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INTRODUCTION / PREVIOUS RESEARCH


Watermelon (Citrullus lanatus (Thunb.) Matsum. & Nakai) is a major vegetable crop in the U.S., and increasing in popularity.  Total area has changed from 189 thousand acres in 1998 to 154 thousand acres in 2006 (U.S. Department of Agriculture, 2007).  Production has increased from 37 million hundred weight (cwt) in 1998 to 42 million cwt in 2006 (U.S. Department of Agriculture, 2007).  At present, total value of U.S. watermelon production is $435 million.  It is clear that though area has decreased from 1998 to 2006, there is an increase in the yield that might be attributed to improved varieties and cultural practices.   Still, watermelon is always under threat from diseases like Fusarium wilt and Phytophthora.  In recent years, losses caused by these diseases were as high as 100%.


High yield is one of the major traits growers must have to maximize profits.  Successful breeding efforts have increased yield and quality of watermelon over the past several decades.  There are cultivars available that are resistant to diseases.   Other techniques can be used to improve yield, such as use of growth regulators and grafted watermelon.


The use of grafted watermelons is not common in the United States and is likely attributed to the high cost of grafting and loss of grafted plants due to high wind conditions (King and Davis, 2006).  There are some key advantages in using grafted watermelon transplants.  Use of root stocks has been successful in enhancing the vigor of the scion by imparting resistance to soil borne pathogens (Fusarium and Phytophthora), low temperature, salinity, and increased uptake of nutrients (Ruiz et al., 1997).  Use of root stocks can minimize cost of production because growers may not have to buy as many pesticides and fungicides.  Taylor et al. (2006) reported from Lane, Oklahoma, that use of grafted watermelon can double the yield as compared to nongrafted watermelon in a field infested with Fusarium wilt.  Commonly used root stocks for watermelon are ‘Strongtosa’ (interspecific hybrid between Cucurbita maxima and Cucurbita moschata), ‘Destiny III’ (Cucurbita pepo), ‘Red Kuri’ (Cucurbita maxima), ‘Long Island Cheese’ (Cucurbita moschata), ‘Birdhouse’, and ‘Emphasis’ (Lagenaria sp.)(King and Davis, 2006).  Hassell also reported that mini watermelon yields were increased a fruit or two per plant with grafted versus non grafted plants (personal communication).


Optimum plant density is an important factor in maximizing yields in many crops.  Currently, a common commercial triploid watermelon spacing is 8 feet by 3 feetor approximately 25 square feet per plant. There is need to optimize plant density in watermelon production, especially when propagule cost is high for grafted watermelon . 


Triploid watermelon is in greatest demand by consumers versus diploid watermelons.  In addition to the fruit being seedless due to polyploidy, it produces other advantages due to heterosis of the F1 hybrid.  These major benefits of triploid watermelons are better fruit quality in terms of sugar content, vigorous plants, and better shipping quality, resulting in better economic returns (Sun and Luo, 2006).


The current cost of a grafted plant is approximately $1 compared with 10 cents for a triploid seed plus transplant production costs (about 40 cents total).  Taylor et al., (2006) reported that certain root stocks produce a more vigorous and productive plant.  Reduction in costs per acre might be achieved with grafted plants if one could reduce plant populations yet attain similar yields compared to when a non grafted watermelon seedling was planted at a traditional planting density.  A reduction in planting density may make the use of grafted plants more economically feasible.  

OBJECTIVES


The objectives of this research were: 1) to study the effects of two root stocks on yield and quality of watermelon;  2) to study the effects four plant densities on yield and quality of watermelon.

METHODS

Locations-


The study was conducted at five southeastern locations; 1) Coastal Research & Education Center, Charleston, South Carolina; 2) North Florida Research and Education Center, Quincy, Florida; 3) University of Georgia, Tifton, Georgia; 4) Edisto Research & Education Center, Blackville, South Carolina; and 5) Cunningham Research Station, Kinston, North Carolina.  

Rootstocks-


Seedless watermelon cultivar Tri-X-313 was grafted on to squash (Inter-specific hybrid) and gourd (Lagenaria) root stocks.  Squash root stock used was ‘Strongtosa’ and gourd root stock was  ‘Emphasis’.  Root stocks were supplied by Syngenta  and grafted plants were supplied by the Coastal Research & Education Center, Charleston, South Carolina.  A non grafted Tri-X-313 was used as the comparison among the grafted plant treatments. 

Densities-


Four plant densities/populations were evaluated with plants grafted on two different root stocks. 


The four densities used were as follows:


8' x 1.5'   (9 ft plots; 12 ft2/plant)


8' x 3.0'   (18 ft plots; 24 ft2/plant)

 
8' x 4.5'   (27 ft plots; 36 ft2/plant)


8’ x 6.0’   (36 ft plots; 48 ft2/plant)

Tri-X-313 (non grafted plant) was planted at the 8’x 3.0’ density which represented a typcial commercial planting and was used in this study as the control/comparison treatment.

Treatments-


Based on root stock and plant density, there were 9 treatment combinations:


Trt.
Density
Root stock


1
8’ x 1.5’
Lagenaria


2
8’ x 3.0’
Lagenaria


3
8’ x 4.5’
Lagenaria


4
8’ x 6.0’
Lagenaria


5
8’ x 1.5’
Interspecific Hybrid


6
8’ x 3.0’
Interspecific Hybrid


7
8’ x 4.5’
Interspecific Hybrid


8
8’ x 6.0’
Interspecific Hybrid 


9
8’ x 3.0’
Trix-313-X (no root stock)


There were 8 root stock scion treatments with the nineth treatment (Tri-X-313) as a control.  The experiment was replicated four times.  There were 3-row plots. The central row was the treatment row and the border rows were planted with Tri-X-Palomer.  Each plot represented one treatment which consisted of 6 plants with a 14 feet border between plots.  Rows were separated by 8 feet.  SP-4 was used as pollenizer and was placed at the ends of the plot and between the 3rd and 4th plant within each plot. 

Fruit quality-


Length, diameter, LD ratio, total soluble solids (brix), hollow-heart, and dark seeds were recorded as quality parameters.  Hollow heart was rated on a 0-5 scale with 0 as no hollow heart and 5 with severe hollow heart in which the flesh was separated such that it exposed the rind when the fruit was cut open.   Hard seeds were rated on a 0-3 scale with 0 equating to no hard seeds. Total soluble solids (brix) were recorded using a digital refractometer. 

Cultural practices-


Recommended horticultural practices (Sanders et al., 2004) were used for all experiments. Fruits were slated for harvest four times at weekly intervals.  All locations used black plastic mulch and drip irrigation.

Traits observed-

Total yield (cwt per acre)
Total number (no. per plant)
Total number (thousand per acre)

Weight per fruit (lb)

Length (inches)

Diameter (inches)

LD ratio

Total soluble solids (brix)

Hollow heart (0-5 scale)

Hard seeds (0-3 scale)


Data for given traits were analyzed using the MEANS, CORR, and GLM procedures of SAS (SAS Institute, Inc., Cary, NC).  Data are means of five locations and four replications summed over all harvests.
RESULTS


The planting in North Carolina at the Cunnigham Research Station was not a representative location as a severe hail storm totally defoliated the plants just prior to first harvest.  Because of the hail damage, we were forced to conduct a once-over harvest.  Four harvests at weekly intervals were obtained at the Blackville and Charleston, South Carolina and Tifton, Georgia locations, while only three harvests were obtained at Quincy, Florida.  The data presented are collated from all five planting sites, including the once-over harvest at the North Carolina location.

Fruit yield-


There were significant differences in total fruit weight (cwt/acre and per plant), total fruit number (thous/acre and per plant), and weight per fruit (lb) among different treatments. Lower density (8’x 1.5’) resulted in significantly higher total yield and fruit number per acre with both root stocks than at the other plant densities. There was no distinct advantage between root stocks used at lower density for yield on a per acre basis nor in fruit size.  However, fruit yields were maximized on a per plant basis at the 8' x 4.5' density for the Emphasis root stock, and at the 8' x 6' density for Strongtosa.  The differences in response to plant density on a per plant basis were greater with the Strongtosa root stock versus the Emphasis root stock.  The key to interpretation of these data is how much yield loss can a grower accept on a per acre basis even though more fruit were produced on a per plant basis as planting spacing was increased.


Though lower densities increased yield on a per acre basis, it lead to a decrease in the fruit size (lb/fruit) which may be attributed to more competition among vines for sunlight and nutrients.  The next highest yield on a per acre basis was obtained with Trix-X-313 planted at 8’x3’, which is representative of commercial plantings for seedless watermelon. The nongrafted Tri-X-313 performed in a similar manner with squash root stock (Strongtosa) planted at 8’x 3’ density but performed significantly better than Lagenaria root stock (Emphasis) at the same density.

Table 1. Yield and quality as influenced by watermelon grafted on different rootstocks at different plant densities.
                             --------------------Total----------------------


                              Wt.            No.          Wt.  

-------------Fruit Size-------------      -----Fruit Quality------

Rts
Density    Cwt/         Thous/       Lb/         No./
Wt./frt  Length  Diam      L/D       TSS     HH         HS

                             Acre
        Acre        Plant       Plant   
 lb         in. 
 in.
            brix



313
3.0
    777.8         4.6          45.8
2.7
17.2
11
9
1.3
11.4
0.6
 0.2

Emp
1.5
  1042.4         6.7          31.7
2.0
15.8
11
9
1.2
11.7
0.6
 0.2

Emp
3.0
    595.4         3.7          35.8
2.2
16.3
11
9
1.3
11.6
0.7
 0.2

Emp
4.5
    537.8         3.4          52.0
3.3
15.9
11
9
1.3
11.9
0.6
 0.2

Emp
6.0
    408.3         2.6          50.6 
3.2
16.5
11
9
1.2
11.7
0.6
 0.1

Str
1.5
    912.7         6.2          27.4
1.8
15.4
11
9
1.2
11.2
0.7
 0.3

Str
3.0
    657.4         4.1          40.3
2.5
16.4
11
9
1.2
11.2
0.4
 0.1

Str
4.5
    468.5         2.9          41.5
2.6
16.5
11
9
1.3
11.3
0.4
 0.1

Str
6.0
    406.5         2.5          48.6
3.0
17.0
11
9
1.2
11.1
0.4
 0.1

LSD(α=0.05)
    133.1         0.8            7.5
0.4
 0.9
NS
NS
NS
NS
NS
 NS

                                                                                                                                                                                  .
Emp = Emphasis root stock (Rts), Str = Strongtosa root stock, 313 = Tri-X-313 not grafted

Wt. =Total weight, Cwt/Acre= hundredweight per acre 

No. =Number, Thous/Acre=thousand per acre 

Diam. = Diameter 

L/D= Length diameter ratio

TTS=Total soluble solids 

HH=Hollow heart 

HS= Hard seed


Both root stocks did not show any significant yield increase at the 8’x 3’ which is the typical commercial planting density for Tri-X-313 seedless watermelon. This suggests that there is no clear advantage of using grafted seedless watermelon at the commercial density that is practiced.  Higher plant densities (8’x4.5’ and 8’x6’) recorded significantly lower yield per acre but it significantly improved fruit size (lb/ fruit), and yielded more fruit on a per plant basis.  These results can be attributed to less competition per vine for the availability of nutrients, sunlight and space.  Our results indicate that plant densities do influence the weight, number, and size (lb/ fruit). Length, diameter, and L/D ratio were found to be non-significant which means none of the treatments influenced these traits.  Growers might obtain more yields at lower plant density (8’x 1.5’) at the expense of size of the fruit and increased cost.  Root stocks did not play a significant role in increasing yield per acre at comparable or lower plant densities compared with non grafted Tri-X-313 plants.   However, more fruit were produced per plant at lower plant densities than high plant densities.
Fruit quality-


None of the nine treatments significantly influenced the fruit quality traits like total soluble solids, incidence of hollow heart, and presence of hard seeds. This suggests that plants grafted on different root stocks with different planting densities have no advantage to improve fruit quality traits.

Summary

The two root stocks used in this experiment did not influence fruit yield and quality. Higher plant densities produced higher yield on a per area basis without affecting fruit quality. However, self-rooted plants of Tri-X-313 (non grafted) had higher yield than plants grafted onto root stocks of Emphasis or Strongtosa at a density of 3' in-row spacing in 8' between row middles.

Grafted watermelons would be most useful where root diseases are prevalent, or perhaps where there are problems with drought. Grafted watermelon would be a great solution for fields having various stress conditions such as Fusarium wilt and Phytophthora rot, low temperatures in early spring plantings or areas having saline soils.

The results from this study were not positive on a per area basis; however, more yield was obtained per plant as planting density was decreased (spaced was increased).  Grafting is being used very successfully in other countries, especially since arable land is limited.  As growers become more pressed by urbanization and water concerns, land availability and usage will be of even greater concern.  One year provides a snap shot as to how various root stocks and planting densities affect watermelon yield and quality.

Future research should be aimed at studying additional plant densities as planting densities were not optimized as far as yield on a per area or per plant basis in this study.  Additionally, non grafted plants should be grown at each planting density so comparisons can be made at all planting densities with grafted plants.  Several root stocks should be evaluated again to obtain another measure of their effects during a different growing season.  We confirmed from the root stock study that grafting did enhance the firmness of the flesh (Hassell 2007 report)b.  We want to see if any additional effects on quality might occur and to help gain a better understanding of the grafting system.   Experiments should be conducted at least two seasons if possible to make sure results are relatively consistent over time.

