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Grafting Vegetables: 
The Science and Practice of Growing New Roots



• Hole Insertion
• One Cotyledon
• Splice graft



Trade show exhibition of a seed company, demonstrating vigorous root 
development of rootstock compared with scion. 

OPTIMIZE ROOT GENETICS

Courtesy C. Kubota



University and State:
• 10 Universities
• 32 faculty
• Technicians
• Students
• Extension agents
• Multi-disciplinary

BUILD THE TEAM

Private Industry:
• Robotic companies
• Seed companies
• Plant nurseries
• Gower associations
• Growers
• 75+ partners

ISHS 2nd International Conference 
on Vegetable Grafting

Charlotte NC, 2019



PROJECT GOAL: To amplify the productivity 
and profitability of U.S. fruiting vegetable 
enterprises by integrating grafting technologies 
as both sources of income and production 
tools. 

MECHANISM:  Coordinated trans-disciplinary, 
stakeholder-based, and systems-oriented 
research, extension and education project that 
addressed all points on the grafting and crop 
production value chain.



National Field Trials with Grafted Vegetables



System 
Simplicity

Market
Niche

Length 
of Harvest

Production 
Issues

3-yr rotation + fumigation
No soilborne diseases
Determinate
Green market

LTD rotation + organic
Soilborne diseases
Indeterminate
Heirloom

Scale neutral but system specific



Develop a comprehensive website: 
vegetablegrafting.org

The Vegetable Grafting Decision Support Tool
http://graftingtool.ifas.ufl.edu

http://graftingtool.ifas.ufl.edu/


Lecture- and hands on-based 
training in grower & stakeholder 
education; Many field days



Train Graduate Students and Professionals



Bacterial Wilt
Ralstonia solanacearum

Race 1, biovar 1, phylotype II and sequevar 7
Not R3bv2

Photo: Cary Rivard

Jonathan Kressin (PhD), Dilip Panthee, Frank Louws

Recommended Rootstocks for Bacterial Wilt of Tomato

100% dead

Available and emerging genetics

J. Kressin, D. Panthee, F. Louws



On Farm Research: Large scale grafting



Grafting to Manage Bacterial Wilt

Patterson Farms, NC.
Thanks David Suchoff for sharing the photo.



Clinton HCRS 
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Root Knot Nematode
Meloidogyne incognita race 1 (Mi gene)

Rivard and Louws, 2008
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Root Knot Nematode
Meloidogyne incognita race 1



RKN Populations

Concerning: Mi genes do not confer resistance against M. enterolobii



Southern Blight Incidence



Fusarium oxysporum f. sp. lycopersici
• Fusarium Wilt
• Soil Inhabitant

f.sp. = forma specialis
(special form; host specific)

https://peregrinefarm.net/tag/fusarium-wilt/

Grafting confers complete 
resistance if the right 
rootstock is matched to the 
race(s) (1,2,3) of concern. 

Same is true for Fusarium
root and crown rot



• Verticillium dahliae (race  1 & 2)
– Loss of vigor
– Wilting and leaf necrosis
– Favored in temperate climates
– “Race 2” prevalent in WNC 

(Bender & Shoemaker, 1984)
- Highly persistent in soils
- Non-host specific

Verticillium Wilt

microsclerotia

• Verticillium dahliae (race  1 & 2)
– Loss of vigor
– Wilting and leaf necrosis
– Favored in temperate climates
– “Race 2” prevalent in WNC 

(Bender & Shoemaker, 1984)
- Highly persistent in soils
- Non-host specific

Verticillium Wilt



2003 Incidence of Verticillium Wilt
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InLine
Metam sodium drip

Chloropicrin
Chloropicrin EC
Chloropicrin Plus
Iodomethane 33:67
Iodomethane 50:50
Iodomethane 33:67 EC

Metam sodium spray



Early rating (4-Jul)
Y = 46.0016 - 0.342942X
R2= 0.761
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Terminal rating
Y = 53.3267 - 0.347083X
R2= 0.880

Verticillium Wilt Incidence and Yield



Life on the Farm:
Systems Management

Planting Depth Suckering
Twin leader for 

European string trellis



Steve Groff

Cedar Meadow Farm – Lancaster County, PA

Cedar Meadow Farm
• Can vigorous rootstock be 

used to manage verticillium 
wilt?
– ‘Maxifort’

• How does grafting fit in with 
fumigation?
– Additive or alternative

• Can we reduce economic 
constraints through cultural 
methods?
– Plant spacing/Twin 

training



Cedar Meadow Farm



Lancaster County - 2008
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Cedar Meadow Farm (Verticllium is primary problem)


Sheet1

		Groff Harvest Data - 2008

		Obs Date		Plot #		Marketable #		Marketable Wt (lbs)		Cull #		Cull Wt (lbs)		Total #		Total Wt (lbs)

		7/29/08		1		44		21.9		0		0		44		21.9

		7/29/08		2		30		15.4		2		1.15		32		16.55

		7/29/08		3		31		13.8		0		0		31		13.8

		7/29/08		4		16		7.75		1		0.5		17		8.25

		7/29/08		5		34		17.5		0		0		34		17.5

		7/29/08		6		17		7.3		2		1.1		19		8.4

		7/29/08		7		24		10.8		1		0.5		25		11.3

		7/29/08		8		7		4.25		1		0.4		8		4.65

		7/29/08		9		29		15.25		0		0		29		15.25

		7/29/08		10		12		7.2		1		0.5		13		7.7

		7/29/08		11		31		14.2		0		0		31		14.2

		7/29/08		12		22		12.1		2		1.05		24		13.15

		7/29/08		13		13		7.45		1		0.55		14		8

		7/29/08		14		11		6.2		0		0		11		6.2

		7/29/08		15		15		8.05		0		0		15		8.05

		7/29/08		16		12		5.3		1		0.6		13		5.9

		7/29/08		17		11		5.25		1		0.75		12		6

		7/29/08		18		3		2.05		0		0		3		2.05

		7/29/08		19		14		7.4		0		0		14		7.4

		7/29/08		20		11		6.6		0		0		11		6.6

		7/29/08		21		6		2.25		1		0.6		7		2.85

		7/29/08		22		7		3.45		0		0		7		3.45

		7/29/08		23		10		4.05		0		0		10		4.05

		7/29/08		24		8		5.05		1		0.6		9		5.65

		7/29/08		25		43		19.8		0		0		43		19.8

		7/29/08		26		41		23.45		1		0.85		42		24.3

		7/29/08		27		21		11		1		0.45		22		11.45

		7/29/08		28		10		6.05		0		0		10		6.05

		7/29/08		29		36		15.9		0		0		36		15.9

		7/29/08		30		28		16.2		2		1		30		17.2

		7/29/08		31		14		5.5		0		0		14		5.5

		7/29/08		32		12		7.5		0		0		12		7.5

		7/29/08		33		36		15.5		1		0.25		37		15.75

		7/29/08		34		21		11.3		1		0.35		22		11.65

		7/29/08		35		29		14.05		0		0		29		14.05

		7/29/08		36		25		13.7		2		1.35		27		15.05

		7/29/08		37		11		5.5		0		0		11		5.5

		7/29/08		38		12		6		2		0.9		14		6.9

		7/29/08		39		8		3.8		0		0		8		3.8

		7/29/08		40		14		8.65		0		0		14		8.65

		7/29/08		41		8		4.45		0		0		8		4.45

		7/29/08		42		8		4.35		0		0		8		4.35

		7/29/08		43		17		8.85		0		0		17		8.85

		7/29/08		44		7		3.1		0		0		7		3.1

		7/29/08		45		9		3.95		1		0.75		10		4.7

		7/29/08		46		8		4.5		1		0.75		9		5.25

		7/29/08		47		15		7.05		0		0		15		7.05

		7/29/08		48		2		1.1		0		0		2		1.1

		8/6/08		1		13		5.9		0		0		13		5.9

		8/6/08		2		5		2.3		1		0.35		6		2.65

		8/6/08		3		9		3.9		0		0		9		3.9

		8/6/08		4		13		6.15		0		0		13		6.15

		8/6/08		5		10		4.05		0		0		10		4.05

		8/6/08		6		13		5.2		1		0.5		14		5.7

		8/6/08		7		8		3.35		0		0		8		3.35

		8/6/08		8		8		4.1		0		0		8		4.1

		8/6/08		9		6		1.95		0		0		6		1.95

		8/6/08		10		9		4.35		0		0		9		4.35

		8/6/08		11		12		4.9		0		0		12		4.9

		8/6/08		12		15		7.6		0		0		15		7.6

		8/6/08		13		24		10.45		0		0		24		10.45

		8/6/08		14		21		11.15		1		0.9		22		12.05

		8/6/08		15		35		16.15		0		0		35		16.15

		8/6/08		16		25		11.25		0		0		25		11.25

		8/6/08		17		17		6.85		0		0		17		6.85

		8/6/08		18		21		10.6		0		0		21		10.6

		8/6/08		19		16		7.4		0		0		16		7.4

		8/6/08		20		13		4.9		1		0.5		14		5.4

		8/6/08		21		9		3.72		0		0		9		3.72

		8/6/08		22		12		5		2		1.4		14		6.4

		8/6/08		23		30		12.15		1		0.4		31		12.55

		8/6/08		24		16		7.3		0		0		16		7.3

		8/6/08		25		15		5.55		0		0		15		5.55

		8/6/08		26		14		6.85		0		0		14		6.85

		8/6/08		27		12		5.3		0		0		12		5.3

		8/6/08		28		8		2.35		0		0		8		2.35

		8/6/08		29		9		2.95		0		0		9		2.95

		8/6/08		30		14		5.5		0		0		14		5.5

		8/6/08		31		6		2.4		0		0		6		2.4

		8/6/08		32		8		2.75		0		0		8		2.75

		8/6/08		33		17		7.55		0		0		17		7.55

		8/6/08		34		18		9.35		0		0		18		9.35

		8/6/08		35		14		6		0		0		14		6

		8/6/08		36		17		7.1		0		0		17		7.1

		8/6/08		37		25		11.75		0		0		25		11.75

		8/6/08		38		10		5.8		0		0		10		5.8

		8/6/08		39		36		16.35		1		0.4		37		16.75

		8/6/08		40		43		23.55		1		0.55		44		24.1

		8/6/08		41		24		11.55		0		0		24		11.55

		8/6/08		42		18		9.35		1		0.7		19		10.05

		8/6/08		43		22		10.65		1		0.55		23		11.2

		8/6/08		44		20		10.35		1		0.5		21		10.85

		8/6/08		45		9		4.15		0		0		9		4.15

		8/6/08		46		15		7.1		1		0.7		16		7.8

		8/6/08		47		28		12.15		0		0		28		12.15

		8/6/08		48		7		3.75		0		0		7		3.75

		8/11/08		1		30		13.2		0		0		30		13.2

		8/11/08		2		31		15.9		0		0		31		15.9

		8/11/08		3		22		10.35		0		0		22		10.35

		8/11/08		4		10		4.95		0		0		10		4.95

		8/11/08		5		15		7.25		0		0		15		7.25

		8/11/08		6		15		7.55		0		0		15		7.55

		8/11/08		7		24		11.3		0		0		24		11.3

		8/11/08		8		20		9.4		0		0		20		9.4

		8/11/08		9		21		10.45		0		0		21		10.45

		8/11/08		10		16		8.9		0		0		16		8.9

		8/11/08		11		20		10.5		1		0.35		21		10.85

		8/11/08		12		19		9.95		0		0		19		9.95

		8/11/08		13		31		14.65		0		0		31		14.65

		8/11/08		14		30		14.4		0		0		30		14.4

		8/11/08		15		28		11.2		0		0		28		11.2

		8/11/08		16		33		15.15		0		0		33		15.15

		8/11/08		17		12		7.3		0		0		12		7.3

		8/11/08		18		21		10.4		0		0		21		10.4

		8/11/08		19		25		12.1		0		0		25		12.1

		8/11/08		20		27		10.6		0		0		27		10.6

		8/11/08		21		17		7.2		0		0		17		7.2

		8/11/08		22		24		12.5		0		0		24		12.5

		8/11/08		23		28		12.5		0		0		28		12.5

		8/11/08		24		24		13.85		0		0		24		13.85

		8/11/08		25		16		6.95		0		0		16		6.95

		8/11/08		26		26		11.9		0		0		26		11.9

		8/11/08		27		19		9.5		0		0		19		9.5

		8/11/08		28		17		10		0		0		17		10

		8/11/08		29		20		11.3		0		0		20		11.3

		8/11/08		30		30		16.65		0		0		30		16.65

		8/11/08		31		21		10.5		0		0		21		10.5

		8/11/08		32		15		8.15		0		0		15		8.15

		8/11/08		33		24		10.05		0		0		24		10.05

		8/11/08		34		14		7		0		0		14		7

		8/11/08		35		22		11.1		0		0		22		11.1

		8/11/08		36		14		7.8		0		0		14		7.8

		8/11/08		37		28		9.35		0		0		28		9.35

		8/11/08		38		24		11.8		0		0		24		11.8

		8/11/08		39		12		5.2		0		0		12		5.2

		8/11/08		40		14		5.8		0		0		14		5.8

		8/11/08		41		15		7.05		0		0		15		7.05

		8/11/08		42		13		6.15		0		0		13		6.15

		8/11/08		43		20		9.3		0		0		20		9.3

		8/11/08		44		22		9.3		0		0		22		9.3

		8/11/08		45		25		12.3		0		0		25		12.3

		8/11/08		46		16		9.6		0		0		16		9.6

		8/11/08		47		21		8.7		0		0		21		8.7

		8/11/08		48		12		6.25		1		0.65		13		6.9

		8/13/08		1		19		8.25		0		0		19		8.25

		8/13/08		2		31		16		0		0		31		16

		8/13/08		3		18		8.85		0		0		18		8.85

		8/13/08		4		17		9.3		0		0		17		9.3

		8/13/08		5		19		10.4		0		0		19		10.4

		8/13/08		6		25		13.7		0		0		25		13.7

		8/13/08		7		10		4.6		0		0		10		4.6

		8/13/08		8		19		10.35		0		0		19		10.35

		8/13/08		9		11		5.05		0		0		11		5.05

		8/13/08		10		6		3.4		0		0		6		3.4

		8/13/08		11		25		12.4		0		0		25		12.4

		8/13/08		12		21		11.15		0		0		21		11.15

		8/13/08		13		13		5.75		0		0		13		5.75

		8/13/08		14		18		7.8		0		0		18		7.8

		8/13/08		15		21		10.65		0		0		21		10.65

		8/13/08		16		11		5		0		0		11		5

		8/13/08		17		10		4.65		0		0		10		4.65

		8/13/08		18		12		5.85		0		0		12		5.85

		8/13/08		19		15		6.55		0		0		15		6.55

		8/13/08		20		17		8.75		0		0		17		8.75

		8/13/08		21		13		6.15		0		0		13		6.15

		8/13/08		22		15		7.35		0		0		15		7.35

		8/13/08		23		15		7.9		0		0		15		7.9

		8/13/08		24		21		13.55		0		0		21		13.55

		8/13/08		25		12		6.3		0		0		12		6.3

		8/13/08		26		42		17.7		0		0		42		17.7

		8/13/08		27		17		7.7		0		0		17		7.7

		8/13/08		28		11		5.75		0		0		11		5.75

		8/13/08		29		29		11.5		0		0		29		11.5

		8/13/08		30		26		13		0		0		26		13

		8/13/08		31		16		6.7		0		0		16		6.7

		8/13/08		32		18		11.8		0		0		18		11.8

		8/13/08		33		22		10.15		0		0		22		10.15

		8/13/08		34		24		12.3		0		0		24		12.3

		8/13/08		35		18		8.15		0		0		18		8.15

		8/13/08		36		17		8.4		0		0		17		8.4

		8/13/08		37		13		6.6		0		0		13		6.6

		8/13/08		38		22		10.25		0		0		22		10.25

		8/13/08		39		15		6.3		0		0		15		6.3

		8/13/08		40		11		5.65		0		0		11		5.65

		8/13/08		41		19		10.25		0		0		19		10.25

		8/13/08		42		12		6.1		0		0		12		6.1

		8/13/08		43		25		11.5		0		0		25		11.5

		8/13/08		44		18		9.3		0		0		18		9.3

		8/13/08		45		11		5.95		0		0		11		5.95

		8/13/08		46		21		12.7		0		0		21		12.7

		8/13/08		47		23		11		0		0		23		11

		8/13/08		48		9		5.7		0		0		9		5.7

		8/18/08		1		40		18.6		0		0		40		18.6

		8/18/08		2		51		25.6		0		0		51		25.6

		8/18/08		3		23		12.3		0		0		23		12.3

		8/18/08		4		42		27.7		0		0		42		27.7

		8/18/08		5		28		14.3		0		0		28		14.3

		8/18/08		6		33		16.5		0		0		33		16.5

		8/18/08		7		18		9.9		0		0		18		9.9

		8/18/08		8		28		16.8		0		0		28		16.8

		8/18/08		9		39		21		0		0		39		21

		8/18/08		10		40		22.7		0		0		40		22.7

		8/18/08		11		39		20.4		0		0		39		20.4

		8/18/08		12		32		16.1		0		0		32		16.1

		8/18/08		13		31		15		0		0		31		15

		8/18/08		14		35		20.5		0		0		35		20.5

		8/18/08		15		59		26.2		0		0		59		26.2

		8/18/08		16		61		29		0		0		61		29

		8/18/08		17		56		31.1		0		0		56		31.1

		8/18/08		18		26		15.2		0		0		26		15.2

		8/18/08		19		37		16.4		0		0		37		16.4

		8/18/08		20		51		24.7		0		0		51		24.7

		8/18/08		21		50		34.6		0		0		50		34.6

		8/18/08		22		45		34.2		0		0		45		34.2

		8/18/08		23		35		18		0		0		35		18

		8/18/08		24		35		19.9		0		0		35		19.9

		8/18/08		25		23		12.6		0		0		23		12.6

		8/18/08		26		53		24.9		0		0		53		24.9

		8/18/08		27		27		12.9		0		0		27		12.9

		8/18/08		28		27		15.1		0		0		27		15.1

		8/18/08		29		51		26.8		0		0		51		26.8

		8/18/08		30		41		19.1		0		0		41		19.1

		8/18/08		31		20		10.4		0		0		20		10.4

		8/18/08		32		21		12.9		0		0		21		12.9

		8/18/08		33		27		11.6		0		0		27		11.6

		8/18/08		34		31		15.4		0		0		31		15.4

		8/18/08		35		53		24.1		0		0		53		24.1

		8/18/08		36		33		16.6		0		0		33		16.6

		8/18/08		37		36		15.6		0		0		36		15.6

		8/18/08		38		48		21.9		0		0		48		21.9

		8/18/08		39		56		26.7		0		0		56		26.7

		8/18/08		40		44		22.7		0		0		44		22.7

		8/18/08		41		38		18.7		0		0		38		18.7

		8/18/08		42		38		17.7		1		0.4		39		18.1

		8/18/08		43		54		24.8		0		0		54		24.8

		8/18/08		44		41		23.5		0		0		41		23.5

		8/18/08		45		45		23.5		0		0		45		23.5

		8/18/08		46		29		16.5		0		0		29		16.5

		8/18/08		47		46		23.5		0		0		46		23.5

		8/18/08		48		49		37.7		0		0		49		37.7

		8/27/08		1		26		13.5		0		0		26		13.5

		8/27/08		2		47		24		0		0		47		24

		8/27/08		3		28		14		0		0		28		14

		8/27/08		4		55		28		0		0		55		28

		8/27/08		5		54		29		0		0		54		29

		8/27/08		6		47		26.2		0		0		47		26.2

		8/27/08		7		34		19.5		0		0		34		19.5

		8/27/08		8		47		26.5		0		0		47		26.5

		8/27/08		9		29		18		0		0		29		18

		8/27/08		10		61		36.1		0		0		61		36.1

		8/27/08		11		47		25.4		0		0		47		25.4

		8/27/08		12		69		39.2		0		0		69		39.2

		8/27/08		13		34		15.5		0		0		34		15.5

		8/27/08		14		59		36		0		0		59		36

		8/27/08		15		29		13.2		0		0		29		13.2

		8/27/08		16		85		35.1		0		0		85		35.1

		8/27/08		17		36		19.2		0		0		36		19.2

		8/27/08		18		36		20		0		0		36		20

		8/27/08		19		63		30		0		0		63		30

		8/27/08		20		57		41.2		0		0		57		41.2

		8/27/08		21		60		29		0		0		60		29

		8/27/08		22		51		30		0		0		51		30

		8/27/08		23		39		22.2		0		0		39		22.2

		8/27/08		24		56		33		0		0		56		33

		8/27/08		25		27		14		0		0		27		14

		8/27/08		26		34		17		0		0		34		17

		8/27/08		27		29		14		0		0		29		14

		8/27/08		28		47		25		0		0		47		25

		8/27/08		29		56		29		0		0		56		29

		8/27/08		30		22		34.5		0		0		22		34.5

		8/27/08		31		52		25		0		0		52		25

		8/27/08		32		26		14.5		0		0		26		14.5

		8/27/08		33		37		19.1		0		0		37		19.1

		8/27/08		34		52		27.1		0		0		52		27.1

		8/27/08		35		68		29.5		0		0		68		29.5

		8/27/08		36		75		37.2		0		0		75		37.2

		8/27/08		37		47		21.2		0		0		47		21.2

		8/27/08		38		58		26.2		0		0		58		26.2

		8/27/08		39		59		28		0		0		59		28

		8/27/08		40		105		54		0		0		105		54

		8/27/08		41		60		31		0		0		60		31

		8/27/08		42		52		24.2		0		0		52		24.2

		8/27/08		43		60		34.7		0		0		60		34.7

		8/27/08		44		81		43.3		0		0		81		43.3

		8/27/08		45		28		18.1		0		0		28		18.1

		8/27/08		46		37		24		0		0		37		24

		8/27/08		47		57		31.1		0		0		57		31.1

		8/27/08		48		54		28.5		0		0		54		28.5

		9/12/08		1		21		18.5		0		0		21		18.5

		9/12/08		2		48		26		0		0		48		26

		9/12/08		3		32		24		0		0		32		24

		9/12/08		4		125		62.8		0		0		125		62.8

		9/12/08		5		62		33.1		0		0		62		33.1

		9/12/08		6		58		31.1		0		0		58		31.1

		9/12/08		7		60		32.6		0		0		60		32.6

		9/12/08		8		90		59.2		0		0		90		59.2

		9/12/08		9		68		57.3		0		0		68		57.3

		9/12/08		10		76		44.6		0		0		76		44.6

		9/12/08		11		68		32		0		0		68		32

		9/12/08		12		105		56		0		0		105		56

		9/12/08		13		49		29		0		0		49		29

		9/12/08		14		79		47		0		0		79		47

		9/12/08		15		67		31		0		0		67		31

		9/12/08		16		68		36		0		0		68		36

		9/12/08		17		68		33		0		0		68		33

		9/12/08		18		45		23.4		0		0		45		23.4

		9/12/08		19		64		54.1		0		0		64		54.1

		9/12/08		20		50		27		0		0		50		27

		9/12/08		21		60		31		0		0		60		31

		9/12/08		22		70		48		0		0		70		48

		9/12/08		23		65		32.1		0		0		65		32.1

		9/12/08		24		60		31		0		0		60		31

		9/12/08		25		34		19.2		0		0		34		19.2

		9/12/08		26		50		29		0		0		50		29

		9/12/08		27		50		28.5		0		0		50		28.5

		9/12/08		28		87		47		0		0		87		47

		9/12/08		29		34		26.5		0		0		34		26.5

		9/12/08		30		69		33.7		0		0		69		33.7

		9/12/08		31		68		33		0		0		68		33

		9/12/08		32		114		65.4		0		0		114		65.4

		9/12/08		33		67		31		0		0		67		31

		9/12/08		34		69		32.5		0		0		69		32.5

		9/12/08		35		60		30		0		0		60		30

		9/12/08		36		62		32.5		0		0		62		32.5

		9/12/08		37		62		32		0		0		62		32

		9/12/08		38		40		24		0		0		40		24

		9/12/08		39		63		33		0		0		63		33

		9/12/08		40		90		46.4		0		0		90		46.4

		9/12/08		41		63		31		0		0		63		31

		9/12/08		42		49		23.2		0		0		49		23.2

		9/12/08		43		63		28		0		0		63		28

		9/12/08		44		65		55.3		0		0		65		55.3

		9/12/08		45		40		23.1		0		0		40		23.1

		9/12/08		46		50		30		0		0		50		30

		9/12/08		47		60		25.2		0		0		60		25.2

		9/12/08		48		60		29		0		0		60		29

		9/13/08		1		11		4.7		0		0		11		4.7

		9/13/08		2		18		7.5		0		0		18		7.5

		9/13/08		3		11		6.5		0		0		11		6.5

		9/13/08		4		11		7.3		0		0		11		7.3

		9/13/08		5		11		5.3		0		0		11		5.3

		9/13/08		6		29		12.2		0		0		29		12.2

		9/13/08		7		27		11.9		0		0		27		11.9

		9/13/08		8		46		19.5		0		0		46		19.5

		9/13/08		9		22		11.3		0		0		22		11.3

		9/13/08		10		28		13.8		0		0		28		13.8

		9/13/08		11		19		7.2		0		0		19		7.2

		9/13/08		12		18		11.2		0		0		18		11.2

		9/13/08		13		15		5.8		0		0		15		5.8

		9/13/08		14		32		14.4		0		0		32		14.4

		9/13/08		15		24		10.5		0		0		24		10.5

		9/13/08		16		7		2.1		0		0		7		2.1

		9/13/08		17		7		3.9		0		0		7		3.9

		9/13/08		18		8		3.5		0		0		8		3.5

		9/13/08		19		13		4.2		0		0		13		4.2

		9/13/08		20		10		3.1		0		0		10		3.1

		9/13/08		21		10		2.9		0		0		10		2.9

		9/13/08		22		9		4.7		0		0		9		4.7

		9/13/08		23		2		0.6		0		0		2		0.6

		9/13/08		24		23		10.9		0		0		23		10.9

		9/13/08		25		6		2.5		0		0		6		2.5

		9/13/08		26		18		6.9		0		0		18		6.9

		9/13/08		27		16		7.8		0		0		16		7.8

		9/13/08		28		23		10.4		0		0		23		10.4

		9/13/08		29		10		3.1		0		0		10		3.1

		9/13/08		30		6		3.3		0		0		6		3.3

		9/13/08		31		24		11.8		0		0		24		11.8

		9/13/08		32		21		9.9		0		0		21		9.9

		9/13/08		33		8		3.5		0		0		8		3.5

		9/13/08		34		19		6.8		0		0		19		6.8

		9/13/08		35		11		4.5		0		0		11		4.5

		9/13/08		36		35		14.3		1		0.4		36		14.7

		9/13/08		37		23		9.9		1		0.7		24		10.6

		9/13/08		38		18		8.1		0		0		18		8.1

		9/13/08		39		13		4.4		0		0		13		4.4

		9/13/08		40		27		10.4		0		0		27		10.4

		9/13/08		41		16		3.2		0		0		16		3.2

		9/13/08		42		27		10.6		0		0		27		10.6

		9/13/08		43		19		3.7		0		0		19		3.7

		9/13/08		44		21		9.2		0		0		21		9.2

		9/13/08		45		11		3.85		0		0		11		3.85

		9/13/08		46		15		7.6		0		0		15		7.6

		9/13/08		47		13		6.6		0		0		13		6.6

		9/13/08		48		20		9.15		0		0		20		9.15

		9/27/08		1		36		7.2		0		0		36		7.2

		9/27/08		2		23		9.3		0		0		23		9.3

		9/27/08		3		19		7		0		0		19		7

		9/27/08		4		20		7.2		0		0		20		7.2

		9/27/08		5		28		12.1		0		0		28		12.1

		9/27/08		6		32		12.7		1		0.2		33		12.9

		9/27/08		7		13		5.1		0		0		13		5.1

		9/27/08		8		29		8.6		0		0		29		8.6

		9/27/08		9		22		9.5		0		0		22		9.5

		9/27/08		10		35		11.2		0		0		35		11.2

		9/27/08		11		31		13.8		0		0		31		13.8

		9/27/08		12		71		17.8		0		0		71		17.8

		9/27/08		13		20		7.6		1		0.3		21		7.9

		9/27/08		14		51		21.8		0		0		51		21.8

		9/27/08		15		17		6.7		0		0		17		6.7

		9/27/08		16		23		10.5		0		0		23		10.5

		9/27/08		17		43		14.4		0		0		43		14.4

		9/27/08		18		31		13.3		0		0		31		13.3

		9/27/08		19		19		6.6		0		0		19		6.6

		9/27/08		20		32		14.1		0		0		32		14.1

		9/27/08		21		16		5.8		0		0		16		5.8

		9/27/08		22		18		7.5		0		0		18		7.5

		9/27/08		23		13		6.1		0		0		13		6.1

		9/27/08		24		25		6.7		1		0.2		26		6.9

		9/27/08		25		21		8.1		0		0		21		8.1

		9/27/08		26		28		8.2		0		0		28		8.2

		9/27/08		27		22		7.1		0		0		22		7.1

		9/27/08		28		31		7.7		0		0		31		7.7

		9/27/08		29		25		6.7		0		0		25		6.7

		9/27/08		30		44		13.1		0		0		44		13.1

		9/27/08		31		12		4.9		0		0		12		4.9

		9/27/08		32		45		13.1		0		0		45		13.1

		9/27/08		33		26		7.2		1		0.3		27		7.5

		9/27/08		34		42		11.6		0		0		42		11.6

		9/27/08		35		22		9.4		0		0		22		9.4

		9/27/08		36		27		9.8		0		0		27		9.8

		9/27/08		37		27		9.9		0		0		27		9.9

		9/27/08		38		51		19.1		0		0		51		19.1

		9/27/08		39		24		7.7		0		0		24		7.7

		9/27/08		40		37		12.1		0		0		37		12.1

		9/27/08		41		18		6.5		0		0		18		6.5

		9/27/08		42		32		9.5		0		0		32		9.5

		9/27/08		43		25		7.6		0		0		25		7.6

		9/27/08		44		20		6.7		2		1.6		22		8.3

		9/27/08		45		30		10.1		0		0		30		10.1

		9/27/08		46		28		13.1		0		0		28		13.1

		9/27/08		47		21		7.8		0		0		21		7.8

		9/27/08		48		25		10.1		0		0		25		10.1

		**** more harvests added

		CLR 10/29/08





Cum Mkt

		39653		39653		0.11541		0.11541		0.11541		0.11541

		39658		39658		0.19944		0.19944		0.19944		0.19944

		39666		39666		0.27027		0.27027		0.27027		0.27027

		39671		39671		0.31311		0.31311		0.31311		0.31311

		39673		39673		0.40806		0.40806		0.40806		0.40806

		39678		39678		0.43344		0.43344		0.43344		0.43344

		39687		39687		0.54081		0.54081		0.54081		0.54081

		39698		39698		0.94089		0.94089		0.94089		0.94089

		39704		39704		0.97416		0.97416		0.97416		0.97416

		39718		39718		1.01436		1.01436		1.01436		1.01436

		39728		39728		1.06287		1.06287		1.06287		1.06287

		39735		39735		1.14936		1.14936		1.14936		1.14936

		39744		39744		1.35825		1.35825		1.35825		1.35825



Non-grafted

Maxifort

Cumulative marketable yield (tons/acre)

Lancaster County - Main Effects: Grafting

0.94875

0.890625

3.989375

3.2475

6.203375

5.41875

9.194625

8.468125

11.610875

11.35375

17.473375

17.765

24.263375

26.9

33.615875

38.65125

35.3615

41.361875

37.79775

44.796875

39.4665

46.864375

42.30025

50.393125

46.52525

55.915625



Plot it

		

				1= No		1= 18"		1=Non

				2= Vapam		2= 24"		2=Max

						3= 36"

		Marketable Fruit Wt (lbs) date by date

		Rep		Fumigation		Spacing		Rootstock		Plot ID		7/24/08		7/29/08		8/6/08		8/11/08		8/13/08		8/18/08		8/27/08		9/12/08		9/13/08		9/27/08		10/7/08		10/14/08		10/23/08												7/24/08		7/29/08		8/6/08		8/11/08		8/13/08		8/18/08		8/27/08		9/7/08		9/13/08		9/27/08		10/7/08		10/14/08		10/23/08

		1		1		1		1		1		7.05		21.9		5.9		13.2		8.25		18.6		13.5		18.5		4.7		7.2		7.4		9.2		10.1										Non-grafted		3.1625		10.1354166667		7.38		9.9708333333		8.0541666667		19.5416666667		22.6333333333		31.175		5.81875		8.1208333333		5.5625		9.4458333333		14.0833333333

		1		1		1		2		2		3.75		15.4		2.3		15.9		16		25.6		24		26		7.5		9.3		7.1		12.1		3										Maxifort		2.96875		7.85625		7.2375		10.1645833333		9.61875		21.3708333333		30.45		39.1708333333		9.0354166667		11.45		6.8916666667		11.7625		18.4083333333

		1		1		3		1		3		5.55		13.8		3.9		10.35		8.85		12.3		14		24		6.5		7		2.6		8.9		4.3

		1		1		3		2		4		2.35		7.75		6.15		4.95		9.3		27.7		28		62.8		7.3		7.2		6.8		10.6		10										SE		0.3847		0.5672		0.5241		0.4353		0.6308		1.0932		1.1835		2.1729		0.6422		0.5195		0.4482		0.8772		1.6586

		1		1		2		1		5		2.5		17.5		4.05		7.25		10.4		14.3		29		33.1		5.3		12.1		4.6		14.4		20.2

		1		1		2		2		6		4.1		7.3		5.2		7.55		13.7		16.5		26.2		31.1		12.2		12.7		7.1		10.1		3.6												0.94875		3.040625		2.214		2.99125		2.41625		5.8625		6.79		9.3525		1.745625		2.43625		1.66875		2.83375		4.225

		2		1		3		1		7		2.85		10.8		3.35		11.3		4.6		9.9		19.5		32.6		11.9		5.1		2.9		2.1		6.2												0.890625		2.356875		2.17125		3.049375		2.885625		6.41125		9.135		11.75125		2.710625		3.435		2.0675		3.52875		5.5225

		2		1		3		2		8		0.8		4.25		4.1		9.4		10.35		16.8		26.5		59.2		19.5		8.6		5.7		14.3		18.2

		2		1		2		1		9		2.9		15.25		1.95		10.45		5.05		21		18		57.3		11.3		9.5		4.7		7.9		13.1												0.11541		0.17016		0.15723		0.13059		0.18924		0.32796		0.35505		0.65187		0.19266		0.15585		0.13446		0.26316		0.49758

		2		1		2		2		10		7.8		7.2		4.35		8.9		3.4		22.7		36.1		44.6		13.8		11.2		5.8		8.4		10

		2		1		1		1		11		2.6		14.2		4.9		10.5		12.4		20.4		25.4		32		7.2		13.8		6.7		12.2		18.6

		2		1		1		2		12		2.05		12.1		7.6		9.95		11.15		16.1		39.2		56		11.2		17.8		11.7		17.6		17.2

		3		1		2		1		13		4.15		7.45		10.45		14.65		5.75		15		15.5		29		5.8		7.6		5.2		3.7		5

		3		1		2		2		14		2.3		6.2		11.15		14.4		7.8		20.5		36		47		14.4		21.8		9.5		4.3		17.3

		3		1		1		1		15		2.75		8.05		16.15		11.2		10.65		26.2		13.2		31		10.5		6.7		4.4		6.5		9.1

		3		1		1		2		16		7.6		5.3		11.25		15.15		5		29		35.1		36		2.1		10.5		4.6		4.3		5.3

		3		1		3		1		17		3.15		5.25		6.85		7.3		4.65		31.1		19.2		33		3.9		14.4		7.1		8.2		11.3

		3		1		3		2		18		1.5		2.05		10.6		10.4		5.85		15.2		20		23.4		3.5		13.3		12.6		13.6		15.1

		4		1		1		1		19		1.85		7.4		7.4		12.1		6.55		16.4		30		54.1		4.2		6.6		11		13.1		20.2

		4		1		1		2		20		1.4		6.6		4.9		10.6		8.75		24.7		41.2		27		3.1		14.1		5.7		12.3		28.2

		4		1		3		1		21		1.15		2.25		3.72		7.2		6.15		34.6		29		31		2.9		5.8		3.05		3.1		5

		4		1		3		2		22		1.6		3.45		5		12.5		7.35		34.2		30		48		4.7		7.5		6		12.5		32

		4		1		2		1		23		3.15		4.05		12.15		12.5		7.9		18		22.2		32.1		0.6		6.1		7.05		10.4		17

		4		1		2		2		24		0.7		5.05		7.3		13.85		13.55		19.9		33		31		10.9		6.7		5.2		27.7		58.4

		5		2		1		1		25		3.2		19.8		5.55		6.95		6.3		12.6		14		19.2		2.5		8.1		5.1		14.7		13

		5		2		1		2		26		4.25		23.45		6.85		11.9		17.7		24.9		17		29		6.9		8.2		7.2		17.7		6.1

		5		2		3		1		27		3		11		5.3		9.5		7.7		12.9		14		28.5		7.8		7.1		3.6		10.8		12.1

		5		2		3		2		28		0.45		6.05		2.35		10		5.75		15.1		25		47		10.4		7.7		6.1		10.9		18.1

		5		2		2		1		29		4.9		15.9		2.95		11.3		11.5		26.8		29		26.5		3.1		6.7		1.9		5.4		7

		5		2		2		2		30		1.95		16.2		5.5		16.65		13		19.1		34.5		33.7		3.3		13.1		4.5		10.6		11.1

		6		2		3		1		31		1.55		5.5		2.4		10.5		6.7		10.4		25		33		11.8		4.9		1.7		15.1		13.2

		6		2		3		2		32		2.55		7.5		2.75		8.15		11.8		12.9		14.5		65.4		9.9		13.1		4.8		8.5		10.2

		6		2		2		1		33		4.9		15.5		7.55		10.05		10.15		11.6		19.1		31		3.5		7.2		3.2		5.4		7.3

		6		2		2		2		34		4.8		11.3		9.35		7		12.3		15.4		27.1		32.5		6.8		11.6		8		9.3		6.3

		6		2		1		1		35		5.55		14.05		6		11.1		8.15		24.1		29.5		30		4.5		9.4		7.7		14.1		16.1

		6		2		1		2		36		8.3		13.7		7.1		7.8		8.4		16.6		37.2		32.5		14.3		9.8		4.5		9.1		14.2

		7		2		2		1		37		2.4		5.5		11.75		9.35		6.6		15.6		21.2		32		9.9		9.9		7.1		9.4		19.3

		7		2		2		2		38		2.75		6		5.8		11.8		10.25		21.9		26.2		24		8.1		19.1		9.6		8.9		20.1

		7		2		1		1		39		5.65		3.8		16.35		5.2		6.3		26.7		28		33		4.4		7.7		10.2		11.2		22.5

		7		2		1		2		40		2.65		8.65		23.55		5.8		5.65		22.7		54		46.4		10.4		12.1		4.5		7.1		20.3

		7		2		3		1		41		3		4.45		11.55		7.05		10.25		18.7		31		31		3.2		6.5		7.2		8.4		6.2

		7		2		3		2		42		0.6		4.35		9.35		6.15		6.1		17.7		24.2		23.2		10.6		9.5		7.2		7.6		10

		8		2		1		1		43		0.9		8.85		10.65		9.3		11.5		24.8		34.7		28		3.7		7.6		5.4		6.9		18.6

		8		2		1		2		44		1.2		3.1		10.35		9.3		9.3		23.5		43.3		55.3		9.2		6.7		7.5		16.9		25

		8		2		3		1		45		0.55		3.95		4.15		12.3		5.95		23.5		18.1		23.1		3.85		10.1		4.2		7.7		15.3

		8		2		3		2		46		5.55		4.5		7.1		9.6		12.7		16.5		24		30		7.6		13.1		9.5		14.1		22

		8		2		2		1		47		0.65		7.05		12.15		8.7		11		23.5		31.1		25.2		6.6		7.8		9.5		17.9		47.3

		8		2		2		2		48		0.25		1.1		3.75		6.25		5.7		37.7		28.5		29		9.15		10.1		4.2		13.8		60.1

		Cumulative Marketable Fruit Wt (lbs)

		Rep		Fumigation		Spacing		Rootstock		Plot ID		7/24/08		7/29/08		8/6/08		8/11/08		8/13/08		8/18/08		8/27/08		9/12/08		9/13/08		9/27/08		10/7/08		10/14/08		10/23/08				Avg Fruit Size								7/24/08		7/29/08		8/6/08		8/11/08		8/13/08		8/18/08		8/27/08		9/7/08		9/13/08		9/27/08		10/7/08		10/14/08		10/23/08

		1		1		1		1		1		7.05		28.95		34.85		48.05		56.3		74.9		88.4		106.9		111.6		118.8		126.2		135.4		145.5				0.4279411765						Non-grafted		0.94875		3.989375		6.203375		9.194625		11.610875		17.473375		24.263375		33.615875		35.3615		37.79775		39.4665		42.30025		46.52525

		1		1		1		2		2		3.75		19.15		21.45		37.35		53.35		78.95		102.95		128.95		136.45		145.75		152.85		164.95		167.95				0.4652354571						Maxifort		0.890625		3.2475		5.41875		8.468125		11.35375		17.765		26.9		38.65125		41.361875		44.796875		46.864375		50.393125		55.915625

		1		1		3		1		3		5.55		19.35		23.25		33.6		42.45		54.75		68.75		92.75		99.25		106.25		108.85		117.75		122.05				0.4862549801

		1		1		3		2		4		2.35		10.1		16.25		21.2		30.5		58.2		86.2		149		156.3		163.5		170.3		180.9		190.9				0.4796482412						SE		0.11541		0.19944		0.27027		0.31311		0.40806		0.43344		0.54081		0.94089		0.97416		1.01436		1.06287		1.14936		1.35825

		1		1		2		1		5		2.5		20		24.05		31.3		41.7		56		85		118.1		123.4		135.5		140.1		154.5		174.7				0.4549479167										*										*		*		*		*		*		*		*

		1		1		2		2		6		4.1		11.4		16.6		24.15		37.85		54.35		80.55		111.65		123.85		136.55		143.65		153.75		157.35				0.4560869565

		2		1		3		1		7		2.85		13.65		17		28.3		32.9		42.8		62.3		94.9		106.8		111.9		114.8		116.9		123.1				0.4771317829

		2		1		3		2		8		0.8		5.05		9.15		18.55		28.9		45.7		72.2		131.4		150.9		159.5		165.2		179.5		197.7				0.49425

		2		1		2		1		9		2.9		18.15		20.1		30.55		35.6		56.6		74.6		131.9		143.2		152.7		157.4		165.3		178.4				0.543902439

		2		1		2		2		10		7.8		15		19.35		28.25		31.65		54.35		90.45		135.05		148.85		160.05		165.85		174.25		184.25				0.520480226

		2		1		1		1		11		2.6		16.8		21.7		32.2		44.6		65		90.4		122.4		129.6		143.4		150.1		162.3		180.9				0.4380145278

		2		1		1		2		12		2.05		14.15		21.75		31.7		42.85		58.95		98.15		154.15		165.35		183.15		194.85		212.45		229.65				0.4485351563

		3		1		2		1		13		4.15		11.6		22.05		36.7		42.45		57.45		72.95		101.95		107.75		115.35		120.55		124.25		129.25				0.4632616487

		3		1		2		2		14		2.3		8.5		19.65		34.05		41.85		62.35		98.35		145.35		159.75		181.55		191.05		195.35		212.65				0.491108545

		3		1		1		1		15		2.75		10.8		26.95		38.15		48.8		75		88.2		119.2		129.7		136.4		140.8		147.3		156.4				0.4332409972

		3		1		1		2		16		7.6		12.9		24.15		39.3		44.3		73.3		108.4		144.4		146.5		157		161.6		165.9		171.2				0.4481675393

		3		1		3		1		17		3.15		8.4		15.25		22.55		27.2		58.3		77.5		110.5		114.4		128.8		135.9		144.1		155.4				0.451744186

		3		1		3		2		18		1.5		3.55		14.15		24.55		30.4		45.6		65.6		89		92.5		105.8		118.4		132		147.1				0.471474359

		4		1		1		1		19		1.85		9.25		16.65		28.75		35.3		51.7		81.7		135.8		140		146.6		157.6		170.7		190.9				0.4760598504

		4		1		1		2		20		1.4		8		12.9		23.5		32.25		56.95		98.15		125.15		128.25		142.35		148.05		160.35		188.55				0.4847043702

		4		1		3		1		21		1.15		3.4		7.12		14.32		20.47		55.07		84.07		115.07		117.97		123.77		126.82		129.92		134.92				0.4835842294

		4		1		3		2		22		1.6		5.05		10.05		22.55		29.9		64.1		94.1		142.1		146.8		154.3		160.3		172.8		204.8				0.5417989418

		4		1		2		1		23		3.15		7.2		19.35		31.85		39.75		57.75		79.95		112.05		112.65		118.75		125.8		136.2		153.2				0.4573134328

		4		1		2		2		24		0.7		5.75		13.05		26.9		40.45		60.35		93.35		124.35		135.25		141.95		147.15		174.85		233.25				0.4983974359

		5		2		1		1		25		3.2		23		28.55		35.5		41.8		54.4		68.4		87.6		90.1		98.2		103.3		118		131				0.4267100977

		5		2		1		2		26		4.25		27.7		34.55		46.45		64.15		89.05		106.05		135.05		141.95		150.15		157.35		175.05		181.15				0.4495037221

		5		2		3		1		27		3		14		19.3		28.8		36.5		49.4		63.4		91.9		99.7		106.8		110.4		121.2		133.3				0.4518644068

		5		2		3		2		28		0.45		6.5		8.85		18.85		24.6		39.7		64.7		111.7		122.1		129.8		135.9		146.8		164.9				0.432808399

		5		2		2		1		29		4.9		20.8		23.75		35.05		46.55		73.35		102.35		128.85		131.95		138.65		140.55		145.95		152.95				0.4620845921

		5		2		2		2		30		1.95		18.15		23.65		40.3		53.3		72.4		106.9		140.6		143.9		157		161.5		172.1		183.2				0.4872340426

		6		2		3		1		31		1.55		7.05		9.45		19.95		26.65		37.05		62.05		95.05		106.85		111.75		113.45		128.55		141.75				0.4308510638

		6		2		3		2		32		2.55		10.05		12.8		20.95		32.75		45.65		60.15		125.55		135.45		148.55		153.35		161.85		172.05				0.4752762431

		6		2		2		1		33		4.9		20.4		27.95		38		48.15		59.75		78.85		109.85		113.35		120.55		123.75		129.15		136.45				0.4277429467

		6		2		2		2		34		4.8		16.1		25.45		32.45		44.75		60.15		87.25		119.75		126.55		138.15		146.15		155.45		161.75				0.4395380435

		6		2		1		1		35		5.55		19.6		25.6		36.7		44.85		68.95		98.45		128.45		132.95		142.35		150.05		164.15		180.25				0.4191860465

		6		2		1		2		36		8.3		22		29.1		36.9		45.3		61.9		99.1		131.6		145.9		155.7		160.2		169.3		183.5				0.449754902

		7		2		2		1		37		2.4		7.9		19.65		29		35.6		51.2		72.4		104.4		114.3		124.2		131.3		140.7		160				0.4060913706

		7		2		2		2		38		2.75		8.75		14.55		26.35		36.6		58.5		84.7		108.7		116.8		135.9		145.5		154.4		174.5				0.4351620948

		7		2		1		1		39		5.65		9.45		25.8		31		37.3		64		92		125		129.4		137.1		147.3		158.5		181				0.4013303769

		7		2		1		2		40		2.65		11.3		34.85		40.65		46.3		69		123		169.4		179.8		191.9		196.4		203.5		223.8				0.4567346939

		7		2		3		1		41		3		7.45		19		26.05		36.3		55		86		117		120.2		126.7		133.9		142.3		148.5				0.4486404834

		7		2		3		2		42		0.6		4.95		14.3		20.45		26.55		44.25		68.45		91.65		102.25		111.75		118.95		126.55		136.55				0.4163109756

		8		2		1		1		43		0.9		9.75		20.4		29.7		41.2		66		100.7		128.7		132.4		140		145.4		152.3		170.9				0.4219753086

		8		2		1		2		44		1.2		4.3		14.65		23.95		33.25		56.75		100.05		155.35		164.55		171.25		178.75		195.65		220.65				0.50261959

		8		2		3		1		45		0.55		4.5		8.65		20.95		26.9		50.4		68.5		91.6		95.45		105.55		109.75		117.45		132.75				0.4546232877

		8		2		3		2		46		5.55		10.05		17.15		26.75		39.45		55.95		79.95		109.95		117.55		130.65		140.15		154.25		176.25				0.5007102273

		8		2		2		1		47		0.65		7.7		19.85		28.55		39.55		63.05		94.15		119.35		125.95		133.75		143.25		161.15		208.45				0.4245417515

		8		2		2		2		48		0.25		1.35		5.1		11.35		17.05		54.75		83.25		112.25		121.4		131.5		135.7		149.5		209.6				0.499047619

		Marketable Fruit Number date by date

		Rep		Fumigation		Spacing		Rootstock		Plot ID		7/24/08		7/29/08		8/6/08		8/11/08		8/13/08		8/18/08		8/27/08		9/12/08		9/13/08		9/27/08		10/7/08		10/14/08		10/23/08

		1		1		1		1		1		13		44		13		30		19		40		26		21		11		36		21		34		32

		1		1		1		2		2		8		30		5		31		31		51		47		48		18		23		20		39		10

		1		1		3		1		3		10		31		9		22		18		23		28		32		11		19		7		30		11

		1		1		3		2		4		5		16		13		10		17		42		55		125		11		20		18		34		32

		1		1		2		1		5		3		34		10		15		19		28		54		62		11		28		16		42		62

		1		1		2		2		6		10		17		13		15		25		33		47		58		29		32		25		29		12

		2		1		3		1		7		5		24		8		24		10		18		34		60		27		13		9		8		18

		2		1		3		2		8		2		7		8		20		19		28		47		90		46		29		14		39		51

		2		1		2		1		9		5		29		6		21		11		39		29		68		22		22		13		22		41

		2		1		2		2		10		10		12		9		16		6		40		61		76		28		35		7		24		30

		2		1		1		1		11		5		31		12		20		25		39		47		68		19		31		21		37		58

		2		1		1		2		12		5		22		15		19		21		32		69		105		18		71		30		52		53

		3		1		2		1		13		8		13		24		31		13		31		34		49		15		20		13		13		15

		3		1		2		2		14		3		11		21		30		18		35		59		79		32		51		27		15		52

		3		1		1		1		15		6		15		35		28		21		59		29		67		24		17		10		21		29

		3		1		1		2		16		12		12		25		33		11		61		85		68		7		23		13		15		17

		3		1		3		1		17		4		11		17		12		10		56		36		68		7		43		23		24		33

		3		1		3		2		18		3		3		21		21		12		26		36		45		8		31		34		30		42

		4		1		1		1		19		3		14		16		25		15		37		63		64		13		19		28		44		60

		4		1		1		2		20		2		11		13		27		17		51		57		50		10		32		15		28		76

		4		1		3		1		21		3		6		9		17		13		50		60		60		10		16		9		10		16

		4		1		3		2		22		2		7		12		24		15		45		51		70		9		18		15		27		83

		4		1		2		1		23		6		10		30		28		15		35		39		65		2		13		16		27		49

		4		1		2		2		24		2		8		16		24		21		35		56		60		23		25		11		54		133

		5		2		1		1		25		8		43		15		16		12		23		27		34		6		21		18		42		42

		5		2		1		2		26		10		41		14		26		42		53		34		50		18		28		23		45		19

		5		2		3		1		27		5		21		12		19		17		27		29		50		16		22		8		32		37

		5		2		3		2		28		1		10		8		17		11		27		47		87		23		31		18		30		71

		5		2		2		1		29		8		36		9		20		29		51		56		34		10		25		6		18		29

		5		2		2		2		30		7		28		14		30		26		41		22		69		6		44		17		38		34

		6		2		3		1		31		4		14		6		21		16		20		52		68		24		12		6		41		45

		6		2		3		2		32		4		12		8		15		18		21		26		114		21		45		15		28		35

		6		2		2		1		33		8		36		17		24		22		27		37		67		8		26		10		17		20

		6		2		2		2		34		8		21		18		14		24		31		52		69		19		42		23		25		22

		6		2		1		1		35		12		29		14		22		18		53		68		60		11		22		24		40		57

		6		2		1		2		36		13		25		17		14		17		33		75		62		35		27		18		26		46

		7		2		2		1		37		4		11		25		28		13		36		47		62		23		27		23		27		68

		7		2		2		2		38		5		12		10		24		22		48		58		40		18		51		28		26		59

		7		2		1		1		39		10		8		36		12		15		56		59		63		13		24		32		32		91

		7		2		1		2		40		3		14		43		14		11		44		105		90		27		37		15		28		59

		7		2		3		1		41		4		8		24		15		19		38		60		63		16		18		22		25		19

		7		2		3		2		42		2		8		18		13		12		38		52		49		27		32		23		20		34

		8		2		1		1		43		2		17		22		20		25		54		60		63		19		25		17		20		61

		8		2		1		2		44		3		7		20		22		18		41		81		65		21		20		19		41		81

		8		2		3		1		45		1		9		9		25		11		45		28		40		11		30		10		25		48

		8		2		3		2		46		12		8		15		16		21		29		37		50		15		28		24		30		67

		8		2		2		1		47		2		15		28		21		23		46		57		60		13		21		24		45		136

		8		2		2		2		48		1		2		7		12		9		49		54		60		20		25		10		35		136

		Cumulative Marketable Fruit Number

		Rep		Fumigation		Spacing		Rootstock		Plot ID		7/24/08		7/29/08		8/6/08		8/11/08		8/13/08		8/18/08		8/27/08		9/12/08		9/13/08		9/27/08		10/7/08		10/14/08		10/23/08

		1		1		1		1		1		13		57		70		100		119		159		185		206		217		253		274		308		340

		1		1		1		2		2		8		38		43		74		105		156		203		251		269		292		312		351		361

		1		1		3		1		3		10		41		50		72		90		113		141		173		184		203		210		240		251

		1		1		3		2		4		5		21		34		44		61		103		158		283		294		314		332		366		398

		1		1		2		1		5		3		37		47		62		81		109		163		225		236		264		280		322		384

		1		1		2		2		6		10		27		40		55		80		113		160		218		247		279		304		333		345

		2		1		3		1		7		5		29		37		61		71		89		123		183		210		223		232		240		258

		2		1		3		2		8		2		9		17		37		56		84		131		221		267		296		310		349		400

		2		1		2		1		9		5		34		40		61		72		111		140		208		230		252		265		287		328

		2		1		2		2		10		10		22		31		47		53		93		154		230		258		293		300		324		354

		2		1		1		1		11		5		36		48		68		93		132		179		247		266		297		318		355		413

		2		1		1		2		12		5		27		42		61		82		114		183		288		306		377		407		459		512

		3		1		2		1		13		8		21		45		76		89		120		154		203		218		238		251		264		279

		3		1		2		2		14		3		14		35		65		83		118		177		256		288		339		366		381		433

		3		1		1		1		15		6		21		56		84		105		164		193		260		284		301		311		332		361

		3		1		1		2		16		12		24		49		82		93		154		239		307		314		337		350		365		382

		3		1		3		1		17		4		15		32		44		54		110		146		214		221		264		287		311		344

		3		1		3		2		18		3		6		27		48		60		86		122		167		175		206		240		270		312

		4		1		1		1		19		3		17		33		58		73		110		173		237		250		269		297		341		401

		4		1		1		2		20		2		13		26		53		70		121		178		228		238		270		285		313		389

		4		1		3		1		21		3		9		18		35		48		98		158		218		228		244		253		263		279

		4		1		3		2		22		2		9		21		45		60		105		156		226		235		253		268		295		378

		4		1		2		1		23		6		16		46		74		89		124		163		228		230		243		259		286		335

		4		1		2		2		24		2		10		26		50		71		106		162		222		245		270		281		335		468

		5		2		1		1		25		8		51		66		82		94		117		144		178		184		205		223		265		307

		5		2		1		2		26		10		51		65		91		133		186		220		270		288		316		339		384		403

		5		2		3		1		27		5		26		38		57		74		101		130		180		196		218		226		258		295

		5		2		3		2		28		1		11		19		36		47		74		121		208		231		262		280		310		381

		5		2		2		1		29		8		44		53		73		102		153		209		243		253		278		284		302		331

		5		2		2		2		30		7		35		49		79		105		146		168		237		243		287		304		342		376

		6		2		3		1		31		4		18		24		45		61		81		133		201		225		237		243		284		329

		6		2		3		2		32		4		16		24		39		57		78		104		218		239		284		299		327		362

		6		2		2		1		33		8		44		61		85		107		134		171		238		246		272		282		299		319

		6		2		2		2		34		8		29		47		61		85		116		168		237		256		298		321		346		368

		6		2		1		1		35		12		41		55		77		95		148		216		276		287		309		333		373		430

		6		2		1		2		36		13		38		55		69		86		119		194		256		291		318		336		362		408

		7		2		2		1		37		4		15		40		68		81		117		164		226		249		276		299		326		394

		7		2		2		2		38		5		17		27		51		73		121		179		219		237		288		316		342		401

		7		2		1		1		39		10		18		54		66		81		137		196		259		272		296		328		360		451

		7		2		1		2		40		3		17		60		74		85		129		234		324		351		388		403		431		490

		7		2		3		1		41		4		12		36		51		70		108		168		231		247		265		287		312		331

		7		2		3		2		42		2		10		28		41		53		91		143		192		219		251		274		294		328

		8		2		1		1		43		2		19		41		61		86		140		200		263		282		307		324		344		405

		8		2		1		2		44		3		10		30		52		70		111		192		257		278		298		317		358		439

		8		2		3		1		45		1		10		19		44		55		100		128		168		179		209		219		244		292

		8		2		3		2		46		12		20		35		51		72		101		138		188		203		231		255		285		352

		8		2		2		1		47		2		17		45		66		89		135		192		252		265		286		310		355		491

		8		2		2		2		48		1		3		10		22		31		80		134		194		214		239		249		284		420





Cum Spacing

		39653		39653		39653		0.1428		0.1428		0.1428		0.1428		0.1428		0.1428

		39658		39658		39658		0.30897		0.30897		0.30897		0.30897		0.30897		0.30897

		39666		39666		39666		0.37107		0.37107		0.37107		0.37107		0.37107		0.37107

		39671		39671		39671		0.43272		0.43272		0.43272		0.43272		0.43272		0.43272

		39673		39673		39673		0.53493		0.53493		0.53493		0.53493		0.53493		0.53493

		39678		39678		39678		0.72723		0.72723		0.72723		0.72723		0.72723		0.72723

		39687		39687		39687		0.94083		0.94083		0.94083		0.94083		0.94083		0.94083

		39698		39698		39698		1.2819		1.2819		1.2819		1.2819		1.2819		1.2819

		39704		39704		39704		1.29246		1.29246		1.29246		1.29246		1.29246		1.29246

		39718		39718		39718		1.24701		1.24701		1.24701		1.24701		1.24701		1.24701

		39728		39728		39728		1.17003		1.17003		1.17003		1.17003		1.17003		1.17003

		39735		39735		39735		1.06524		1.06524		1.06524		1.06524		1.06524		1.06524

		39744		39744		39744		1.47924		1.47924		1.47924		1.47924		1.47924		1.47924



18"

24"

36"

Cumulative marketable yield (tons/acre)

Lancaster County - Main Effects: Plant Spacing

1.1390625

0.94125

0.67875

4.633125

3.7265625

2.495625

7.385625

5.8903125

4.15725

10.4971875

9.09

6.9069375

13.348125

11.8659375

9.232875

19.965

17.8565625

15.036

28.951875

25.9696875

21.8235

39.339375

36.0778125

32.9835

41.334375

38.416875

35.3338125

44.251875

41.664375

37.9756875

46.3275

43.4859375

39.682875

49.79625

46.6284375

42.615375

54.436875

52.6865625

46.537875



main weight
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Marketable yield (tons/acre)

Lancaster County - Main Effects

54.4368

52.6866

46.5378

46.5252

55.9155



All
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Marketable yield (tons/acre)

Lancaster County - 2008

50.1318

48.5025

40.9413

58.7418

56.8707

52.1343



number
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Marketable fruit number

Lancaster County - Main Effects

405.75

376.625

330.625

347.833

394.167



Size

		18"

		24"

		36"

		Non

		Maxifort



Avg fruit weight (lbs)

Lancaster County - Main Effects

0.447

0.467

0.469

0.449

0.473



per plant

		18"
Non-grafted

		24"

		36"

		18"
Maxifort

		24"

		36"



Marketable yield (lbs/plant)

Lancaster County - 2008

6.266475

8.08375

10.235325

7.342725

9.47845

13.033575



Sheet3

		

		Cumulative Marketable Fruit Wt (lbs)

		Rep		Fumigation		Spacing		Rootstock		Plot ID		7/24/08		7/29/08		8/6/08		8/11/08		8/13/08		8/18/08		8/27/08		9/12/08		9/13/08		9/27/08		10/7/08		10/14/08		10/23/08								7/24/08		7/29/08		8/6/08		8/11/08		8/13/08		8/18/08		8/27/08		9/7/08		9/13/08		9/27/08		10/7/08		10/14/08		10/23/08

		1		1		1		1		1		7.05		28.95		34.85		48.05		56.3		74.9		88.4		106.9		111.6		118.8		126.2		135.4		145.5						18"		1.1390625		4.633125		7.385625		10.4971875		13.348125		19.965		28.951875		39.339375		41.334375		44.251875		46.3275		49.79625		54.436875

		1		1		1		2		2		3.75		19.15		21.45		37.35		53.35		78.95		102.95		128.95		136.45		145.75		152.85		164.95		167.95						24"		0.94125		3.7265625		5.8903125		9.09		11.8659375		17.8565625		25.9696875		36.0778125		38.416875		41.664375		43.4859375		46.6284375		52.6865625

		2		1		1		1		11		2.6		16.8		21.7		32.2		44.6		65		90.4		122.4		129.6		143.4		150.1		162.3		180.9						36"		0.67875		2.495625		4.15725		6.9069375		9.232875		15.036		21.8235		32.9835		35.3338125		37.9756875		39.682875		42.615375		46.537875

		2		1		1		2		12		2.05		14.15		21.75		31.7		42.85		58.95		98.15		154.15		165.35		183.15		194.85		212.45		229.65

		3		1		1		1		15		2.75		10.8		26.95		38.15		48.8		75		88.2		119.2		129.7		136.4		140.8		147.3		156.4						SE		0.1428		0.30897		0.37107		0.43272		0.53493		0.72723		0.94083		1.2819		1.29246		1.24701		1.17003		1.06524		1.47924

		3		1		1		2		16		7.6		12.9		24.15		39.3		44.3		73.3		108.4		144.4		146.5		157		161.6		165.9		171.2

		4		1		1		1		19		1.85		9.25		16.65		28.75		35.3		51.7		81.7		135.8		140		146.6		157.6		170.7		190.9

		4		1		1		2		20		1.4		8		12.9		23.5		32.25		56.95		98.15		125.15		128.25		142.35		148.05		160.35		188.55

		5		2		1		1		25		3.2		23		28.55		35.5		41.8		54.4		68.4		87.6		90.1		98.2		103.3		118		131								tons/acre

		5		2		1		2		26		4.25		27.7		34.55		46.45		64.15		89.05		106.05		135.05		141.95		150.15		157.35		175.05		181.15						18"		54.4368

		6		2		1		1		35		5.55		19.6		25.6		36.7		44.85		68.95		98.45		128.45		132.95		142.35		150.05		164.15		180.25						24"		52.6866

		6		2		1		2		36		8.3		22		29.1		36.9		45.3		61.9		99.1		131.6		145.9		155.7		160.2		169.3		183.5						36"		46.5378

		7		2		1		1		39		5.65		9.45		25.8		31		37.3		64		92		125		129.4		137.1		147.3		158.5		181

		7		2		1		2		40		2.65		11.3		34.85		40.65		46.3		69		123		169.4		179.8		191.9		196.4		203.5		223.8						Non		46.5252

		8		2		1		1		43		0.9		9.75		20.4		29.7		41.2		66		100.7		128.7		132.4		140		145.4		152.3		170.9						Maxifort		55.9155

		8		2		1		2		44		1.2		4.3		14.65		23.95		33.25		56.75		100.05		155.35		164.55		171.25		178.75		195.65		220.65										tons/acre		lbs/plant

		1		1		2		1		5		2.5		20		24.05		31.3		41.7		56		85		118.1		123.4		135.5		140.1		154.5		174.7						Non-grafted		18"		50.1318		6.266475

		1		1		2		2		6		4.1		11.4		16.6		24.15		37.85		54.35		80.55		111.65		123.85		136.55		143.65		153.75		157.35								24"		48.5025		8.08375

		2		1		2		1		9		2.9		18.15		20.1		30.55		35.6		56.6		74.6		131.9		143.2		152.7		157.4		165.3		178.4								36"		40.9413		10.235325

		2		1		2		2		10		7.8		15		19.35		28.25		31.65		54.35		90.45		135.05		148.85		160.05		165.85		174.25		184.25						Maxifort		18"		58.7418		7.342725

		3		1		2		1		13		4.15		11.6		22.05		36.7		42.45		57.45		72.95		101.95		107.75		115.35		120.55		124.25		129.25								24"		56.8707		9.47845

		3		1		2		2		14		2.3		8.5		19.65		34.05		41.85		62.35		98.35		145.35		159.75		181.55		191.05		195.35		212.65								36"		52.1343		13.033575

		4		1		2		1		23		3.15		7.2		19.35		31.85		39.75		57.75		79.95		112.05		112.65		118.75		125.8		136.2		153.2

		4		1		2		2		24		0.7		5.75		13.05		26.9		40.45		60.35		93.35		124.35		135.25		141.95		147.15		174.85		233.25

		5		2		2		1		29		4.9		20.8		23.75		35.05		46.55		73.35		102.35		128.85		131.95		138.65		140.55		145.95		152.95						18"		405.75

		5		2		2		2		30		1.95		18.15		23.65		40.3		53.3		72.4		106.9		140.6		143.9		157		161.5		172.1		183.2						24"		376.625

		6		2		2		1		33		4.9		20.4		27.95		38		48.15		59.75		78.85		109.85		113.35		120.55		123.75		129.15		136.45						36"		330.625

		6		2		2		2		34		4.8		16.1		25.45		32.45		44.75		60.15		87.25		119.75		126.55		138.15		146.15		155.45		161.75

		7		2		2		1		37		2.4		7.9		19.65		29		35.6		51.2		72.4		104.4		114.3		124.2		131.3		140.7		160						Non		347.833

		7		2		2		2		38		2.75		8.75		14.55		26.35		36.6		58.5		84.7		108.7		116.8		135.9		145.5		154.4		174.5						Maxifort		394.167

		8		2		2		1		47		0.65		7.7		19.85		28.55		39.55		63.05		94.15		119.35		125.95		133.75		143.25		161.15		208.45

		8		2		2		2		48		0.25		1.35		5.1		11.35		17.05		54.75		83.25		112.25		121.4		131.5		135.7		149.5		209.6

		1		1		3		1		3		5.55		19.35		23.25		33.6		42.45		54.75		68.75		92.75		99.25		106.25		108.85		117.75		122.05						18"		0.447

		1		1		3		2		4		2.35		10.1		16.25		21.2		30.5		58.2		86.2		149		156.3		163.5		170.3		180.9		190.9						24"		0.467

		2		1		3		1		7		2.85		13.65		17		28.3		32.9		42.8		62.3		94.9		106.8		111.9		114.8		116.9		123.1						36"		0.469

		2		1		3		2		8		0.8		5.05		9.15		18.55		28.9		45.7		72.2		131.4		150.9		159.5		165.2		179.5		197.7

		3		1		3		1		17		3.15		8.4		15.25		22.55		27.2		58.3		77.5		110.5		114.4		128.8		135.9		144.1		155.4						Non		0.449

		3		1		3		2		18		1.5		3.55		14.15		24.55		30.4		45.6		65.6		89		92.5		105.8		118.4		132		147.1						Maxifort		0.473

		4		1		3		1		21		1.15		3.4		7.12		14.32		20.47		55.07		84.07		115.07		117.97		123.77		126.82		129.92		134.92

		4		1		3		2		22		1.6		5.05		10.05		22.55		29.9		64.1		94.1		142.1		146.8		154.3		160.3		172.8		204.8

		5		2		3		1		27		3		14		19.3		28.8		36.5		49.4		63.4		91.9		99.7		106.8		110.4		121.2		133.3

		5		2		3		2		28		0.45		6.5		8.85		18.85		24.6		39.7		64.7		111.7		122.1		129.8		135.9		146.8		164.9

		6		2		3		1		31		1.55		7.05		9.45		19.95		26.65		37.05		62.05		95.05		106.85		111.75		113.45		128.55		141.75

		6		2		3		2		32		2.55		10.05		12.8		20.95		32.75		45.65		60.15		125.55		135.45		148.55		153.35		161.85		172.05

		7		2		3		1		41		3		7.45		19		26.05		36.3		55		86		117		120.2		126.7		133.9		142.3		148.5

		7		2		3		2		42		0.6		4.95		14.3		20.45		26.55		44.25		68.45		91.65		102.25		111.75		118.95		126.55		136.55

		8		2		3		1		45		0.55		4.5		8.65		20.95		26.9		50.4		68.5		91.6		95.45		105.55		109.75		117.45		132.75

		8		2		3		2		46		5.55		10.05		17.15		26.75		39.45		55.95		79.95		109.95		117.55		130.65		140.15		154.25		176.25
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Verticillium Wilt - Madison Co.
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		2009 Carson King Trial

		Rep		Trt		# Plants		# Vert		Vert Sev		Vert Incidence

		A		2		8		6		3		75

		A		3		6		5		2		83.3333333333

		A		4		4		2		2		50

		A		5		6		5		2		83.3333333333

		B		2		8		7		4		87.5

		B		3		6		2		1		33.3333333333

		B		4		4		2		1		50

		B		5		6		5		2		83.3333333333

		C		2		8		5		2		62.5

		C		3		6		3		1		50

		C		4		4		2		1		50

		C		5		6		4		1		66.6666666667

		D		2		8		6		3		75

		D		3		6		4		2		66.6666666667

		D		4		4		2		1		50

		D		5		6		5		1		83.3333333333

		2009 Carson King Trial

		Rep		Trt		# Plants		# Vert		Vert Sev		Vert Incidence				1 = Non-grafted (18")

		1		1		8		6		3		75				2 = Maxifort (24")

		1		2		6		5		2		83.3333333333				3 = Maxifort (36")

		1		3		4		2		2		50				4 = TMZQ702 (24")

		1		4		6		5		2		83.3333333333

		2		1		8		7		4		87.5

		2		2		6		2		1		33.3333333333

		2		3		4		2		1		50

		2		4		6		5		2		83.3333333333

		3		1		8		5		2		62.5

		3		2		6		3		1		50

		3		3		4		2		1		50

		3		4		6		4		1		66.6666666667

		4		1		8		6		3		75

		4		2		6		4		2		66.6666666667

		4		3		4		2		1		50

		4		4		6		5		1		83.3333333333
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Verticillium wilt incidence (% infected)

Verticillium Wilt - Madison Co.
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LSD at P = 0.05
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		Rep		Trt		# Plants		# Vert		Vert Sev		Vert Incidence
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		C		3		6		3		1		50
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		C		5		6		4		1		66.6666666667

		D		2		8		6		3		75

		D		3		6		4		2		66.6666666667

		D		4		4		2		1		50

		D		5		6		5		1		83.3333333333

		2009 Carson King Trial

		Rep		Trt		# Plants		# Vert		Vert Sev		Vert Incidence				1 = Non-grafted (18")

		1		1		8		6		3		75				2 = Maxifort (24")

		1		2		6		5		2		83.3333333333				3 = Maxifort (36")

		1		3		4		2		2		50				4 = TMZQ702 (24")

		1		4		6		5		2		83.3333333333

		2		1		8		7		4		87.5

		2		2		6		2		1		33.3333333333

		2		3		4		2		1		50

		2		4		6		5		2		83.3333333333

		3		1		8		5		2		62.5

		3		2		6		3		1		50

		3		3		4		2		1		50

		3		4		6		4		1		66.6666666667

		4		1		8		6		3		75

		4		2		6		4		2		66.6666666667

		4		3		4		2		1		50

		4		4		6		5		1		83.3333333333
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Verticillium wilt severity (1-5)

Verticillium Wilt - Madison Co.
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LSD at P = 0.05

Fruit Yield - Madison Co.
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Marketable fruit yield (t/acre)

Fruit Yield - Madison Co.

26.3084263049

33.5956516663

27.2431513513

24.2665512036



Graph

		

				t/acre				lbs/plot

		Non-grafted (18")		26.3084263049				72.475

		Maxifort (24")		33.5956516663				92.55

		Maxifort (36")		27.2431513513				75.05

		TMZQ702 (24")		24.2665512036				66.85
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Verticillium Wilt

MaxifortNon-grafted



(LEFT) Mt. Spring grafted onto Maxifort and not fumigated had 
large fruit weight (J,L,XL) similar to non grafted Mt. Spring 
planted in methyl bromide (MB) treated soils and both were 
superior to non-grafted and non-fumigated results. (RIGHT) 
Maxifort rootstock substantially reduced VW incidence but not 
was well as in MB treated plots. 

Fruit Weight - Jumbo, XL, L
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Symptom severity (P=0.11)

Incidence and severity of Verticillium wilt
On-Farm Research

Our first indication NC strains were probably not “race 2”)



Regional importance of various soilborne tomato pathogens in North Carolina
ECOLOGICAL ZONE

Pathogen Coastal 
Plain Piedmont Mountains Graft 

Potential
Verticillium dahliae race 1 ---- * *** ****
Verticillium dahliae race 2 ---- * **** **
Fus. oxy. f.sp. lycopersici race 0 or 1 **** **** **** ****
Fus. oxy. f.sp. lycopersici race 2 * ** **** **
Ralstonia solanacearum (race 1) **** *** * ****
Sclerotium rolfsii **** ** ---- ***
Phytophthora capsici *** *** *** *
Meloidogyne incognita **** ** * ****

Louws et al. 2010



Does grafting help if there is no disease pressure? 

It depends

Mills River Experiment: “New Land”; No fumigation



Cary L. Rivard, Ph.D.
Dept. of Horticulture and 
Natural Resources

Grafting to Increase Production 
for High Tunnel Tomato Growers



Gieringers Marketable and Total Fruit Weight



Scion/Rootstock Compatibility

(Loewen et al., 2018)



Growing New Roots
Grafting to Enhance Resiliency in U.S. Vegetable Industries

Pat Wechter, 
Richard Hassell
USDA-ARS, 
Clemson 
University 
U.S.VegetableLaboratory

Charleston, SC

Cucurbit
Working Group Report

Developing New Rootstocks for U.S.A



Incidence of Fusarium Wilt on Grafted and Non-Grafted ‘Fascination’ Inoculated 
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Know the problem:

Fusarium wilt?
Root knot nematode? 

Not-grafted 

grafted 



Carolina Strongback-
Rootstock
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Limited ROI in NC trials
• emerging data (specialty melons; FON)
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Phytophthora crown rot incidence on ‘Jupiter’ Bell Pepper grafted on 
New Resistant Rootstock in a Greenhouse Trial
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Use of Unrooted Grafted Vegetable Cuttings

PI: Chieri Kubota



Postharvest Evaluations
(Penny Perkins-Veazie, Xin Zhao)  
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Unique product lines for retail market







Grafting: Where will it serve you best? 
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