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fficiency of grafting watermelon scions on resistant rootstocks for 

controlling Fusarium wilt under greenhouse and field conditions 

was evaluated. Two grafting methods, i.e. tongue approach graft and 

hole insertion graft, were evaluated for grafting  three watermelon 

scions, i.e. Aswan hybrid and cv. Giza 1, on four rootstocks, i.e. Wild 

watermelon, Bottle Gourd, Strong Tosa and Ferro. Results indicated  

that the most effective method is tongue approach graft with Aswan 

hybrid and cv. Giza 1 which recorded 92.0 to 96.0 %  survived  plants 

except cv. Giza 1 that was grafted on Bottle Gourd. Grafting of Aswan 

hybrid and cv. Giza 1 on Bottle Gourd, Strong Tosa and Ferro 

rootstocks significantly reduced the wilt disease incidence. Complete 

protection of Fusarium wilt was obtained with both cultivars grafted 

on Bottle Gourd and Strong Tosa. Grafting of both cultivars on Ferro 

rootstock resulted in reducing disease incidence by 95.2 % for Giza 1 

and Aswan hybrid. Also, the highest increase in enzyme activities was 

obtained with both cultivars grafted on all the tested rootstocks. 

Grafting increased peroxidase, chitinase and β-1,3–glucanase 

activities as compared with un-grafted plants. Moreover, under field 

conditions grafting of two watermelon scion, i.e. Aswan hybrid and 

cv. Giza 1, on three rootstocks, i.e. Bottle Gourd, Strong Tosa and 

Ferro, to study the effect of grafting on Fusarium wilt incidence and 

fruit yield. Results revealed that all treatments reduced the wilt  

incidence during the two growing seasons. Complete protection of 

Fusarium disease was obtained with both scions grafted on all 

rootstocks. The highest increase in watermelon yield was obtained 

with Aswan hybrid grafted on each of Bottle Gourd, Strong Tosa and 

Ferro which increased fruit yield by 175.3, 166.3, 165.2%, 

respectively as compared with un-grafted cultivars. 
 

Keywords: Aswan hybrid, Bottle Gourd, cv. Giza 1, ferro, Fusarium 

wilt, grafting, Strong Tosa and watermelon. 
 

Watermelon (Citrullus lanatus (Trunb.) Matsum and Nakai) is a widely 

cultivated vegetable which consumed globally. However, the growth of this plant is 

often threatened by Fusarium wilt in soils where watermelon is continuously mono-

cropped. Fusarium wilt of watermelon caused by Fusarium oxysporum Schleicher: 

Fr. f.sp. niveum (E.F. Smith) Snyder and Hans (Booth, 1971). The fungus is found 

worldwide in subtropical and tropical regions causing substantial losses. 

Watermelon wilt appears during the growing season at different stages of plant 

growth from seedling to mature stages and might happen earlier to cause                   
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pre-emergence damping-off (Sheng et al., 2009 and Lu et al., 2014). Also, Booth 

(1971) reported that F. oxysporum f.sp. niveum causes damping-off, stunting of 

watermelon seedlings and wilt of older plants.  
 

Grafting of watermelon on other cucurbit rootstocks to control soil borne 

diseases has been one of the highly successful control methods especially when the 

produced crop from grafted plants is equal to or better than that of the non-grafted 

plants (Rivero et al., 2003 and 2004). Grafting watermelon on resistant cucurbit 

rootstocks has become of greater interest as an alternative to methyl bromide 

fumigation for controlling soil borne diseases (Yetisir 2003; Cohen et al., 2005; 

Glala, 2010 and Keinath and Hassell, 2014). Use of susceptible watermelon 

seedlings grafted on resistant rootstocks have an acquired resistance to soil borne 

diseases was suggested by several researchers as an environmentally safe alternative 

to using fungicides (Rivero et al., 2003; Miguel et al., 2004; Boughalleb et al., 2008 

and Keinath and Hassell, 2014). 
 

The present work was designed for evaluation of watermelon cultivars grafted on 

resistant rootstocks for controlling Fusarium wilt under greenhouse and field 

conditions. 

 

M a t e r i a l s   a n d   M e t h o d s 
 

Rootstocks:  

Four rootstocks, i.e. Wild watermelon (Citrullus lanatus var. citroides), Bottle 

Gourd (Lagenaria siceraria), were kindly provided by Dr. Ahmed Abd Alla Galal, 

Professor of Vegetable, Vegetable Dept., N.R.C., Egypt. Meanwhile, Strong Tosa 

and Ferro Squash Hybrid (Cucurbita moschata x C. maxima) were obtained from 

Syngenta Company, Madrid, Spain. 
 

Watermelon cultivars: 

Watermelon cultivars (cv. Giza1) was obtained from Dept. of Vegetable Crops, 

Agric. Res. Centre, Giza, Egypt. Meanwhile, Aswan Hybrid was obtained from 

Sakata Company, Japan. 
 

Source of the causal fungus: 

An aggressive isolate of Fusarium oxysporum f.sp. niveum (isolated from                 

cv. Giza 1) was obtained  from a previous study (Mahdy et al., 2014). Among the 

different  host plants, watermelon cultivars only were susceptible to infection with 

this isolate of F. oxysporum f.sp. niveum.   
 

Evaluation of different rootstocks against F. oxysporum f.sp. niveum infection: 

All the tested rootstocks and watermelon cultivars were evaluated against            

F. oxysporum f.sp. niveum the causal agent of watermelon wilt under greenhouse 

conditions. 
 

Preparation of F. oxysporum niveum  inoculum:    

Inoculum of F. oxysporum f.sp. niveum was prepared by culturing in 50 ml 

potato dextrose broth (PDB) medium in 250 ml Erlenmeyer flasks for 15 days at 

25±2°C, Inoculum of F. oxysporum f.sp. niveum was prepared from the growing 

upper solid layers (mycelium growth) which were blended in sterilized water. 
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Colonies forming units (cfu) were adjusted to 10
6
 cfu/ml using haemocytometer 

slide. Soil infestation was carried out at the rate of 50 mL (10 
6 

cfu / ml)/kg soil 

(Elad and Baker, 1985). 
 

Soil infestation:   

Sandy-loamy soil was autoclaved at 120°C
 
for 1 h. Plastic pots (30 cm diameter, 

5.0 kg soil) containing sterilized sandy-loamy soil were artificially infested at the 

rate of 50 ml (10
6 

 cfu/ml)/kg soil (Elad and Baker, 1985). Eight pots were used as 

replicates for each treatment. Disinfected seeds of four rootstocks namely; Wild 

watermelon, Bottle Gourd, Strong Tosa and Ferro in addition to watermelon 

cultivars, i.e. cv. Giza 1 and Aswan hybrid, were sown at the rate of 8 seeds/pot, 

meanwhile, 8 pots were used as replicates for each treatment.   
 

Assessment of dead plants:  

Fusarium damping off and/or wilt was measured as percentage of dead   plants at 

15 and 30 days after sowing (Booth 1971) as follow:  
 

Percentage of dead plants (%) = 100
 seeds planted ofnumber   Total

plants dead ofNumber 
  

 

Evaluation of two methods of grafting watermelon scions on different rootstocks: 

Two grafting methods, i.e. tongue approach graft and the hole insertion graft, 

were evaluated by grafting two watermelon scions, i.e. Aswan hybrid and cv. Giza 1, 

on three rootstocks, i.e. Bottle Gourd, Strong Tosa and Ferro. Evaluation of grafting 

methods was measured as percentage of successful grafted watermelon cultivars on 

the rootstocks. 
 

a- Tongue approach graft:   

Seeds of watermelon cultivars (scions) were sown each in 84 cells/tray, while, 

rootstocks were seeded one week later into other trays. Rootstock and scion 

seedlings have one or two true leaves were used for grafting process. A sharp knife 

or razor blade was used to cut an angled slit halfway through the stem of the 

rootstock and an oppositely angled slit halfway through the stem of the scion. 

Matching the slits was done for they overlapped and then sealed with clips. Placed 

roots of both rootstock and scion together in pots (12 cm- diam.) and adding potted 

soil if it is needed to fill the larger cell. Grafted seedlings were left in greenhouse for 

adaptation (Edelstein, 2004). Grafted watermelon transplants (30 days old) were 

planted in sterilized soil at the rate of 5 transplants/pot and 10 replicates were used. 

Percent of successful grafted watermelon cultivars on the rootstocks was recorded. 
 

b- Hole insertion of graft: 

Seeds of watermelon cultivars (scions) were sown, each in 84 cells/tray, while, 

rootstocks were seeded one week later into other trays. Rootstock and scion 

seedlings have one or two true leaves were used for grafting process. With a pointed 

probe was removed the true leaf from the rootstock. The probe to open a slit along 

one side on the upper portion of the rootstock’s stem was used, where the stem 

connects to the cotyledons. The scion was cut and inserted into the rootstock. The 

place with a grafting site was hold using clip. The grafted seedlings were placed in           

a chamber with high humidity at about 24 
o
C and discard the unused parts 
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(Edelstein, 2004). Grafted watermelon transplants (30 days old) ware transplanted in 

sterilized  soil at the rate of 5 transplants/pot and 10 replicates were used. Percent of 

successful grafted watermelon cultivars on the rootstocks was recorded. 
 

Effect of grafting watermelon scions on different rootstocks on infection by 

Fusarium wilt: 

To study the effect of grafting on the incidence of Fusarium disease two 

watermelon scions, i.e. Aswan hybrid and cv. Giza 1, were grafted on three 

rootstocks, i.e. Bottle Gourd, Strong Tosa and Ferro. Tongue approach graft method 

was used as mentioned before. Inoculum of F. oxysporum f.sp. niveum preparation 

and soil infestation was carried out as mentioned before. Grafted watermelon 

transplants  (30-day-old) ware planted in sterilized soil and infested with F. 

oxysporum niveum at the rate of 5 transplants/pot, and 10 pots were used as 

replicates. 
 

 

.Disease assessment: 

Number of wilted plants at 30 days after transplanting was recorded and the 

percentage of disease incidence was calculated by using the disease index scale: 1 

apparently healthy plants ; 2 slight chlorosis of lower ; slight wilt of plants ; 3 

necrosis, following of lower leaves, yellow areas on upper leaves ; 4 dead plant         

( Tziros, et al., 2007). 

 
 

Also, reduction of diseased plants was calculated as follows:   
 

Reduction (%)= [( C-T ) / C ] X 100  
 

Where: C= Disease incidence in control and T= Disease incidence in treatment. 

 
 

Determination of enzymes activities in grafted watermelon scions on different 

rootstocks: 

Extraction of enzymes: 

Plant roots (g) was homogenized with 0.1 M sodium phosphate buffer (pH 7.1) 

(Goldschmidt et al., 1968) at the rate of 1/3 w/v. The homogenate was centrifuged at 

3000 rpm for 15 minutes. The supernatant was used to determine the activity of 

some enzymes.  
 

Peroxidase assay: 

Peroxidase activity was measured by the incubation 0.1 ml of the enzyme extract 

with 4 ml of guaicol for one minute at 25°C and absorbance at 470 nm was 

determined. The guaicol solution consisted of 3 ml of 0.05 M K. phosphate, pH 7, 

0.5 ml of 2% guaicol and 0.5 ml of 0.3% H2O2 (Abeles et al., 1971). Peroxidase 

activity was expressed as the increase in absorbance at 470 nm/gram fresh 

weight/one min. 
 

Chitinase assay: 

The substrate colloidal chitin was prepared from chitin powder according to the 

method described by Ried and Ogryd-Ziak (1981).The determination of chitinase 
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activity was carried out according to the method of Monreal and Reese (1969). 

Chitinase activity was expressed as mM N-acetylglucose amine equivalent released 

/gram fresh weight tissue/60 minutes. 
 

β-1,3 – glucanase assay: 

The method of Abeles and Forrence (1970) was used to determine β-1,3–

glucanase activity. Laminarin was used as substrate and dinitrosalicylic acid as 

reagent to measure reducing sugars. β-1,3-glucanase activity was expressed as mM 

glucose equivalent released gram fresh weight tissues/60 minutes. 
 

Field experiments: 

The experiments were conducted at the Research and Production Station of 

National Research Centre at Noubariya, Behera governorate during 2013 and 2014 

growing seasons and at El- Kanater, Qalubiya governorate during 2014 only. All 

experiments were applied to study the efficacy of grafting watermelon scions on 

different rootstocks against watermelon wilt . 
 

Efficacy of grafting watermelon scions on resistant rootstocks for controlling 

Fusarium wilt under field conditions: 
Rootstocks and cultivars: 

Three rootstocks, i.e. Bottle Gourd, Strong Tosa and Ferro squash hybrid, in 

addition to two watermelon scions, i.e. Aswan  hybrid and cv. Giza 1, were used in 

this experiment. 
 

Grafting method:  

Grafting of watermelon cultivars i.e. Aswan hybride and cv. Giza 1, on three 

rootstocks, i.e. Bottle Gourd, Strong Tosa and Ferro, were applied using the Tongue 

approach graft method as mentioned before. 
 

Three field experimentals were carried out during 2013 and 2014 growing 

seasons. Experiment 1 and experiment 2 were carried out during 2013 and 2014 

growing seasons at Nobariya (Behera governorate) while, experiment 3 was carried 

out at El- Kanater (Qalubiya governorate) during 2014 growing season.   
 

Experimental field at the Research and Production Station of the National 

Research Centre at Noubariya, Behera governorate was designed in randomized 

complete block with four blocks, each block contained ten plots and each plot was 

one row (25m length and 3m width, thus making an area of 75m
2
). Grafted 

watermelon transplants of Giza 1cv. and Aswan hybrid were transplanted in hills at 

1.0 meter in between, on rows (3x25 m). Four rows were used as replicates for each 

treatment. Moreover, Experimental field at El- Kanater, Qalubiya governorate was 

designed in randomized complete block with four blocks, each block contained ten  

plots and each plot was one row (15 m length and 3m width, thus making an area of 

45m
2
). Grafted watermelon transplants cv. Giza 1 and Aswan hybrid were 

transplanted in hills at 1.0 meter in between, on rows (3x15m). Three rows were 

used as replicates for each treatment.  
 

Fusarium wilt incidence was recorded as percentage of wilted plants weekly up 

to the end of the experiment. Moreover, total yield per feddan (Metric Ton = 1000 

kg) was also determined. 
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Statistical analysis:   

Tukey test for multiple comparison among means was utilized (Neler                     

et al.,1985). 

R e s u l t s 
 

Evaluation of different scions and rootstocks against infection by F. oxysporum f.sp. 

niveum: 

Four rootstocks namely Wild Watermelon, Bottle Gourd, Strong Tosa and Ferro 

were evaluated against F. oxysporum f.sp. niveum infection. Results in Table (1) 

indicate that all tested rootstocks are highly resistant against wilt infection caused by 

F. oxysporum f.sp. niveum. Complete protection of disease infection was obtained 

with rootstocks, i.e. Wild Watermelon, Bottle Gourd and Strong Tosa. Meanwhile, 

Ferro showed 3.1% infection after 30 days of sowing. As for watermelon scions, cv.             

Giza 1 and Aswan hybrid showed 62.5 and 60.9% infection 30 days after sowing 

without significant differences.  

 
Table 1. Fusarium disease incidence (%) on different watermelon rootstocks 

and scions in response to infection by F. oxysporum f.sp. niveum    

* Values with the same letter are not significantly different (P=  0.05). 

 
Evaluation of two grafting methods of watermelon scions on different rootstocks: 

Two grafting methods, i.e. tongue approach graft and hole insertion graft, were 

evaluated for grafting two watermelon scions, i.e. Aswan hybrid and cv. Giza 1 

(scions), on four rootstocks, i.e. Wild Watermelon, Bottle Gourd, Strong Tosa and 

Ferro. Results in Table (2) show that the most effective method is tongue approach 

graft with Aswan hybrid and cv. Giza 1 which recorded 92.0 to 96.0 %  survived 

plants when grafted on each of  Bottle Gourd , Strong Tosa and Ferro except Giza 1 

cv grafted on Bottle Gourd which recorded 82.0 % as survived plants. Meanwhile, 

hole insertion graft method showed moderate success for grafting watermelon 

cultivars on all the tested rootstocks. Data showed that grafting the two scions on 

Wild Watermelon (rootstock) resulted little success for grafting which recorded the 

lowest percentage of survived plants. Bottle Gourd, Strong Tosa and Ferro are 

compatible for grafting watermelon cultivars. Watermelon scions, i.e. cv. Giza 1 and 

Aswan hybrid, proved to be suitable cultivars for grafting.   

 

 
 

Rootstock / scions 
Dead plants (%)  after sowing (days) 

15 30 

Bottle Gourd 0.0 c * 0.0 c 

Strong Tosa 0.0 c 0.0 c 

Ferro 3.1 b 3.1 b 

Wild Watermelon 0.0 c 0.0 c 

Giza 1cv. 15.6 a 62.5 a 

Aswan hybrid 15.6 a 60.9 a 
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Evaluation of grafting watermelon scions on different watermelon rootstocks:  

 

Grafting two watermelon scions, i.e. cv. Giza 1 and Aswan hybrid, on three 

rootstocks, i.e. Bottle Gourd, Strong Tosa and Ferro, were transplanted in artificially 

infested soil with F. oxysporum f.sp. niveum to study the effect grafting on 

watermelon disease incidence and determination of enzyme activities in grafted 

watermelon scions on different rootstocks. 

 

Table 2. Percentage of survived plants in response to using two methods of 

grafting watermelon scions on rootstocks    

Grafting method Rootstock Watermelon scion Survived plants (%) 

Hole insertion graft   

Bottle Gourd 
Giza 1 72.0 c * 

Aswan hybrid 82.0 b 

Wild 

Watermelon 

Giza 1 42.0 f 

Aswan hybrid 32.0 g 

Strong Tosa 
Giza 1 72.0 c 

Aswan hybrid 86.0 b 

Ferro 
Giza 1 66.0 d 

Aswan hybrid 82.0 bc 

Tongue approach graft         

Bottle gourd 
Giza 1 82.0 b 

Aswan hybrid 96.0 a 

Wild 

Watermelon 

Giza 1 42.0 f 

Aswan hybrid 42.0 f 

Strong Tosa 
Giza 1 94.0 a 

Aswan hybrid 96.0 a 

Ferro 
Giza 1 94.0 a 

Aswan hybrid 92.0 a 
* Values with the same letter are not significantly different (P=  0.05). 

 
Evaluation of grafting watermelon scions on different rootstocks against Fusarium 

wilt incidence:   

Results in Table (3) indicate that all watermelon scions grafted on all the tested 

rootstocks significantly reduced the watermelon disease incidence. Complete 

protection of Fusarium disease was obtained with both scions grafted on Bottle 

Gourd and Strong Tosa. Grafting of both scions on Ferro rootstock resulted in 

reducing disease incidence by 95.2% for cv. Giza 1 and Aswan hybrid after 30 days 

after transplanting.  
 

Determination of enzyme activities in grafted watermelon scions on different 

rootstocks:  

Results in Table (4) illustrate that grafting both watermelon scions on all the 

tested rootstocks increased the activity of all the tested enzymes as compared to un- 

grafted plants. The highest increase in peroxidase activity was obtained when both 

scions, i.e. Aswan hybrid and cv. Giza 1, were  grafted on Bottle Gourd rootstock, 

being 225 and 200%, respectively. Meanwhile, grafting on the rootstock Strong Tosa 

caused the highest increase in chitinase activity, being 261 and 250%, respectively. 
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β-1,3-glucanase activity show the same trend when Strong Tosa was used as 

rootstock. 
 

Table 3. Percentage of infection by Fusarium disease in  watermelon scions 

grafted on different rootstocks   

Scion/ rootstock Fusarium disease incidence (%) Reduction (%) 

Giza 1/Bottle Gourd 0.0 c *
 

100 

Aswan/Bottle Gourd 0.0 c 100 

Giza 1/Strong Tosa 0.0 c 100 

Aswan/Strong Tosa 0.0 c 100 

Giza 1/Ferro 2.0 bc 95.2 

Aswan/Ferro 2.0 bc 95.2 

Un-grafted control  

Bottle Gourd 0.0 c 100 

Strong Tosa 0.0 c 100 

Ferro 0.0 c 100 

Giza 1 42.0 a ــــــ 

Aswan hybrid 42.0 a ــــــ 
* Values with the same letter are not significantly different (P= 0.05). 

 
Table 4. Effect of grafted watermelon cultivars on enzyme activities as 

compared with un-grafted cultivars   

Scion / rootstock 

Enzyme activities 

Peroxidase
(1) 

Chitinase
(2) 

β,1-3- glucanase
(3)

 

Activity
 Increase            

(%) 
Activity

 Increase  

(%) 
Activity

 Increase 

(%) 

Giza 1/ Bottle Gourd 17.4 c*
 

200.0 3.15 a 215.0 8.10 c 224.0 

Aswan / Bottle Gourd 19.5 a 225.0 3.24 a 224.0 9.30 a 232.1 

Giza 1 / Strong Tosa 17.7 c 205.2 3.50 a 250.0 8.80 b 252.0 

Aswan /Strong Tosa 18.5 b 208.3 3.61 a 261.0 10.0 a 257.1 

Giza 1 / Ferro 17.4 c 200.0 3.47 a 247.0 8.80 b 252.0 

Aswan / Ferro 18.3 b 205.0 3.54 a 254.0 9.66 a 245.0 

Giza 1 (un-grafted) 5.8 d ــــــ  1.0 b 2.50 ــــــ d ــــــ 

Aswan (un-grafted) 6.0 d 1.0 ــــــ b 2.80 ــــــ d ــــــ 
(1) Peroxidase activity expressed as change in absorbance at 470 nm/gram fresh weight/1 min. 
(2) Chitinase activity expressed as mM N-acetyle glucose amine equivalent released/gram fresh 

weight/60 min. 
(3) β-1,3-glucanase activity expressed as mM glucose equivalent released/gram fresh  

weight/60 min. 

* Values with the same letter are not significantly different (P= 0.05). 
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Field experiments:  

 

Efficacy of grafting watermelon cultivars on rootstock for controlling Fusarium wilt 

of watermelon: 

Two watermelon scions, i.e. Aswan hybrid and cv. Giza 1, were grafted on three 

rootstocks, i.e. Bottle Gourd, Strong Tosa and Ferro, to study their effect on  wilt  

incidence  and  fruit  yield.  Results  in  Table (5)  show  that  all  treatments reduced  

wilt incidence during the two tested seasons (2013 and 2014).  Complete  protection  

of Fusarium wilt was recorded with both scions grafted on all the tested rootstocks. 

Treating the seed bed of both scions with Topsin-M 70% at 3g/kg soil resulted in 

reducing the wilt incidence by 63.4 and 63.6% for cv. Giza 1 and Aswan hybrid, 

respectively. It is worth to note that no patricianly compatibility between cv. Giza 1 

and Bottle Gourd. 

  

Table 5. Percentage of watermelon disease incidence in response to grafting 

watermelon scions on resistant rootstocks under field conditions
 

Treatment 
Wilt incidence (%)  

Mean 
Reduction 

(%) Exp. 1* Exp. 2 Exp. 3 

Giza 1/Bottle Gourd  0.0 d ** 0.0 d 0.0 d 0.0 d 100.0 

Giza 1/Ferro 0.0 d 0.0 d 0.0 d 0.0 d 100.0 

Giza 1/Strong Tosa 0.0 d 0.0 d 0.0 d 0.0 d 100.0 

Un-grafted (Topsin- Giza 1) 18.0 c 20.0 c 17.0 c 18.3 c 63.4 

Un-grafted (Giza 1 Control)            45.0 a 48.0 a 57.0 a 50.0 a ـــــ 

Aswan/Bottle Gourd 0.0 d 0.0 d 0.0 d 0.0 d 100.0 

Aswan/Ferro  0.0 d 0.0 d 0.0 d 0.0 d 100.0 

Aswan/Strong Tosa  0.0 d 0.0 d 0.0 d 0.0 d 100.0 

Un-grafted Topsin-Aswan hybrid)  15.0 c 18.0 c 15.0 c 16.0 c 63.6 

Un-grafted (Aswan control)  40.0 b 42.0 b 50.0 b 44.0 b ــــــ 
*  Exp. 1 and Exp. 2 were carried out during 2013 and  2014 growing seasons at Nobariya 

(Behera Governorate), while Exp. 3 was carried out at El-Kanater (Qalubiya Governorate) 

during 2014 growing season.   

** Values with the same letter are not significantly different (P = 0.05). 

 
Efficacy of grafting watermelon scions on watermelon yield:   

 

Results in Table (6) indicate that all treatments significantly increased the fruit 

yield of watermelon plants. The highest increase was obtained with Aswan hybrid  

grafted on Bottle Gourd , Strong Tosa and Ferro where fruit yield increased by  

175.3, 166.3, 165.2%, respectively. Grafting of cv. Giza 1 on Strong tosa and Ferro 

resulted in increasing fruit yield by 108.4 and 113.2%, respectively. Treated seed 

bed of both cultivars (un- grafted) with Topsin-M 70% at 3g / kg soil resulted in 

increasing fruit yield by 48.2 and 50.6%  for Giza 1cv. and Aswan hybrid, 

respectively.  
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Table 6. Influence of grafting watermelon scions on different rootstocks on fruit 

yield under field conditions     

Treatment 

Average of watermelon 

yield  (Ton/Fadden) Mean 
Increase 

(%) 
Exp. 1* Exp. 2 Exp. 3 

Giza 1/Bottle Gourd 12.0 c**  13.0 c 14.2 c 13.1c 57.8 

Giza 1/Ferro 18.0 b 17.2 b 18.0 b 17.7 b 113.2 

Giza 1/Strong Tosa 17.0 b 17.5 b 17.8b 17.3 b 108.4 

Un-grafted (Topsin - Giza 1) 10.5 c 12.0 c 14.4 c 12.3 c 48.2 

Un-grafted Giza 1- control 8.0 d 9.5 d 7.5 c 8.3 d ــــــ 

Aswan/Bottle Gourd 24.0 a 24.5 a 25.0 a 24.5 a 175.3 

Aswan/Ferro 22.8 a 23.0 a 25.3 a 23.7 a 166.3 

Aswan/Strong Tosa 22.5 a 23.0 a 25.3 a 23.6 a 165.2 

Un-grafted (Topsin–Aswan hybrid) 12.0 c 13.0 c 15.2 b 13.4 b 50.6 

Un-grafted (Aswan hybrid-control) 9.0 d 9.7 d 8.0 c 8.9 d ــــــ 
* & ** As described in footnote of Table (5). 

 

 

 

D i s c u s s i o n 
 

Watermelon is a widely cultivated vegetable crop which consumed globally. 

However, the growth of these plant is often threatened by Fusarium wilt in soils 

where watermelon is continuously mono-cropped. Fusarium wilt in watermelon is 

caused by Fusarium oxysporum f. sp. niveum (Booth, 1971). The fungus is found 

worldwide in soils in temperate, subtropical and tropical regions (Booth, 1971; 

Sheng et al., 2009 and Lu et al., 2014).  
 

Grafting of watermelon cultivars  on other cucurbit rootstocks to provide soil 

borne disease resistance has been highly successful in addition to production  a high 

quality fruits from grafted plants (that is equal to or better than that of the non-

grafted plants) (Rivero et al., 2004 and Keinath and Hassell, 2014).  
 

Watermelon grafting has become of greater interest as an alternative to methyl 

bromide fumigation for controlling soil borne diseases (Koren and Edelstein, 2004 

and Cohen et al., 2005). In the present study, four rootstocks namely Wild 

Watermelon, Bottle Gourd, Strong Tosa and Ferro against F. oxysporum f.sp. 

niveum infection were evaluated. Results indicated that all tested rootstocks are 

highly resistant against Fusarium wilt infection caused by F. oxysporum f.sp. 

niveum. Complete protection of wilt infection was obtained when rootstocks, i.e. 

Wild Watermelon, Bottle Gourd and Strong Tosa, were used.  In this respect,  use of 

watermelon seedlings grafted on resistant rootstocks which have an acquired 

resistance to soil borne diseases, was suggested by several researchers as an 

environmentally safe alternative to methyl bromide (Miguel et al., 2004 and 

Boughalleb et al., 2008). Moreover, Morra et al. (2007) reported that the damage 

caused  by F. oxysporum can be reduced with the use of  grafting technique of 
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watermelon onto rootstocks of the genera Cucurbita or Lagenaria. This technique 

has been also applied in the production of many vegetables to increase the yield of 

tomato, pepper, eggplant, melon and cucumber plants. Furthermore, Yilmaz et al.  
(2008) stated that vegetable production by grafting on resistant rootstocks has 

become a common practice to control soil borne pathogens, especially for the 

cultivation of cucumber, melon, watermelon, tomato, pepper and eggplant in 

greenhouses in many countries. Grafting is widely used in horticulture for a variety 

of reasons with field grown vegetables. It is used to increase resistance to soil borne 

diseases, improve yield, fruit quality, biotic and abiotic stress tolerance (Glala, 2007 

and 2010). Increasingly greenhouse vegetable growers are using grafting to decrease 

susceptibility to root diseases, low soil temperature, salinity and to improve yield 

and fruit quality through increasing plant vigor (Glala, 2007 and 2010). In the 

present research, two grafting methods, i.e. tongue approach graft and hole insertion 

graft, were evaluated for grafting three watermelon cultivars, i.e. Aswan hybrid, 

Giza 1 and Gorma (scions), on four rootstocks, i.e. Wild Watermelon, Bottle Gourd, 

Strong Tosa and Ferro. Results revealed that the most effective method is tongue 

approach graft with Aswan hybrid and cv. Giza 1 which recorded highly survived 

plants, except for cv. Giza 1 grafted on Bottle Gourd. Meanwhile, hole insertion 

graft showed moderate success for grafting watermelon cultivars on all the tested 

rootstocks. It is clearly shown that cv. Gorma and Wild Watermelon (rootstock) 

showed less success for grafting. In this concern, the total number of survival rate 

was high in Bottle Gourd, Strong Tosa and Ferro rootstocks. As hypocotyls 

increased in both length as well as diameter and area, grafting success also 

increased. Oda (1999) reported increments in the survival rate of C. maxima in 

which the larger number of vascular bundles was assumed to increase the chance of 

contact between the vascular bundles at the cut surface of hypocotyls. It was 

observed that the survival rate of the small scions was lower than that of the large 

scions in all the cultivars on the rootstocks. Yetisir and Sari (2003) reported that the 

survival rate of grafted plants was inversely correlated with the difference in 

diameters of scion and rootstock as well as the number of vascular bundles 

positively affected the growth rate of the grafted watermelon plants. In the present 

study, grafting of two watermelon scions, i.e. Aswan hybrid and cv. Giza1, on three 

rootstocks, i.e. Bottle Gourd, Strong Tosa and Ferro, was tested to determine its 

effect on Fusarium wilt incidence. Results indicated that grafting all watermelon 

scions on all the tested rootstocks significantly reduced the wilt incidence. Complete 

protection of Fusarium wilt was obtained with both scions grafted on Bottle Gourd 

and Strong Tosa. Grafting of both scions on Ferro (rootstock) resulted in high 

decrements in disease incidence for cv. Giza 1 and Aswan hybrid. In this concern, 

watermelon grafting has become of greater interest as an alternative to methyl 

bromide fumigation for disease avoidance (Koren and Edelstein, 2004; Cohen et al., 

2005 and King et al., 2008). Watermelon plants are often grafted on some cucurbit 

rootstocks which are resistant to soil borne Fusarium disease and tolerant to low 

temperature. Grafting of watermelon scions on squash, pumpkin or Bottle Gourd 

(Lagernaria spp.) rootstocks is practicable in all the major watermelon production 

regions of the world (Lee and Oda, 2003). In another study, watermelons were 

grafted on Cucurbita maxima, C. moschata and Lagenaria siceraria rootstocks. 
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These rootstocks influenced resistance to soil borne diseases, plant growth, yield, 

and fruit quality (Lee and Oda, 2003). In the present study, grafting of two 

watermelon scions, i.e.  Aswan hybrid and cv. Giza 1 on three rootstocks, i.e. Bottle 

Gourd, Strong Tosa and Ferro, was studied to detrmine their effect on enzyme 

activities. Results showed that grafting both watermelon scions on all the tested 

rootstocks increased all tested enzyme activities. The highest increases in 

peroxidase, chitinase and β-1,3-glucanase activities were recorded in case of both 

scions grafted on Bottle Gourd and Strong Tosa rootstocks.  
 

Under field conditions, two watermelon scions, i.e. Aswan hybrid and cv. Giza 1, 

were grafted on three rootstocks, i.e. Bottle Gourd, Strong Tosa and Ferro, to study 

the effect of grafting on Fusarium wilt incidence and fruit yield. Results revealed 

that all treatments reduced the wilt incidence during the two growing seasons. 

Complete protection against Fusarium wilt was recorded with both scions grafted on 

all the tested rootstocks. The highest increase in watermelon yield was observed 

with Aswan hybrid grafted on each of Bottle Gourd, Strong Tosa and Ferro, as 

compared with un-grafted cultivars. In general, the main objectives of watermelon 

grafting could be summarized as follow: a) Controlling the soil borne diseases 

(Edelstein, 2004 and Glala, 2007). b) Overcoming soil stress, i.e. saline stress 

(Edelstein, 2004 and Yuan et al., 2010), drought stress (Jifon et al., 2006), water 

flooding stress (Yetisir et al., 2006) as well as overcoming low soil temperature 

during winter season (Edelstein, 2004). c) Inducing resistance for foliar diseases and 

pests (Sakata et al., 2006 and Edelstein, 2004). d) Improving plant growth, 

productivity and fruit quality (Yetisir, 2003 and Khah et al., 2006).  

 
R e f e r e n c e s 

 

Abeles, F.B.; Bosshart, R.P.; Forrence, L.E. and Habig, W.H. 1971. Preparation and 

purification of glucanase and chitinase from bean leaves. Plant Physiol.,          

47: 129-134. 
 

Abeles, F.B. and Forrence, L.E. 1970. Temporal and hormonal control of ß-1,3-

glucanase in Phaseolus vulgaris L. Plant Physiol., 45: 395-400. 
 

Booth, C. 1971. The Genus Fusarium. Commw. Mycol. Inst., Kew, Surrey, UK, 

235pp. 
 

Boughalleb, N.; Mhamdi, M.; El Assadi, B.; El Bourgi, Z.; Tarchoun, N. and 

Romdhani, M.S. 2008. Resistance evaluation of grafted watermelon (Citrullus 

lanatus L.) against Fusarium wilt and Fusarium crown and root rot. Asian J. 

Plant Pathol., 2: 24-29. 
 

Cohen, R.;  Burger,Y.; Horev,C.; Porat, A. and Edelstein, A. 2005. Performance of 

Galia-type melons grafted on to Cucurbita rootstock in Monosporascus 

cannonballus-infested and non-infested soil. Annl. Appl. Biol., 146: 381-387. 
 

Edelstein, M. 2004. Grafting Vegetable-Crop Plants: Pros and Cons. Acta Hort., 

659: 235-238. 
 



EFFICIENCY OF GRAFTING WATERMELON SCIONS … 

Egypt. J. Phytopathol., Vol. 42, No. 2 (2014) 

33 

Elad, Y. and Baker, R. 1985. Influence of trace amount of cations and siderophore- 

producing Pseudomonads on Chlamydospores of Fusarium oxysporum. 

Phytopathgology, 75: 1047-1052.  
 

Glala, A.A. 2007. Vegetables grafting "Theoretical and applications". Unit of 

Developing Vegetables Seed Quality. Excitations Bull., 29 pp. 
 

Glala, A.A. 2010. Utilizing cucurbit grafting in eco-sustainable strategies under 

biotic and abiotic stresses. Conf. Cucurbitaceae, Francis Charleston, North 

Carolina, USA. 18 pp. 
 

Goldschmidt, E.E.; Goren, R. and Monselise, S.P. 1968. The IAA oxidase system of 

citrus roots. Planta, 72: 213-222. 
 

Jifon. J.L.; Crosby, K. and Miller, M. 2006. Physiological characteristics of grafted 

muskmelon grown in Monosporascus cannonballus infested soil in south Texas. 

Proc. of Cucurbitaceae, Asheville, North Carolina, USA. 
 

Keinath, K.P. and Hassell, R.L. 2014. Control of Fusarium wilt of watermelon by 

grafting onto bottle gourd or interspecific hybrid squash despite colonization of 

rootstocks by Fusarium. Plant  Dis., 98: 255-266. 
 

Khah, E.M.; Kakava, E.; Mavromatis, A.; Chachalis, D. and  Goulas, S. 2006. Effect 

of grafting on growth and yield of tomato (Lycopersicon esculentum Mill.) in 

greenhouse and open field. J. Appl. Hort., 8(1): 3-7. 

King, S.R.; Davis, A.R.; LaMolinare, B.; Liu, W. and Levi, A. 2008. Grafting for 

disease resistance. Hort. Sci., 43: 1673-1676. 
 

Koren, A. and Edelstein, M. 2004. Advantages and limitations of grafted vegetable 

transplants in Israel. Hort Sci., 39: 873. 
 

Lee, J.M. and Oda, M. 2003. Grafting of herbaceous vegetable and ornamental 

crops. Hortic. Rev., 28: 61-124. 
 

Lu, G.;  Guo, S. ; Zhang, H.; Geng, L.; Martyn, M.D. and Xu, Y. 2014. Colonization 

of Fusarium wilt-resistant and susceptible watermelon roots by a green-

fluorescent-protein-tagged isolate of Fusarium oxysporum  f.sp.  niveum.                  

J. Phytopathol., 2: 228-237.  
  

Mahdy, A.M.M.; Abd-El-Mageed, M.H.; Abd-El-Latif, F.M.;  Diab, M.M.M. and  

Saied, N.M. 2014. 
 
Induction of resistance in watermelon plants against Fusarium 

wilt using chemical inducers under greenhouse conditions. Egypt. J. 

Phytopathol., 42(2): 1-19.   
 

Miguel, A.; Maroto, J.V.; San Bautista, A.;  Baixauli, C.;  Cebolla, V.; Pascual, B.;  

Lopez, S. and Guardiola, J.L. 2004. The grafting of triploid watermelon is an 

advantageous alternative to soil fumigation by methyl bromide for control of 

Fusarium wilt. Sci. Hort., 103: 9-17. 
 

Monreal. J. and Reese, E.T. I969. The chitinase of Serratia marcescens. Canad. J. 

Microbiol., 15: 689-696. 
 



A.M.M. MAHDY et al. 

Egypt. J. Phytopathol., Vol. 42, No. 2 (2014) 

34 

Morra, L.; Bilotto, M. and Castrovilli, M. 2007. Integrated approach with grafting 

and soil disinfection to protect pepper in greenhouse. Colture Protette,                    

367: 57-63. 
 

Neler, J.; Wassermann, W. and Kutner, M.H. 1985. Applied linear statistical models. 

Pages: 117-155. In: Regression Analysis of Variance and Experimental Design. 

2
nd

 Ed. Richard, D. (ed.). Irwin Inc., Homewood, Illionois, USA.  

 

Oda, M. 1999. Grafting of vegetables to improve greenhouse production. Ext. Bull. 

Food & Pert. Tech. Centre, 480: 11. 
 

Ried, J.D. and Ogryd-Ziak, D.M. 1981. Chitinase over producing mutant of Servatia 

marcescens. Appl. and Environ. Microbiol., 41: 664-669. 
 

Rivero, R.M.; Ruiz, J.M. and Romero, L. 2003. Role of grafting in horticultural 

plants under stress conditions. Food, Agric. Environ., 1(1): 70-74. 
 

Rivero, R.M.;  Ruiz, J.M. and Romero, L. 2004. Iron metabolism in tomato and 

watermelon plants: influence of grafting. J. Plant Nutr., 27: 2221-2234. 
 

Sakata, Y.; Sugiyama, M.; Ohara, T. and Morishita, M. 2006. Influence of 

rootstocks on the resistance of grafted cucumber (Cucumis sativus L.) scions to 

powdery Mildew (Podosphaera xanthii U. Braun & N. Shishkoff). J. Japan. Soc. 

Hort. Sci., 75(2): 135- 140. 
 

Sheng, H.; Ning, X.; Qin, J. and Miao, W. 2009. Suppression of Fusarium wilt of 

watermelon by a bio-organic fertilizer containing combinations of antagonistic 

microorganisms. Biocontrol, 54: 287-300. 
 

Tziros,G.T; Lagopodi, A. L. and Tzavella-Klonari, K. 2007. Reduction of Fusarium 

wilt in watermelon by Pseudomonas chlororaphis PCL 1391 and P. fluorescens 

WCS365. Phytopathol.Mediterr. 46, 320 – 323. 
 

Yetisir, H.N. 2003. Rootstock resistance to Fusarium wilt and effect on watermelon 

fruit yield and quality. Phytoparasitica, 31: 1-7. 
 

Yetisir, H. and Sari, N. 2003. Effect of different rootstocks on plant growth, yield 

and quality of watermelon. Aust. J. Exp. Agric., 43(10): 1269-1274. 
 

Yetisir, H.; Mehmet, E.; Caliskan, S. and  Musa, S. 2006. Some physiological and 

growth responses of watermelon [Citrullus lanatus (Thunb.) Matsum. and Nakai] 

grafted onto Lagenaria siceraria to flooding. Environ. Exp. Botany, 58: 1-8. 
 

Yilmaz, S.; Gocmen, M.; Unlu, A.; Aydinsakir, K.; Mutlu, N.; Baysal, O. and 

Tekşam, I. 2008. Methyl bromide consumption in Turkey. Pages: 23-32.                 

In: Phasing out Methyl Bromide in Turkey. Pizano, M. (ed.).  Final Report. Kutlu 

Avcı Ofset, Antalya.  
 

Yuan, H.; Zhilong, B.; Sanpeng, H. Bin, H.; Zhen, N and Zhixiong, L. 2010. 

Improving cucumber tolerance to major nutrients induced salinity by grafting 

onto Cucurbita ficifolia. Environ. Expire. Botany, 69: 32-38. 

 
  (Received 10/07/2014; in revised form 12/08/2014) 



EFFICIENCY OF GRAFTING WATERMELON SCIONS … 

Egypt. J. Phytopathol., Vol. 42, No. 2 (2014) 

35 

 

تقييم كفاءة تطعيم أصىاف انبطيخ عهي أصىل 

مقاومت نمكافحت مزض انذبىل انفيىساريىمي 

 و انحقم تحت ظزوف انصىبت 
                   ، محمد هارون عبد انمجيد*،  *عبدي مهدي محمد مهدي

               ،  ، محمد محمد دياب** عبد انهطيف* ىدفاته محم

 وهال محمد سيد**
 .يصز -جايعت بُها –كهيت انشراعت  –قسى أيزاض  انُباث  *  

 .يصز –انًزكش انقىيي نهبحىد  –** قسى أيزاض انُباث 

 
حى اسخخذاو طزيقخيٍ نهخطعيى هًا انخطعيى انهساَي وانخطعيى بانشق انقًي نخقييى 

كفاءحهًا في حطعيى اصُاف انبطيخ عهي الاصىل انًقاويت نًزض انذبىل 

انفيىساريىيي وأوضحج انُخائج أٌ أعهي َسبت َجاح نهخطعيى حى انحصىل عهيها 

جيٍ أسىاٌ حيذ سجم َسبت وه 1بىاسطت طزيقت انخطعيى بانهساٌ يع انصُف جيشة 

 .يع انيقطيٍ 1% يع كم الاصىل عذا انصُف جيشة  9..0و  9..0َجاح بًقذار 
 

وهجيٍ أسىاٌ عهي أصىل انيقطيٍ و  1أدي حطعيى صُف انبطيخ جيشة 

اسخزوَج حىسا اني انحًايت انكايهت ضذ يزض انذبىل انفيىساريىيي في َباحاث 

 ...0انبطيخ. بيًُا أدي حطعيى صُفي اانبطيخ عهي الأصم فيزو اني حًايت يقذارها 

 فيىساريىيي.وهجيٍ أسىاٌ  ضذ يزض انذبىل ان 1% بانُسبت نهصُف جيشة 
 

وهجيٍ أسىاٌ عهي أصىل انيقطيٍ  1أدي حطعيى صُف انبطيخ جيشة 

سيادة يعُىيت في َشاط اَشيًاث انبيزوكسيذيش وانكيخُيش  واسخزوَج حىسا وفيزو اني

 وانبيخا جهىكاَيش.
 

أدي حطعيى  -وححج ظزوف انحقم ونًذة يىسًيٍ يخخانييٍ أوضحج انُخائج أٌ:

أسىاٌ عهي أصىل انيقطيٍ و اسخزوَج حىسا و فيزو وهجيٍ  1صُف انبطيخ جيشة 

اني انحًايت انكايهت يٍ يزض انذبىل انفيىساريىيي خلال يىسًي انًُى وسيادة 

يعُىيت في يحصىل انثًار حيذ أدي حطعيى هجيٍ انبطيخ أسىاٌ عهي أصىل 

انيقطيٍ و اسخزوَج حىسا و فيزو اني سيادة يعُىيت في يحصىل انثًار خلال 

ًُى. وحشيز انُخائج اني ايكاَيت اسخخذاو طزيقت حطعيى اصُاف انبطيخ يىسًي ان

انقابهت نلاصابت عهي أصىل يقاويت نًكافحت يزض انذبىل انفيىساريىيي في َباحاث 

 .انبطيخ ححج ظزوف انحقم


