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What We’ve Learned About Growing  

High Density Sweet Cherries. 
 

Terence Robinson1, Steve Hoying2, and Robert Andersen1 
1Dept. of Horticultural Sciences, NYSAES, Cornell University, Geneva, NY 14456 

2Dept. of Horticultural Sciences, NYSAES, Cornell University, Highland, NY 12528 

 

Over last few years there have been a number of advances in sweet cherry culture including the 
introduction of dwarfing cherry rootstocks, newer varieties, high density training systems, and rain covers 
which are helping to solve the major problems that plague Eastern US cherry growers.  Although 
dwarfing cherry rootstocks used in high density orchards have a unique management challenge of smaller 
fruit size and all sweet cherry orchards suffer from tree death due to winter damage, bacterial canker or 
root rot, and rain induced fruit cracking, over the last 10 years we have learned several management 
techniques to overcome these issues.  

High Tree Densities 

Yields of fruit orchards are strongly related to tree planting density.  The low yields of traditional sweet 
cherry orchards can be improved substantially with high density orchards however growers have little 
experience with high density plantings. Several high density training systems have been developed for 
sweet cherries including the Vogel Slender Spindle, the Zahn Vertical Axis, the Spanish Bush, the Steep 
Leader Vase, the V-trellis, and the Marchand inclined tree system. We compared 6 high-density 
production systems on both standard and dwarfing rootstocks for sweet cherries over the last 8 years. 

Among the six systems we tested, the highest cumulative yield/ha (7 years) was with the Vertical axis 
system (37 t/ha), followed by the Slender spindle system (27 t/ha), the V system (25 t/ha), the Spanish 
bush system (19 t/ha), the Marchand inclined tree system (18 t/ha), and the Central leader system (11 t/ha).  
The differences in yield between systems were largely a function of tree density.  There was a linear 
relationship of tree planting density and yield (Fig. 1). The Vertical axis system, and to a lesser extent the 
Slender spindle system, had a higher cumulative yield than expected from their tree density. The 
combination of Vertical axis training and ‘Gi.5’ rootstock resulted in very high 7-year cumulative yields 
per hectare of 46, 41 and 40 tons/ha for ‘Hedelfinger’, ‘Lapins’ and ‘Sweetheart’, respectively.  In 
contrast, the Vertical axis system with the full vigor MXM.2 rootstock had a cumulative yield of only 13 
tons/ha with ‘Hedelfinger’. The large differences in yield resulted in a 3.4 fold difference in cumulative 
crop value between the Vertical Axis system and the traditional low-density Central Leader system.  

Dwarfing Rootstocks 

Trees on ‘Gi.5’ were significantly smaller (21%) than trees on ‘Gi.6’ which in turn was about 9% smaller 
than trees on ‘MXM.2’.  In addition, the Gisela trees had a more "calm" appearance which makes them 
more suited to high planting densities. We estimate that trees on Gisela 5 should be planted at densities 
from 400-800 trees/acre while Gisela 6 should be planted at densities from 300-500 trees/acre. 

Rootstocks had a large influence on cropping in the first 7 years of our trial. With Hedelfinger, ‘Gi.5’ had 
the greatest cumulative yield (30 kg/tree) while ‘Gi.6’ was intermediate (18 kg/tree) and ‘MXM.2’ had 
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the lowest yield (7 kg/tree) (Fig. 2). The ‘Gisela 5’ trees had 10 times the yield as the vigorous ‘MxM.2’ 
trees in the fourth year and 4 times the cumulative yield after 7 years.  The ‘Gisela 6’ trees had about 7 
times the yield of the ‘MxM.2’ trees in the fourth year and 2.5 times the cumulative yield after 7 years.  
However, the large crops on ‘Gi.5’ were have been excessive since fruit size was reduced compared to 
Gi.6. 

With ‘Hedelfinger’, the ‘Gi.6’ trees had larger fruit size and higher fruit soluble solids than the standard 
sized ‘MxM.2’ trees indicating that they were not been over-cropped. In contrast, the ‘Gi.5’ trees had 
such large crops that fruit size and soluble solids were both lower than the ‘Gi.6’ trees. With self fruitful 
varieties such as ‘Sweetheart’ and ‘Lapins’ it is clear that crop load will need to be managed through 
pruning or thinning to achieve large fruit size.  Modified pruning strategies such as spur extinction 
pruning or heading of all one-year-old shoots will be required to achieve marketable fruit size.   

Keeping Trees Alive 

The saying goes that "Cherry trees love to die".  With the heavier soils in New York often cherry tree 
survival is poor.  There are 4 important management approaches we have utilized to limit tree mortality. 

Plant trees on 12" high berms   Tree death in sweet cherries is often associated with winter damage and 
excessive soil moisture.  In some cases the death is caused by phytophthora root rot and in other cases it is 
caused by winter injury.  We have found that planting trees on 12" high berms results in significantly 
better tree growth and survival than without berms.  This is likely due to better soil oxygen levels and to 
reduced water logging in the fall and in the spring.  An important note is that trees planted on berms must 
be irrigated.  The berms can dry out much quicker during hot weather in the summer.  In our plots a single 
trickle line down the tree row has allowed excellent soil moisture management. 

Use intensive soil tiling   Research on vinifera grapes in Ontario, Canada has shown that much of the 
winter damage is associated with wet areas in a field.  Intensive tiling down every row middle has 
resulted in much less winter damage and vine death.  The same is true for cherries.  In our plots we 
installed a subsurface tile line in the center of each tractor alley to remove excess moisture in the spring 
and to rapidly remove excess water following heavy rainfall before harvest.  The tile system down every 
drive row helps keep trees alive since they are never subjected to excessive moisture.  The rapid removal 
of excess water near harvest also helps limit fruit cracking. 

Use resistant rootstocks.  None of the currently available cherry rootstocks is resistant to phytophthora 
root rot;  however, the Gisela rootstocks show greater tolerance than do Maheleb or Mazzard.  In our plots 
we have lost 18% of the trees on Mazzard and 8% of the trees on Mahaleb but only 1.4%, 1.6% and 4% 
of the trees on Gi.5, Gi.6, and Gi.12 respectively. The losses with Mazzard and Mahaleb occurred despite 
planting the trees on berms and using intensive subsurface tiling.  Without these precautions much higher 
percentages of trees on Mahaleb and Mazzard would have been lost. 

Control bacterial canker.  In the humid climate of NY state it is important to plant varieties that are less 
susceptible to bacterial canker.  In addition 3 management practice are important to avoiding tree death 
due to canker.  (a)  pruning should be delayed until growth starts or do all of the pruning postharvest in 
late July.  (b)  use a copper spray program that includes 2 sprays in the fall near leaf drop (20% leaf drop 
and 90% leaf drop) and 2 sprays in the spring at bud break and immediately following pruning if pruning 
is done in the spring.  (c)  never make flush cuts on the leader.  Always leave a 6-8" stub.  If canker gets 
in this stub it will progress slowly toward the trunk but will not girdle the trunk.  The concept of leaving a 
stub when removing limbs was developed by Mr. Zahn in northern Germany.  He found that in a humid 
climate flush cuts led to serious canker infections on the trunk while leaving a stub prevented infections 
on the trunk.  We have made it a strict rule to always leave a 6" stub when cutting on the main trunk of 
the tree and never allowing flush cuts.  The combination of tolerant varieties, intensive copper sprays and 
stub cuts has worked well at Geneva. 
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Training And Pruning Young Sweet Cherries 

Traditionally sweet cherries receive little training and pruning for the first five years.  However, with high 
density orchards, investments in proper tree training pay dividends. In addition starting with the right tree 
will result in higher early production.  Our trials with sweet cherries have shown. 

Plant a high quality tree.   The optimum tree to plant differs by system.  For the Vertical Axis, Slender 
Spindle and Central Leader systems a large caliper highly feathered tree is the best and requires little 
pruning and training during the first few years. The larger caliper feathered tree used in the Vertical Axis 
and Slender Spindle systems have much greater production in the third –fifth years than a small caliper 
tree.  For the Spanish Bush, Perpendicular V and the Steep Leader systems a small caliper whip is better 
since these 3 systems employ severe heading of the leader at planting.  

Minimize heading cuts for the first few years.  Our results show that repeated pruning cuts in the first 3 
years results in reduced yield whereas minimal pruning during the first 3 years results in high early yield.  
Systems that require significant pruning to form the tree will have much lower cumulative yield over the 
first 5 years.  The Spanish Bush requires heading cuts two times per year for 3 years to form the bush and 
as a consequence it has lower early yield.  The Perpendicular V  and the Marchand trellis also employ 
significant early pruning.  In contrast the Vertical Axis utilizes almost no pruning for 3 years. The Vogel 
Slender Spindle system gives intermediate yields since it requires annual heading of the leader to develop 
side branches and limit tree height.  Minimal pruning has resulted in significant yield in the third year and 
mature yield in the fifth year when using Gisela rootstocks and large caliper feathered trees.  

Develop side branches without heading. To successfully incorporate minimal pruning on young sweet 
cherry trees requires specialized branching techniques to overcome the strong apical dominance. The lack 
of heading the leader often results in blind wood and limited lateral branching on the leader. There are 3 
methods of stimulating lateral branching along the leader: 1) Promalin (5,000ppm) sprayed on the leader 
at bud swell, 2) Notching above every 3rd bud along the leader with a saw blade at bud swell and 3)Bud 
Removal of 2/3 of the buds along the leader (every third bud was left and the others were rubbed out at 
bud swell). Promalin and notching have not been very effective unless combined.  However, bud removal 
has very effective and has given a relatively uniform distribution of lateral branches along the shoot. This 
technique allows minimal pruning yet proper limb placement along the leader. 

Bend branches flat   Cherry trees are very apically dominant which results in upright branch angles.  If the 
branches are spread flat the tips turn up and resume vertical growth.  With the Slender Spindle, the 
Vertical Axis, the Perpendicular V and the Central Leader systems, horizontal branches are critical to 
producing a conic shaped tree that has good light distribution at maturity.  This requires training lateral 
branches horizontal.   Training branches one time as with apple has not been successful with cherry since 
the lateral branches turn up after they have been trained down.  A more successful system has been the 
use of clothespins when the shoot is first developing.  As with apple we recommend installing clothespins 
when the young lateral shoot is 3-5" long.  With the mouth of the clothespin around the leader the tail of 
the clothespin can be adjusted to where it pushes the young shoot down to the horizontal.  The clothespins 
are left in this initial position for about 2 weeks, after which they are hung from the young leaves of the 
developing shoot near the tip.  The weight of the clothespin on a young growing shoot keeps it in the 
horizontal position.  The clothespins must be moved further out on the shoot near the tip every 10 days 
for the months of June and July.  The process of moving the clothespins is fast on a young tree but it does 
require a significant labor commitment in years 1-3 to accomplish the job.  This will eliminate the need 
for large bench cuts on scaffold limbs to get horizontal limbs.  The large bench cuts reduce yield and are 
undesirable.  If additional follow-up limb spreading is necessary limb tying to an anchor is the best 
method.  We use short pieces of conduit pipe pounded in the ground between each tree as the anchor and 
then tie the branches down using avis strap. 
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Mature Management Of Sweet Cherries 

Mature high density sweet cherry trees on dwarfing rootstocks have 2 major problems: dense canopies 
with too little light in the lower canopy and excessive crops with small fruit size.  Our experience has 
taught us a few management strategies to overcome these problems. 

Aggressive pruning. We suggest that mature trees on Gisela stocks be pruned more aggressively that trees 
on Mazzard.  The pruning must include the removal of most of the fine and shaded wood each year.  This 
wood tends to set very heavily, especially on less vigorous, precocious scion cultivars like Sweetheart and 
Somerset and on smaller fruited varieties like Kristin and Ulster.  In addition medium vigor shoots should 
be headed by 1/3-1/2 their length.  This reduces the amount of crop they will set 2 years later and 
stimulates additional leaf area to support the crop. This type of stubbing back pruning has been 
successfully used with Gala apples to increase fruit size In addition this style of pruning results in more 
slender conic shaped trees which helps maintain high density cherry trees in their allotted space. 

Maintain light exposure of the lower part of the tree.  In high density plantings it is very easy to allow 
very thick canopies to develop.  Cherries like apples need good light distribution in the lower part of the 
canopy to produce good fruit quality and healthy buds for next years crop.  Good light exposure of the 
bottom is best achieved with limb renewal pruning.  Removal of 1-2 large limbs in the top or midsection 
of the tree each year either at bud swell or post harvest will limit the shading of the top of the tree and 
create light channels down into the canopy.  With cherry in contrast to apple it is important to leave a 6" 
stub when removing these limbs to prevent bacterial canker on the leader.  If limb renewal is practiced 
annually a conic shaped tree can be developed which has no large limbs in the top.  This also results in 
new fruiting limbs developing from the 6" long stubs left where a branch was cut out.  This new fruiting 
wood produces large size fruit and can be managed as described above using heading cuts each year. 

Conclusions 

Considering yield, fruit size, soluble solids and gross economic returns, the Vertical axis, Slender spindle 
and the V-system were the three best systems in this trial.  The Spanish Bush may be best suited for U-
pick cherry orchards. ‘Regina’ cherry appears to be highly adapted variety to the New York State climate.  
The tree had better winter bud hardiness than the other varieties we tested.  Fruit size was large and 
tolerant of rain cracking. When planted on ‘Gisela’ rootstocks and with the late blooming variety 
‘Hudson’ as the pollinizer, yield was also very high. 

High density orchards combined with a group of management strategies we call “The integrated system of 
sweet cherry production” can result in the consistent production of high quality cherries. The essential 
points of the integrated system are:  High tree densities (>300), dwarfing rootstocks, new varieties (e.g. 
Regina and Sweetheart), berms and tiling, copper spray programs, minimal pruning during first 4 years 
and bud removal to obtain branching, limb renewal pruning to improve light distribution within the 
canopy, aggressive stubbing back pruning to increase fruit size, irrigation, GA sprays for improved fruit 
firmness, rain protection nets or Ca sprays, bird protection, postharvest hydrocooling and MAP storage 
bags. 
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Figure 1.  Relationship of tree planting density 
to cumulative yield of 5 sweet cherry varieties 
(Hedelfinger, Lapins, Sweetheart, Regina and 
Tehranivee) on MXM.2, Gisela 5, Gisela 6 
and Mahaleb rootstocks trained to 6 training 
systems. 

Figure 2.  Effect of rootstock on cumulative 
yield/tree of Hedelfinger sweet cherry trees 
trained to 6 training systems. Vertical bars 
represent LSD for significant differences between 
stocks, p≤0.05. 
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Brown Rot Management in Stone Fruits 
 

Norman Lalancette, Ph.D. 
Rutgers University, Agricultural Research and Extension Center 

Bridgeton, NJ  08302 
 
In the eastern United States, brown rot of stone fruit is caused by the plant-pathogenic fungus Monilinia 
fructicola. The pathogen attacks all commercially grown Prunus species, including apricot, peach, 
nectarine, plum, prune, sweet cherry, and sour cherry. In highly favorable wet growing seasons, total crop 
loss is possible if control is inadequate. 
 
The fungus causes direct yield loss by infecting and rotting fruit as it matures during the preharvest 
ripening period. Although the pathogen also attacks flowers during bloom, incidence of this blossom 
blight phase is rarely high enough to directly impact yield. In any given season, three factors influence the 
incidence and severity of fruit rot:  inoculum level, fruit susceptibility, and environmental favorableness. 
All three of these factors must occur simultaneously for infection to occur.  

 
INOCULUM SOURCES 

 
Inoculum for infection, which consists of fungal spores called conidia, must come from previously 
diseased tissue. The brown rot fungus must first infect and colonize the plant tissue before it can 
sporulate. Major sources of this inoculum are mummies, blighted blossoms, twig and branch cankers, and 
infected green fruit.  
 
Mummies.  When fruit are attacked by the brown rot fungus, water loss can sometimes occur rapidly.  If 
this tissue is not invaded by other microorganisms, the rot will be dry instead of wet. Under these 
circumstances, the fruit often clings to the tree and its skin becomes dry, leathery, and dark brown.  The 
infected fruit has become a “mummy” in which the fungus can overwinter. During spring, the fungus in 
these mummies sporulate profusely, producing inoculum during the blossom blight phase. In some 
seasons, these mummies may still be actively producing inoculum into early summer and therefore may 
also act as a source of inoculum for some of the earliest maturing cultivars. 
 
Blighted Blossoms.  Brown rot blossom blight can be found during bloom or soon thereafter.  On peach, 
the flower anthers are invaded first by the fungus, which then proceeds into the floral tube, ovary, and 
eventually the penducle (stem attaching flower to branch).  On apricot, plum, and prune, all flower parts 
can be attacked.  Blossom susceptibility, from most to least, is as follows: apricot, prune, sweet cherry, 
peach, source cherry, and plum. Soon after infection, blossoms wilt and turn brown. Eventually, flower 
parts become shriveled and turn dark brown or black.  Often, the flowers are attached to the twig by a 
mass of tree gum. If the weather has been recently wet or humid, grayish to tan spores can be observed 
covering some or all of the blighted blossoms. 
 
Twig Cankers.  After colonization of the blossom, the pathogen sometimes enters into the twig or branch 
and forms an elliptical canker.  The margins of the canker have much gum formation, upon which the 
flower parts often stick.  If this canker is able to girdle the twig, then the leaves distal to the canker will 



die, causing a twig blight. These leaves usually turn tan to brown and remain attached to the branch. If the 
fungus does not girdle the branch, the surrounding healthy tissue will produce callus, thereby “walling 
off” the pathogen from further spread. Generally, blossom blight cankers do not become “perennial” and 
produce inoculum in subsequent years, although this behavior has occasionally been observed in the past. 
 
Green Fruit.  Although brown rot seldom occurs on immature green fruit, they can become infected 
under certain circumstances.  Green fruit that fails to pollinate correctly or that may have been injured by 
a late frost can become diseased. Also, any insect damage that causes wounding can allow the fungus to 
invade and colonize the immature tissue.  Green fruit dropped on the orchard floor during thinning can 
also become infected.  In all cases, the immature fruit become covered with grayish to tan colored spores.  
 
Inoculum Level.  Since conidia must come from previously diseased tissue, it should be evident that the 
amount of each of these inoculum sources was dependent on prior disease management activities.  If 
brown rot was effectively managed last season, there should be less mummies. If blossom blight was 
effectively managed during spring, then fewer blighted blossoms should be present in the orchard.  And 
with fewer infected blossoms, there will be less opportunity for the fungus to invade twigs and branches, 
causing cankers. So, if significant fruit rot occurred during the previous season, or if significant blossom 
blight occurred during the current season, then the inoculum level is most likely high. 
 

FRUIT SUSCEPTIBILITY 
 

Fruit Infection Process.  Monilinia fructicola spores from one of the previously mentioned inoculum 
sources are disseminated to fruit by wind, rain, and insect vectors.  If environmental conditions are 
favorable, these conidia germinate and penetrate the fruit cuticle directly or through natural openings. 
Any fruit injury from insects, hail, or mechanical damage augments the susceptibility of the fruit to 
infection. Once inside the fruit, the fungus begins producing pectolytic enzymes.  These enzymes break 
down the pectin layer located between the fruit cells, causing maceration and browning of tissues.  Within 
a few days, the entire fruit can be rotted.  During this colonization phase, the fungus also produces tufts of 
gray to tan conidia on the fruit surface, thus providing inoculum for additional infection of healthy fruit. 
 
Fruit Development and Susceptibility.  As stone fruit grow and develop, their susceptibility or 
resistance to brown rot changes. This type of resistance is called ontogenetic resistance. Fruit are 
susceptible at two different times during the course of the growing season.  For some stone fruit crops, the 
first period of susceptibility occurs during the three week period prior to pit hardening.  However, once 
pit hardening occurs, fruit develop ontogenetic resistance and are no longer susceptible to infection.  The 
second period and most important period of susceptibility begins when fruit begin to ripen, typically at 
two to three weeks prior to harvest. Once this period begins, fruit remain susceptible through harvest and 
up to the point of consumption. 
 

ENVIRONMENT 
 

An orchard could have all the inoculum in the world, plus highly susceptible fruit, and yet no disease will 
occur if the weather is not favorable for infection. Of course, in the eastern United States, the weather is 
usually conducive to disease development. But what environmental conditions are favorable for fruit 
infection? Specifically, what abiotic factors are important for spores of Monilinia fructicola to germinate, 
infect, and sporulate on fruit? 
 
Temperature.  The first abiotic factor to consider is air temperature.  The optimum temperature for 
infection of fully ripened fruit is between 72F and 82F. So, over this 10F temperature range, brown rot 
fungus spores can germinate and penetrate the fruit’s cuticle in the shortest amount of time. In terms of 



disease development, the rate of the epidemic will be quickest at these temperatures. The upper 
temperature for the optimum range, 82F, is actually the start of a plateau or leveling off.  From 82F to 
86F, infection will occur just as fast as in the optimum range. So, in terms of application to commercial 
situations in the orchard, infection can be considered most severe between 72F and 86F. There are no data 
available for temperatures above 86F.  However, as with many organisms, Monilinia fructicola most 
likely slows down its growth as the temperature increases.  It actually gets too hot for the fungus to 
operate its metabolism.   
 
Similarly, as the temperature decreases below 72F, the rate of fruit infection also decreases. For example, 
at 59F less than one half as many fruit will become infected as at 82F. As the temperature decreases 
further to 32F, spores will still germinate and infect fruit, but fungal growth at this temperature is very 
slow.  Therefore, think of cold temperatures (e.g., refrigeration) as a way to slow down, rather than 
prevent infection and colonization of the fruit.  
 
Moisture.  It should be obvious that optimum temperature alone doesn’t determine a favorable 
environment.  If this were true, we would be experiencing infection nearly every day during the fruit 
ripening period. Moisture in the form of free water is also necessary for spore germination to occur.  
Thus, whenever a wetting period occurs, whether it is by dew or rain or even overhead irrigation, the 
potential exists for infection. But what determines the severity of an infection? Clearly, a short morning 
dew doesn’t have the same infection potential as a long drawn-out rain period.  
 
As the last statement above implies, wetness duration is the key factor that determines infection severity. 
The longer the duration of wetness the greater the opportunity for spores to germinate and penetrate the 
fruit’s cuticle. And once inside, the fungus is no longer dependent on external moisture. It’s now got all 
the water and nutrients it needs to colonize and rot the fruit.  
 
As you might expect, temperature interacts with the amount of wetness time needed for infection. In 
controlled experiments on fully ripened peach fruit, no infection occurred at 59F and three hours of fruit 
wetness. However, at an optimum temperature of 77F, three hours of free moisture resulted in about 27% 
of the fruit diseased. And as the wetness duration increased up to 15 hours at 77F, disease incidence 
increased to greater than 90% of the fruit rotted. 
 

DISEASE MANAGEMENT 
 

Although stone fruit cultivars vary somewhat in their susceptibility to brown rot, cultivar resistance alone 
is never sufficient for adequate disease control. Thus, growers must rely on cultural practices and 
fungicide protection for disease management. 
 
Cultural Control.  The most important cultural practice is removal of any inoculum sources prior to and 
during the growing season. These sources are mummified fruit in the tree and on the orchard floor, 
infected immature green fruit, blighted blossoms, and twig cankers. Commonly, these inoculum sources 
can be removed when other activities are being performed, such as pruning or thinning. The second most 
important cultural practice is to prune trees to improve sunlight penetration and air movement. Since 
moisture is necessary for infection, this type of pruning, which is also performed for horticultural reasons, 
allows faster drying of fruit following rain or dew periods. Shorter durations of moisture events translates 
into reduced likelihood or frequency of infection periods. 
 
Removal of the inoculum sources and proper pruning are important components of integrated disease 
management.  These practices lessen disease pressure and lower the risk of development of a serious 
epidemic. However, it is impossible to eradicate the pathogen by using such sanitation measures, as the 
pathogen has a tremendous capability to produce inoculum.  When exposed to favorable environmental 



conditions, a single infected fruit or twig canker will sporulate profusely.  These structures can produce 
thousands of spores, all capable of inciting as many new infections. Consequently, fungicide protection is 
the most important component of an integrated brown rot management program. 
 
Early Season Fungicide Timing.  Most stone fruit crops produce copious amounts of flowers during 
bloom.  Thus, the development of blossom blight, even in disease favorable seasons, rarely if ever has a 
direct impact on yield. Thus, the most important reason for controlling the blossom blight phase is to 
reduce the overall inoculum level in the orchard. Blighted blossoms and cankers sporulate during the 
summer, producing conidia capable of infecting fruit. Stone fruit crops having low flower susceptibility, 
such as sour cherry, may not need to be treated at all or only in very wet seasons. 
 
To control blossom blight on flower-susceptible cultivars, two to three fungicide applications are 
required. Typically, the first application is at 5-10% bloom (pink) and the second at 75-100% bloom (full 
bloom). Depending on the weather, the time from early to full bloom can be very short or long. Thus, the 
exact application timing should be adjusted to maintain good coverage during this period. Since flower 
parts remain somewhat susceptible during petal fall, a third spray is sometimes applied, especially if 
moisture and temperature conditions are favorable.  
 
As indicated above, some stone fruits exhibit a period of susceptibility during the three week period prior 
to pit hardening. The likelihood and severity of infection at this time is dependent on the particular stone 
fruit crop in question. Infection usually results in quiescent infections that remain inactive until fruit 
ripening. Generally, fungicide applications applied for other diseases provide adequate control. For 
example, most fungicides applied for peach scab at this time will also control brown rot. 
 
Preharvest Fungicide Timing.  The simplest approach to timing the first preharvest fungicide 
application is to use the calendar date for harvest.  After determining the expected harvest date,  simply 
back up two to three weeks to determine the time to apply the first spray.  Of course, this approach is not 
too accurate as weather conditions during any given season can affect fruit maturation.  Consequently, the 
time of “first color”, which is considered the initiation of the ripening process, can also be used as a 
guide. By “first color”, we are referring to a change in the background color from green to yellow, not the 
formation of red pigmentation. 
 
Over many years of research trials conducted at Rutgers, application timing of 18, 9, and 1 day(s) 
preharvest has provided greater than 95% control under very heavy disease pressure conditions. The 
initial spray is early enough to cover most of the first ripening fruit, while the final spray is late enough to 
maintain protection during multiple fruit pickings. 
 
A program consisting of sprays at 14 and 7-days preharvest can also produce acceptable results. In this 
case, the final cover spray will provide protection of fruit that initiate ripening between 21 to 14 days 
preharvest. However, if the time intervals between fruit pickings becomes extended, an additional spray 
may be needed between the pickings to maintain protection. Harvest of asymptomatic fruit with latent 
infections can result in much trouble during the packing, storage, and shipping process. The appearance of 
brown rot at this time can have direct impact on buyer and consumer satisfaction. 
 
Fungicide Efficacy.  To determine which fungicides provide the best brown rot control, results of 
fungicide trials conducted on peach and nectarine were summarized. Two such surveys were conducted; 
the first on data generated during 1991-1995 (2) and the second, more recently, on results from 2000-
2004 (1). These field studies were performed by various university researchers throughout the United 
States and Canada.  A total of 210 fungicide treatments from 34 different experiments were examined in 
the first survey, while 281 treatments from 35 experiments were included in the second survey. In all tests 
examined, the fungicides in question were commercial formulations used at recommended labeled rates. 



 
Based on the first 1991-1995 survey, the overall best performing fungicide was Indar at 82.6% control, 
followed closely by Orbit and Rovral at 79.7% and 78.4%, respectively.  Elite and Funginex were the 
next best materials, performing on average about 12% below Indar in control capability.  Sulfur was the 
least effective and reliable material, only providing 40.4% control on average. Note that since this survey 
was conducted, Rovral usage has been limited to bloom and Funginex is no longer labeled for stone fruit. 
 
Results from the 2000-2004 survey indicated that the best overall performing fungicide was Elite at 
89.5% control, followed closely by Indar and Pristine at 83.9% and 79.5% control, respectively (Fig. 1).  
Orbit was the next best material at 74.4% control, about 15% below Elite in control capability.  Propimax, 
Captan, Abound, and Elevate yielded an intermediate level of control, ranging from about 61 to 70%. The 
new fungicide Scala and sulfur were the least effective and reliable materials.  
 
The increase in efficacy of Elite between the two surveys was attributed to fungicide rate. The Elite 45DF 
formulation has a labeled rate range of 4-8 oz/A . In the first survey, researchers applied Elite at an 
average of 4.3 oz/A, while in the second survey the average rate was 6.0 oz/A. In contrast, both Indar 
75WSP and Orbit 3.6EC have fixed rates of 2 oz and 4 fl oz per acre, respectively. 
 
Fungicide Choice.  Three main factors determine which fungicides are the best choice for brown rot 
control: (i) efficacy; (ii) resistance management; and (iii) preharvest interval, or PHI.  Two other factors 
that may influence the decision are re-entry interval and mode of action, the latter referring to protectant 
or systemic activity.  If much wet weather is occurring during harvest season, the ability of the fungicide 
to become systemic and remain rainfast may be more important than outright efficacy. 
 
Current available brown rot fungicides (on peach) can be classified into four different chemistries that 
cannot become cross-resistant:  sterol inhibitor, SI (Indar, Elite, Orbit, PropiMax, Nova); strobilurin, S 
(Pristine, Abound, Gem); Anilinopyrimidine, A (Vangard, Scala); and hydroxyanilid (Elevate).  The 
objective in formulating a brown rot program that incorporates resistance management is to avoid using 
too many applications of any one chemistry, partcularly in consecutive sprays. For example, application 
of Indar, Elite, and Orbit for the three preharvest sprays would not be advised since they are the same 
chemistry. Resistance of M. fructicola to SI fungicides in Georgia most likely developed because of 
continuous use of the same chemistry over consecutive years. 
 
An example of a good early season peach program would be to apply a protectant at pink, such as captan, 
ziram, or Bravo, followed by Vangard or Scala at full bloom, and ending with Nova at petal fall. Vangard 
is only labeled for bloom, so use of this chemistry at this time makes sense. Nova at petal fall will control 
both late blossom blight and early rusty spot. If scab is a major concern, then Gem (formerly Flint) at 
petal fall is the best choice since it will control blossom blight, early rusty spot, and help reduce 
overwintering scab inoculum on twig lesions.  
 
A good preharvest peach program would be an SI, S, and SI at 18, 9, and 1 days PHI, respectively. An 
example of this program would be Elite, Pristine, and Indar for the final three sprays, which has provided 
good control in field trials. In this program, both the Elite and Pristine labels allow variable rates so that 
moderate to high rates can be used based on favorableness of weather conditions for disease development. 
In general, low rates should be avoided since current theory indicates a greater liklihood of selection for 
resistant strains of the pathogen. 
 
Fortunately, new fungicides are constantly being developed and field tested. Altneration and mixing of 
current fungicide chemistries and incorporation of these new ones will hopefully provide for effective 
disease control in the years ahead. 
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