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Management of Peach Diseases:   
Rusty Spot, Bacterial Spot, And Scab 

 
Norman Lalancette, Ph.D. 

Rutgers University, Agricultural Research and Extension Center 
Bridgeton, NJ  08302 

 
 

RUSTY SPOT 
 

Importance.  Peach rusty spot, first observed in California, occurs in most stone fruit growing regions of 
the United States. The disease causes direct crop loss through infection of the fruit epidermis. During 
disease favorable seasons in the mid-Atlantic region, 90% of the fruit on highly susceptible cultivars have 
been observed infected. The peach cultivars Autumnglo, Bounty, Rio-Oso-Gem, Jefferson, Jerseyqueen, 
Biscoe, Loring, Early Loring, Redskin, Jerseyglo, and Garnet Beauty are considered susceptible. The 
susceptibility of many other cultivars has yet to be determined. Rusty spot does not occur on nectarines. 
 
Symptoms.  Early fruit symptoms, consisting of small faint white spots, generally appear at 
approximately 1-2 weeks after 100% shuck split. At this stage, these spots resemble true powdery mildew 
of peach. However, unlike powdery mildew, the white coloration results from a bleaching of the 
trichomes rather than from the presence of spores (conidia). As lesions expand over the fruit surface, the 
epidermis is killed resulting in an orange-to-brown color or rusty appearance. Eventually, the trichomes 
are lost and the epidermal cells become lignified, causing the surface to appear smooth and russetted.  
Severe infections on highly susceptible ‘Jerseyqueen’ have resulted in epidermal cracking during 
preharvest fruit swell. In contrast to peach powdery mildew, rusty spot only occurs on fruit and does not 
affect leaves and stems. 
 
Causal Agent.  Currently, rusty spot is believed to be caused by the apple powdery mildew pathogen, 
Podosphaera leucostricha.  Field studies have shown disease gradients in peach orchards adjacent to 
apple orchards infected with powdery mildew. However, since the pathogen does not grow or sporulate 
well on peach, few etiological studies have been conducted to confirm its identity. Furthermore, rusty spot 
has also been observed in peach blocks not adjacent to apples.  Thus, additional powdery mildew 
pathogens or other causal agents may exist. 
 
Disease Development.  Recent research in New Jersey orchards has shown that epidemics begin at 
shuck-off and end at 50 days after full bloom. Total duration for epidemics ranges from 17-30 days, 
depending on weather, cultivar, and time of bloom. Disease development tends to be most severe when 
weather is dry or rains are short in duration. 
 
Disease Management.  No cultural practices are known to aid in disease management. Maximum control 
can be obtained by applying fungicides at 100% petal fall, shuck-split, first cover, and second cover. 
Good control has been achieved with spray intervals of 8, 10, and 12 days between these phenological 
stages. Nova 40W is considered the best fungicide for disease control. A standard rate of 4 oz/A provides 
effective control for most situations, although lower and higher rates may be needed depending on 
cultivar susceptibility and favorableness of the environment. Good to excellent control has also been 
achieved with Gem (previously Flint). Sulfur is only partially effective. 



 
An integrated biorational program has recently been shown to provide control equivalent to a Nova-only 
program. In this program, Nova is applied at petal fall and first cover and the biorational material 
(Serenade, Armicarb, or Kaligreen) is applied at shuck-split and second cover. In addition to use of 
reduced-risk biorational fungicides, this integrated program also aids in reducing overall usage of sterol 
inhibitor (SI) fungicides (Nova).  Development of SI resistance in Monilinia fructicola, causal agent of 
brown rot, is a major concern since these fungicides are very important for brown rot control. 
 

BACTERIAL SPOT 
 

Importance.  Bacterial spot occurs wherever stone fruit crops are grown in the world. In the United 
States, bacterial spot is only problematic in the eastern stone fruit growing regions where warm, wet 
conditions provide optimum conditions for disease development. Highly susceptible peach cultivars can 
suffer complete crop loss when environmental conditions favor inoculum buildup and fruit infection. In 
addition to peach and nectarine, Japanese plum, apricot, and almond are also commonly attacked. 
European plum is much less susceptible than Japanese plum. Sweet and tart cherry can also act as hosts.  
 
Symptoms.  The pathogen can attack leaves, twigs, and fruit.  Foliar infection results in angular, grayish 
lesions about 1/8 inch in diameter.  As lesions age, they become purple and necrotic, and sometimes 
abscise, leaving a shot-hole appearance. Multiple lesions result in leaf chlorosis (yellowing) and 
defoliation.  Lesions often concentrate along the leaf midribs and tips, the latter resulting in a tip burn 
appearance. Cankers are visible in early spring as slightly raised, blister-like areas along the twig.  If the 
terminal bud region is infected, the shoot tip becomes a blackened canker (black tip) that may extend 
downward along the shoot for about an inch.  In this case, the terminal bud is killed.  Fruit symptoms are 
first observed three to five weeks after petal fall.  Look for small, depressed, brownish lesions, sometimes 
accompanied by pits, cracks, or exuding gum.  These lesions may eventually coalesce to cover large areas 
of the fruit surface. 
 
Causal Agent.  Bacterial spot is caused by the plant pathogenic bacterium Xanthomonas arboricola pv. 
pruni.  This pathogen is only known to occur on stone fruit crops or Prunus species. In older literature, 
the pathogen was formerly identified as Xanthomonas pruni or Xanthomonas campestris pv. pruni. 
 
Disease Development.  The pathogen overwinters in twig cankers, terminal buds, or epiphytically on 
twigs and buds. Cankers develop from infection of fresh leaf scars in the autumn. During spring and 
summer, bacteria spread from these overwintering sources to new leaves, twigs, and fruit.  Infections on 
current season growth can occur anytime from petal fall until after harvest.  The four week period 
immediately after petal fall is critical for primary infections on early foliage and fruit. Fruit infections at 
this time often result in deeply pitted lesions, while lesions formed later in the summer tend to be shallow.  
 
Moderate temperatures (70-80F), high humidity, and rainfall, particularly wind-driven rain, are conducive 
to infection. Dyer, hotter conditions experienced during mid- to late-summer often halts or slows down 
bacterial spot epidemics. However, if favorable environmental conditions continue to occur throughout 
the summer, many secondary infections can result in significant fruit damage and defoliation. 
 
Disease Management.  Successful management of bacterial spot requires an integrated approach. The 
first and most important activity is to avoid planting a highly susceptible cultivar. Peach cultivars vary in 
degree of susceptibility, and very few, if any, can be considered immune. All varieties have some 
susceptibility to the disease, but those less susceptible will have lower levels of fruit infection in years 
favorable for infection.   
 



Cultivar susceptibility may interact with different growing and environmental conditions. That is, a 
cultivar deemed “resistant” by a nursery in one locality may not necessarily be as “resistant” in your 
orchard. Ideally, obtain information about any particular cultivar from either university or nursery 
personnel who have observed its performance in your fruit growing region, whether that is a state or 
geographic region. Since cultivars developed in the western U.S. [for western growers] do not need to 
exhibit much resistance to bacterial spot, be wary of their “resistance ratings”. 
 
The second most important activity for successful management is application of bactericides. Sprays 
should be applied at regular intervals from petal fall until 15 days before harvest. Unfortunately, both 
selection and efficacy of available materials are lacking. Current choices are limited to the antibiotic 
oxytetracycline (Mycoshield, FlameOut) and copper compounds. Even when applied properly in disease 
favorable seasons, a high level of control is difficult to achieve.  
 
Ideally, oxytetracycline is applied at 150 ppm concentration, high volume for good coverage, and in the 
evening to allow for maximum absorption. Applications are most effective when made within 24 hours of 
the infection event, preferably prior to infection. In New Jersey, the organometallic copper bactericide 
Tenn-Cop 5E has routinely been used for bacterial spot control during the growing season.  Tenn-Cop is 
applied at a low rate range of 4 to 8 fl oz/A, which is necessary to limit phytotoxicity. Even so, regular 
sprays at these rates will cause foliar injury and some defoliation, although no injury occurs to the fruit. 
Recent studies on the phytotoxicity of copper has shown no damage to peach or nectarine fruit at three 
times these concentrations, 
 
In addition to the protective sprays mentioned above, there is some evidence that early applications just 
before bud-swell and prior to bloom can help to reduce the overwintering epiphytic inoculum on tree 
surfaces.  These sprays lower the bacterial population, thereby decreasing the likelihood of infection of 
newly emerging leaves and fruit.  Also, autumn applications during leaf drop may be beneficial in 
preventing canker formation. However, this practice has not been conclusively shown to reduce disease 
development the subsequent growing season.  Fixed copper materials, such as copper hydroxide (Kocide, 
Champ) or basic copper sulfate (Cuprofix), can be used at both these times. 
 

PEACH SCAB 
 
Importance.  Peach scab occurs wherever peaches are grown in warm, humid climates. Thus, in the 
United States, scab is most prevalent in the eastern half of the country. In any particular growing season, 
disease development and the resultant yield loss is very much dependent on favorableness of 
environmental conditions. If inoculum is allowed to build up in an orchard in any given year, significant 
crop loss can occur in the subsequent season. Peach and nectarine are the primary hosts, although scab 
can also occur on plum and apricot. 
 
Symptoms.  Scab symptoms typically occur on twigs and fruit. However, under high inoculum 
conditions, foliar infections are also observed. Twig cankers formed on current season twigs are light 
brown, diffuse, small (1/16 to 1/8 inches in diameter) initially, and later increase in size, becoming 
circular to elliptical in outline and turning a darker brown color.  A slightly raised bark callus surrounds 
the margin of the lesion.  In the spring, velvety-textured, olive-colored spots appear within the lesion, 
which indicates presence of spores. 
 
On fruit, tiny lesions appear around second or third cover when the fruit are about one-half their final size.  
The lesions develop quickly into very dark, olive-colored, circular spots.  Older lesions appear almost 
black in color.  In contrast to bacterial spot lesions, scab lesions are not pitted and do not break the skin.  
Typically, lesions are more numerous on the stem end of the fruit, which is where spores land most 
frequently as they are washed off of twig lesions. If fruit infection is severe, the skin frequently cracks 



open in areas where numerous lesions coalesce.  These cracks allow easy entry for rot pathogens, such as 
those that cause brown rot or Rhizopus rot.   
 
Causal Agent.  Peach and nectarine scab is caused by the plant-pathogenic fungus Fusicladosporium 
carpophilum.  Unlike the causal agent of apple scab, the sexual stage of this pathogen, Venturia 
carpophila, has not been reported to play a role in disease development. In past literature, the pathogen 
was formerly identified as Cladosporium carpophilum. 
 
Disease Development.  The pathogen overwinters in lesions on fruit-bearing 1-year-old twigs. Beginning 
at bloom in spring and extending into early summer, these lesions produce asexual spores (conidia) which 
act as the primary inoculum for the ensuing epidemic. These conidia are disseminated to newly formed 
fruit, current season vegetative shoots, and foliage during rainy periods. Recent research on inoculum 
dispersal mechanisms showed that fruit infection results primarily from rain-splash and twig runoff. 
 
Conidia released from the 1-year-old sporulating twig lesions also infect newly expanding vegetative 
shoots. New lesions appear on the young tender twigs at about the same time as first observed on fruit. 
However, these twig lesions generally do not completely develop and become infectious until the 
following year. In general, secondary inoculum from fruit infections also does not contribute significantly 
to epidemic development since the latent period is quite long, ranging from 42 to 77 days. Such secondary 
cycles would be most important on late cultivars that sustained early fruit infections. Thus, the majority of 
inoculum for the current season fruit infection originates from overwintering lesions on 1-year-old twigs. 
 
Conidial production on 1-year-old twig lesions commences at bloom and continues for approximately 10 
weeks, tapering off during early to mid-summer. Since these lesions are only superficial in nature, no 
permanent damage occurs to the twigs, which appear normal once bark forms. Similarly, leaf infections 
occur only under severe disease pressure, and even in this case rarely cause significant defoliation. Thus, 
twig and foliar infections are of little direct economic importance. 
 
Epidemics occur most readily when conditions are humid, rainfalls are frequent, and temperatures range 
between 65F and 75F. However, infection can still occur as low as 40-45F and as high as 90-95F. 
 
Disease Management.  Scab resistant peach or nectarine cultivars do not exist. Furthermore, the primary 
inoculum source, the twig lesions, cannot be easily removed from orchards. Thus, the application of 
fungicides is the most important mechanism for management of peach scab.  
 
The most widely employed materials are the protectants chlorothalonil (Bravo), captan, and sulfur. The 
benzimidazole thiophanate-methyl (Topsin-M) is occasionally used, but since resistance development is a 
concern, it is usually applied in mixture with captan. The newer strobilurin fungicides (Abound, Gem, and 
Pristine) have been shown to be effective as protectants, and more recently, trifloxystrobin (Gem) as an 
anti-sporulant against twig lesions. However, resistance to the strobilurin fungicides is a concern, so they 
should be carefully integrated into a program with fungicides of differing chemistry. Biological or 
biorational controls have not been found.  
 
Fungicide applications for scab control typically begin at early shuck-split, when fruit tissue first becomes 
exposed, and continue at 7-14 day intervals until 40-days preharvest. A good protectant program consists 
of Bravo at shuck-split followed by cover sprays of captan or sulfur. The application interval and rates of 
these materials can be adjusted according to the level of disease pressure. Research has also shown that in 
some years an additional application at petal fall will improve control, most likely as a result of anti-
sporulant activity against twig lesions. Gem, Topsin M, and Abound are good candidates for application 
at this time. 
 



Scab is most troublesome in commercial orchards when the trees did not receive a regular spray program 
in the preceding year.  This occurs when an orchard was "frozen-out" the previous year and the owner 
reduced or eliminated his spray program. It also occurs when a new orchard planting is first coming into 
production, as the prior year disease control program on non-bearing trees may have been inadequate for 
preventing twig infections. 



Nutrition And Soil Management For High Quality And 
Stress Tolerance In Stone Fruit 

 
Prof. Bruno Marangoni 

Department of Fruit Tree and Woody Plant Sciences – University of Bologna 
Viale Fanin, 46 – 40127 Bologna, Italy  

bmarango@agrsci.unibo.it 
 
Replacing plant nutrients removed by crops and minimizing nutrient losses to the environment are the 
goals of an effective fertilization. This involves both efficient and balanced supply of nutrients to 
ensure adequate plant nutrition while maintaining optimum soil fertility levels. The actual knowledge 
of plants and nutrients physiology allows to set up a functional fertilization plan for every orchard and 
environment. Soil analysis and leaf diagnosis are an important tool to define with good precision 
quantity and time of applications of nutrients. Standards leaf index for the most important cultivar of 
peach in different phenological stages would be of great help to interpret leaves analysis and prevent 
deficiency (Table 1). 
 

Table 1. Optimal macro and micronutrients concentration on leaves dry matter for the 
nectarine Super Crimson (harvest 1-5 july) in the eastern Po valley. 
ELEMENT TIME 
 Petal drop Fruit set Summer 
N (%) 3.00 – 4.20 2.80 – 3.60 2.60 – 3.10 
P (%) 0.20 – 0.50 0.15 – 0.30 0.10 – 0.30 
K (%) 1.30 – 1.90 1.50 – 2.30 1.70 – 2.50 
Ca (%) 0.80 – 1.40 1.60 – 2.50 2.20 – 3.60 
Mg (%) 0.18 – 0.30 0.30 – 0.45 0.40 – 0.60 
B (ppm) 14 – 50 20 – 60 15 – 60 
Fe (ppm) 55 – 90 60 – 100 60 – 90 
Mn (ppm) 20 – 30 15 – 40 20 – 50 
Cu (ppm) 6 – 20 6 – 15 8 – 20 
Zn (ppm) 30 – 50 25 – 50 20 – 40 

 
Usually N supply is split in three periods: 25-30% at petal drop; 40-50% at fruit set and 20-35 after 
harvest (Tittarelli et al., 1999). Split supply of nutrients helps to provide nutrients when plants have 
the highest need, avoiding deficiencies and leaching in the soil. The use of techniques that, as 
fertirrigation, helps to fractionate the supply of N according to the tree requirements helps reducing 
leaching in the soil and improving nutrients use efficiency. Experimental data also (Amadei et al., 
2006) show that the use of fertigation allows a reduction of rates of nutrients supplied without 
compromising yield and fruit quality. Also foliar fertilization might be used to improve N efficiency 
and cure N deficiency faster than soil N applications. Canopy applications of 15N to nectarine 
(Quartieri et al., 1999) showed that leaves can absorb 63% of the total urea N intercepted. To set up a 
fertilization plan the knowledge of soil fertility (through soil analysis) and plant nutritional status 
(through leaf analysis) are required. Moreover, the knowledge of N removed from plants during the 
year is a very important parameter for deciding the rate of N to supply (Table 2).   
 
Phosphorous (P) and potassium (K) management is more simple than N fertilization because these 
elements are retained by soil colloids and analytic determination of these elements in the soil gives 
precise information of their availability for plants. Phosphorous removed by plants is usually not more 



than 10 kg/ha per year; in a soil with a normal quantity of P (12-16 mg/kg) a supply of 40-50 kg/ha 
every 3-4 years is enough to compensate for plant removal.  
 
Experimental data show that the application of P when soil temperature is low increases root and aerial 
part growth; as a consequence, the application of this element is recommended in spring.  
 

Table 2. Quantity of N removed in an adult peach orchard 
(Tagliavini et al., 1994).  

 Quantity 
(t ha-1) 

N concentration 
(%) 

N removed  
(kg ha-1)  

Fruit 15-30 0.09-0.12 13-36 
Leaves 1.1-1.7 3.1 34-53 
Pruning wood 1.5-2.1 1.0 15-21 
Trunk, branches  3.5 1.0 35 
Roots  1.2 1.0 12 
TOTAL - - 109-157 

 
Phosphorous (P) and potassium (K) management is more simple than N fertilization because these 
elements are retained by soil colloids and analytic determination of these elements in the soil gives 
precise information of their availability for plants. Phosphorous removed by plants is usually not more 
than 10 kg/ha per year; in a soil with a normal quantity of P (12-16 mg/kg) a supply of 40-50 kg/ha 
every 3-4 years is enough to compensate for plant removal. Experimental data show that the 
application of P when soil temperature is low increases root and aerial part growth; as a consequence, 
the application of this element is recommended in spring.  
 
The amount of K removed by plants is around 100-150 kg/ha and it is mainly concentrated in fruits 
where K plays a fundamental role on organoleptic properties. Usually in a soil with a sufficient 
availability of K (i.e. 100-130 ppm of exchangeable K), fertilization aims to supply the rate of K 
removed yearly. Broadcasting applications of K may not be effective, because K is not mobile along 
the soil, and consequently a positive effects on plant nutritional status may not be seen. On the other 
hand application of K by fertirrigation is highly effective because it improves the availability of this 
elements in the soil solution. However, when, as a consequence of high production, K deficiency 
symptoms appear on leaves, foliar sprays are the fastest way to supply K to the suffering tissues.  
Also calcium is very important for fruit quality because it assures cohesion between cells and, as a 
consequences, a better firmness of fruits. Foliar applications of Ca has been showed to reduce micro-
lesions on fruit of nectarine.  
 
Iron (Fe) deficiency is pretty common in Italian orchard due to high carbonate concentrations in the 
soil, high pH or root anoxia. Usually rootstock tolerant to iron chlorosis (GF677, Sirio, ect) are used at 
planting. Moreover intercropping with graminaceous species could be a good solution because these 
species (strategy II plants) are able to increase soil Fe solubility by secreting Fe-chelating substances 
such as, mugineic acids (Mas) in the rhizosphere.  
 
When agronomic techniques are not enough to solve the problem soil or foliar applications of 
synthetic Fe chelates (Lucena, 2003; Abadia et al., 2004) can be done. Chelates are often effective, 
but, besides being expensive, they do not represent an ecologically sustainable approach (Tagliavini 
and Rombolà, 2001) due to the risks of water table contamination (Rombolà et al., 2002), scarce 
degradability in the soil (Nörtemann, 1999) and toxicity effects on soil microorganisms (Grčman et al., 
2001). Foliar application of Fe chelates could be done paying attention to the rate of Fe applications 
because too high dose could burn leaves and fruits; for example for peach rates must not be higher 
than 200 mg Fe l-1 (Abadia et al., 2002). However, foliar chelates are very expensive and alternative 
strategy as application of citric acid on leaves (Tagliavini et al., 2000) seems to be interesting. 



Manganese (Mn) deficiency is common in those orchards with a large percentage of sand, limestone or 
organic matter or where Fe-chelates are supplied; when this happens foliar spray is the best way to 
increase leaf Mn concentrations.  
 
Zinc (Zn) deficiency are common in calcareous as well in acid sandy soils low in organic matter and 
exposed to frequent leaching. When severe Zn deficiency symptoms appear, early spring foliar sprays 
can increase the micronutrient concentration in the targeted organs (Boaretto et al., 2002; Sanchez and 
Righetti, 2002). On the other hand autumn Zn applications do not seem to be useful, because Zn is an 
immobile nutrient.  
 
Copper (Cu) deficiency are not common, but can occur on organic and peat soils as well as in 
calcareous soils (Marschner, 1995; Megel and Kirky, 2001), or in sandy soils subjected to leaching. 
Copper availability is improved by low pH and both soil and foliar Cu applications are effective to 
overcome Cu deficiency. Since Cu is used in many formulates for disease control , accumulation in 
plant and soil can sometimes cause phytotoxic effect.   
Boron (B) deficiency are common in calcareous soils, rich in clay, with high pH and under  water 
stress conditions. Boron deficiency can promote the flower drop and small fruits and shoots (with a 
reduced growth). When deficiency symptoms are visible foliar sprays can be done paying attention to 
the quantity B supplied because toxicity and deficiency levels are very close. Foliar sprays are usually 
applied in late summer before leaf fall to increase B concentration in flowering buds and improve fruit 
set the following year (Thompson, 1996). This response can be achieved because stone trees (as well 
as species of the Rosacee family) can synthesise alcoholic carbohydrate (such as sorbitol) which bind 
B and promote mobilization through transport in the phloem (Brown et al. 1999).      
 
Nowadays, the general trend of soil management in orchard is towards grass mulching that enables to 
improve soil physical structure and maintains its fertility by increasing organic matter content 
(Giovannini et al., 2001). In a study carried out in a peach orchard in the Po Valley (Giovannini et al., 
2001) soil tillage caused a 6% soil organic matter decrease and a strongest NO3

- leaching during 
winter. Soil management and plant fertilization beside improving soil structure, influence fruit quality; 
a good way to separate fruit coming from integrated, organic or conventional farming could be the use 
of Nuclear Magnetic Resonance (NMR) that gave some interesting results (Gargano, 2005).  
 
In conclusion, the knowledge of plant nutritional status and of the period of highest requirement are 
fundamental to improve fruit quality and reduce risks for the environment. The actual knowledge of 
plants and nutrients physiology allows to set up a functional fertilization plan for every orchard and 
environment. Soil analysis and leaf diagnosis are an important tool to define with good precision 
quantity and time of applications of nutrients. Standards leaf index for the most important cultivar of 
peach (Table 1), in different phenological stages would be of great help (Baldi et al., 2004) to interpret 
leaves analysis and prevent deficiency. 
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