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INTRODUCTION / PREVIOUS RESEARCH

Several valuable benefits have been reported from grafting watermelons on interspecific and Lagenaria rootstocks (Cohen et al., 2007). One benefit is that some grafts increase nutrient and water uptake. Pulgar et al. (2000) found that grafted plants had a higher capacity for N uptake and transport to the scion, which greatly increased its growth. This advantage allows the plants to better use fertilizers and other nutrients that would have been left in the soil. The absorption efficiency of water is increased by vigorous rootstocks (Lee 1994). This will help lower nutrient cost and amount of water needed per plant to have the same production.  
Non-grafted watermelon plants are sensitive to low temperatures; however grafted plants show an increase in tolerance for low temperature (Oda, 1995). This could benefit growers that experience mild cold spells once the crop has been planted. Water logging is another problem in watermelon cultivars. If anerobic conditions persist too long,the plants will drown and be lost.  Studies have shown that water logging tolerance is also increased in grafted plants (Yetisir and Sari, 2003). Furthermore in Israel, grafted watermelons had a higher tolerance when watered with saline water than did the non-grafted plants (Cohen et al., 2007). Koren and Edelstein (2004) also note the increase in salt and drought tolerance in grafted plants.

Research has also confirmed that grafted plants have an increase in fruit quality (Yetisir et al., 2003; Koren and Edelstein, 2004).   For example, shelf life is extended because the fruit is more firm (Core, 2005). Another feature bestowed by grafting is that the plant has an increase in vigor (King and Davis, 2006; Lee and Oda, 2003). Because the plant is more robust,harvest time is also prolonged increasing yields (Lee, 1994; Oda, 1995). 

OBJECTIVES

The objective of this research was: 1) to study the effects of eight rootstocks on yield and quality of seedless watermelon; and 2) to study the effects of two rootstock types, (squash and gourd) on yield and quality of watermelon.

METHODS

Locations-

Study was conducted across five southeastern locations i.e. Coastal Research & Education Center, Charleston, South Carolina; North Florida Research and Education Center Quincy, Florida; University of Georgia, Tifton, Georgia; Edisto Research & Education Center, Blackville, South Carolina; and Cunningham Research Station, Kinston, North Carolina.

Rootstocks-

Gourd (Lagenaria) were: Macis (Numhens), FR Strong (Seminis), and Emphasis (Syngenta)
Squash (Inter-specific hybrids) were: Shintosa Camel (Nunhens), WR-15006 (Zeraim Gedera), Chilsung Shintosa (Seminis), and Strong Tosa (Syngenta)
Watermelon cultivars were: Liberty (a round type fruit) and Matrix (an oblong type fruit).
Grafting-

All plants were provided by Dr. Richard L. Hassell, Clemson University CREC, Charleston, SC.  The graft type was the one cotyledon procedure.  Each of the cultivars were grafted on itself as well as each of the seven rootstocks for a total of sixteen treatments replicated four times. 

Cultural practices- At each of the five locations plots were set up on black plastic drip irrigation, eight foot centers, three foot between plants, nine plants per plot.   SP-4 was used as a pollinizer and placed between the grafted plants 1st and 2nd, 4th and 5th, and 7th and 8th .  Recommended cultural practices were followed according to each states’ recommendations.  Fruit were harvested four times at weekly intervals.  The first harvest was considered the early harvest while the main harvest consisted of the other three harvests.
Fruit yield and quality-

Each fruit was harvested, weighed, graded and recorded.  Five randomly selected fruit from each plot were taken for quality measurements.  Traits like length, diameter, LD ratio, total soluble solids (brix), hollow-heart, and dark seeds were recorded as quality parameters. Hollow heart was rated on 0-5 scale with 0 as good and hard seeds were rated on 0-3 scale with 0 as good. Total soluble solids (brix) were recorded using a digital hand refractometer.  Flesh firmness was recorded using a Wagner FDK 10.  Firmness readings were taken from the stem end, center and blossom end of each of the five fruit.   Fruit flesh samples were also taken, frozen, and sent to Dr. Penelope Perkins-Veazie at Lane Oklahoma for lycopene analysis.
Traits observed-

Number of melons per plot (based on 9 plant plots)

Total weight per plot (based on 9 plant plots- lb)

Weight per fruit (lb)

Length (inches) / Diameter (inches) = LD ratio

Total soluble solids (obrix)

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.
RESULTS


There were no interactions between locations.  This means that watermelon response in terms of quality and yields across treatments at all locations were similar.  No differences in root stocks in the early harvest were measured with respect to the number of melons per plot, total weight per plot or the average weight per melon (Table 1). In the main harvest there was a significant difference is size of the fruit (Table 2).  These differences only amounted to a pound increase in fruit weight with the inter-specific hybrids having the largest increase.  The number of melons and total weight per plots showed no significant differences.  There were also no differences in the overall total harvest with respect to fruit number, total weight and fruit size (Table 3).  These results indicate that grafted plants did not increase the number of melons per plant or the total weight per plant.  There seemed to be a slight increase in the fruit weight with grafted plants.  Although not significant, the greatest increase in weight resulted from watermelon grafted onto the inter-specific hybrid squash root stocks.


Fruit quality was affected by the rootstock in overall firmness of the flesh (Table 4).  Those grafted on inter-specific squash root stocks produced the firmest fruit with those on the Lagenaria rootstock being softer.  However, regardless of root stock, all produced fruit that were significantly firmer than the non-grafted control.  Fruit shape, percent sugar levels, presence of hollow heart or hard seeds were similar regardless of rootstock or cultivar..  These results strongly support that grafting improves fruit firmness increasing the ability of the fruit to hold longer with less leakage.  Grafting had no adverse affects on other fruit qualities.  The use of grafted plants may be extremely beneficial for the fresh cut market.  Some previous work has been reported which indicated that yields were increased with grafted plants.  We did not find this to be the case in our 2007 studies.  It is important to have multiple years and test sites to verify findings as results can vary from year to year and among locations.  We propose to conduct these studies one more year to see if results are consistent each year.
Table 1: Early seedless watermelon yields grafted on eight rootstocks planted in five locations within the southeastern United States.
	Root Stock
	Root Stock (Type)
	Root Stock (Source)
	No. of
	total
	average

	
	
	
	 Melons
	weight
	weight

	
	
	
	per plot
	per plot
	per melon

	Macis
	Lagenaria
	Numhens
	5.10a
	86.19a
	17.43a

	Shintosa Camel
	Inter-specific Hyb
	Numhens
	4.75a
	79.79a
	16.85a

	WR-15006
	Inter-specific Hyb
	Zeraim Gedera
	5.15a
	88.75a
	18.00a

	Chilsung Shintosa
	Inter-specific Hyb
	Seminis
	5.55a
	95.79a
	17.23a

	FR Strong
	Lagenaria
	Seminis
	4.98a
	81.05a
	16.34a

	Strong Tosa
	Inter-specific Hyb
	Syngenta
	4.63a
	75.62a
	16.83a

	Emphasis
	Lagenaria
	Syngenta
	4.73a
	79.74a
	17.03a

	Watermelon
	Watermelon
	Numhens/Syngenta
	5.83a
	103.18a
	17.89a

	
	
	
	
	
	


Plots consisted of nine plants per plot

Weights were recorded in pounds

LS means followed by the same letter are not significantly different at P=0.05

Table 2: Main harvest seedless watermelon yields grafted on eight rootstocks planted in five locations within the southeastern United States.

	Root Stock
	Root Stock (Type)
	Root Stock (Source)
	No. of
	total
	average

	
	
	
	 Melons
	weight
	weight

	
	
	
	per plot
	per plot
	per melon

	Macis
	Lagenaria
	Numhens
	12.63a
	211.69a
	16.58 abc

	Shintosa Camel
	Inter-specific Hyb
	Numhens
	12.10a
	211.43a
	16.92 ab

	WR-15006
	Inter-specific Hyb
	Zeraim Gedera
	13.75a
	233.43a
	16.92 ab

	Chilsung Shintosa
	Inter-specific Hyb
	Seminis
	13.50a
	235.17a
	17.16 a

	FR Strong
	Lagenaria
	Seminis
	11.25a
	185.75a
	15.90 bc

	Strong Tosa
	Inter-specific Hyb
	Syngenta
	13.18a
	220.89a
	16.47 abc

	Emphasis
	Lagenaria
	Syngenta
	12.00a
	193.34a
	15.65 c

	Watermelon
	Watermelon
	Numhens/Syngenta
	13.93a
	222.46a
	15.91 bc

	
	
	
	
	
	 


Plots consisted of nine plants per plot

Weights were recorded in pounds

LS means followed by the same letter are not significantly different at P=0.05
Table 3: Total harvest seedless watermelon yields grafted on eight rootstocks planted in five locations within the southeastern United States.

	Root Stock
	Root Stock (Type)
	Root Stock (Source)
	No. of
	total
	average

	
	
	
	 Melons
	weight
	weight

	
	
	
	per plot
	per plot
	per melon

	Macis
	Lagenaria
	Numhens
	17.73a
	297.88a
	16.73a

	Shintosa Camel
	Inter-specific Hyb
	Numhens
	16.85a
	291.21a
	17.14a

	WR-15006
	Inter-specific Hyb
	Zeraim Gedera
	13.90a
	322.18a
	17.12a

	Chilsung Shintosa
	Inter-specific Hyb
	Seminis
	19.05a
	330.96a
	17.21a

	FR Strong
	Lagenaria
	Seminis
	16.23a
	266.79a
	16.06a

	Strong Tosa
	Inter-specific Hyb
	Syngenta
	17.80a
	296.51a
	16.49a

	Emphasis
	Lagenaria
	Syngenta
	16.73a
	273.08a
	16.07a

	Watermelon
	Watermelon
	Numhens/Syngenta
	19.75a
	325.63a
	16.55a

	
	
	
	
	
	


Plots consisted of nine plants per plot

Weights were recorded in pounds

LS means followed by the same letter are not significantly different at P=0.05

Table 4: Main effects of eight rootstocks grafted on to two seedless watermelon cultivars (pooled over five southeastern locations) of five random marketable seedless watermelon samples per treatment on fruit quality measurements. 

	Root Stock
	Root Stock (Type)
	Root Stock (Source)
	 
	 
	 
	Flesh Firmness
	 

	
	
	
	Brix
	Hollow
	Hard
	Blos
	Center
	Stem
	Fruit

	
	
	
	%
	Heart
	Seeds
	End
	(Heart)
	End
	Shape

	Macis
	Lagenaria
	Numhens
	11.35a
	0.38a
	0.18a
	4.09 de
	3.58 cd
	3.91 c-e
	1.39a

	Shintosa Camel
	Inter-specific Hyb
	Numhens
	11.07a
	0.18a
	0.23a
	4.92 a
	3.93 ab
	4.25 ab
	1.39a

	WR-15006
	Inter-specific Hyb
	Zeraim Gedera
	11.13a
	0.27a
	0.28a
	4.82 ab
	3.85 bc
	4.43 a
	1.40a

	Chilsung Shintosa
	Inter-specific Hyb
	Seminis
	11.27a
	0.28a
	0.19a
	5.11 a
	4.21 a
	4.40 a
	1.47a

	FR Strong
	Lagenaria
	Seminis
	11.23a
	0.40a
	0.18a
	3.88 e
	3.39 d
	3.68 de
	1.33a

	Strong Tosa
	Inter-specific Hyb
	Syngenta
	10.74a
	0.28a
	0.20a
	4.52 bc
	3.73 bc
	4.23 a-c
	1.37a

	Emphasis
	Lagenaria
	Syngenta
	11.37a
	0.30a
	0.16a
	4.29 cd
	3.60 cd
	3.92 b-d
	1.37a

	Watermelon
	Watermelon
	Numhens/Syngenta
	11.24a
	0.27a
	0.21a
	3.98 de
	3.33 d
	3.59 e
	1.42a


Each fruit was cut from blossom end to stem end before measurements were taken

Brix samples we taken in the center section and recorded with a digital refractometer

Each fruit was rated for hollow heart (0 = none, 5 = severe) and hard seeds (0 = no seeds, 3 = over 50).

Flesh firmness was recorded using s Wagner FDK 10

Fruit shape was recorded in inches and then the length was divided by the width

LS means followed by the same letter are not significantly different at P=0.05

