ATTACHMENT I

SECTION I

Impact Of Viruses On U.S. Tree Fruit Industry

Over 200 diseases of stone and pome fruit trees are caused by virus or virus-like agents (hereafter referred to as viruses).  Unlike other classes of plant pathogens, once viruses are introduced into trees in an orchard, the only practical options are to remove the diseased trees or to live with the consequences of those infections. Both options reduce farm income by either eliminating or limiting production and threaten the economic viability of U.S. fruit operations.  The key to reducing the impact of fruit tree viruses is to prevent their entry into the orchard.
 (PPV) arrived in this country for the first time three years ago.  Efforts to contain this virus are very costly to governments, to the industry, to our consumers and to the social fabric of our rural communities.  Jobs were lost as the need for laborers, farm inputs and product handling diminished, which then affected local businesses and those in the realm of public service.  Nurseries across the country suffered lost sales domestically and internationally as a result of mandated restrictions on movement of potential host species.  Without NRSP5 to safeguard importation and domestic movement of fruit trees, this type of incident would occur with much greater frequency.  The defensive role of NRSP5 is an important factor in meeting the American consumer’s need for an inexpensive, diverse, and nutritious food supply. The effect of virus infections in the orchard is real and varied.  Even viruses that produce no acute symptoms diminish income by several thousand dollars over the life of an orchard; this affects efficiencies and the ability of our growers to compete in the international market place.  These same viruses also affect nursery efficiencies because they reduce stands and growth of grafted trees.  These effects at the nursery and the orchard are insidious and often unnoticed.

On the other hand, some viruses induce severe diseases of quarantine significance, quickly upsetting the entire economic and social structure of industries, rural communities, and governments.  For example, Plum pox virus
Because of the perennial nature of fruit tree crops, and the abundance of uncharacterized virus-like agents, accurate data on the financial impact of viruses on fruit production is difficult to assess.  Impacts on Prunus are particularly difficult to evaluate because of the large number of viruses that infect orchards, including research blocks, thus preventing long term assessments (Cameron, 1977).  However, there are two publications that provide a firm foundation for virus effects that warrant further consideration.

Van Oosten et al. (1982) measured the effects of the three ‘latent’ viruses on a commercial ‘Golden Delicious’ apple blocks over a fourteen-year period.  These viruses (Apple chlorotic leafspot virus, Apple stem pitting virus and Apple stem pitting virus) are referred to as latent viruses because they do not produce acute symptoms on most commercial apple cultivars.  They are widespread in all apple production areas of the world.  The virus effects were then applied to a more contemporary cost analysis of a high density ‘Fuji’ orchard in Washington State (Hinman et al., 1998).  Over the duration of the van Oosten study, the viruses reduced the production of apples by 16.9%.  The total weight of prunings removed during this period was also reduced from 28.2 kg/tree to 21.2 kg/tree or 25.0%.  The application of chemicals and labor costs associated with fertilizer and pesticide applications would remain constant.  Therefore, only packing costs associated with reduced yield and pruning costs associated with reduced wood production would be decreased.  The results of our analysis are presented below (Figure 1).  This analysis DOES NOT consider the reduced financial returns associated with reduced fruit quality.  Two key elements are evident from this type of analysis: 1) since many costs of operation are fixed regardless of yield, in the most productive years, a reduction in yield of 16.9% results in a 48.9% reduction in the profit margin, and 2) an orchard with healthy trees is fully capitalized in the tenth year of operation, while an orchard with virus-infected trees is not generating a gross profit until year 17. 
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A similar approach was used to examine the impact of virus infection on peach production.  A study was reported in 1981 that followed the production of a peach orchard in California over 14 years (Heaton et al., 1981).  The number of trees infected with the endemic viruses Prunus necrotic ringspot ilarvirus and Prune dwarf ilarvirus were monitored, as well as the production from the healthy and virus-infected trees.  Again, the yield data was applied to a more contemporary model for determining the cost of production and the profitability of an orchard in South Carolina (Bauer et al., 1990).  Unlike the high density apple orchard in Washington State, no frost protection systems, trellis systems or irrigation systems were installed in the peach orchard resulting in much lower initial capital costs.  Three scenarios based on the Heaton study are presented:  an orchard that is free of the two ilarviruses throughout their 14 year orchard life, and orchard where 100% of the trees are infected throughout the orchard life, and a third orchard where 4% of the trees are infected and the viruses spread naturally resulting in 82.0% of the trees infected by the final year of the study.

As in the analysis of apple production, a relatively small reduction in yield (13.9% in the mature orchard) translates into a larger effect on total income from the production block (23.2% of net income over the life of the orchard).  Interestingly, the impact of the ilarviruses was very minor until a frost in the seventh year of the study damaged the orchard.  The virus-infected trees never recovered full productivity, consequences of increased susceptibility of virus-infected peach to winter damage.
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Recently, a much more rigorous investigation analyzed the benefits of a “virus prevention program” (Cembali, 2000).  This included the entire stream of production from the virus-free nuclear stock produced by NRSP5 or released by the plant protection & quarantine facility of the USDA, to the nursery, the grower and finally the consumer.  This innovative review of the subject regarded virus prevention programs as an insurance policy against virus-associated losses in the tree fruit sector of U.S. agriculture.  In the nursery, virus infections result in reduced graft- and bud-take, increasing operating costs.  There is also reduced demand for sales from the nursery.  In today’s market, nurseries frequently use the exchange of propagation and plant rights with foreign partners in order to gain access to new varieties and cultivars.  Thus, the imposition of international quarantine as a result of virus-infected material has a chilling effect on trade and impairs the ability of the nursery to remain competitive.  Growers directly benefit from a virus-protection program because they avoid the losses that would have occurred when viruses are present.  Many viruses tend to reduce yield, and reduce fruit quality, and yet the inputs (irrigation equipment and water, chemical applications etc.) remain fixed.  As their cost of production per unit of fruit increases, fruit from alternative foreign and domestic sources becomes more competitively priced.  Moreover, the restricted movement of new varieties also limits the ability of growers to remain competitive.  Ultimately, consumers pay the price for inefficiencies in the fruit production system.  The costs are indirect as fruit prices will be increased to reflect greater costs of production, and less competition as a result of reduced production.  Estimated losses that could be avoided by a virus-free apple industry are summarized in Table 1.  

TABLE 1.  The potential annual value loss that would be prevented by a virus-prevention

program in the U.S. apple industry (from Cembali, 2000)

	SECTOR

AFFECTED
	AVOIDABLE LOSS BY REGION

	
	NE
	NC
	W
	S
	TOTAL

	NURSERY 
	$33,558
	$27,344
	$182,240
	$9,843
	$252,985

	GROWER
	$7,865,727
	$3,942,811
	$40,832,827
	$2,215,019
	$54,856,384

	CONSUMER1
	$643,342
	$322,485
	$3,339,745
	$181,168
	$4,486,740


1. Consumers pay a higher price for fruit because of reduced quantity and quality, but the increased price paid by the consumer is not retained by the grower because of increased production costs.  The loss, as shown, is distributed to the regions based on the distribution of production.  However, the distribution of population and fruit consumers would dramatically alter the magnitude of society costs in each region.

Only select tree fruit crops were used because of the limitations of available data.  However, three sectors of the tree fruit industry were examined.  A virus-prevention program would have a staggering economic impact on the U.S. fruit tree sector, and on the consuming public (Table 2).

TABLE 2.  Potential annual value loss that would be prevented by a

virus-prevention program in the U.S. for three representative

sectors of the tree fruit industry (from Cembali, 2000)

	SECTOR

AFFECTED
	AVOIDABLE LOSS FOR COMMODITY

	
	APPLES
	SWEET CHERRIES
	CLINGSTONE

PEACHES

	NURSERY
	$252,985
	$29,299
	$13,425

	GROWER
	$54,856,384
	$9,735,913
	$4,860,406

	CONSUMER1
	$4,486,740
	$719,392
	$309,649


1.
Consumers pay a higher price for fruit because of reduced quantity and quality, but the increased price is not retained by the grower because of increased production costs.

From the above analyses, it is apparent that effective virus-protection programs could have a tremendous impact on the economic landscape of the U.S. fruit tree industry, and on U.S. consumers.  This impact is shared by all regions of the country.  NRSP-5 occupies a keystone position in an overall virus-protection program by providing virus-free propagation material to State certification programs and by allowing the safe importation of new clones and cultivars from foreign sources.  The funds invested in the NRSP-5 program provide enormous economic returns to U.S. agribusiness and to the U.S. public.

SECTION II

Historical Perspective of NRSP-5

Prior to the creation of IR2 in 1954, the tree fruit industry, various State agencies and research scientists struggled, often in vane, to control diseases of fruit trees caused by viruses.  Individual State programs were unable to maintain facilities and the level of expertise required to operate these programs in a cost-effective manner.  Federal funds through what is now called USDA-CSREES initiated and sustained the centralized program that evolved into NRSP5.  This program provides the foundation for clean stock programs in many States that help ensure that orchards are established with trees free of viruses.  This cooperative effort has been extremely successful in minimizing virus disease problems in the pome and stone fruit industries.  In 1988, the director of NRSP5 obtained a Departmental permit from USDA-APHIS to allow NRSP5 to receive propagation material from around the world.  Since that time, NRSP5 has provided the main path by which commercially important fruit tree varieties enter the U.S. for use in the nursery and fruit production industries.

The original program was established in 1954 and functioned for about three decades using federal funds, while Washington State University supported the program by providing land, utilities and expertise.  Over the past 15 years, a tremendous increase in support from the private sector was gained through service fees and research grants, and from Washington State University through increased personnel support.  Presently, the budget of NRSP5 is derived from federal (44%), state (25%) and private (31%) sources.  These funds sustain a disease control program of world renown.  This success was accomplished with cooperation between Land Grant Universities, State agencies and private industry, and with no adverse environmental effects.

The success of clean stock programs in reducing the negative impact of virus diseases over the past four decades places greater demands and responsibilities on NRSP5.  Since viruses now rarely cause devastation in orchards, funds in the area of fruit tree virus research are diverted to needs with greater visibility.  The number of programs in the USDA Current Research Information System (USDA-CRIS) with at least a portion of their resources dedicated to temperate fruit tree virus research declined from over 100 in 1960 to less than 10 in 2000.  With fewer scientists working in this discipline, there is greater dependency on the resources and scientists associated with NRSP5 to not only provide virus-tested clones of important fruit tree varieties, but, to also provide the basic and developmental research for improving fruit tree virus diagnosis.  Many of the new biotechnology-based procedures increase the cost of operation of NRSP5, however, the new test formats yield greater speed and accuracy, thus contributing to the sustained relevance of the NRSP5 program.
When the program was initiated, all fruit tree varieties were in the public domain.  Many new varieties are now proprietary and international associations now exist to share and control the distribution of new varieties.  Operations at NRSP5 have evolved to accommodate the introduction of proprietary material, and now, because of the long history and reliability of the NRSP5 program, it is considered a hygienic source of new varieties.  NRSP5 plays a pivotal role in the exchange of proprietary varieties and clones, and greater access to the new varieties by U.S. nurseries and growers is achieved through the activities of NRSP5. 

Since its inception, NRSP5 developed and adapted new technology for detecting and eliminating fruit tree viruses.  Methods that were adequate 40 years ago are too slow for today's market place.  Changing markets demand quick access to many new fruit tree clones each year so the fruit industry will remain competitive in national and international commerce.  Through the efforts of NRSP5, virus testing and therapy times are reduced. When the program was established, 9 years passed before the first variety was verified as virus-negative.  Today, only 1 to 2 years are usually needed.  Greater and quicker access to safe domestic and foreign sources of new fruit tree clones is being provided.  As a result, the inclination for growers to use non-tested sources is reduced, as is the potential for virus disease outbreaks in the industry.  

Integrated Virus-Protection Programs

The distribution chain of tree fruit is one of the most successful pyramid schemes.  All trees of a certain variety or cultivar originate from a single bud.  This is expanded and propagated to yield millions of trees as seen below.

	State
	Number of Trees1

	
	‘Red Delicious’
	‘Golden Delicious’

	California
	922,353
	623,696

	Idaho
	380,862
	35,300

	Michigan
	2,065,000
	1,070,000

	New York
	804,898
	415,808

	North Carolina
	363,965
	310,664

	Oregon
	800,400
	161,250

	Pennsylvania
	625,125
	431,049

	Virginia
	548,218
	343,010

	Washington
	23,120,000
	4,419,000

	West Virginia
	173,000
	156,800

	TOTAL
	29,803,821
	7,966,577


1.
The number of trees of each of these cultivars planted in each of the ten states with the greatest acreage of apples.  Values are based on USDA-NASS data from 1993 to 1998.

If the original tree is virus-infected, then most of the resulting trees will be infected.  This is easily illustrated if each tree is used to propagate 1,000 trees:

	1 tree

▼
	Foundation grade

▼

	1,000 trees

▼
	Registered mother block of certified nurseries

▼

	1,000,000 trees
	Certified nursery trees planted in production blocks (grower)


Whenever trees are propagated from virus-infected trees, a small percentage of trees may be virus-free, but the majority will be infected.  Thus, in this example, if the foundation grade tree is infected, then almost 1,000,000 trees will also be infected.  However, if a certified tree in a nursery becomes infected, then 1,000 trees will be infected.  If a tree becomes infected in a production block, then only one tree is infected as no further propagation is performed.  Therefore, the best and most accurate testing technology must be applied to the foundation grade tree.  NRSP5 provides the foundation grade fruit tree propagation material that is distributed largely to certified nurseries that use that to produce their registered mother block that in turn supply the producers.

Virus therapy

Plants have no immune system and there are no chemicals that can be used in a practical sense to free an orchard tree from virus.  Once a tree becomes infected with virus, the virus will reside there for the life of the tree.  Obtaining a virus-free plant from an infected one requires an escape technique, where the plant is raised under unique conditions so a portion of it becomes virus-free.  That portion is then grafted to a virus-free seedling to “escape” the virus-infection on the original plant.  Techniques and expertise for achieving this virus therapy are rare.  NRSP5 is the only laboratory in the USA performing this work on a routine basis for deciduous fruit tree crops and is considered by most as one of the two premier labs in the world for this technology.  Thus, even if a new and desirable fruit tree selection is contaminated by virus, the selection can be sent to NRSP5 to obtain a virus-free clone for subsequent propagation and distribution through certified nurseries.  Approximately 80 clones are sent to NRSP5 each year for virus therapy.

None of the above states have the capability to perform heat therapy.
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		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

		High density Fuji  1998 $$$'s

		virus-free orchard

		yield (bins/acre)		0.00		5.00		15.00		25.00		35.00		45.00		45.00		45.00		45.00		45.00		45.00		45.00		45.00		45.00		45.00		45.00		45.00		45.00		45.00		45.00

		return ($200/BIN)		0.00		1,000.00		3,000.00		5,000.00		7,000.00		9,000.00		9,000.00		9,000.00		9,000.00		9,000.00		9,000.00		9,000.00		9,000.00		9,000.00		9,000.00		9,000.00		9,000.00		9,000.00		9,000.00		9,000.00

		fixed cost		1,112.53		1,954.95		2,340.86		2,706.97		2,780.57		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24

		variable cost (less pruning, picking & thinning)		8,395.18		1,537.16		1,364.37		1,543.28		1,379.59		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28

		variable cost - pruning		0.00		49.29		119.25		198.75		238.50		298.12		298.12		298.12		298.12		298.12		298.12		298.12		298.12		298.12		298.12		298.12		298.12		298.12		298.12		298.12

		variable cost - picking		0.00		138.47		442.25		790.60		1,106.85		1,416.78		1,416.78		1,416.78		1,416.78		1,416.78		1,416.78		1,416.78		1,416.78		1,416.78		1,416.78		1,416.78		1,416.78		1,416.78		1,416.78		1,416.78

		variable cost - hand thinning		0.00		40.23		108.15		177.67		251.06		324.45		324.45		324.45		324.45		324.45		324.45		324.45		324.45		324.45		324.45		324.45		324.45		324.45		324.45		324.45

		TOTAL COST		9,507.71		3,720.10		4,374.88		5,417.27		5,756.57		6,629.87		6,629.87		6,629.87		6,629.87		6,629.87		6,629.87		6,629.87		6,629.87		6,629.87		6,629.87		6,629.87		6,629.87		6,629.87		6,629.87		6,629.87

		NET TO MANAGEMENT		-9,507.71		-2,720.10		-1,374.88		-417.27		1,243.43		2,370.13		2,370.13		2,370.13		2,370.13		2,370.13		2,370.13		2,370.13		2,370.13		2,370.13		2,370.13		2,370.13		2,370.13		2,370.13		2,370.13		2,370.13

		Cummulative Net ($/a)		-9,507.71		-12,227.81		-13,602.69		-14,019.96		-12,776.53		-10,406.40		-8,036.27		-5,666.14		-3,296.01		-925.88		1,444.25		3,814.38		6,184.51		8,554.64		10,924.77		13,294.90		15,665.03		18,035.16		20,405.29		22,775.42

		Latent virus infection  - van Oosten

		yield (bins/acre)		0.00		4.15		12.45		20.75		29.05		37.35		37.35		37.35		37.35		37.35		37.35		37.35		37.35		37.35		37.35		37.35		37.35		37.35		37.35		37.35

		return ($200/BIN)		0.00		830.00		2,490.00		4,150.00		5,810.00		7,470.00		7,470.00		7,470.00		7,470.00		7,470.00		7,470.00		7,470.00		7,470.00		7,470.00		7,470.00		7,470.00		7,470.00		7,470.00		7,470.00		7,470.00

		fixed cost		1,112.53		1,954.95		2,340.86		2,706.97		2,780.57		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24		3,154.24

		variable cost (less pruning, picking & thinning)		8,395.18		1,537.16		1,364.37		1,543.28		1,379.59		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28		1,436.28

		variable cost - pruning		0.00		36.99		89.49		149.14		178.97		223.71		223.71		223.71		223.71		223.71		223.71		223.71		223.71		223.71		223.71		223.71		223.71		223.71		223.71		223.71

		variable cost - picking		0.00		114.93		367.07		656.20		918.69		1,175.93		1,175.93		1,175.93		1,175.93		1,175.93		1,175.93		1,175.93		1,175.93		1,175.93		1,175.93		1,175.93		1,175.93		1,175.93		1,175.93		1,175.93

		variable cost - hand thinning		0.00		33.39		89.76		147.47		208.38		269.29		269.29		269.29		269.29		269.29		269.29		269.29		269.29		269.29		269.29		269.29		269.29		269.29		269.29		269.29

		TOTAL COST		9,507.71		3,677.42		4,251.55		5,203.06		5,466.20		6,259.45		6,259.45		6,259.45		6,259.45		6,259.45		6,259.45		6,259.45		6,259.45		6,259.45		6,259.45		6,259.45		6,259.45		6,259.45		6,259.45		6,259.45

		NET TO MANAGEMENT		-9,507.71		-2,847.42		-1,761.55		-1,053.06		343.80		1,210.55		1,210.55		1,210.55		1,210.55		1,210.55		1,210.55		1,210.55		1,210.55		1,210.55		1,210.55		1,210.55		1,210.55		1,210.55		1,210.55		1,210.55

		Cummulative Net Income ($/a)		-9,507.71		-12,355.13		-14,116.68		-15,169.73		-14,825.93		-13,615.38		-12,404.83		-11,194.28		-9,983.73		-8,773.18		-7,562.63		-6,352.08		-5,141.53		-3,930.98		-2,720.43		-1,509.88		-299.33		911.22		2,121.77		3,332.32

		NET DIFFERENCE		0.00		127.32		386.67		635.79		899.63		1,159.58		1,159.58		1,159.58		1,159.58		1,159.58		1,159.58		1,159.58		1,159.58		1,159.58		1,159.58		1,159.58		1,159.58		1,159.58		1,159.58		1,159.58

		CUMMULATIVE INCOME DIFFERENCE		0.00		127.32		513.99		1,149.77		2,049.40		3,208.98		4,368.56		5,528.14		6,687.72		7,847.30		9,006.88		10,166.46		11,326.04		12,485.62		13,645.20		14,804.78		15,964.36		17,123.94		18,283.52		19,443.10
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		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14

		VIRUS-FREE

		yield (bu/acre)(Heaton et al)*		0.0		0.0		0.0		206.5		322.2		441.1		0.0		790.3		498.4		564.3		564.3		564.3		564.3		564.3

		costs (picking $3.68/bu)		0		0		0		760		1,186		1,623		0		2,908		1,834		2,077		2,077		2,077		2,077		2,077

		costs (prod'n)		1,081		567		567		858		858		858		858		858		858		858		858		858		858		858

		TOTAL COST		1,081		567		567		1,618		2,044		2,481		858		3,766		2,692		2,935		2,935		2,935		2,935		2,935

		GROSS REVENUE		0		0		0		2,168		3,383		4,632		0		8,298		5,233		5,925		5,925		5,925		5,925		5,925

		NET REVENUE (Virus-free)		-1,081		-567		-567		550		1,339		2,150		-858		4,532		2,541		2,991		2,991		2,991		2,991		2,991

		Cummulative Income - Virus-free ($/a)		-1,081		-1,648		-2,215		-1,665		-325		1,825		967		5,499		8,040		11,030		14,021		17,012		20,002		22,993

		VIRUS-INFECTED

		%diseased trees		4.0		4.0		4.0		4.0		4.5		7.0		11.5		20.0		27.5		31.0		48.5		60.0		71.0		82.0

		yield (bu/acre)		0.0		0.0		0.0		204.7		322.2		439.7		0.0		736.9		498.4		539.3		526.9		516.2		509.1		500.2

		costs (packing)		0		0		0		753		1,186		1,618		0		2,712		1,834		1,985		1,939		1,900		1,873		1,841

		costs (prod'n)		1,081		567		567		858		858		858		858		858		858		858		858		858		858		858

		TOTAL COST		1,081		567		567		1,611		2,044		2,476		858		3,570		2,692		2,843		2,797		2,758		2,731		2,699

		GROSS REVENUE		0		0		0		2,149		3,383		4,617		0		7,737		5,233		5,663		5,532		5,420		5,346		5,252

		NET REVENUE		-1,081		-567		-567		538		1,339		2,141		-858		4,168		2,541		2,820		2,735		2,662		2,614		2,553

		NET LOSS		0		0		0		12		0		10		0		364		0		171		255		328		376		437

		Cummulative Income - Initial 4% Infection ($/a)		-1,081		-1,648		-2,215		-1,677		-338		1,803		945		5,113		7,654		10,474		13,209		15,872		18,486		21,039

		cummulative loss				0		0		12		12		22		22		386		386		557		812		1,140		1,516		1,953

		% lost cummulative income				0		0		1		4		1		2		7		5		5		6		7		8		8

		VIRUS-INFECTED

		%diseased trees		100.0		100.0		100.0		100.0		100.0		100.0		100.0		100.0		100.0		100.0		100.0		100.0		100.0		100.0

		yield (bu/acre)		0.0		0.0		0.0		154.9		290.1		416.5		0.0		503.7		502.0		485.9		485.9		485.9		485.9		485.9

		costs (packing)		0		0		0		570		1,068		1,533		0		1,854		1,847		1,788		1,788		1,788		1,788		1,788

		costs (prod'n)		1,081		567		567		858		858		858		858		858		858		858		858		858		858		858

		TOTAL COST		1,081		567		567		1,428		1,926		2,391		858		2,712		2,705		2,646		2,646		2,646		2,646		2,646

		GROSS REVENUE		0		0		0		1,626		3,046		4,373		0		5,289		5,271		5,102		5,102		5,102		5,102		5,102

		NET REVENUE		-1,081		-567		-567		198		1,120		1,983		-858		2,577		2,566		2,456		2,456		2,456		2,456		2,456

		NET LOSS		0		0		0		352		219		168		0		1,955		-25		535		535		535		535		535

		Cummulative Income - Initial 100% Infection ($/a)		-1,081		-1,648		-2,215		-2,017		-896		1,086		228		2,806		5,371		7,827		10,283		12,739		15,195		17,650

		cummulative loss				0		0		352		571		739		739		2,693		2,669		3,203		3,738		4,273		4,807		5,342

		% lost cummulative income		0		0		0		64		16		8		0		43		-1		18		18		18		18		18

		Footnote: Heaton et al express yield in metric t/ha( X 2204.6lb/metric t X 1 bushel/50 lbs X 1 ha/2.471 a =conversion factor of 17.8 bu/acre)
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