emphasis 
combinations. Seed yield per fruit varied from 
489 seed per fruit to 739 seed per fruit. The 
highest seed number per fruit was determined in 
CT/Skopje and CT/216 graft combinations with 
739 and 719, respectively whereas the lowest 
seed number per fruit was determined in the 
ungrafted control plants with 489 seed per fruit.. 
As in other seed yield parameters, rootstock 
effect of on seed yield for m2 was found 
significant. While the highest seed yield was 
recorded in CT/Birecik and CT/Skopje 
combinations with 1385 and 1448 seed/m2, 
respectively the lowest seed yield was recorded 
in the ungrafted control plants, CT/216, CT/FR 
Gold graft combinations. Rootstocks effect on 
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seed number per plants was found significant 
and grafting onto different rootstocks had positive 
effect on seed number per plant. Seed number 

per plant varied from 768 (ungrafted control 
plants) to 1448 (CT/Skopje).  

 

Table 2. Fruit and seed yield of grafted watermelon onto different bottle gourd rootstocks in 
the first year of the experiment 

 

Scion / 
rootstock 

Fruit 
yield 
(ton/ha) 

Fruit 
yield 
(g/plant) 

Fruit 
weight 
(g) 

Seed yield  
(number/kg 
fruit) 

Seed 
number 
per fruit 

Seed 
yield 
(g/m2) 

Seed 
number 
per plant 

CT1 59.7 e2 5973 e 4018 c 139.0 a 556.1 c 33.3 d  832 d 
CT/216 79.3 d 7928 d 5996 b 143.5 a 858.8 a 45.5 b  1137 b 
CT/FR Gold 83.5 c 8348 c 6894 a 115.0 b 793.6 ab 38.4 c  959 c 
CT/Emphasis 81.6 cd 8163 cd 6390 ab 118.0 b 753.6 b 38.4 c  960 c 
CT/Birecik 91.8 b 9180 b 6255 ab 120.0 b 750.3 b 43.9 b  1099 b 
CT/Skopje 118.8 a 11880 a 6764 a 124.5 b 841.6 ab 59.2 a  1479 a 
LSD 4.02  402.6  689.6  10.9  100.1  3.9  99.3 
  *** *** *** *** *** *** *** 

1: CT: Crimson Tide;  2: Means with the same letter are not significantly different from each other (P>0.05).  
***: Significant at 0.001 

 

Table 3. Fruit and seed yield of grafted watermelon onto different bottle gourd rootstocks in 
second year of the experiment 

 

Scion / 
rootstock 

Fruit 
yield 
(ton/ha) 

Fruit 
yield 
(g/plant) 

Fruit 
weight 
(g) 

Seed yield  
(number/kg) 

Seed 
number 
per fruit 

Seed 
yield 
(g/m

2
) 

Seed 
number 
per plant 

CT1 68.4 d2 6843 d 5435 d  114.8 a 489.2  d 31.4 c 768 c 
CT/216 83.7 c 8373 c 7988 ab 95.0 c 718.9 ab 31.8 c 797 c 
CT/FR Gold 89.6 c 8958 c 6881 bc 98.0 c 619.3 bc 35.1 c 878 c 
CT/Emphasis 109.5 b 10948 b 6550 cd 107.0 b 589.5 cd 46.8 b 1170 b 
CT/Birecik 136.9 a 13688 a 7518 abc 101.3 bc 676.6 abc 55.4 a 1385 a 
CT/Skopje 146.4 a 14638 a 8207a 99.0 c 738.6 a 57.9 a 1448 a 
LSD 10.4 1040 1276 7.63 114.9 5.3 132.6 
 *** *** *** *** *** *** *** 

1: CT: Crimson Tide;  2: Means with the same letter are not significantly different from each other (P>0.05). 
 ***: Significant at 0.001 

 
Table 4. Fruit and seed yield of grafted watermelon onto different bottle gourd rootstocks in 

third year of the experiment 
 

Scion/ 
rootstock 

Fruit 
yield 
(ton/ha) 

Fruit 
yield 
(g/plant) 

Fruit 
weight 
(g) 

Seed yield  
(number/kg 
flesh) 

Seed 
number 
per fruit 

Seed 
yield 
(g/m

2
) 

Seed 
number 
per plant 

CT
1 

54.1 d
2 

9640 d 6667 b 75.6 502.7 b 16.4 c 730 c 
CT/Emphasis 98.1 c 18327 c 8625 a 69.8 602.4 ab 27.4 b 1281 b 
CT/Birecik 138.0 a 24843 a 8126 a 79.8 648.2 a 44.2 a 1989 a 
CT/Skopje 127.9 b 23017 b 9087a 68.4 621.3 a 35.0 b 1574 b 
LSD 6.52 1585 1260 12.1 103.2 8.2 385 
 ** ** * n.s. * ** ** 

1: CT: Crimson Tide;  2: Means with the same letter are not significantly different from each other (P>0.05).  
***: Significant at 0.001 

 

3.3 Third Experiment 
 
As in first and second experiments, fruit yield 
was significantly affected by rootstocks and all of 
the graft combinations produced significantly 

higher yield than the control plants. The highest 
total fruit yield was recorded in CT/Birecik graft 
combination with 138 ton/ha whereas the lowest 
total fruit yield was harvested from the ungrafted 
control plants with 54.1 ton/ha. Yield increase 
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due to grafting onto different rootstocks 
compared to control ranged from 81% to 155%. 
Fruit yield per plant showed the same trend with 
total yield. Fruit weight was also affected by 
rootstocks and the grafted plants produced from 
21% to 31% bigger fruit than the ungrafted 
control plants (Table 4).  
 
Seed number per kg fruit weight was not affected 
by rootstocks in the third experiment but seed 
number per fruit was significantly influenced by 
rootstocks. Higher seed number per fruit was 
recorded in the grafted plants compared to the 
control plants. The highest number of seed per 
fruit was determined in the plants grafted onto 
Skopje and Birecik rootstocks while the ungrafted 
control plants had the lowest number of seed per 
fruit in third experiment.  Seed yield for unit area 
was also significantly affected by rootstocks and 
all the grafted plants produced higher seed yield 
than the ungrafted control plants. The highest 
seed yield was produced by CT/Birecik graft 
combination with 44.2 g/m

2
 and it was followed 

by CT/Skopje and CT/Emphasis while the 
ungrafted control plants had the lowest seed 
yield with 16.4 g/m

2
. Seed yield per plant was 

significantly affected by rootstocks and showed 
similar trend with seed yield for unit area      
(Table 4). 
 
Fruit yield and seed yield were significantly 
affected by rootstocks and all the graft 
combinations produced higher fruit and seed 
yield than the control plants. Significant positive 
correlation was found between total seed yield 
with total fruit yield (r=0.9), fruit weight (r=58) and 
seed yield per fruit (r=0.72) whereas meaningful 
relation between total seed yield and seed 
number per kg fruit weight was not determined.  
 
Fruit yield in watermelon is a function of fruit size 
and fruit number: generally, intensive planting 
increases fruit number per growth area and 
decreases single fruit weight. Several previous 
studies reported the relationship between plant 
density and fruit yield and fruit weight in 
watermelon [38,39,40,41]. In general, increasing 
plant density causes a yield increase per growth 
is for most plant species up to some threshold 
plant density for the species, after this critical 
threshold plants density further increase in plant 
density either sustain the same yield or cause 
decrease in yield [42]. Kavut et al. [43] reported 
that the number of fruit per plants increased by 
decreasing plant densities but not single fruit 
weight due to suitable source and sink relations 
on plants. The well-known phenomena that 

increased the rate of competitions between fruits 
may cause lower fruit weight size when produced 
photosynthetic assimilates in leaves is limited. In 
watermelon, total yield can be increased both by 
increasing fruit size and fruit number per unit 
area. In our study, total fruit yield, the yield for 
per plant and fruit weight were significantly 
influenced by rootstocks, and the grafted plants 
had higher values as regarded to mentioned 
yield components. Fruit number per plants was 
also increased by grafting onto different 
rootstocks. In agreement with our results, 
increase in total yield and fruit size at different 
levels was reported based on rootstocks and 
cultivation conditions in previous studies with the 
grafted watermelon [3,20,44,45,46,47]. The 
enhanced yield and fruit size in the grafted 
watermelon was attributed to vigorous and 
healthy plant growth provided by resistance to 
soil-borne disease [29,30,45],  adverse soil 
conditions [10,15,14,48], promoted water and 
plant nutrient uptake [48] and high level of 
phytohormone production capacity of roots 
[49,50].  
 
The seed yield consists of seed number per fruit, 
number of plant for unit area and average seed 
weight. Total seed yield is multiplication of these 
three components [41]. In this study, number of 
fruit per unit area and average fruit size were 
significantly increased by rootstocks and all the 
combinations had significantly higher seed yield 
than the ungrafted control plants in all three 
experiments. In three experiments, seed yield in 
control treatments varied from 16 g/m2 to 33.3 
g/m

2
 whereas yield of the grafted plants ranged 

from 27.4 g/m2 to 59.2 g/m2. Mean seed yield 
increase in three experimental years varied from 
28% to 112% compared to the control plants. 
Whener [51] stated that diploid open-pollinated 
seed yields in watermelon should be higher than 
250 kg/ha and 400-450 kg/ha seed yields would 
be very good seed yield. In our experiment, all 
the graft combinations produced higher seed 
yield than commercially acceptable level (250 
kg/ha). In agreement with Edelstein and Nerson 
[41], total seed yield was positively correlated 
with total fruit yield, fruit number per unit area 
and fruit size.  As mentioned above, increased 
fruit yield, fruit number and fruit size were 
reported previously in grafted watermelon. The 
grafted watermelon plants onto rootstocks with 
vigorous root system providing adequate water 
and plant nutrition can produce stronger plants 
and increased photosynthetic assimilates due to 
larger leaf area and extended growing period 
[3,19,20]. Regular flowering, fruit setting and fruit 
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development are key physiological processes for 
fruit-bearing vegetables. The plant can produce 
the highest yield within their genetic border as 
long as optimal environmental conditions, plant 
nutritions and water are provided. In this 
experiment, total seed yield in grafted plants was 
found higher than the ugrafted control plants due 
to advantages of rootstocks over the control 
plants.  
 

4. CONCLUSION 
 
Data of the current study showed that grafting 
watermelon onto suitable rootstocks significantly 
increase seed yield. It may be concluded that 
seed yield was increased by higher number and 
larger size of the fruits in the grafted plants. The 
most suitable combinations for total fruit and 
seed yield were CT/Birecik and CT/Skopje. 
Positive effects of the grafting onto suitable 
rootstocks on plant health, plant growth and yield 
were reported in previous studies. In commercial 
either open pollinated and hybrid seed 
production, seed yield for unit area and for labor 
used are very important. As shown in this study, 
vigorous and healthy plants had higher seed 
yield with high quality. Use of suitable rootstocks 
may provide probabilities for seed production in 
disease infested soils (open field or greenhouse) 
when plant rotation possibilities are limited. In 
hybrid seed production, weak and disease 
susceptible parental lines can be grafted to 
overcome weakness and disease susceptibility 
problems. Further studies should be carried out 
on effects of rootstocks on seed quality 
parameters in grafted vegetables.   
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 

1. Fao; 2016.  
Avialable: http://www.fao.org/statistics/en/  

2. Lee JM. Cultivation of grafted vegetables I. 
current status, grafting methods and 
benefits. HortScience. 1994;29(4):235-239.  

3. Yetisir H, Sarı N. Effect of different 
rootstock on plant growth, yield and quality 
of watermelon. Aust J Exp Agric. 2003;43: 
1269-1274. 

4. Ashita E. Grafting of watermelons (in 
Japanese), Korea (Chosun) Agriculture 
University of Western Sydney. 1927;1(9). 

5. Sakata Y, Ohara T, Sugiyama M. The 
history and present state of the grafting of 
cucurbitaceous vegetables in Japan. Acta 
Hortic. 2007;731:159-170. 

6. Oda M. Grafting of vegetables to improve 
greenhouse production. Food and Fertilizer 
Technology Center Extension Bulletin. 
1999;480:1-11. 

7. Lee JM, Oda M. Grafting of herbaceous 
vegetable and ornamental crops. Hortic. 
Rev. 2003;28:61-124. 

8. Ryu JS, Choi, KS, Lee SJ. Effects of 
grafting stocks on growth, quality and yield 
of watermelon (in Korean with English 
summary). J. Kor. Soc. Hort. Sci. 
1973;13:45-49. 

9. Davis AR, Perkins-Veazie P, Hassell R, 
King SR, Zhang X. Grafting effects on 
vegetable quality. HortScience. 2008;43: 
1670-1672. 

10. Rivero RM, Ruiz JM, Sanchez E, Romero, 
L. Does grafting provide tomato plants and 
advantages against H2O2 production under 
conditions of thermal shock? Physiol Plant. 
2003;117:44-50. 

11. Bulder HAM, Van Hasselt PR, Kuiper PJC, 
Speek EJ, Den Nijs APM. The effect of low 
root temperature in growth and lipid 
composition of low tolerant rootstock 
genotypes for cucumber. J Plant Physiol. 
1990;138:661-666.  

12. Romero L, Belakbir A, Ragala L, Ruiz M. 
Response of plant yield and leaf pigments 
to saline conditions: Effectiveness of 
different rootstocks in melon plants 
(Cucumis melo L.). Soil Sci Plant Nutr. 
1997;43:855-862. 

13. Yetisir H, Uygur V. Responses of grafted 
watermelon onto different gourd species to 
salinity stress. J. Plant Nutr. 2010;33:315-
327. 

14. Ruiz JM, Belakbir A, Lopez-Cantarero A, 
Romero L. Leaf macronutrient content and 
yield in grafted melon plants: A model to 
evaluate the influence of rootstocks to 
genotype. Sci Hortic. 1997;71:113-123. 

15. Cohen S, Naor A. The effect of three 
rootstocks on water use canopy 
conductance and hydraulic parameters of 
apple trees and predicting canopy from 
hydraulic conductance. Plant Cell Environ. 
2002;25:17-28. 

16. Lee JM, Kubotab C, Tsaoc SJ, Bied Z, 
Hoyos Echevarriae P, Morraf L, Odag M. 
Current status of vegetable grafting: 
Diffusion, grafting techniques, automation. 
Sci Hortic. 2010;127:93–105. 



 
 
 
 

Yetişir and Sari; AJRAF, 1(2): 1-9, 2018; Article no.AJRAF.41245 
 
 

 
8 
 

17. Yetisir  H. Effet of  grafted seedling on 
yield and quality of watermelon grown 
under low tunnel. PhD Thesis, Institute of 
natural and Applied Science, University of 
Çukurova. 2001;179. 

18. Thies JA, Ariss JJ, Hassell RL, Kousik CS,  
Levi A. Grafting for management of 
Southern Root-Knot Nematode, 
Meloidogyne incognita, in watermelon. 
Plant Diseases. 2007;94(10):1195-1199. 

19. Colla G, Roupahel Y, Cardarelli M. Effect 
of salinity on yield, fruit quality, leaf gas 
exchange, and mineral composition of 
grafted watermelon plants. HortScience. 
2006;41(3):622-627. 

20. Karaca F, Yetişir H,  Solmaz İ, Çandır E, 
Kurt Ş, Sarı N, Güler Z. Rootstock potential 
of Turkish Lagenaria siceraria germplasm 
for watermelon: Plant growth yield and 
quality. Turk J. Agric. For. 2012;36:1-11. 

21. Mumtaz Khan M, Al-Mas'oudi RSM, Al-
Said F, Khan I. Salinity effects on growth. 
electrolyte leakage, chlorophyll content 
and lipid peroxidation in cucumber 
(Cucumis sativus L.). International 
Conference on Food and Agricultural 
Sciences. 2013;55:28-32. 

22. Balkaya A, Yıldız S, Horuz A, Doğru SM. 
Effects of salt stress on vegetative growth 
parameters and ion accumulations in 
cucurbit rootstock genotypes. Ekin Journal 
of Crop Breeding and Genetics. 
2016;2(2):11-24. 

23. Fernández-García N, Martínez V, Cerdá A, 
Carvajal M. Water and nutrient uptake of 
grafted tomato plants grown under saline 
conditions. J. Plant Physiol. 2002;159:899-
905. 

24. Liu ZL, Zhu YL, Wei GP, Yang LF, Zhang 
GW, Hu CM. Metabolism of ascorbic acid 
and glutathione in leaves of grafted 
eggplant seedlings under NaCl stress. 
Acta Bot. Boreal-Occident Sin. 2007;27: 
1795-1800. 

25. Wei GP, Zhu YL, Liu ZL, Yang LF, Zhang 
GW. Growth and ionic distribution of 
grafted eggplant seedlings with NaCl 
stress. Acta Bot. Boreal-Occident. Sin. 
2007;27:1172-1178. 

26. Giuffrida F, Cassaniti C, Leonardi C. The 
influence of rootstock on growth and ion 
concentrations in pepper (Capsicum 
annuum L.) under saline conditions. J. of 
Horticultural Science & Biotechnology. 
2013;88:110-116. 

27. Penella C, Nebauer SG, San Bautista A, 
López-Galarza S, Calatayud A. Rootstock 

alleviates PEG-induced water stress in 
grafted pepper seedlings physiological 
responses. J. Plant Physiol. 2014;171: 
842-851. 

28. Zijlstra S, Groot SPC. Jansen J. Genotypic 
variation of rootstocks for growth and 
production in cucumber; possibilities for 
improving the root system by plant 
breeding. Hort. Sci. 1994;56:185-196. 

29. Lopez-Galarza SA, San Bautista DM, 
Perez DM, Miguel A, Baixauli C, Pascual 
B, Maroto JV, Guardiola JL. Effect of 
grafting and cytokinin induced fruit setting 
on color and sugar content traits in 
glasshouse-grown triploid watermelon. J 
Hortic Sci Biotechnol. 2004;79:971-976. 

30. Yetisir H, Sari N, Yücel S. Rootstock 
resistance to Fusarium wilt and effect on 
watermelon fruit yield and quality. 
Phytoparasitica. 2003;31:163-169. 

31. Huang Y, Tang R, Cao QL, Bie ZL. 
Improving the fruit yield and quality of 
cucumber by grafting onto the salt tolerant 
rootstock under NaCl stress. Sci. Hortic. 
2009;122:26-31. 

32. Ntatsi G, Savvas D, Kläring HP, Schwarz 
D. Growth, yield, and metabolic responses 
of temperature-stressed tomato to grafting 
onto rootstocks differing in cold tolerance. 
J. Am. Soc. Hortic. Sci. 2014;139:230-243. 

33. Leoni S, Grudina R, Cadinu M, Madeddu 
B, Carletti MG. The influence of four 
rootstocks on some melon hybrids and a 
cultivar in greenhouse. Acta Hort. 1990; 
287:127-134. 

34. Moncada A, Miceli A, Vetrano F, Mineo V., 
Planeta D, D’Anna F. Effect of grafting on 
yield and quality of eggplant (Solanum  
melongena  L.). Scientia  Horticulturae. 
2013;149:108-114. 

35. Guan W, Zhao X, Hassel R, Thies J. 
Defense mechanisms involved in disease 
resistance of grafted vegetables. 
HortScience. 2012;47:164-170. 

36. Rivard CL, Louws FJ. Grafting to manage 
soilborne diseases in heirloom tomato 
production. HortScience. 2008;43:2104-
2111. 

37. SAS.  Institute, SAS Online Doc, Version 
8. SAS Inst Cary. NC; 2006. 

38. NeSmith DS. Plant spacing influences 
watermelon yield and yield components, 
HortScience. 1993;28(9):885-887. 

39. Barnes JA, Zischke BH, Blight GW, 
Chapman JC. Minilee and Mickylee are 
mini watermelons with potential for                   



 
 
 
 

Yetişir and Sari; AJRAF, 1(2): 1-9, 2018; Article no.AJRAF.41245 
 
 

 
9 
 

the Australian market. Aust. J. Expt. Agr. 
1994;34:673-679. 

40. Duthie JA, Schrefler JW, Roberts BW, 
Edelson JV. Plant density dependent 
variation in marketable yield, fruit biomass, 
and marketable fraction in watermelon. 
Crop Sci. 1999;39:406-412. 

41. Edelstein M, Nerson H. Genotype and 
plant density affect watermelon grown for 
seed consumption. HortScience. 2002; 
37(6):981-983. 

42. Sanders DC, Cure JD, Schultheis JR. Yield 
response of watermelon to planting 
density, planting pattern, and polyethylene 
mulch, HortScience. 1999;34(7):1221-
1223. 

43. Kavut YT, Geren H, Simic A. Effect of 
different plant densities on the fruit yield 
and some related parameters and storage 
losses of fodder watermelon (Citrillus 
lanatus var. citroides) fruits. Turkish 
Journal of Field Crops. 2014;19(2):226-
230. 

44. Chouka AS, Jebari H. Effect of grafting on 
watermelon on vegetative and root 
development, production and fruit quality. 
Acta Hortic. 1999;492:85-93. 

45. Miguel A, Maroto JV, Bautista AS, Baixauli 
C., Cebolla  V, Pascual B, Lopez- Galarza 
S, Guardiola JL. The grafting of triploid 

watermelon is an advantageous alternative 
to soil fumigation. Sci. Hort. 2004;103:9-
17. 

46. Alan O, Ozdemir N, Gunen Y. Effect of 
grafting on watermelon plant growth, yield 
and quality. J Agron. 2007;6:362-365. 

47. Cushman KE, Huan J. Performance of four 
triploid watermelon cultivars graft ed onto fi 
ve rootstock genotypes: Yield and fruit 
quality under commercial growing 
conditions. Acta Hortic. 2008;782:335-341. 

48. Pulgar G, Villora G, Moreno DA,  Romero 
L. Improving the mineral nutrition in grafted 
watermelon plants: Nitrogen metabolism. 
Biol Plant. 2000;4:607-609. 

49. Biles CI, Martyn RD, Wilson HD. Isozymes 
and general proteins from various 
watermelon cultivars and tissue types. 
HortScience. 1989;24(5):810-812. 

50. Jang KU. Utilization of sap and fruit Juice 
of Luffa cylindrica L. Res. Rpt. Korean 
Ginseng and Tobacco Inst., Taejan. 1992; 
16. 

51. Wehner T. Watermelon, In Hand Book of 
Plant Breeding, Vegetables I, Asteraceae, 
Brassicaceae, Chenopodicaceae and 
Cucurbitacea,  Ed. Prohens J, Nuez F, 
Springer. NY,USA. 2008;246.  

 

_________________________________________________________________________________ 
© 2018 Yetişir and Sari; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/24543 


