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EXECUTIVE SUMMARY:  

Grafting watermelon with disease resistant rootstock can be effective to control verticillium wilt, 

a disease significantly impacting production in the Columbia Basin. Despite well-established 

benefits, growers have been slow to adopt watermelon grafting on a large scale due to the high 

cost of grafted transplants. Grafting watermelon using the one-cotyledon method, which is the 

most commonly used watermelon grafting method, is relatively slow and labor intensive, and 

thus has high production costs. New methods of grafting have been developed for watermelon, 

but have yet to be evaluated in a field setting. This study compares seedless watermelon cv. 

‘Secretariat’ grafted with the one-cotyledon method and the splice grafting method, a rapid and 

simple grafting technique commonly used for solanaceous crops. The goal of this research is to 

evaluate new cost-effective grafting methods to verticillium resistant rootstock and to establish 

harvest recommendations for grafted watermelon.  

Watermelon grafting data from our research suggests that the splice grafting method performs 

comparable to standard grafting methods. This is important because the splice method can reduce 

costs to 1/3 of the current grafting methods. The field performance does not identify any 

weakness in splice grafting plant establishment or undesirable fruit quality effects compared to 

grower standard methods.  Splice grafting of watermelon exhibits a strong potential for a “new” 

grafting method for this crop.   

 

OBJECTIVES: 

Information generated from this study will provide propagators and growers with a reliable and 

cost-effective grafting method for large numbers of grafted watermelon transplants. The use of 

splice grafted watermelon transplants will provide growers with an effective biological control 

for soil-borne pathogens which may improve production and reduce crop losses. The overall 

objective is to produce a cheaper watermelon plant, that through grafted resistance to soil borne 

disease, reduces the need for harmful soil fumigation practices.   

 

PROCEDURES:  

Greenhouse and field trials were conducted over the 2019 and 2020 cropping seasons. The 

greenhouse trials were conducted at the Washington State University (WSU), Northwestern 

Washington Research and Extension Center (NWREC), and the in-field evaluation was 



conducted at the Oregon State University (OSU) Hermiston Agricultural Research and Extension 

Center (HAREC).  

The experimental field at HAREC (45°48'60.0"N 119°17'27.7"W) has a soil type classified as 

Atkins Sandy Loam (mesic Fluvaquentic Endoaquepts). The field experiment was setup as a 

randomized complete block design with six replications and five treatments, consisting of five 

plants per plot. Treatments were seedless watermelon cv. Secretariat grafted onto two 

commercial interspecific hybrid squash rootstocks, ‘Tetsukubato’ and ‘Shintosa Camelforce’, 

with two grafting methods, the splice method (figure 1) and the one-cotyledon method, and a 

non-grafted control treatment. 

Plant material and grafting method: Seeding of watermelon and rootstock, grafting, and healing 

were completed in the greenhouse at WSU NWREC. ‘Secretariat’ was sown on 19 April, and 

‘Shintosa Camelforce’ and ‘Tetsukubato’ were sown 29 April into 72-cell trays. The seeding 

dates were staggered so that all of the cultivars reached the appropriate size for grafting (fully 

developed first true-leaf stage for scion and early first true leaf stage for rootstock) at 

approximately the same time. For the splice grafting method, rootstock seedlings were treated 

with sucrose (2%) and Root-Drench (2%) as a drench before grafting. Sucrose application was 

split into three applications, applied every other day starting 6 days prior to grafting: 20 mL for 

the first and second application, and 10 mL for the third application, which was 2 days prior to 

grafting. Root Drench was applied at 20 mL in combination with the third application of sucrose. 

The non-grafted pollenizer ‘Wild Card Plus’ was seeded in 72-cell trays on 3 May in the 

greenhouse at OSU HAREC. 

Both grafting treatments were carried out on 7 May, at 7:30 AM to 11:00 AM to avoid water 

stress. Immediately after grafting, plants were placed in healing chambers in the greenhouse for 9 

days following the healing protocol used for the greenhouse studies. Grafted plants were 

supported with a plastic straw during the healing process inside the healing chamber, and the 

straws were replaced with wooden stakes after moving plants to the hardening off area. After 

healing, the plants were moved to the greenhouse for 5 days and then transported to OSU 

HAREC on 28 May. After transport to OSU HAREC, trays of the grafted and non-grafted 

controls were maintained in the greenhouse from 28 May until 5 June. Mean greenhouse day 

(7:00 AM-7:00 PM) and night (7:00 PM-7:00 AM) temperature and RH were 27.5℃ and 18.5℃, 

and 81% and 54%, respectively. On 2 June, all seedlings were acclimated (hardened off) to 

outdoor conditions with 2 hour increasing intervals of outdoor exposure daily until 5 June, 

resulting in 8 hours of outdoor acclimation time.  Seedlings were watered as needed by providing 

water directly to the soil media without wetting the plant graft union.   

Field preparation: The experimental field was prepared by rototilling 1.2 m planting beds on 3 

m row centers on 7 May. At the time of soil rototilling, granular fertilizer (89N-89P-143K-36S-

3.6Cu-2.7Zn-1.3B kg.ha-1) was broadcast applied in bands over the planting bed and 

incorporated to a depth of 203 m. Immediately after the beds were fertilized and formed, sub-

surface drip irrigation (SDI) line [20 cm emitter spacing, 0.013 m3.h-1 per 100 m at 69 kPa 

(Aquatraxx; Toro Micro-Irrigation, El Cajon, CA)] was installed at a depth of 51 m and the beds 

were covered with 1.2 m wide x 25.4 µm black polyethylene plastic mulch (Climagro; Leco 

Industries, Inc., Quebec, Canada). Plants were transplanted in to the experimental field on 5 

June. Treatments were planted in the center of the planting bed with 0.9 m in-row spacing, with 

pollinizer plants placed on the side of the planting bed after every third treatment plant.  

 



Field Management:  SDI volume was provided to replace evapotranspiration losses, and was 

adjusted on a weekly basis to match seasonal demand. In-season fertilization was initiated two 

weeks after transplanting and was injected through the SDI system every two weeks using 37.5% 

liquid urea ammonium nitrate (UAN) (32N-0P-0K), 37.5% liquid 3N-18P-18K, 12.5% Thio-Sul 

(Tessenderlo Kerley, Inc., Phoenix, AZ), and 12.5% water at a total volume of 2.5 L to deliver a 

rate of 11.2 kg.ha-1 N. Throughout the trial, four fertilizer injections were applied from 5 June - 

31 July, totaling 45 kg.ha-1 of in-season applied N. Weeds were controlled in the between-row 

space with a spot treatment of 1.5% of glyphosate (RoundUp WeatherMax; Monsanto, St. Louis, 

MO) applied with a shielded backpack sprayer before the watermelon plants produced vines; in 

later vine stages, weeds were manually removed.   

 
A                                             B                                            C 
Figure 1. Cutting watermelon rootstock (A) and scion (B), and joining of two with a grafting clip (C) in splice grafting. 

 

Data analyses: All data were analyzed using JMP software (Version 14.0.0 for Windows; SAS 

Institute, Cary, NC). Data for all parameters were tested for normality using Shapiro-Wilk test. 

 

Data collection 

Grafting survival: Survival was assessed visually for the grafted plants on 4, 9, 16 and 21 d after 

grafting. Grafted plants were counted as ‘survived’ if scion leaves and rootstock stems were 

turgid, whereas severely wilted scion leaves and stems of both scion and rootstock were 

considered as graft failure. 

In field plant survival and vigor: Watermelon establishment and survival were evaluated six 

times throughout the field season on 12 June, 25 June, 1 July, 10 July, 19 July, and 29 July. At 

each date, plots were evaluated for plant survival (number of plants) and plant vigor (1-10 scale; 

1=weak, 10=strong).  

Harvest date: In each plot, fruit were tagged with the date when both the leaflet and tendril 

attached to the fruit pedicel were completely dry. Two fruit per plot were harvested at 0, 7 and 14 

days after tagging. The number and weight of harvested fruit at each harvest date were recorded 

for each plot. The metrics of fruit quality outlined below were evaluated at each harvest date.   

Fruit quality: On each harvest date, two representative fruit per plot were randomly selected for 

fruit quality assessment. Each fruit was cut in half longitudinally, and each half was rated for 

hollow heart. From one quarter, flesh firmness, total soluble solids (TSS, oBrix) and lycopene 

content were measured. Fruit firmness was evaluated and TSS was assessed with a handheld 



refractometer at OSU HAREC. Samples were collected from each fruit, frozen at -80℃ until all 

samples were completed, and transported to WSU NWREC where lycopene content was 

measured. 

 

SIGNIFICANT ACCOMPLISHMENTS: 

The results of the greenhouse and field research suggests that the “new’ splice grafting method 

for watermelon exhibits potential to outperform the existing one-cotyledon grafting methods 

currently used by growers and 

producers.   

Greenhouse survival: The 

greenhouse survival data indicate 

that after grafting, healing and 

transport to the field site, one-

cotyledon methods produced 72% 

survival, compared to the splice 

grafted survival of 40% (figure 2).  

Greenhouse research is still 

progressing to increase greenhouse 

plant survival with spice-grafted 

watermelon, and recent results are 

promising.  

In-field plant performance: Vigor 

ratings indicated that there were no 

statistical differences between 

grafting method at 6 and 24 days 

after planting (figure 3).  

Numerically, splice grafted plants 

exhibited the highest vigor. Plant 

survival remained nearly 100% for 

all treatments after transplanting.  

Flowering and harvest dates: The 

time of emergence for the first 

male and female flowers was the 

same within treatments and was 35 days after transplanting (DAT) on average. Flowering was 

delayed by an average of 2 d for splice-grafted watermelon (37 DAT on average) compared to 

one-cotyledon grafted plants and the nongrafted control (35 DAT on average) (P < 0.0001). First 

harvest was when fruit reached physiological maturity (both the leaflet and tendril attached to the 

fruit pedicel were completely dry), on 13 Aug. (70 DAT) for all the treatments. Second harvest 

was on 20 Aug. (77 DAT) and third harvest was on 27 Aug. (84 DAT). 

Fruit yield and quality: There was no difference in total yield between nongrafted and grafted 

treatments. The average total yield over all three harvest dates was 53.3 kg per plot, and ranged 

from 49.0 kg (one-cotyledon grafted onto ‘Shintosa Camelforce’) to 55.1 kg (one-cotyledon 

grafted onto ‘Tetsukabuto’). There was a difference in individual fruit weight over the three 

harvest periods (P < 0.0001), with the heaviest watermelons (7.6 kg) harvested at 14 d, compared 

to 0 d and 7 d (6.0 and 6.7 kg, respectively) (Table 1). However, individual watermelon fruit 

weight was not affected by grafting treatment, and there was no interaction between grafting 

Figure 2. Greenhouse survival of grafting methods over 25 days post-grafting 

Figure 3. Comparison of plant vigor over grafting methods at 6 and 24 DAT.  



treatment and harvest date. The occurrence of hollow heart formation was very low on all harvest 

dates (0.7 mm cracking on average) (Table 1). There was also no difference in the occurrence of 

hollow heart formation due to grafting treatment nor was there an interaction between grafting 

treatment and harvest dates. Similarly, there was no difference in the number of hard seeds due 

to harvest date or grafting treatment. The average number of hard seeds for all the grafting 

treatments was 5 at 0 d, 4 at 7 d and 6 at 14 d (Table 1). Watermelon fruit firmness differed due 

to both harvest date (P = 0.005) and grafting treatment (P < 0.0001), however there was no 

interaction between harvest date and grafting treatment. Fruit firmness was lowest for all the 

treatments harvested at 14 d (6.2 N on average) compared to fruit harvested at both 0 d and 7 d 

(7.2 N on average) (Table 1). Splice-grafted watermelon on ‘Shintosa Camelforce’ rootstock had 

the firmest flesh (8.2 N), nongrafted watermelon had the lowest firmness (5.3 N), and the other 

treatments were intermediate (6.9 N on average). TSS was similar at 0 and 7 d (10.55 % on 

average), but increased at the 14 d harvest (11.9 %) (P = 0.001) (Table 1). However, there was 

no difference in TSS between grafted treatments and the nongrafted control. Lycopene content 

differed over harvest date, and was greatest at 7 d (31.38 µg.g-1) compared to 0 d (16.74 µg.g-1) 

and 14 d (25.80 µg.g-1) (P = 0.0002) (Table 1). However, lycopene content in watermelon was 

not affected by grafting treatment. 

 
Table 1. Fruit quality measures of weight, hollow heart, seed counts, firmness, total soluble solids, and lycopene at three harvest 

dates after physiological fruit maturity.   

 

BENEFITS AND IMPACT: 

Overall, from the current study it can be concluded that grafting watermelon using the splice 

grafting method where both cotyledons are removed, could significantly decrease costs of 

grafting as this would eliminate the need for extra attention and time when cutting the 

watermelon rootstock for grafting. In addition, rootstock regrowth would be eliminated as the 

rootstock meristem tissue would be removed when both cotyledons are removed. This could 

reduce the cost of grafted watermelon transplants, which could help increase the adoption of 

grafted watermelon plants in the U.S. 

Next steps of this research will be to engage a watermelon grafting company to advance the 

possibilities of machine automated splice grafting. This step will be the link between our 

research, and the widespread availability of cost-effective grafted watermelon plants.   

Outputs from this research have yielded two peer reviewed journal articles, published in 

HortScience and Horticulturae, with one additional research article in draft.   

 

ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: 

Additional funding support has been secured from the Pacific Northwest Vegetable Association 

($4,817).  

 

FUTURE FUNDING POSSIBILITIES:  

After the final publication is completed, we plan to expand field trials with funding from the 

Western Sustainable Agriculture Research and Education program.   


