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A New Bee for Pollination 
 

Dr. Nikki Rothwell, District IPM Educator 
Northwest Michigan Horticultural Research Station 

Traverse City, MI 49684 
 
Because honeybee, Aphis mellifera, populations have suffered obvious and costly declines in recent years, 
investigations into alternative pollinators are needed in temperate orchard and other agricultural systems.  
Osmia spp. have been documented as efficient pollinators that have strong associations with fruit trees; 
they are also highly mobile within orchards and have shown increased pollination success rates, even 
under adverse weather conditions.  We propose to examine five main objectives that investigate the 
effectiveness of Osmia cornifrons, the horn-face bee (HFB), in Michigan orchards by comparing with the 
standard honeybee:  1) foraging activity of pollinators under different weather conditions, 2) foraging 
behavior of pollinators, 3) foraging efficiency and efficacy, and 4) influence of pollinators on yields.  In 
order for growers to optimally use colonies of HFB, we will also examine the timing of HFB placement in 
the orchard, using tree phenology and growing degree days.   
 
In 2005 our observational experiments showed that HFB behavior differed from honeybees in three 
primary ways:  1) HFB forage for a significantly longer amount of time per flower than honeybees, 2) 
HFB visit significantly fewer flowers per tree than honeybees and for fewer flowers per minute, and 3) 
HFB fly under slightly different conditions (solar radiation, wind speed, and temperature) than honeybees.  
From our preliminary data, we were unable to determine if one visit from one HFB resulted in the set of 
one cherry fruit.  In 2006, we found HFB visited significantly fewer flowers per tree and both species 
visited a similar number of flowers per minute, but during this season, we found HFB spent significantly 
less time per flower than honeybees.  Because we found very few HFB in the orchard, we were not able to 
determine how weather conditions influenced their foraging activity. 
 
In both 2005 and 2006, we quantified HFB’s pollinating capability by placing nesting buckets within 
orchards at a density of approximately 250 females/acre before bloom.  Each orchard block was divided 
in half, and one side was stocked with HFB while the other half contained honeybees.  Yield data were 
taken at harvest to determine if HFB increased the pollination rate, hence increasing the average amount 
of cherries produced.  In 2005, some orchard blocks had higher fruit set percentages and yields in areas 
with HFB, but these results did not hold true for all orchard sites.  We also found simlar results in the 
second year of the study:  most orchards had similar fruit sets and yields with honeybees and HFB.  
However, in 2006, we found significantly higher cherry yields in one half of a Montmorency/Balaton 
block at the Northwest Michigan Horticultural Research Station that contained HFB.  Thus far, our data 
suggest HFB pollinate as well as traditional honey bees.  
 
In our first year of study to determine when to place HFB into the orchard, we found we had optimum 
recolonization of nesting boxes when HFB were placed into the orchard between 160-215 GDD.  This 
discovery may influence when we place colonies into the orchard in the spring, which in turn will 
determine the effectiveness of HFB as pollinators.  Because many of our fruit crops bloom early in the 
spring and HFB need substantial time to forage and lay eggs, we may need to augment pollen supplies. 
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A More Competitive Apple Planting System 

Terence L. Robinson1, and Stephen A. Hoying2  
1Dept. of Hort. Sciences, NY State Ag. Exp. Station, Cornell University, Geneva, NY 14456 

2Dept. of Hort. Sciences, NY State Ag. Exp. Station, Cornell University, Highland, NY 12528 

 

There has been a steady increase in tree planting density in the USA over the last 50 years from 35 
trees/acre to in some cases more than 2,500 trees/acre.  Some experimental orchards have used densities 
up to 4,000 trees/acre. At the turn of the century there was a great disparity of opinion among growers on 
which system was the most profitable with some growers using densities above 2,000 trees/acre and some 
growers continuing to use densities below 200 trees/acre with the majority of growers planting densities 
in-between. Most growers in the USA had settled on densities around 500-600 trees/acre using M.9 or B.9 
rootstocks. In 2001 we conducted and economic analysis which indicated there is another step in the 
evolution of orchard systems that will improve profitability. 

Economic Analysis Of Orchard Systems 

We evaluated 5 newer orchard systems: Slender Pyramid, Vertical Axis, Slender Axis, Tall Spindle and 
Super Spindle (Robinson et al., 2007). They ranged in density from 340-2,180 trees/acre which represents 
the range of tree densities growers are currently using in New York State. The analysis estimated Net 
Present Value (NPV) for each system over 20 years. In general our results showed that the greater the 
planting density, the greater the investment cost to establish the orchard. However, due to higher early 
yield and higher cumulative yield, profitability was generally increased with increased tree density. 
Nevertheless, the law of diminishing returns which results in less gain in cumulative yield as more trees 
are planted per ha, meant that very high tree densities were not more profitable than more moderate 
densities. In addition, it is generally agreed that risk increases with increasing level of investment, thus 
making the very high density systems riskier.  

When NPV of the accumulated profit over 20 years was calculated per unit land area the greatest 
profitability was at a tree density of 1,000 trees/acre when feathered trees and an individual tree stake plus 
a single wire trellis were used. If a less expensive 4 wire trellis was used, the optimum tree density was 
increased to 1,050 trees/acre and profitability of each system was increased with the greatest effect on the 
highest density Super Spindle system. If inexpensive feathered trees were used, the optimum tree density 
was increased to 1,000 trees/acre and the profitability of all systems was increased with the greatest effect 
on the Super Spindle system. When an alternative method to evaluating profitability (NPV per unit of 
capital invested rather than per unit of land area) the optimum tree density was lower (around 900 
trees/are) regardless of whether a 4 wire trellis or a metal tube tree stake plus single wire trellis were used 
to support the trees. 

Tree price and trellis cost had a large influence on profitability and optimum planting density. At low tree 
planting densities, tree price had only a small effect on profitability while at high planting densities, tree 
price had a very large impact on profitability. With high tree prices, profitability of all systems was low 
and the optimum tree density was 1,000 trees/acre. As tree price was reduced, profitability of each system 
was increased and the optimum planting density increased. With an extremely low tree price of 
$2.00/tree, the optimum density was above 2,200 trees/acre. In general our economic study indicated an 
optimum tree density of 1,000-1,200 trees/acre unless fruit price was very high. This range of tree 
densities led to the development of a training system for this density we call the Tall Spindle.  



2 

 

Development of the Tall Spindle System 

During the late 1970’s and early 1980's a significant number of growers in the USA began planting more 
compact trees on M.9 rootstock at much higher tree densities (400-600 trees/acre) to achieve higher early 
yields. They used the slender spindle training system developed by Bob Wertheim in 1968 in Holland. 
The slender spindle orchards had significantly higher early yields and management efficiency was 
improved by limiting tree height to allow all management to be done from the ground (pedestrian 
orchards). However, the short stature of the slender spindle tree (6ft) and moderate density often resulted 
in moderate mature yields and dense canopies. Studies on light interception illustrated that these 
pedestrian orchards with regular tractor alleys did not intercept more than 55% or available light. 

A significant trend in the late 1980’s was to increase tree planting density in Slender Spindle orchards to 
improve light interception and thereby improve both early and mature yields. Some growers attempted to 
increase planting density above 600 trees/acre by planting double and triple rows. However, the multiple 
row systems developed dense canopies which were difficult to manage and vigor usually became a 
problem as the orchards matured. 

Another more successful approach to improving yield in the late 1980’s was to again grow taller trees by 
using the Vertical Axis system developed by Jean Marie Lespinasse in 1980. Typical vertical axis trees 
were also planted at 400-600 trees/acre and were grown to 10-13ft high. This system also introduced 
renewal pruning of large upper branches to maintain a conic tree shape and improve light exposure of the 
lower canopy. Although this advance meant that tree height was again too high to manage the canopy 
from the ground, yields were improved significantly and often fruit quality was also improved since there 
was more space between the branches of a Vertical Axis tree than a Slender Spindle tree. By the mid 
1990’s a large portion of the USA apple growers adopted a version of this system. 

During the early 1990’s, much higher tree densities between 1,600 and 2,400 trees/acre were tested in 
single rows in either a vertical tree shape or a V-shape. A more narrow tree form was developed which 
was named the Super Spindle system. These trees had a tree diameter of 18-24” and a tree height of 8 ft. 
Through managing this system growers and researchers learned that by never allowing permanent 
scaffold branches to develop the tree could be kept very compact for many years.  However, the cost of 
the Super Spindle system was prohibitive for all except those who grew their own trees.  

Another trend was to minimize pruning of young trees.  In the 1990’s, many slender spindle growers 
began to avoid pruning the after planting or during the first few years.  If the central leader was cut as was 
typical with slender spindle trees of the 1980’s a vigorous frame developed which needed a lot of summer 
pruning labor to maintain good light distribution in the tree for good fruit quality.  Without pruning of the 
leader and with feathers starting at 30 inches above the soil, the tree could be allowed to crop in the 
second year which gives natural bending of lateral branches to keep the canopy narrow.   

Another significant trend during the late 1980’s and 1990’s was greater emphasis on the use of highly 
feathered trees to obtain significant yield in the second year after planting. However many of the trees 
used in the 1980’s and 1990’s had feathers that started at 18” above the graft union. The low height of the 
feathers required significant labor to tie the branches up when they began to fruit to prevent fruit from 
touching the ground. In the late 1990’s, the minimum height of feathers on nursery trees was raised to 30-
36”. This allowed branches to hang in a pendant position with a crop load and still not touch the ground, 
thus, eliminating the need to tie up branches.  

By the late 1990's an amalgamation of these trends gave rise to a new system we began calling the Tall 
Spindle system. It incorporates aspects of the slender spindle system, the vertical axis system and the 
super spindle system. This planting system achieves the goals of very high early yields, high sustained 
yields and excellent fruit quality while moderating the initial investment compared to the super spindle 
system (Table 1). The important components of this system are: 1) high planting densities (~1,000-1,500 
trees/acre), 2) the use of dwarfing rootstocks, 3) highly feathered nursery trees (10-15 feathers), 4) 
minimal pruning at planting, 5) bending feathers and branches below horizontal, 6) no permanent scaffold 
branches and 7) limb renewal pruning to remove and renew branches as they get too large.  Each of the 
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components is important and ignoring one or more of the components will result in less than optimum 
performance.  

Characteristics of The Tall Spindle System 

Tree Density: Tree density with Tall Spindle orchards can vary from a high of 1452 trees/acre (3' X10') to 
a low of 838 trees/acre (4' X 13').  The proper density considers the vigor of the variety, vigor of the 
rootstock, and soil strength.  With vigorous scion cultivars, growers should use a more dwarfing stock and 
greater planting distances.  With weak scion cultivars, a more vigorous rootstock should be used and/or 
closer planting distances.  Despite some latitude in planting distances, growers should remember that to 
obtain high early yields high tree densities are essential.  For weak and moderate growing cultivars such 
as Honeycrisp, Delicious, Braeburn, Empire, Jonamac, Macoun, Idared, Gala, NY674, Golden Delicious, 
etc we suggest an in-row spacing of 3' (Fig 1).  For vigorous varieties such as McIntosh, Spartan, Fuji, 
Jonagold, Mutsu, etc, and tip bearing varieties such as, Cortland, Rome, Granny Smith and Gingergold 
we suggest an in-row spacing of 4'.  Between-row spacing should be 10'-11' on level ground and 12'-13' 
on slopes. 

Rootstocks. Most successful tall spindle plantings are planted with dwarfing rootstocks such M.9, B.9.  In 
recent years in the USA, the fire blight resistant dwarf rootstocks from Geneva® (G.16, G.11 and G.41) 
have been used successfully in Tall Spindle plantings. Within the M.9 class of dwarfing rootstocks there 
are significant differences in vigor between clones.  The weaker clones (M.9NAKBT337, M.9Flueren56, 
B.9 and G.11 and G.41) are especially useful with vigorous scion varieties on virgin soil.  The more 
vigorous clones (M.9Pajam 2, M.9Nic29, M.9EMLA, G.16) are much better when orchards are planted 
on replanted soil or when weak scion cultivars are used.  Although M.9 is used around the world with 
great success in high density plantings, it is highly susceptible to fire blight and Woolly apple aphids. The 
new dwarfing rootstocks that are resistant to these problems such as the Cornell Geneva series should 
improve the worldwide performance of high density orchards. 

Tree Quality.  An essential component of the Tall Spindle system is a high branched (feathered) nursery 
trees.  Several studies have shown that the greater the number of lateral branches or feathers the greater 
the yield in the second and third year.  The tall spindle system depends on significant 2nd and 3rd year 
yield, for the economic success of the system.  If growers use whips or small caliper trees which do not 
produce significant quantities of fruit until year 4 or 5, often the carrying costs from the extremely high 
investment of the tall spindle orchard overwhelms the potential returns and negates the benefit of the high 
tree density on profitability.  We recommend that the caliper of trees used in tall spindle plantings be a 
minimum of 5/8” and that they have 10-15 well positioned feathers with a maximum length of 1 ft and 
starting at a minimum height to 30” on the tree (Fig.1).  Generally nursery trees in North America have 
not had this number of feathers until the last 2 years.  Many nursery trees have 3-5 long feathers instead 
of 10 short feathers.  The tree with few long feathers requires more branch management than the tree with 
more short feathers.  

Branch Angle Manipulation.  The most important method of inducing cropping and reducing induced 
juvenility is tying down of the scaffold branches below horizontal to induce cropping (Fig. 2). One of the 
most significant differences between the Tall Spindle and the more traditional Vertical Axis and Slender 
Spindle is that the tall spindle tree typically has no permanent lower tier of branches.  With the Tall 
Spindle all of the feathers are tied or weighted below the horizontal at planting to induce cropping and to 
prevent them from developing into substantial lower scaffolds.  The pendant position results in a weak 
fruiting branch instead of a scaffold branch.  In contrast the Vertical Axis and Slender Spindle systems 
allow feathers to be brought down to horizontal with fruit load in the 3rd year or are tied down a little 
above horizontal which allows them to grow into scaffolds over the first 4 year.  Growers who attempt to 
plant feathered trees at the Tall Spindle spacing but do not tie the feathers down often end up with limbs 
in the lower part of the tree that are too strong which requires severe limb removal pruning at an early age 
which invigorates the tree and makes long term canopy containment problematic.  This simple change in 
tree management allows for long-term cropping of many feathers and little invasive pruning for the first 
5-8 years at the very close spacing of the Tall Spindle system.  
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After the initial tying or weighting down of feathers at planting, new lateral branches that arise along the 
leader do not need to be tied down.  In most climates, if moderate vigor lateral shoots which arise along 
the leader are not pruned, they will naturally bend branches down below horizontal with cropping in the 
3rd year. However, in vigorous and/or warmer climates where winter chilling is insufficient, often limbs 
become too large before they set sufficient crops to bend the branches down.  In these climates, tying 
down of all vigorous limbs must be done annually for the first 3-5 years until the tree settles down and 
begins to crop heavily.  However, in most traditional apple growing areas, growers often invest too much 
money in limb tying which should be limited to only the feathers at planting.  Thereafter, the precocity of 
the rootstock induces heavy cropping and a natural balance is established. 

Cropload Management. Varieties differ in their biennial bearing tendency and this must be incorporated 
into the croploads allowed on young trees.  For annual cropping varieties like Gala, we recommend 
croploads of 15-20 apples/tree in the second year, 50-60 apples/tree in the third year, and 100 apples/tree 
in the fourth year.  For slow growing and biennial bearing varieties like Honeycrisp croploads should be 
half that used with Gala. 

Mature Canopy Shape. The Tall Spindle is essentially a 10 ft trunk with small fruiting branches inserted 
all along its length. To achieve this tree in only 3 years the central leader is not cut (headed) at planting.  
This results in a 5-6 ft tall tree at planting which is already 50% of its final height (Fig. 1).  This relatively 
tall thin tree needs support before the fully leafed out canopy acts as a sail resulting in tree breakage in 
strong wind storms.  Thus a 3-4 wire trellis must be installed by the time the tree leafs out.  A 3-4 wire 
trellis is preferred to a individual tree stake and a single wire trellis since the tree density is so high that 
the cost of and individual tree stake (conduit pipe) becomes prohibitive.  Some growers of Tall Spindle 
tree use an inexpensive bamboo tree stake at each tree tied between a lower and higher wire. The leaders 
shoot is supported with the trellis and is not headed in succeeding years until year 4-5 when mature tree 
height has been achieved and heavy cropping has begun.  The upper part of the tree is composed of small 
fruitful branches which bend with crop below horizontal.  The narrow, slender shape of the tall spindle 
canopy helps ensure that most of the canopy is well exposed resulting in excellent fruit quality. 

Renewal Pruning. For the tall spindle system, maintaining a conic shape as the trees age is critical to 
maintaining good light exposure, fruiting and fruit quality in the bottom of the tree.  In our experience, 
the best way to maintain good light distribution within the canopy as the tree ages is to remove whole 
limbs in the top of the tree once they grow too long. We recommend the annual removal of 1-2 upper 
branches completely. To assure the development of a replacement branch, the large branch should be 
removed with an angled or beveled cut so that a small stub of the lower portion of the branch remains.  
From this stub a flat weak replacement branch often grows. When this style of pruning is repeated 
annually, the top of the tree can be composed completely of young fruitful branches, thus maintaining the 
conic shape of the tree. 

Performance of the Tall Spindle in NY State.   

We began testing the Tall Spindle system (3’X11’) in 1997 at Geneva in a planting of both higher and 
lower densities (Robinson, 2005).  The Tall Spindle system was the second highest yielding system only 
exceeded by the much higher density Super Spindle system but was more profitable.  Unfortunately when 
the trial was planted we could not obtain in the USA the highly feathered trees (10-15 feathers) which are 
essential to the optimum performance of the Tall Spindle.  Our trees had 3-5 feathers, thus its 
performance was not up to the potential of more highly feathered trees.  In 2002 we planted a new trial in 
the Champlain Valley of NY State to test the Tall Spindle using highly feathered trees 7-8 feathers.  The 
results after 4 years have been quite impressive. With McIntosh and Honeycrisp the Tall Spindle system 
has had twice the yield of the more traditional Vertical Axis.  With McIntosh the yields reached 771 
bushels/acre in the 4th leaf while with Honeycrisp the fourth year yield was 578 bushels/acre.  In 2006 we 
planted two new trials of the Tall Spindle system in the Hudson Valley and in Western NY.  In this case 
with Gala, Honeycrisp and Fuji we obtained trees with 8-10 feathers.  We expect even greater yields from 
the new trials since we have even better quality trees. 
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Conclusions 

The key objectives for a new orchard are to maximize yield in the early years and still effectively produce 
large yields of high quality fruit after the trees are mature.  The Tall Spindle system accomplishes these 
objectives by combining high tree planting densities, highly feathered trees that have many small 
branches instead of a few large branches, minimal pruning at planting or during the first 3 years, branch 
angle management by tying down all of the feathers at planting to induce cropping and prevent the 
development of strong scaffold branches that cause difficulty in tree management in later years, and 
branch caliper management by the systematic removal of large branches to keep the tree manageable.  
Since large branches contribute to the development of large trees the Tall Spindle trees which have no 
large scaffold branches remain small.  Our most recent economic analysis shows the optimum economic 
density for NY is the 1,000-1,100 trees/acre of the tall spindle system. 

Table 1.  Establishment Costs for 3’ X 11’ Tall Spindle Orchard Systems (10 rows X 400’ long) 
 
Item 

Number/acre Material Costs 
($/acre) 

Labor Costs 
($/acre) 

Total Cost 
($/acre) 

Trees 1320 $8,580 $100 $8,680 

Anchor poles (6 ft) 20 $120 $100 $220 

Inline poles (12 ft) 110 $1,100 $550 $1650 

Wire 12,000 ft $280 $100 $380 

Staples, tightners and crimps  $50 $100 $150 

Total  $10,130 $950 $11,080 

Table 2. Simplified pruning and training plan for the Tall Spindle system. 
First Leaf 
At Planting Plant highly feathered trees (10-15 feathers) at a spacing of 3-4’ X 11-12’ (90cm-

1.2m X 3.3m-3.6m).  Adjust graft union to 6” (15 cm) above soil level. Remove all 
feathers below 24” (60 cm) using a flush cut.  Do not head leader or feathers. 
Remove any feathers that are larger than 2/3 the diameter of the leader 

3-4” Growth  Rub off 2nd and 3rd buds below the new leader bud to eliminate competitors to the 
leader shoot. 

May Install a 3-4 wire tree support system that will allow tree to be supported to 3m. 
Attach trees to support system with a permanent tree tie above 1st tier of scaffolds 
leaving a 2 inch diameter loop to allow for trunk grow. 

Early June Tie down each feather that is longer than 10” (25 cm) to a pendant position below 
horizontal. 

Second Leaf 
Dormant Do not head leader or prune trees.  
10-15 cm growth Pinch lateral shoots in top 1/4 of last years leader growth removing about 5 cm of 

growth (the terminal bud and 4-5 young leaves). 
Early June Hand thin crop to single fruit four inches apart. (Target 15-20 fruits/tree) 
Mid June Re-pinch all lateral shoots in top 1/4 of last years growth. Tie developing leader to 

support system with permanent tie.   
Third Leaf 
Dormant Do not head leader. Remove overly vigorous limbs that are more than 2/3 the 

diameter of the leader using a bevel cut. 
Late May Chemically thin according to crop load, tree strength, and weather conditions, then 

follow up with hand thinning to appropriate levels to ensure regular annual cropping 
and adequate fruit size. (Target 50-60 fruits/tree) 

June  Tie developing leader to support system with a permanent tie. 
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August  Lightly summer prune to encourage good light penetration and fruit color. 
Fourth Leaf 
Dormant Do not head leader. Remove overly vigorous limbs that are more than 2/3 the 

diameter of the leader using a bevel cut. 
Late May  Chemically thin then follow up with hand thinning to appropriate levels to ensure 

regular annual cropping and adequate fruit size.(Target 100 fruits/tree) 
June  Tie developing leader to support system with a permanent tie at the top of the pole. 
August  Lightly summer prune to encourage light penetration and fruit color.  
Mature Tree Pruning (Fifth-Twentieth Leaf) 
Dormant Limit tree height to 10’ (3m) by cutting leader back to a fruitful side branch. 

Annually, remove al least 2 limbs including lower tier scaffolds that are more than 
2/3 the diameter of the leader using a bevel cut. Shorten bottom tier scaffolds where 
needed back to side branch to facilitate movement of equipment and preserve fruit 
quality on lower limbs. Remove any limbs larger than 1” diameter in the upper 2ft 
(60cm) of the tree 

Late May  Chemically thin then follow up with hand thinning to appropriate levels to ensure 
regular annual cropping and adequate fruit size. (Target 100-120 fruits/tree) 

August  Lightly summer prune to encourage light penetration and maintain pyramidal tree 
shape. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. A young Tall Spindle orchard (A) with highly feathered trees (15+ feathers) planted at 
3’X12”.  Note tree height at planting is 6’. A newly planted Tall Spindle tree with feathers 
tied below horizontal (B). 
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Use, Cost, and Value of Manure for Fertilizing Orchards 
 

Natalie Rector, Nutrient Management Educator, Michigan State University Extension 
 
Manure is a valuable resource containing macro and micro nutrients and contributing to soil organic 
matter and overall soil properties that improve soil tilth.  Manure needs to be land applied such that the 
nutrients are recycled into the soil and plants and does not produce off site runoff to waters of the state.  
There is also a concern for pathogens in manure that could pose a risk to human health when applied to 
crops that are consumed by people.  The specifics of that issue will be dealt with in a subsequent abstract.  
This abstract will deal with the agronomic and conservation management practices of manure onto fruit 
crop lands.  
  
Appling manure to any land should follow the guidance of the Michigan Department of Agriculture’s 
Generally Accepted Agriculture Management Practices (GAAMP) for Manure.  Conformance to these 
standards will provide producers with nuisance protection from neighborhood complaints.  A complete 
version of the Manure GAAMPs can be found at http://www.michigan.gov/mda/ and then key word 
search “manure gaamp”.  Without reiterating the entire GAAMP, here are some of the basic principles 
that should be followed for manure applications:  
 

o Have current soil tests of the fields that manure will be applied to; less than three years old and 
taken in less than 20 acre increments. 
  

o Manure should never be applied beyond the crop’s need for nitrogen.   
 

o Phosphorous soil tests will determine the acceptable rate of manure based on these guidelines:    
• For soil testing <75 ppm Bray P1 (150 lbs. Bray P1), manure may be applied up to the 

nitrogen recommendation.   
• For soils testing between 75-149 ppm Bray P1 (150-299 lbs. Bray P1) apply manure at no 

more than 4 years of phosphorus crop removal.  If you are conforming to any programs at 
the Natural Resource Conservation Service (NRCS), 2 years of phosphorus crop removal 
is the maximum rate.   

 The above two guidelines will allow for some building of phosphorous soil 
levels.  Orchards may be low in phosphorous and benefit from this nutrient.  
This creates a positive dollar value from the manure application.   

• Any soil testing greater than 150 ppm Bray P1 (300 lbs. Bray P1) cannot receive manure. 
 

o GAAMPs also state that the person providing the manure to you, if it is not your own, is to supply 
a nutrient analysis of the manure so that the above agronomic rates and phosphorus limits can be 
achieved.   
 

o If the goal is to retain as much of the manure nitrogen as possible for crop production, then it is 
important to not only know the breakdown between organic and ammonium nitrogen but to also 
consider the manure application methods.   



• Different species of manure contain very different percentages of organic and ammonium 
N.  For manures with a higher percentage of N in the ammonium form, any type of 
incorporation will aid in retaining the nitrogen.  As with any form of surface applied 
fertilizer N, it is always best to apply when the temperatures are cool and the soil is not 
dry to decrease volatilization.   The greater the nitrogen retention, the greater the 
economic benefit of the manure application.   

• Pre-sidedress nitrate soil tests will provide a value of the plant available nitrate nitrogen 
in the soil in the late spring of the year.  They are called pre-sidedress since they 
originated for corn.  The “pre-sidedress” name is a guide to the proper time of year to 
take the sample, which is when corn is about 6-10 inches tall and coincides with the time 
that soils have warmed up and ammonium is being converted to nitrate.  Even in a fruit 
crop, the same time of year is appropriate for taking the soil test.   The test will indicate 
the level of plant available nitrate nitrogen in the soil, including the nitrogen from the 
manure applications.  

 
The conservation practices related to land application of manure are just as important as the agronomic 
practices.  Fortunately, many of the same practices that conserve manure and its nutrients in the soil are 
also the same practices that prevent off site movement of the manure.  To ensure that manure does not 
reach waters of the state consider these management practices: 
 

• When land applying manure, stay back 150 feet from any surface waters or areas subject to 
flooding unless the manure is injected, incorporated within 48 hours or other conservation 
practices are in place to reduce runoff and erosion.  These other practices might include, but are 
not limited to the planting of cover crops or permanent vegetative buffer areas along surface 
waters.   

• Liquid manure should not be applied in such a manner that it creates ponding or runoff to 
adjacent property, drainage ditches, surface waters or through tile lines.  

• If the soil is frozen or snow covered, solid manures can be applied to fields with less than a 6% 
slope and liquid manures on fields with <3% slope.   

• For any land application of manure, irregardless of the season of year, always consider the risk of 
off site movement.  Take into account such field conditions as slope and the proximity to surface 
waters.  If there is existing or known past erosion in the field, this is an indication of what can 
happen to manure if applied prior to a heavy precipitation event or spring thaw.     

 
Manure on fruit crops may incur several concerns such as a perennial crop where incorporation may not 
be feasible and the desire to fall apply to allow as much time between manure application and fruit 
production for consumer safety.  This scenario necessitates attention to site selection of manure.  Obvious 
hilly fields with surface water at the bottom would not be a good choice, where as flatter fields with no 
adjacent surface waters may be appropriate.   There are low disturbance tillage tools available that can be 
utilized in sod and will improve the retention of manure.  The presence of permanent grass vegetation 
under fruit crops will obviously improve retention of the manure, but bare strips directly under the trees 
would be a concern if the rows are running up and down a hillside.  
  
Producers who utilize manure nutrients on fruit crops need to consider and have in place, a system 
whereby the nutrients are recycled to the crop at agronomic rates, conservation practices ensure the 
manure and nutrients do no reach waters of the state and that the timing, rate and application of manure is 
such that human safety is achieved.   
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In 2006, Michigan State University unveiled a new weather-IPM system for the agricultural industry--the 
Enviro-weather web site (www.enviroweather.msu.edu). This new system accesses the network of all 49 
automated weather stations, the Michigan Agricultural Weather Network (MAWN), from around the state 
to retrieve weather current weather data. This weather information is then fed into pest management and 
other models for use by the agricultural and natural resource industries.  As part of the development team, 
I have watched the genesis of Enviro-weather and am enthusiastic about its future. 
 
Where did it come from:  Enviro-weather was born out of two independent output systems that linked 
real-time weather data to IPM-related fruit models in Michigan. The MSU Integrated Crop Management 
(MSU-ICM) and the MIFRUIT (HortSystems/MSUE at NWMHRS) web sites offered pest models and 
output from models for Michigan growers. The development of Enviro-weather was stimulated by an 
October 17, 2005 MSU Ag Experiment Station-funded meeting entitled “Weather-based Integrated Pest 
and Crop Management Fall Conference” Seventy-five participants attended the conference, representing 
MSU, state and federal government, crop consulting firms, information technology businesses and 11 
commodity groups. 
 
Enviro-weather is a collaborative project between the Michigan Climatological Resources Program and 
the MSU Integrated Pest Management Program as supported by Project GREEEN, the Michigan 
Agricultural Experiment Station, MSU Extension, private donors, and MSU departments of Crop & Soil 
Sciences, Entomology, Forestry, Geography, Horticulture, and Plant Pathology along with HortSystems, 
Inc.  
 
Over the years many people have provided hours of work, ideas, and suggestions for the development of 
Enviro-weather, its forerunners, and allied sites.  Key people include Tracy Aichele, Joy Landis, Jim 
Brown, Nikki Rothwell, Jim Laubach, Joe Merillat, Mike Brewer, Jeff Andresen, Tom Moen, Amy Irish-
Brown, Steve Marquie, David Epstein, Willie Kirk, and many others.  The project will be adding a 
Weather Information System Coordinator shortly with monies provided by Project GREEEN. 
 
More rapid access to weather data:  A critical component of weather-based information systems is the 
need for up-to-date weather data.  In 2006, cell phones with worldwide web connections were added to 
the MSU weather network to replace many traditional land line telephone connections. This allowed 
weather data from these stations to be uploaded hourly, which is particularly helpful for growers 
monitoring freeze events, as well as infection periods for rapidly developing diseases, such as fire blight, 
apple scab, cherry leaf spot and grape black rot. The MSU weather information contains historical data, 
so if a grower misses an infection period, he or she can call up past information from the Enviro-weather 
site for disease control decisions and situation analysis.  
 



Improved leaf wetness information:  In 2006 a special project was funded by the Michigan State 
Horticultural Society to improve leaf wetness measurements in the MSU weather station network.  
Moisture is a key factor that greatly affects the severity of plant diseases.  Models for guiding 
management of important diseases such as apple scab, fire blight, black rot of grape, and cherry leaf spot 
were based on in-canopy measurements of leaf wetness.  The funds from the Horticultural Society 
allowed MSU to retrofit key weather stations with secondary leaf wetness sensors mount in nearby fruit 
tree canopies.  For those weather stations with no adjacent orchard, three scab-resistant apple trees were 
planted nearby in a triangle, and the sensor mounted in the interior of the canopy.  These auxiliary sensors 
are intended to provide a more realistic representation of moisture conditions for predicting disease 
infections.   
 
Expanding beyond fruit:  The MSU Enviro-weather system has shown great usefulness for the fruit 
industry in its first year of operation but its impact will be much broader as models for additional crop and 
natural resource areas are added.  Work groups for turf, potato, irrigation and vegetable have formed to 
guide development of new features in Enviro-weather for these areas. The MSU Integrated Pest 
Management Resources web site (www.ipm.msu.edu) provides the integration point for the numerous 
agricultural and natural resources models and other related information.   
 
You are invited to examine and use the site (www.enviroweather.msu.edu). Groups and individuals are 
encouraged to send comments/suggestions to eweather@msu.edu.   
 
 




