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ABSTRACT  
 
 Watermelon (Citrullus lanatus) is an important vegetable crop grown in Egypt. Grafting watermelon has 
become much involved in the production area of watermelon. Many hand grafting methods were used for 
producing the seedlings of grafted watermelon. The grafting method is the most influential factor in the success of 
the grafting process and produce good seedlings. Both scion and rootstock material are determining factors for 
selecting the grafting methods. Best method also depends on the availability of the possibilities in the process of 
healing during a fusion between the scion and rootstocks and acclimatization stage. This study aims to define the 
best grafting method for producing of grafted watermelon seedlings in survival ratio under low potential in both 
healing and acclimatization chamber and to arrive to the commercial grafting technique. The studies were 
conducted in two experiments in randomized complete blocks design with three replicates during the two seasons 
of 2012and 2013 at Kaha Research Farm and private farm in Berkash Giza. Each experiment included different 
three grafting treatments (grafting techniques) in addition to the control watermelon hybrids which were sown 
without grafting. Watermelon cv. (Aswan F1 hybrid) was used as a scion and grafting it in bottle gourd rootstock 
(Lagenaria siceraria) local variety. The obtained results showed that, the grafted plants especially when using splice 
graft (one cotyledon grafting) showed significant increment in most studied characteristics such as vegetative 
growth (plant height, stem diameter, leaf area, number of leaves, number of branches, plant fresh and dry weight 
and dry matter percentage), early and total yield in addition to fruit characters, as compared with non-grafted 
watermelon (control). Tongue approach grafting was not requires careful control of humidity, light, and 
temperature after grafting. Normal greenhouse environment is sufficient.  Splice graft was the best grafting 
technique in survival rate followed by hole insertion grafting. Splice grafting and tongue approach grafting were 
not requires to remove the shoots grown from the rootstocks, whereas it doesn't give any shoots from the 
rootstocks. Splice grafting gave highly significant increment in all characteristics under study compared with the 
other methods and control in both seasons. The histological studies on union zone in the grafted watermelon 
confirm that the results mentioned before that the splice graft was the best grafting method in most characters 
under studies followed by hole then tongue. 
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Introduction 
 
 Watermelon (Citrullus lanatus) is an important vegetable crop grown in Egypt. Grafting watermelon has 
become much involved in the production area of watermelon. Among the grafting aims, (1) to enhance plant 
growth, fruit yield and quality (2) to control wilt caused by pathogens; (3) to reduce viral, fungal and bacterial 
infection; (4) to strengthen tolerance to thermal or saline stress; (5) to increase nutrient and mineral uptake to the 
shoot (Rivero et al., 2003). In Egypt, In Egypt, Mounir (1965)  produced grafted watermelon plants on many 
rootstocks for protection from fusarium wilt. El-Eslamboly (2010) demonstrated that, grafting method can be 
used for new goal such as multiplication in difficult propagation vegetable crops such as multiplication seedless 
watermelon. Some rootstocks have the added advantage of being resistant to nematodes; especially the root-knot 
nematode Meloidogyne spp. Additional benefits include the potential for increased yield, increased fruit quality, 
especially flesh firmness, more vigorous plant growth and lower plant populations (Core, 2005). Disadvantages 
included increased production cost and the possibility of altered horticultural characteristics of cultivars used as 
scions.  
 Hole insertion grafting method is popular for watermelon and melon plants are mainly grafted by tongue 
approach grafting (Oda, 1995 and 1999).  
 Different grafting types are adapted for different scions and rootstocks depending on grafting objectives, 
farmers’ experience, and post-grafting management conditions. When scion and rootstock have hollow hypocotyls, 
the hole insertion was described by Fujii in 1970and one cotyledon grafting methods are preferred (Hang et al., 
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2005). In contrast, tongue approach and cleft techniques, which have high survival rates, are often chosen by no 
experienced farmers who have plenty of space and adequate labor. In contrast, the one cotyledon and the hole 
insertion grafts require experienced labor, specialized tools, and a healing chamber to obtain high survival rates. 
Cleft, one cotyledon, and hole insertion methods, which have high grafting positions, increase separation of scion 
from the ground. This decrease the opportunity of scion adventitious roots contracting soil borne diseases (Hang et 
al., 2005). Methods continue to evolve to overcome existing and developing problems, to increase survival rate, 
and decrease labor.   
 The survival rate of grafted plants depends on compatibility between scion and rootstock, quality and age of 
seedlings, quality of the joined section, and post-grafting management i.e., acclimatization of grafted seedlings 
(Davis, et al., (2008), Hassell et. al., (2008) and Oda (1999).  
 El-Eslamboly (2010) found that, grafting watermelon positively affected on plant vigor and plant height. 
The same author reported that, yield of Aswan F1 hybrid was appeared to be significantly affected by grafting on 
different rootstocks. Grafting Aswan hybrid on different rootstocks gave significant increases in fruit rind 
thickness and firmness compared with ungrafted plants. Bletsos, (2005) recorded that, grafting positively affected 
fruit yield and quality, as well as fruit size in early production. In Egypt Kapiel et al. (2005) observed that the 
fruit size of watermelons grafted to rootstocks having vigorous root systems is often significantly increased 
compared to fruits from intact plants.  
 This study aims to define the best grafting method for producing of grafting watermelon seedlings and its 
effect on survival ratio under low potential in both healing and acclimatization chamber. 
 
Materials and Methods 
 
 This study was conducted in two experiments in randomized complete blocks design with three replicates 
during the two seasons of 2012 and 2013 at Kaha Horticultural Research Station and private farm in Berkash, Giza. 
Each experiment included three grafting methods, i.e., as follows one cotyledon grafting method (Splice)(Fig 1) 
Hole insertion (Top)(Fig 2) and Tongue approach grafting(Fig 3), as well as the watermelon plants which were 
sown without grafting as a control.  
 
The one cotyledon grafting method 
 

 
 
Fig. 1: The one cotyledon grafting method. Step 1, preparing the scion; step 2, preparing the rootstock; step 3, 

joining the plants and step 4, securing the joined region with a grafting clip. (Hassell et. al., 2008). 
 
The hole insertion grafting method 
 

 
 
Fig. 2: The hole insertion grafting method. Step 1, preparation of the scion; step 2, removing the growing tip of 

the rootstock; step 3, drilling out the growing tip and creating a hole for the scion; step 4, joining the 
scion and rootstock; step5, the joined plants (Hassell et al., 2008). 
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Tongue approach grafting method 

 
Fig. 3: The tongue approach grafting method. Step 1, preparing the rootstock; step 2, preparing the scion; step 3, 

joining the scion to the rootstock; step 4, securing the joining with a metal strip; and step 5, removing 
the scion roots (Hassell et. al., 2008). 

 
Plant material: 
 
a. Sources of scion: 
 
 Seeded watermelon F1 hybrid, namely Aswan, from Sakata Seed Company, Japan was used in the present 
study.  
 
b. Sources of rootstock: 
 
 Rootstock (Lagenaria siceraria) local Variety. 
 
c. Nursery of scion and rootstocks: 
 
 Bottle gourd seeds were sown in the nursery at Kaha on 2nd February in 2012 and 5th February in the second 
season. The watermelon seeds were sown in 12nd February in the first season and 14th February in 2013. 
Rootstocks and watermelon seeds were sown in foam speedling trays with 84 cells filled with a mixture of peat-
moss and vermiculite at the ratio of 1:1 (v/v). Three hundred grams of ammonium sulphate, 400 g calcium 
superphosphate, 150 g potassium sulphate, 50 ml. nutrient solution and 50 gm of a fungicide were added for 
each 50 kg of the peatmoss.  
 The grafting application began after 15 days from watermelon scion were sown by three grafting methods 
after removing all growing points of rootstock by sharp stainless razor blades to prevent future shoot growth. A 
specialized tool, such as a bamboo stick was used for piercing the center of the rootstock leaving a small hole 
with a small splice along both sides. The sticks pierce entered the stock at a depth of 1cm. The chosen scion is 
then slant cut in a similar shape as the piercing stick and placed within the hole. The used grafting methods were 
shown as follows (Fig 1, 2, 3). Hold in place then the plastic grafting clip was kept the scion and rootstock 
together during healing.  
 Grafted seedlings were removed immediately into the shaded plastic low tunnel for healing and hardening 
that was key factors for the survival of grafted plants as mentioned by Lee (2007) and Oda (2007). A 
polyethylene sheet was laid on the floor of low tunnels and covered with a shallow layer of water. Speedling 
trays were placed on bricks to support the plants above the water layer. The plastic tunnel was closed to achieve 
a temperature 25-32 ºC and (>85% RH) humidity. Four to five days after grafting, the hardening process began 
by peeling away the top layer of shade net. The water was drained out of the floor pan. Meanwhile, the plastic 
covered was gradually removed for four to five days. 
 Grafted plants were moved out of the tunnel and placed into a greenhouse, nine days after grafting. The plants 
were stayed in the greenhouse for seven to eight days for further development and hardening. The entire process took 30 
to 35 days from grafting. 
 Grafted watermelon seedlings were transplanted on April 4 and 8 in the open field in Experimental Farm of 
Kaha in the first and second season and in a private farm in Berkash Giza governorate on 5, 9 April 2012 and 
2013 respectively. Grafted plants were transplanted to a density of 2000 plants per feddan, in rows 5 meter 
length and 2 meter width. The space between plants was 1m. The single treatment contained 10 plants in two 
rows. The plot area was 10m2. 
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 The graft union of grafted seedlings was kept above the soil line, to avoid development of adventitious roots 
from the scion that penetrate the soil and cause disease by passing of resistant rootstock that may lead to 
infection and death of the entire plant. The conventional agricultural practices i.e., irrigation, fertilization, and 
weeding and pest control followed standard commercial practices, were done as recommended by the Ministry 
of the Agriculture in Egypt, for watermelon production. Plots were first harvested after 90 days from planting 
and the other harvesting, when the fruits were ripened. Three harvest times were conducted in the first and 
second season.  
 
Plant histological studies: 
 
 Samples of grafting-union were taken after 30 days of grafting date and cleaned with tap water then killed 
and fixed in formaline-acetic acid-alcohol (F.A.A. 10:5:85) for at least 36 hours, then washed in 50% ethyl 
alcohol and dehydrated in a normal butyl alcohol series before being embedded in paraffin wax (melting point 
56C°).  Transverse sections (20 µ thick) were cut using a rotary microtome, then double stained with crystal 
violet and erythrosine, then mounted in Canada balsam and cover slips attached (Nassar and El-Sahhar, 1998). 
Slides were analysed microscopically and photomicrographs of the permanent sections were taken.    
 
Experimental design and statistical analysis: 
 
 The experimental design was randomized complete blocks design with three replications with combined the 
first and second season. Data were statistically analyzed using analyses of variance according to Gomez and 
Gomez (1984). 
 
1. Studied characteristics: 
 
a. Survival rates:  
 
 Survival raters were measured after 30 days from the grafting by account the success seedlings and dividing 
it on the total number of the grafted seedlings. 
 
b. Vegetative growth characteristics: 
 
 Vegetative growth characters, were recorded after 90 days from transplanting, in samples of four plants randomly 
chosen from each plot as follows 
 
1. Plant height (cm): 
 
 It was measured as the average length in centimeters of four random plants. The measurement started from 
the surface of the ground to plant stem apex. 
 
2. Stem diameter using a caliper: 
 
3. Leaf area (cm2): 
 
 It was expressed as the mean leaf area in cm2 using the dry weight method. The mature leaf was cleaned 
from dust and then weight to nearest 0.001 g. Therefore 20 disks of known area were separated as weight. 
 
Leaf area (cm2) =  
 
 
Where, the area of a disk is about 1.0 cm 
4. Number of leaves per plant 
5. Number of branches/plant 
6. Plant fresh weight (kg) 
7. Plant dry weight (g):- It was measured as the weight of the same plants used for plant fresh weight after 
being dried out in an oven with driven hot air at 70 °C until a constant weight. 
8. Plant dry matter percentage  
It was measured by this equation 

Plant dry weight(g) Plant dry matter% = 100
Plant fresh weight(g) 

×  
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c. Yield and its components: 
 
 The fruits were harvested after 90 days from transplanting and the other harvested were implemented 
whereas the fruits ripen.  
The following traits were evaluated 
1. Early yield (ton/ feddan):- It was estimated as the weight of fruits/feddan of first and second harvesting. 
2. Total yield (ton/ feddan):- The yield of all fruits harvested throughout the entire season. This was 
calculated by transferring the total yield per plant to ton per feddan. 
3. Total weight of fruits /plant:- It represents the total weight of the harvested fruits throughout the entire 
season in kg per plant. 
4. Total number of fruits/plant:- It recorded as the total number of the harvested fruits per plant throughout 
the entire season. 
5. Total number of fruits/feddan: it was calculated by this equation total number of fruit per feddan = total 
number of fruits per plant(mean)×2000(number of plant per feddan). 
 
d. Marketable yield: 
 
 Determined by removing the abnormal fruits, fruit cracked, smitten fruits with any diseases and misshapen 
fruits. 
 
e. Fruit characteristics:  
 
 Fruit characteristics were determined by measuring the following measurements. 
1. Fruit length (cm) 
2. Fruit diameter (cm) 
3. Fruit rind thickness (mm): Using a caliper. 
4. Average fruit weight (kg):- It was calculated all over the harvesting season by dividing weight on number 
of fruits. 
 
f. Chemical determinations: 
1. Panel test:- Panel test was determined by panel testing (flavor) by 3 persons per replication with 3 
replication based on the Scale(score system), where 5= Excellent,4= Good, 3= Medium, 2=Fair and 1= Poor 
2. Total soluble solids (T.S.S. %):- They were measured in fruit juice by using a hand refractometer. Five 
fruits were taken at random from each treatment for this test. This was estimated according to the methods of 
A.O.A.C. (1975). 
 
Results and Discussion 
 
Survival rates: 
 
 Data in Table(1) mentioned that, all types of grafting methods recorded maximum percentage of success, 
the best grafting method was  splice type which take a less time for its technique than other types. All grafting 
methods recorded an excellent percentage of grafting success after 12 days in the incubation. The percentage of 
survival ratios of all types of grafting was 97, 98 and 99% for splicing, top and tongue respectively. The survival 
rate of grafted plants depends on compatibility between scion and rootstock, quality and age of seedlings, 
quality of the joined section, and post-grafting management. Different grafting techniques are adapted for 
different scions and rootstocks depending on grafting objectives, farmer’s experience, and post-grafting 
management conditions (Hang et al., 2005). 
 One cotyledon splice grafting and tongue approach grafting were not given any shoots from the rootstocks. 
 
Table 1: Effect of grafting methods of watermelon F1 hybrid on Bottle gourd rootstocks on survival rate percentage of seedlings as average 

in 2012 and 2013 seasons. 
% No. of plants which produced the lateral 

growth* 
Survival% No. of 

survival plant 
Total plant  

0.02 2 97 97 100 Splice 
0.74 73 98 98 100 Hole 
0.0 0 99 99 100 Tongue 
0.0 0 100 100 100 CONTROL 

*. Number of lateral plants which produced from rootstocks. 
%. Percent of lateral plants which produced from rootstocks  
 
 



335 
Res. J. Agric. & Biol. Sci., 9(6): 330-340, 2013 

Vegetative growth characteristics: 
 
 Data in Tables (2 and 3) indicated that, there were significant increments in plant vigor of the grafted plants 
compared to non-grafted (control) in both locations under study. No significant differences were noticed 
between the first and second season in both locations. The obtained data in the same Tables indicate that, there 
was a significant increase by different grafting treatments as compared with the control on vegetative growth. 
Data in the same Tables indicated also that, splice method gave highly significant increment in vegetative 
growth characters especially plant height, stem diameter, leaf area, number of branch, number of leaves, plant 
fresh and dry weight. These results may be due to the increasing in the area connection and the speedily 
differentiation from callus or cambium to vascular tissues (xylem and phloem) in the union area in the scion and 
rootstock as shown in and decreasing the lateral growth from rootstock as shown in table (1) as compared with 
hole insertion method in addition to the hormonal effects from different rootstock. Lagenaria siceraria rootstock 
that might induce more amounts from gibberellins and auxins. These results were in agreement with those 
obtained by El-Eslamboly (2010), Bletsos (2005) and Alan et al., (2007) who found that, grafting watermelon 
positively affected on plant vigor, height and disease control. The rootstocks vigorous root system is often 
capable of absorbing water and nutrients more efficiently than scion roots, and may serve as a supplier of 
additional endogenous plant hormones (Lee, 1994 and Pulgar et al., 2000). Salam et al. (2002) reported also, 
that both the length of vine and number of lateral branches produced in the grafted plants were higher than those 
of the non-grafts. It clears from data in both tables that, grafting gave significant decrease in dry matter 
percentages.  
 
Table 2: Effects of the grafting methods on the vegetative growth characters, plant fresh and dry weight and dry matter percentage on 

watermelon (Aswan F1) after harvesting by combined analysis for two seasons in Kaha. 
 Plant 

height 
(cm) 

Stem 
diameter 

(cm) 

Leaf 
area 

(cm2) 

Number of 
branches 

Number 
of  

Leaves 

Plant fresh 
weight 

(kg) 

Plant dry 
weight 
(gm) 

Dry 
matter 

% 
Years 1 376.84 2.35 209.90 6.97 375.49 2.00 177.83 8.95 

2 452.67 2.40 215.67 6.50 367.33 2.06 179.88 8.81 
LSD t0.05 NS NS NS NS NS NS NS NS 

Grafting  
methods 

1. Splice 507.54 3.00 249.84 8.30 434.85 2.26 196.70 8.72 
2. Hole 425.87 2.37 223.45 7.03 412.07 2.16 184.98 8.55 

3. Tongue 426.69 2.67 228.57 6.98 391.92 2.22 191.90 8.65 
4.  Control 298.92 1.47 149.27 4.62 246.80 1.48 141.83 9.59 

LSD t0.05 55.60 0.51 20.50 1.09 18.88 0.42 35.55 0.75 
 
Table 3: Effects of the grafting methods on the vegetative growth characters, plant fresh and dry weight and dry matter percentage on 

watermelon (Aswan F1 hybrid) after harvesting by combined analysis for two seasons in Berkash. 
 Plant 

height 
(cm) 

Stem 
diameter 

(cm) 

Leaf 
area 

(cm2) 

Number of 
branches 

Number 
of  

Leaves 

Plant fresh 
weight 

(kg) 

Plant dry 
weight 
(gm) 

Dry 
matter 

% 
Years 1 445.42 2.20 237.76 6.89 362.72 1.95 173.60 8.98 

2 437.63 2.65 235.98 6.3 357.35 1.99 175.71 8.91 
LSD t0.05 NS NS NS NS NS NS NS NS 

Grafting 
methods 

1. Splice 517.17 3.07 276.53 8.03 424.08 2.33 201.80 8.67 
2. Hole 474.17 2.40 249.25 6.98 386.68 2.20 193.73 8.81 

3. Tongue 448.93 2.75 249.32 6.67 390.45 2.12 184.12 8.69 
4.  Control 325.83 1.48 172.37 4.70 238.92 1.24 118.97 9.60 

LSD t0.05 31.55 0.53 18.45 0.89 26.21 0.67 52.54 0.65 
 
Yield and its components: 
 
 Results in Tables (4 and 5) showed that, there were significant differences between the grafted and 
ungrafted plants in early, total and marketable yield, in both locations.  However in early and total yield, there 
was a significant increase by different grafting treatments as compared with the control, especially when 
grafting was applied by splice. The splice method gave a positive significant effect on early, total and 
marketable yield may be due to the strong vegetative growth of the grafted plants in both locations. These 
increases can be explained by an interaction of some or all of the following phenomena: increased water and 
plant nutrient absorption (Kato and Lou, 1989), augmented endogenous hormone production (Zijlstra et al., 
1994), and enhanced scion vigor (Leoni et al., 1990), resistance to soil pathogens (Lee, 1994 and Edelstein et 
al., 1999). 
 No significant differences were noticed in, total, marketable and early yield in addition to number of fruit 
between the first and second season. Marketable yield was also influenced by rootstock. The watermelon plants 
were grafted by splice approach produced higher marketable yield than control and the other methods. The 
abnormal and un-marketable fruit yield in grafting treatments reached to (2.644 ton/feddan) when using splice 
method while had (0.504ton/feddan) by using non-grafting (control) in Kaha location while in the Berkash 
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location these ratios had (1.688ton/feddan) by using splice technique while the control plant gave (0.554 
ton/feddan).   
 The grafting watermelon by splice on bottle gourd produced 175% and 182.6% time higher in marketable 
yield than non-grafts in Kaha and Berkash location respectively. These results were agreement with (El-
Eslamboly, 2010) who reported that, yield of Aswan F1 hybrid was appeared to be significantly affected by 
grafting on different rootstocks. The obtained data agreed with those obtained by Salam et al. (2002) found that, 
grafting also produced higher number of fruits per plant. Yield was increased by grafting in watermelon (Ruiz 
and Romero, 1999 and Yetisir and Sari, 2003).  
 
Table 4: Effects of the grafting methods on chlorophyll content and yield and its component characters of watermelon (Aswan F1 hybrid) 

after harvesting by combined analysis for two seasons in Kaha. 
 Number of fruit Total Marketable Early 

Plant Feddan Yield(ton/fed.) 
Years 1 1.290 2579.55 19.343 17.697 3.068 

2 1.294 2588.08 19.277 17.529 3.198 
LSD t0.05 NS NS NS NS NS 

Grafting 
methods 

1. Splice 1.430 2860.50 24.123 21.479 4.121 
2. Hole 1.355 2709.13 20.133 18.385 3.579 

3. Tongue 1.384 2767.74 20.217 18.325 3.402 
4.  Control 0.999 1997.88 12.767 12.263 1.430 

LSD t0.05 0.34 245.65 2.212 2.431 0.387 
  
Table 5: Effects of the grafting methods on yield and its component characters of watermelon (Aswan F1 hybrid) after harvesting by 

combined analysis for two seasons in Berkash. 
 Number of fruit Total Marketable Early 

Plant Feddan Yield(ton/fed.) 
Years 1 1.390 2780.81 20.493 19.162 3.218 

2 1.270 2539.95 18.345 17.296 3.122 
LSD t0.05 NS NS NS NS NS 

Grafting 
methods 

1. Splice 1.464 2928.76 24.258 22.570 4.314 
2. Hole 1.412 2823.91 20.485 19.525 3.652 

3. Tongue 1.411 2821.87 20.017 18.457 3.207 
4.  Control 1.033 2066.98 12.917 12.363 1.506 

LSD t0.05 0.23 345.54 3.235 2.280 0.332 
 
Fruit characteristics: 
 
 Fruit characteristics of Aswan watermelon F1 grafted onto Bottle gourd rootstocks by different methods are 
presented in Table (6 and7). It's obvious that, no significant differences were noted in fruit quality in the both 
seasons in Kaha and Berkash locations. The application of three grafting methods increased their fruits physical 
quality expressed as average fruit weight, length and diameter. On the other hand, the lowest values of these 
characters were resulted by non-grafted plants. However, grafted plants by splice method were the most 
effective treatment in increasing these characters.  
 These results showed that grafted plants improved plant growth and yield without any harmful effects on fruit 
quality. It is obvious from data that there was a significant increment in fruit weight, length and diameter without 
any significant effect on fruit panel test flavor (taste) and total soluble solids in both locations by combined 
analysis at the first and second season. 
 
Table 6: Effects of grafting methods on fruit characters of watermelon (Aswan F1 hybrid) after harvesting by combined analysis for two 

seasons in Kaha.  
 Fruit Rind 

Thickness(mm) 
Panel test 
(Flavor) a Weight 

kg 
Diameter 

cm 
Length 

cm 
T.S.S 

% 
Years 1 7.42 24.38 26.95 11.80 18.66 3.77 

2 7.37 23.23 26.21 12.34 18.01 3.79 
LSD t0.05 NS NS NS NS NS NS 

Grafting 
methods 

1. Splice 8.43 27.95 30.65 12.05 18.67 3.87 
2. Hole 7.43 23.83 26.69 11.88 19.47 3.70 

3. Tongue 7.32 24.04 26.44 12.35 19.27 3.75 
4.  Control 6.40 19.40 22.55 12.00 15.93 3.79 

LSD t0.05 0.64 3.05 2.00 NS 2.02 NS 
a  Determined by panel testing (flavor)by 3 persons per replication with 3 replication based on the criteria, where 5= Excellent,4= Good,  3= 
Medium, 2=Fair and 1= Poor 
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Table 7: Effects of grafting methods on fruit characters of watermelon (Aswan F1 hybrid) after harvesting by combined analysis for two 
seasons in Berkash. 

 Fruit T.S.S 
% 

Rind 
thickness(mm) 

Panel test 
(Flavor) a Weight 

kg 
Diameter 

cm 
Length 

cm 
Years 1 7.31 24.39 27.33 11.59 17.64 3.71 

2 7.14 23.19 25.86 12.46 18.33 3.85 
LSD t0.05 NS NS NS NS NS NS 

Grafting 
methods 

1. Splice 8.28 27.11 29.92 11.92 18.67 3.75 
2. Hole 7.28 24.46 28.39 11.88 18.87 3.83 

3. Tongue 7.09 24.66 27.10 12.13 18.60 3.75 
4.  Control 6.25 18.93 20.97 12.17 15.80 3.79 

LSD t0.05 0.84 2.21 1.21 NS 1.84 NS 
a  Determined by panel testing (flavor)by 3 persons per replication with 3 replication based on the criteria, where 5= Excellent,4= Good,  3= 
Medium, 2=Fair and 1= Poor   
 
 Grafting increased fruit size, and this causes higher yields than in the control. These results agree with that 
of Miguel et al. (2004), who mentioned that grafting watermelon on Shintoza rootstock increased both fruit set 
and fruit size compared to the non-grafted plants. Bletsos, (2005) recorded that, grafting due to positively 
affected on fruit yield and quality, fruit size in early production. In Egypt Kapiel et al. (2005) who observed that 
the fruit size of watermelons grafted to rootstocks having vigorous root systems is often significantly increased 
compared to fruit from intact plants.  
 These results agree with that of El-Eslamboly (2010), who mentioned that grafted watermelon on gourd 
rootstock produced larger fruits as shown from fruit size, length and diameter in both seasons without any 
significant effect on fruit shape.  
 The results in the same Tables showed that, fruit rind thickness were significant increased by grafting 
watermelon on bottle which was used as a rootstocks compared with non-grafted plant (control). This was true 
when using the all grafting methods without any significant differences among the three methods of grafting in 
both locations. Increasing rind thickness in grafting treatments gave the fruits high firmness compared with the 
control, this increasing in rind thickness helps in transportation and exportation.  
 Increasing rind thickness of watermelons from grafted plants resulted in a relatively higher wastage at the 
time of consumption but on the other hand provides the fruit with greater resistance to mechanical damage 
during post-harvest handling. These results agreement with El-Eslamboly (2010) who reported that grafting 
Aswan hybrid on different rootstocks gave significant increasing in fruit rind thickness and firmness compared 
with ungrafted plants.  
 
Total soluble solids: 
  
 Results detected in Tables (6and7) show that there were no significant differences between the watermelon 
fruits produced from grafted and non-grafted plants in total soluble solids in the first and second seasons in both 
location. The TSS % ranged from (11.88 to 12.13) for the grafted treatments while the non-grafted plants were 
(12.17) in the first location. In the second location the TSS in the fruits were gave from the grafted plant ranged 
from (11.88 to 12.35) and 12 in the fruit were gave from control plants. In this respect, several investigators 
showed similar results e.g., Salam et al. (2002), Yetısır et al. (2003) Yetisir and Sari (2003) and Alan et al. 
(2007) in watermelon. Miguel et al. (2004) found no difference in TSS of watermelon fruit from scions grafted 
onto Cucurbita interspecific hybrid versus than in self-rooted watermelons control, but Salam et al. (2002) 
showed a marked increase in watermelon TSS content when grafted onto bottle gourd. In all samplings, total 
sugar concentrations and soluble solids contents were smaller (P ≤0.01) in fruit from grafted than from non -
grafted plants.  
 
Histological studies: 
 
 As mentioned before that splicing methods allow to increase the area connect between the scion and 
rootstock for many points which reflect the amount of callus and that considered the first stage for distinguish 
many tissues, the amount of callus tissues in rootstock was more vigorous than that of scion.  moreover the 
distinguish of cambium was pronounced in splicing graft more than other types of grafting, which clear by 
strongly and rapidly connect between vascular tissues in addition, the presence of parenchyma cell (callus) 
between them of the splice type and rootstock and that verified at Fig (4) compared with other types Fig. (5) and 
Fig. (6). 
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Fig. 4: Transverse section between scion (splicing grafting method) and rootstock showing strongly union of 

vessels. r.st, rootstock; sci, scion; cal, callus; n.ph, new phloem elements (X40). 
 
 The rapidly and strongly connect between splicing and rootstock reflect the enhancement in most characters 
under studies. In addition splicing scions are in contact, the cambial region capable of meristematic activity 
produced paranchymatic cells and callus tissue that fill the space between the two components. These possible 
alterations may result in a better vascular activity and in an increase in root production because the occurrence 
of larger vessels would improve water supply, since larger cross- sectional area of vessels may facilitate the 
transport of greater volumes of water per unit time, and that reflect on the vigor of growth and fruit size than 
other types which prove the importance of choice the type of grafting according to the simple methods and 
promising results which done at splice type. These results agree with Wang and Kollmann (1996), Hartmann, et 
al., (2002) and Fassio et al., (2009), which confirmed these results. In addition plant growth in the grafted plants 
can be explained by the interaction of some or all of the following phenomena: increased water and plant 
nutrient uptake, due to stronger and more extensive root growth of the rootstock (bottle gourd), augmented and 
ogemous hormone production, enhanced scion vigor. These results agree with Pulgar, et al., (2000), Zijlstra, et 
al., 1994, and Leoni, et al., 1990. So that compatible between type of scions and rootstock and continuous 
vascular tissues between them lead to increased in most characters under studies. 
 

 
 
Fig. 5: Transverse section between scion (top grafting method) and rootstock showing union of vessels between 

them. r.st, rootstock; sci, scion; cal, callus; n.ph, new phloem elements (X40). 
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Fig. 6: Transverse section between scion (tongue grafting method) and rootstock show begging union of vessels 

between them. r.st, rootstock; sci, scion; cal, callus; n.ph, new phloem elements (X40).  
 
Conclusion: 
 
 The results from our study indicated that, using splice (one cotyledon) grafting method was the best method 
for grafting watermelon on Lagenaria siceraria rootstock, which improved vegetative growth of the watermelon 
plants, yield components and fruit quality. Splice grafting and tongue approach grafting were not requires any 
removed the shoots were grown from the rootstocks, whereas were not given any shoots from the rootstocks.     
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