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Specialty crops (including tree fruit, wine/grape, vegetables, nuts, berries, citrus, and 
ornamentals) have broad ranging impacts from human health to rural and tourism economies and 
the challenges and pressures on the specialty crop industry to be economically and 
environmentally sustainable are great.  With the combined annual value of $49 billion and 
making up more than half of the sales of all domestic agricultural products, coupled with 
homeland/food security and the societal importance, renewed and additional attention needs to 
be, and is being, directed at specialty crops.  The objective of this presentation is to summarize 
what is happing on the national level as well as on a more local research level in the development 
of engineering solutions to address the specialty crop challenges.   
 
National Action: 
The Tree Fruit Technology Roadmap was a primary initiative by industry leaders to assist 
specialty crops. This initiative was initially somewhat regional in nature, was focused on tree 
fruit, and was part of some initial success in support of genomics research.  While many different 
commodities had traditionally been making their case for support over the years, it was apparent 
that individual segments of the industry were often too small to garner attention.  The Tree Fruit 
Technology Roadmap expanded to more interregional efforts to combine energies on common 
regional and/or commodity crosscutting needs.  The Roadmap initiative has grown into an 
Engineering Solutions for Specialty Crops effort to bring greater attention at the national level 
for specialty crops, including identifying and developing technology needs, and working for 
national-level support.  It should be noted that the goal is to establish programs to develop and 
implement technologies to help the specialty crops industries in the short, medium, and long term 
to establish sustainability and not to develop crop subsidy programs. 
 
One of the most recent and significant actions of this initiative was the organization and 
conducting of a workshop in the D.C. area in April of 2007 entitled, Engineering Solutions for 
Specialty Crop Challenges.  This workshop brought together producers, industry representatives, 
specialty crop supplier and manufacturing organizations, university personnel (both traditional 
land grant and non-traditional technology based institutions, such as Carnegie Melon and the Jet 
Propulsion Lab), and federal agencies (USDA-ARS, USDA-CSREES, USDA-AMS, NASA, 
NSF, NIST) to help identify, share, and potentially marry needs and technology as well as 
heighten the level of awareness in Washington for potential in-house, line item, and/or farm bill 



funding.  The workshop was successful in bringing together and opening dialog between the 
science and application communities of the specialty crops industries and moving the agenda 
forward.  It was also successful in demonstrating to national-level government officials the 
needs, potential, and organized effort of the specialty crop industries. 
 
What was the outcome of the workshop? 
A workshop report as well as some recent white papers were produced which address the 
outcomes of the efforts to date as well as mapping of possible federal-level support programs. A 
specialty crop working group was formed, which has held regular bi-weekly teleconferences 
after the workshop, to establish an engineering expertise inventory and discuss issues and 
strategies on engineering approaches for specialty crop challenges. A broad range of issues 
related to major concerns, such as national and international policies, marketing, and education 
programs for tomorrow’s work force and innovators have been identified, but again the focus 
here is on engineering technology related aspects. 
 
The top major cross-cutting concerns are identified as: 
 

• Product quality 
• Labor cost and availability 
• Environmental footprint 

 
The needs identified that relate to engineering advances and technologies are identified as: 
 

• Sensors for product characterization, quality and safety during both pre- and post-harvest; 
• Improved and readily available sensors and sensing to increase knowledge of, and 

monitor, plant growing conditions and product quality; 
• Precision agriculture for more efficient applications/use of water, nutrients, and 

chemicals; 
• Robotics and automated systems that can reduce costs of cultural practices; 
• Better economic models and decision support systems that can improve production 

management decisions; 
 
Certainly a range of technology… from rakes to robotics…exists or has potential to address these 
needs and challenges in both the short and long term.  Some current examples of the latest 
generation of engineering technology being worked on or implemented are: 
 

• Completely automated robotic-style harvesting of traditional and more structured 
production systems; 

• Robotic thinning and pruning and related development of manipulators; 
• Self-propelled platforms for harvest and pruning; 
• Electronic sensing of external and internal fruit quality on the packing line; 
• Canopy shakers for mechanical harvest of traditionally manually harvested crops; 
• Sensors on sprayers for intermittent chemical application; 
• Biosensors for measuring or monitoring biological conditions such as water or nutrient 

stress. 
 



The outlook for these and other projects to support the future of the industry has recently become 
potentially brighter as the Secretary of Agriculture has included within the 2007 Farm Bill 
submission to Congress a Specialty Crops Research Initiative with a proposed budget of 100 
million dollars per year for ten years.  This is recognition of the importance and needs of the 
specialty crop industry as well as the efforts and organization of many working on behalf of the 
industry over the past several years. 
 
‘Local’ Action: 
In the Biosystems and Agricultural Engineering Department at MSU in collaboration with 
USDA-ARS at E. Lansing, there has been a tradition of development of technology for specialty 
crops ranging from large mechanical systems, to processing equipment, to small electronic 
sensors.  Most recently the technology development emphasis has been directed at electronic 
sensing for determining fruit and vegetable quality conditions.  Additionally over the past several 
years we have worked to stay involved and engaged in the national efforts, initiatives, and 
workshops related to engineering and automation in an effort to: 
 

• contribute our expertise to the overall efforts; 
• collaborate on larger research and funding efforts; 
• incorporate Michigan industry/region priorities into the national programs. 

 
We have had the opportunity to engage, primarily to date with the Michigan apple industry, to 
determine needs and challenges which are either similar to the nationally identified needs or 
which are unique to Michigan.  These discussions yielded chemicals, labor, and consistent and 
high fruit quality as three primary issues which span both the short and long term.  Spraying is 
identified because of both input cost and environmental concerns.  More basic issues which 
address these two points related to spraying are ensuring chemicals reach appropriate targets, 
timing and efficacy of application, and spray drift reduction.  As part of the issue of consistent 
and high fruit quality the Michigan industry is interested in pursuing what can be done to better 
presort fruit in the orchard at harvest to initially direct product to appropriate uses and minimize 
storage of low-value fruit. 
 
The Michigan issues are much in line with those identified nationally with the exception that 
Michigan may be more concerned about the economic and environmental issues surrounding 
spraying than other regions.  With the needs and challenges identified nationally and in Michigan 
our plan is to focus research efforts in three areas where we feel we can be addressing the 
regional concerns as well as be a strong player in contributing and participating in the national 
efforts.  These areas are:   
 

• Continued work on electronic quality prediction sensing systems for application at time 
of harvest or in the packing process; 

• Development of electronic early detection and quantification systems for insects and 
diseases which will assist in precision and efficient spray programs; 

• Sensing concepts and systems for assessing conditions and crop status in the field. 
 



Each of these areas of research address potential engineering solutions which could serve in the 
shorter term as stand-alone tools for assisting producers or they can be looked at long-term as 
components on more advanced higher-level autonomous systems. 
 
Engineering solutions need to be developed and/or adapted from other applications to help keep 
the U.S. specialty crop industries economically and environmentally sustainable in the globally 
competitive marketplace.  It is important, however, to remember that engineering and technology 
are only components of the much more integrated systems solutions required to keep this 
important industry viable. 
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70599 Stuttgart, Germany 
Tel.: 0049-(0)711-459-22368, Fax: 0049-(0)711-459-22351, Email: jnwuensche@uni-hohenheim.de

 
 
Introduction 

Apple yield and fruit quality are the end result of a myriad of cultural practices (e.g. pruning, 
thinning, spraying), environmental inputs (e.g. light, carbon dioxide, water, nutrient supply) and 
physiological processes (e.g. leaf area development, light interception, photosynthesis, respiration). 
All of them are truly essential contributors to fruit production. That does not mean, however, that any 
one resource or process is necessarily controlling the variation in yield and fruit quality of apple 
orchards. There are only two possible means to improve crop performance; to increase (1) total dry 
matter yield and/ or (2) the magnitude of partitioning of dry matter towards the fruits. This review will 
emphasize the key processes of tree canopy light interception/ distribution and carbon partitioning in 
limiting apple yields and discuss the implications of these processes for grower practices of orchard/ 
tree design and canopy management. Although factors such as frost, drought, nutrient deficiencies, 
and incidence of diseases can limit fruit yields, in healthy, well-maintained and supplied orchard 
system these factors are less critical in determining overall yield and fruit quality. 
 
Limits of Apple Orchard Productivity 

The production of dry matter of plant crops including apple is a function of four key factors; the 
quantity of incident photosynthetically active radiation (PAR), the percent of light intercepted by the 
crop, the photosynthetic conversion of light energy into biomass and the respiratory carbon loss 
(Table 1). 
 
Table 1 - Utilisation of annual total solar radiation (100%) and factors limiting the efficiency of light 

conversion into fruit yield (<0.5%). Limiting factors and processes in bold indicate major effects 
on orchard productivity. 

 
 Limitation  Limiting factors
100%    
 50 % of total solar radiation is PAR 50 % climate 
 75 % of growing season (9 months) is used 37.5 % region 
 40 % is typical tree light interception 15 % orchard design, leaf area 
   5 % is photosynthetic efficiency 0.75 % photosynthesis 
 15 % is whole-tree respiration loss 0.64 % climate (temperature) 
 60 % is harvest index of apple 0.38 % partitioning 
 
The amount of incident solar radiation varies primarily with latitude and cloud cover and is thus 
independent of the crop or its management. A growing region with high light energy input and a long 
season is essential for setting a high potential yield. Within the climatic limits, the total amount of 
light intercepted by an apple orchard system depends, however, on orchard design and canopy 
display, an important and manageable process for obtaining potential productivity. The conversion of 
absorbed light by the leaves into biomass is only 5-10 % due to the inefficiency of the photosynthetic 
process. The respiration of biomass constitutes an important reduction in potential productivity and 
possibilities to decrease these losses are limited under field conditions. 
 
Three factors appear to control the actual fruit yield of apple: (1) the quantity of light energy that is 
intercepted by an orchard system, (2) the proportion of that energy which is converted into available 
carbohydrate for partitioning and (3) the amount of assimilates that is allocated into fruits. 

mailto:jnwuensche@uni-hohenheim.de
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Orchard Light Interception 

The total amount of light intercepted by an apple orchard system depends primarily on orchard design 
factors, such as planting system, tree spacing, tree shape, tree height, alley width, row orientation as 
well as leaf area index (ratio between the total area of all leaves per tree to the land area allocated to 
the tree) and the length of the growing season. These various factors have been well researched over 
the past 25 years (see reviews by Jackson, 1980; Palmer, 1989; Lakso, 1994). 
 
A landmark in modern crop physiology is the fundamental relationship between crop dry matter 
production and seasonal accumulated light interception by the crop. This relationship was confirmed 
for apple production systems by Palmer (1989). Apple yields, which are of greater interest to the fruit 
growers, are also well related to the total amount of sunlight intercepted by the orchard (Fig. 1). This 
summarised relationship from the literature covers a wide range of light environments, planting 
systems and scion/ rootstock combinations. Below about 60 % light interception yield is linearly 
related to light interception. Such orchards have frequently open and well exposed canopies. In 
contrast, fruit yields vary considerably when light interception is over 60 %, indicating that other 
factors such as light distribution within apple tree canopies are critical to actual yield. 
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Figure 1 - Summarised relationship between apple fruit yield and mid-season percent total orchard 

light interception from several reports in the literature. 
 
Yield performance at higher light interception can be reduced due to a multiple year effect of overly 
dense, shaded tree canopies and carry-over effects on flowering and/ or fruit development. The 
relationship between yield and light interception is expected to show a curvilinear response (Wünsche 
and Lakso, 2000), corresponding to the curvilinear pattern between yield and leaf area (Wünsche et 
al., 1996). As leaf area increases excessively, therefore, the increases in light interception or potential 
yield become not only less but in many cases decreases due to increases in mutual shading among the 
leaves and internal shading of fruiting sites that require good exposure for high productivity and 
quality. 
 
Carbon Exchange Rate 

Light is the single most important factor controlling the fixation of atmospheric carbon dioxide by the 
leaves of healthy trees. This photosynthetic process is important since more than 90 % of the total dry 
matter produced by apple trees originate from photosynthesis by leaves. Increased light interception 
offers the best method to increase leaf and whole-canopy photosynthesis (Fig. 2). The photosynthetic 
light response of the whole-canopy is similar to that of an individual leaf, but the curve is shallower 
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with a lower maximum. This difference in the curves is due primarily to poor within-canopy light 
distribution with only a small proportion of leaves being exposed to saturating incident light level at 
any time and the inclusion of non-photosynthetic components (e.g. fruit, wood). 
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Figure 2 - Effect of photosynthetic photon flux (PPF) on the rate of leaf and whole-canopy carbon 

dioxide exchange of ‘Braeburn’ apple trees. 
 
Total respiration of healthy, well supplied apple trees requires about 15 % of the fixed carbon. 
Respiration rates differ with type of tissue (e.g. leaf, fruit, wood) and depend on time of year as 
temperature is a key driver for the substantial yet unavoidable carbon loss. Leaf and whole-canopy 
respiration typically shows exponential temperature dependence. 
 
Seasonal carbohydrate partitioning 

The seasonal trend of carbohydrate partitioning from spurs, bourse shoots and extension shoot leaves 
in support of fruit growth is discussed next. At about bloom time a shift occurs from the dependence 
on storage materials to current year’s photosynthates; thus, the primary spur leaf area becomes the 
primary source of carbohydrates for fruit growth. 
 
Fruit development in the first 3-5 weeks after full bloom, which is critical in determining potential 
fruit size and final fruit set, appears to be essentially supported by carbohydrate supply from spur 
leaves, whereas actively growing extension shoots utilize the synthesized carbohydrates for their own 
development (Corelli Grappadelli et al., 1994; Lakso, 1994; Lakso et al., 1989). Limiting incident 
light due to either cloudiness or shade at that time period alters the carbohydrates distribution, 
resulting in a greater relative retention of assimilates in vegetative sinks and thus a reduction in 
carbohydrate availability to the fruitlets. Furthermore, the carbohydrate export pattern of spurs 
supporting fruit growth seems to be relatively localized at that stage. If fruit demand for carbohydrates 
exceeds spur carbohydrate production (e.g. under high-cropping situation), fruit growth will be 
decreased due to the limited carbohydrate supply resulting in fewer fruit cells and/ or increased fruit 
drop. Thus the carbohydrate availability to the developing fruit sinks, before export from extension 
shoots occurs, depends on the total photosynthetic production of the spur leaves, a function of spur 
number, spur leaf area and their photosynthetic rate (Tustin et. al., 1992). 
 
Mid-season and late-season carbohydrate supply is less likely to limit fruit growth due to reduced fruit 
numbers after final set, maximum light availability and interception by full canopies, carbohydrate 
export from terminated extension shoots, and a more general carbohydrate distribution pattern. Final 
fruit growth before harvest may be limited by total tree carbohydrate production in climates with 
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shorter seasons due to reduced light and temperature and canopy management practices such as e.g. 
summer pruning. 
 
Importance to tree design and canopy management 

Canopy management practices for maximizing yield and fruit quality should focus on several 
approaches: 
1. Open, well-exposed canopies with high amounts of sunlight captured by spur leaves are needed 

early in the growing season since it appears that fruit yield depends primarily on early spur 
canopy light microclimate. 

2. Avoid canopy closure until at least 4-6 weeks after full bloom to prevent a shade-induced 
reduction of fruit growth. 

3. Continuous exposure appears to be needed for the development of vigorous and productive spur 
complexes and to allow good exposure of spurs for flower bud development.  Opening up closed 
canopies by late summer pruning may help fruit colour, but will not reverse detrimental effects of 
excessively dense early-season canopies on fruit growth. 

 
Implications for pruning and training for establishing open, well-exposed tree canopies are as follows: 
1. Pruning and training should be done each year, because it appears that fruit yield differences are a 

multiple season effect, yet fruit quality differences are due to current season growing conditions. 
Dormant pruning should ensure open canopies in early season. 

2. Limit the number and vigour of competing extension shoots by (a) thinning cuts rather than 
excessive heading cuts, (b) pruning lightly, and (c) using more horizontal branch positioning by 
spreading or tying down branches. 

3. Summer pruning with thinning cuts or branch removal into older wood is useful to create gaps for 
light penetration in overly dense canopies. 

4. Well spaced branches or geometric tree forms that help ensure open canopies with improved light 
distribution (Y-, V-trellis, vertical Palmette, Palmette Leader, etc.) are useful. 
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The mid-Columbia region of Oregon and Washington accounts for about 33% of all winter pears and 20% 
of the fresh-packed Bartlett pears annually produced in the U.S.  This industry is primarily a wholesale 
industry, with increasing focus on fresh-packed pears.  In this market environment, producing high 
quality fruit is key to achieving profitability.  For fresh pears, large fruit size and good fruit finish are two 
very important quality parameters.  For smooth-skinned pears (Bartlett, d’Anjou, Comice, Concorde), 
clean fruit finish is desired, and for russeted cultivars (Bosc, Taylor’s Gold) fully developed russet is 
important.  This presentation describes some of the things mid-Columbia pear growers do to meet these 
demands.  Hopefully, there are lessons Great Lakes region growers interested in growing pears apply. 
 
Site Selection 
It is generally true that pears tolerate heavier soils than many other fruit species, however, to thrive they 
must be planted on good soils.  In the mid-Columbia area the most productive soils for pears are deep 
loams with good internal drainage, organic matter around two to three percent, with good water holding 
capacity and high nutrient exchange capacity. In our Mediterranean climate, with warm dry summers, 
access to water for irrigation is essential to producing large fruit.  While many mid-Columbia orchard 
sites are not considered to be frost free, they can be very productive with active frost protection. 
 
Cultivar Selection 
There are several factors to consider for cultivar selection, not the least of which is susceptibility to fire 
blight, even under relatively low infection pressure.  None of the standard pear cultivars grown in the 
mid-Columbia area are truly resistant to fire blight, and some are very susceptible.  In fact, some of the 
highest value cultivars are also the most susceptible.  Furthermore, for regular production of large fruit, 
pear trees must be maintained in a moderate to high state of vigor.  This increases the potential for 
damage following fire blight infections. 
 
With severe fire blight pressure, those determined to grow pears should consider planting fire blight 
resistant cultivars.  In recent years, several fire blight resistant pear cultivars have been released from the 
USDA breeding program in Kearneysville, WV.  These include Blake’s Pride, Potomac, Shenandoah, and 
Sunrise.  One as-yet-unreleased selection, US 71655-014, has been extensively tested and performed well 
under mid-Columbia conditions.  This selection is very productive, has very clean fruit finish (even in wet 
seasons) and stores well in regular and controlled atmosphere for extended periods.  Another breeding 
program for fire blight resistant pears has been ongoing in Ontario Canada since 1962.  Several cultivars 
have been released and more are soon to come.  Although cultivars from both of these breeding programs 
may have commercial potential, they have not been widely planted in the western U.S., perhaps because 
pear growers here consider fire blight to be manageable with standard cultivars. 
 
 



With generally cool bloom time temperatures in the mid-Columbia area, setting an acceptable pear crop 
depends on cross-pollination.  Suitable pollinizers must be genetically compatible and have good bloom 
overlap.  Recent molecular genetic studies have confirmed what has been determined through traditional 
methods - that most pear cultivars are cross-compatible.  The few exceptions include red-skinned or 
russeted sports of standard cultivars (e.g. red and green Bartlett, Taylor’s Gold and Comice).  
Consequently, the choice of pollinizers is typically based on adequate bloom overlap and relative 
economic value. 
 
Frost marking, limb rub, pear psylla honeydew, and weather related russeting can all contribute to 
downgrading fruit in the packing house.  There are straightforward approaches to reducing many of these.  
It may not be possible, however, to prevent russeting of smooth-skinned pear cultivars under conditions 
of high humidity.  Work done by OSU pathologist David Sugar indicated that the critical time for russet 
development is within about 30 days following full bloom.  Wet weather during this time period generally 
increases russet on susceptible cultivars.  Sugar’s research, and grower experience with use of kaolin and 
mancozeb applied for scab control, have shown inconsistent effects on reducing russet. 
 
Rootstocks & Training Systems 
Many of the older existing mid-Columbia area pear orchards are widely spaced (20 ft x 20 ft) with large 
spreading trees on seedling rootstocks.  Pear orchards can remain productive for decades, providing little 
incentive to renew them.  Over the last few decades, as growers have replanted, they typically have 
chosen clonal rootstocks, primarily several of the Old Home x Farmingdale (OHxF) clones.  These have 
resistance to fire blight and pear decline, and are generally more precocious and better adapted to planting 
at moderately higher density than seedling rootstocks.  Until recently, OHxF 97 was the clonal rootstock 
for new orchards in the Pacific Northwest.  OHxF 87, which is believed to be more precocious and 
produce a smaller tree, is likely to take the place of OHxF 97 as nurseries adopt more efficient 
propagation methods for this once difficult to propagate rootstock clone.  In the Pacific Northwest, 
selections of quince, which include the most dwarfing rootstocks for pear, have not been widely adopted 
primarily because of concerns about insufficient cold hardiness. 
 
Tree spacing in these newer orchards ranges from 10 to 6 feet in the row, with driverow spacing ranging 
from 20 to 15 feet (218 to 484 trees per acre).  Within these ranges, the wider-spaced orchards are often 
trained to a central leader system, and the closer-spaced orchards are often trained to a vertical axis 
system.  Regardless of the training system, it is very important to cycle fruiting wood with renewal 
pruning.  In higher density orchards, renewing branches in the lower portion of the canopy can be difficult 
unless adequate light channels are maintained.  The mid-Columbia leader training system is a hybrid with 
a single, basal whorl of permanent scaffold branches and all other lateral branches treated as renewable. 
 
Orchard systems with higher tree densities (900 trees per acre) have not been widely adopted for pears in 
the Pacific Northwest.  With recently heightened concerns about high cost and limited availability of 
labor, growers are reconsidering these as a way to increase labor efficiency with systems adapted to 
mechanical assist platforms.  Very high density pear plantings (>1500 trees per acre) continue to be 
precluded by the lack of well adapted rootstocks or other means of managing tree size. 
 
Irrigation Management 
In the west, with predictably dry summers, availability of water along with good irrigation management 
are essential to achieving large fruit size and high yields.  Pear fruit have two growth phases, a cell 
division phase which lasts until about 55 to 65 days after full bloom, and a cell expansion phase from 
thereafter until harvest.  The cell expansion phase is very sensitive to water stress, so maintaining 
adequate soil moisture during this time period is critical to maximizing fruit size.  Irrigation water 
management, combining soil moisture monitoring, estimation of evapotranspiration, and a sound 
understanding of your irrigation system capabilities, is necessary for optimizing irrigation water use. 



Tree Nutrition  
Maintenance fertilizer additions are best made in response to results of periodic soil and leaf analysis, 
along with observations of tree performance and estimates of annual losses through crop removal.  In the 
mid-Columbia area, pears have shown positive growth and yield responses to nitrogen, phosphorous, 
potassium, sulfur, calcium, magnesium, and boron.  Some of these responses, such as that for 
phosphorous, are related to local soil properties, and others are more general.  The native soil pH in the 
Hood River Valley averages about 5.5.  Additions of lime are routinely made to maintain soil reaction at 
or above pH 6.2.  Some pear cultivars are prone to developing calcium related disorders similar to bitter 
pit of apple.  The incidence of these may be increased by practices that increase vigor or reduce crop load.  
These are typically correctable with foliar applications of calcium chloride between bloom and harvest.  
Post harvest foliar applications of urea, boron, and zinc provide an efficient means of enriching next 
year’s buds for improved fruit set and growth. 
 
Pest & Disease Management 
Insect pests - Pears have a potentially large pest complex.  Typically, the two most damaging insect pests 
in mid-Columbia pear orchards are codling moth and pear psylla.  Codling moth management programs 
often drive the rest of the pest management program.  Experience with pheromone mating disruption for 
codling moth management has shown that the need for chemical control of pear psylla and mites is 
usually significantly reduced when disruptive sprays for codling moth are avoided.  Pest management 
programs for pear will continue to evolve as certain pesticides are phased out and new ones are 
developed. 
 
Fire blight - For fire blight susceptible cultivars, preventing blossom infection is key to managing this 
disease.  Streptomycin resistance in  Erwinia amylovora is extensive in the mid-Columbia area.  An 
integrated program, which includes the use of an antagonistic bacteria early in the bloom period followed 
by the antibiotic terramycin if an infection period with high risk is likely, has been developed by OSU 
pathologists Ken Johnson & Virginia Stockwell.  Whatever your program, your sprays will be more 
effective if you time them with one of the risk models like Cougarblight or Maryblight.  For highly 
susceptible cultivars, trees may be trained to a multiple leader system.  This reduces the risk of losing the 
entire tree if infection occurs.  For very high value, but also highly susceptible cultivars like Forelle, 
growers may avoid invigorating trees with the intention of reducing damage from infection even though 
fruit size may be reduced. 
 
Pear scab - For now, pear scab seems almost like a disease of the past in mid-Columbia orchards.  A 
combination of very effective fungicides, diligent application of cover sprays, and relatively few early 
season infection periods has resulted in extremely low incidence of this disease in recent years.  
Nonetheless, OSU pathologist Bob Spotts has developed a three part model for predicting scab risk 
providing a tool for timely, accurate risk prediction for scab, resulting in maximum control at minimum 
cost.  This risk model includes a delayed first spray component (based on the model developed for apple 
scab in the Northeast), an infection period component (similar to the Mills Table for apple scab) and an 
end of ascopsore season model, which predicts the end of primary infections for a given season. 
 
Conclusion 
Growing conditions in west coast pear districts undoubtedly provide a competitive advantage for 
producing standard pear cultivars destined for traditional wholesale markets.  For Great Lakes region fruit 
growers determined to keep pears in their mix of crops, planting fire blight resistant cultivars should be 
seriously considered.  Combined with progressive production practices and the right marketing plan, 
pears can be an asset to fruit growers in this region. 
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The application of pesticides has been of concern for many years, particularly methods of reducing 
drift and improving deposition. The majority of growers use traditional airblast sprayers fitted with 
hollow cone or air shear nozzles, many growers choose not to replace mechanically reliable sprayers 
and so a large number of orchard sprayers are in excess of ten years old. Many airblast sprayers are 
too big for modern planting systems, the fan diameter is too large and the volume of air created is too 
great for the target canopy. Frequently manufacturers build larger machines with a greater amount of 
air than is required for modern apple plantings, they are frequently designed for nut trees. Some 
growers buy them in the mis-guided belief that more air is better than too little air. The ideal air 
volume should match the tree canopy volume. Progress lies in the direction of more efficient 
application of power through a better understanding of the factors involved in getting the pesticide 
from the tank to the plants. 
 
Deposition within the canopy is so important, good coverage throughout the tree is required if 
satisfactory insect and disease control is to be carried out. Spray drift is also an important and costly 
problem facing fruit growers. Drift results in damage to susceptible off target crops, environmental 
contamination to watercourses and an unintentionally reduced rate of application to the target crop, 
thus reducing the effectiveness of the pesticide. Pesticide drift also affects neighbouring properties, 
often leading to public outcry.  
 
Traditional airblast sprayers direct the air from a single axial flow fan, mounted directly behind the 
sprayer, in an upward and outward direction. Axial fans are designed to move large volumes of air at 
low pressures. In order to accommodate varying crop canopies, e.g. as the season progresses, many 
modern sprayers are fitted with adjustable pitch propellers to provide variable airflows. Traditional 
advice to growers has been to use an adjustable deflector plate, fitted at the top and base of the air 
outlet to direct the air towards, and confine it to the target canopy.  
 
Sprayer design, deposition and drift 
 
Sprayer Application Target Weather Operator 
          
Design Application rate Variety Wind speed Skill 
Droplet size Nozzle orientation Canopy 

structure 
Wind direction Attitude 

Fan size Forward speed Area Temperature   
Air volume   Every row Humidity   
Air velocity 
and direction 

  Alternate row     

 
Table 1. Inter-related factors affecting pesticide drift and deposition 
 



Even when sprayers are calibrated regularly their accuracy cannot always be relied on. Across the 
world surveys of the mechanical condition and the accuracy of sprayers show that many sprayers leave 
much to be desired. A combination of inaccurate speeds, worn nozzles, unsuitable filters and 
inaccurate gauges caused the problems. Survey and clinic results show how badly maintained many 
sprayers are on farms and how their operators require training.  
 
The principal involved in traditional orchard spraying is to create enough air from the airblast sprayer 
to shift and replace the air within the canopy with pesticide-laden air from the sprayer. The leaves 
have a tendency to shingle in the airflow, altering airflow characteristics and reducing penetration and 
deposition. Tree canopies vary along the row, sometimes trees are absent presenting no resistance to 
air movement, resulting in air traveling through the target row and away. When applying pesticides 
growers know that small or fine/medium droplets give the best coverage, as large droplets (in excess 
of 300 μm) will run off the leaf onto the ground. Good coverage is critical for all contact pesticides. A 
traditional airblast sprayer sends air upwards above the canopy, carrying with it a plume of pesticide 
droplets. Unfortunately small or fine droplets will drift if they don’t become attached to the target leaf, 
insect or apple. Directed deposition is needed if pesticide is to be applied to the target zone.  
 
Airflow 
Trials with various types of airblast sprayers were conducted at Cornell University to study how 
changes in fan speed affect air speed, volume and direction. Indoor trials were conducted using a Gill 
sonic anemometer (Gill industries, Hampshire, UK) to determine airflows.  
 
On a sprayer with an anti-clockwise rotating fan, the peak of the air stream centre moves down with 
increasing distance away from sprayer centre. The rate of descent increases with decreasing air intake, 
resulting in relatively low velocities in the spray target zone on the left of the sprayer compared to the 
right side. On the right side, the general trend showed a slightly rising stream due to the counter-
clockwise direction of the fan. The air velocity on both sides was highest at maximum fan speed, 
velocity decreasing when decreasing the fan speed. With the help of air velocity patterns we can see 
the effect of changes in air output.  
 
Field trials were conducted in an orchard, (20 feet rows, 11feet trees) using an AgTec P300 (AgTec 
Minnesota ) sprayer fitted with airshear nozzles operating at two fan speeds, 2076 rpm (540 rpm PTO)  
and 1557 rpm (405 rpm PTO). Drift was detected using Water sensitive cards (Syngenta, North 
Carolina) and analyzed using DropletScan (WRK, Cabot, AR) image analysis software. The 
methodology and results are published in detail, Landers and Farooq (2004). At a fan speed of 2076 
rpm, drift was detected up to 80 feet from the target row where 10% card coverage occurred.  
Reducing fan speed by 25%, resulted in considerably less drift, with card coverage at 20 feet and 40 
feet from the target row being 16% and 0.20% respectively. Reducing fan speed increased droplet size 
from 351 microns VMD at 2076 rpm to 460 microns VMD at 1557 rpm. (Note, no spread factor has 
been taken into consideration). 
 
Nozzle orientation  
In the 2004 growing season, a MIBO vertical patternator was used to evaluate the effect of nozzle 
orientation on spray deposition, results show great variability in spray pattern. Nozzles set in the 
“typical growers” pattern, i.e. pointing radially outwards resulted in a large quantity of liquid being 
blown above the target row. The quantity overshooting the target varied according to tree height, 
canopy density and size/speed of the fan on the airblast. Different types of airblast sprayer also 
behaved differently. We tested 20 sprayers at growers orchards and noted the great inbalance on 
distribution between the left and the right-hand side of the sprayer due to the airflow.  
 
The best spray pattern for most conditions tested occurred when the right hand side nozzles were 
pointing horizontally to counteract the upward movement of the air from the fan. Best results occurred 
with the left side nozzles pointing 45o upwards to counteract the downward direction of the air from 
the fan. The results show the importance of correct nozzle orientation if pesticides are to be applied 



 

effectively onto the target. It should be noted that each sprayer design will vary, due to fan size and air 
volume, so no “blanket’ recommendation can be made.  
 
Correct adjustment of top and base deflector plates on traditional airblast sprayers should also be 
carried out to direct the air towards, and confine it to the target canopy. Variable pitch blades (if fitted) 
must be adjusted to vary the amount of air being delivered into the target or alternatively the speed of 
the fan should be reduced by slowing down the PTO to match the developing canopy. 
 
Conclusions 

1. Airblast sprayers, as used in orchards, create a large plume of pesticide spray due to the use of 
large capacity fans. The resultant plume of pesticide spray frequently misses the target canopy 
and is accelerated upwards into the air or through the target canopy. 

 
2. Spray drift is inevitable with crop spraying, even when growers follow best management 

practices. Research since the mid-1960s indicates that pesticide spray droplets will be 
transported by wind currents for distances ranging from a few feet to many, many miles. 

 
3. Improved designs of sprayers which direct spray into the canopy, increases deposition and 

reduces drift, but does not eliminate drift completely. 
 

4. The results have shown potential for improving deposition and reducing spray drift by 
carefully adjusting nozzle orientation. Nozzle orientation needs to be adjusted independently 
and in consideration of airflow rate and direction on two sides of the air blast sprayers. 
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GERMAN DRIFT REDUCTION METHODS -Registration of BBA – approved plant protection 
equipment for orchards in the list of loss reducing equipment 
 
    
Drift Reduction Class Sprayer Nozzle Types Regulations of Use 

50% All air assisted 
sprayers 

ID, TD, AVI, 
DG, AD 

Various Sizes

First 5 rows without air 
towards field edge. 

 Foliage Detector All Types  
 Air assisted 

sprayers with axial 
fan.

ID Various 
Sizes, TD 80-02 

Keramik, 
AVI 80-03

Spray pressure max 58-73 
PSI.  First 5 rows with 

reduced air (max 
30,000m3/h). 

 All air assisted 
sprayers

All Types Hail nets above orchards. 

75% All air assisted 
sprayers

ID, TD, AVI, 
DG, AD 

Various Sizes

Hail nets above orchards. 

 Sprayers with axial 
fan with max 

30,000 m3/h, at 
least with first 

gear.

ID, TD, AVI 
Various Sizes

Spray pressure max 58-73 
PSI.  First 5 rows with 

reduced air (max 
20,000m3/h).  AVI 80-015 

max 44 PSI, ID 90-015 
max 44 PSI. 

 Tower Sprayer ID, TD, AVI, 
DG, AD 

Various Sizes

First 3 rows spraying 
without ari towards field 

edge. 
 Sprayers with cross 

flow fan.
ID, TD, AVI, 

DG, AD 
Various Sizes 

First 3 rows spraying 
without air towards field 

edge. 
90% Sprayers with cross 

flow fan.
ID, TD, AVI, 

DG, AD 
Various Sizes

First 5 rows spraying with 
reduced/sealing #4 towards 

filed edge; sealing #8 
inwards. 

 Tower sprayers 
with fan

ID, TD, AVI, 
DG, AD 

Various Sizes

First 5 rows spraying 
without air towards field 

edge.  Partly with reduced 
spray pressure. 

 Lipco Tunnel 
sprayers

  

99% Lipco Tunnel 
sprayers

ID, TD, AVI, 
DG, AD 

Various Sizes 

 

    
    
 
Key:  
ID = Lechler Air Induction;   AD = Lechler Drift Reducing;  TD = Agrotop by GreenLeaf   
DG = Drift Guard by TeeJet;  AVI = Albuz Air Induction 
Website: www.bba.de 
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