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ABSTRACT
Globally, brown rot of peach is considered the most important and destructive disease for the crop because 

of the losses it causes. Even though the literature reports several strategies for its control, there are no studies 

that document how the farmer faces this phytosanitary problem. Therefore, the objective of this study was 

to determine the range of management practices that producers carry out to control the disease, to assess 

how adequate those practices are, and to identify aspects to address. The study was conducted in the Sierra 

Nevada region, in Puebla, an important peach producing region. Through a randomized stratified sampling, 

52 questionnaires were applied in three municipalities of the region. The questionnaires included questions 

about the management and control of brown rot. The results indicated that this disease is the second most 

important recognized by producers; 96% of the producers has identified the disease in their orchards, but not 

all of them perform practices for its control. Of the interviewees, 59% use fungicides to control brown rot, 

79% also carry out sanitary pruning, and 40% eliminate inoculum sources. All of them (100%) fertilize and 

55% control insect pests.  Harvest losses reach more than 30%. The conclusion is that the set of practices that 

are carried out are not enough to control the disease. The recommendation is to strengthen the knowledge of 

producers about the disease and its management, to improve their control practices, and to integrate those 

practices.
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INTRODUCTION
Peach production in the country occupies a very important place in productive and 
economic terms. For the year 2022, Mexico was the 10th producer in the world, with an 
annual volume of 239,133 tons and a total commercial value that exceeded 2,674 million 
pesos. Its production is distributed in different states, such as Zacatecas, Michoacán, 
Chihuahua, and Puebla. The latter, in the year 2022, occupied the third place as peach 
producer in the country, with 24,059.83 tons (Servicio de Información Agroalimentaria 
y Pesquera-SIAP, 2022). However, peach production is affected by various problems that 
reduce its yield and quality, such as frosts, winds, hail, pests and diseases (Fernández et 
al., 2010; García-Figueroa et al., 2013). Among the latter, brown rot stands out, a disease 
caused by the fungus Monilinia fructicola (G. Winter) Honey (Luo et al., 2022; Zegbe et 
al., 2005), which is considered the most destructive for the crop (Luo, 2017). In addition, 
it is one of the greatest concerns for peach producers, because of the high pre- and post- 
harvest losses that it causes (Pavanello et al., 2015). For that reason, multiple studies have 
been conducted, directed at understanding the etiology of the disease (Rungjindamai et 
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al., 2014), detecting the pathogen (Iqbal et al., 2022) and, in particular, exploring options 
for control (Keske et al., 2011; Adaskaveg and Förster, 2002).
In the specific case of Puebla, Mendoza et al. (2011) reported that brown rot is a latent 
problem in the production of peach in the Sierra Nevada region, since there are difficulties 
for its management. The theory suggests that an efficient management of the disease 
depends on the use of resistant varieties and the practices carried out before, during and 
after the harvest (Dini et al., 2021; Rivas, 2015; Zehr, 1982), as well as the epidemiologic 
knowledge and the early detection of the disease (Gort and Marín, 2011; Larena et al., 
2005). However, to date, there are no studies in Mexico that have documented the 
management that producers make before and during the presence of the disease; that is, of 
the preventive and control practices of the disease. For this reason, this study was proposed. 
It was conducted in one of the main peach producing regions in Puebla, the Sierra Nevada 
region, under the hypothesis that producers of the region carry out different management 
practices to prevent and control brown rot that affects the peach tree, although these are 
neither sufficient nor adequate to control the disease. The objective was to determine the 
different management practices that producers perform to prevent and control the disease, 
to assess how adequate those practices are, and to identify phytosanitary aspects that must 
be addressed. This will make possible the design and the implementation of strategies 
directed at the prevention and control of diseases, under an integrated pest management 
(IPM) approach.

THEORETICAL FRAMEWORK
Diseases in crops, as well as pests, seriously limit global food production. Therefore, the 
lack of knowledge about them by producers can become an important problem (Abang 
et al., 2014). Consequently, understanding the knowledge, perceptions and practices that 
farmers carry out is an indispensable requirement to establish a program for effective 
control of any phytosanitary problem. This is because it opens the possibility of optimizing 
the knowledge of farmers, and also of retaking successful management practices (Mudde et 
al., 2017). According to Abang et al. (2014), another aspect that should also be evaluated 
in order to establish adequate control programs, is the knowledge that farmers have about 
the etiology and epidemiology of the disease.
Studies carried out by Palwasha et al. (2022) in Pakistan revealed that among peach 
producers there is a lack of important knowledge about pests and diseases of the fruit 
tree, and that there is also ignorance about phytosanitary good practices. Therefore, the 
authors conclude that it is necessary to train the producers, with the aim of improving and 
increasing their technical knowledge about the control of pests and diseases, situation that 
could contribute to improvements in production. 
Currently, there are various strategies for the management of pests and diseases in crops; 
however, management practices have changed from being cultural and mechanical to 
the virtually exclusive use of pesticides (Owen et al., 2014). The dependency on this 
type of products for the protection of crops is associated with undesirable effects on the 
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environment, health, and the continuous efficacy of their use. On the other hand, the 
indiscriminate use of such products has simplified the cropping systems, which implies 
desisting from more specialized protection strategies. This simplification, the excessive 
dependency on chemical controls, and the continuous use of few modes of action, have 
led to a generalized resistance of insects and diseases, so the future of crop protection is 
threatened (Barzman et al., 2015; Busi et al., 2013).
The aforementioned has led to propose and develop control strategies under an integrated 
pest management (IPM) plan, which involves the combination of alternative techniques 
and treatments, with the purpose of preventing and avoiding their propagation in a 
satisfactory manner (Gort and Marín, 2011; Rungjindamai et al., 2014; Usall et al., 2010). 
In contrast with traditional pest management, IPM stands out for integrating different 
biological, cultural, physical and chemical tools, directed at reducing the state of the pests 
to tolerable thresholds, under economic and ecologically acceptable criteria (Stenberg, 
2017; Zaccagnini and Canavelli, 1998) and with the objective of identifying, managing 
and reducing the economic, health and environmental risk (United States Department 
of Agriculture- USDA- Agricultural Research Service-ARS, 2018). The set of these tools 
includes both preventive (such as cultural and genetic resistance methods) and corrective 
tactics, which involve the use of mechanical, physical and chemical methods, although in 
the case of the latter, at low levels (Kogan, 1998). Hashemi and Damalas (2010) pointed 
out that understanding the knowledge, perceptions, preferences and beliefs of farmers and 
their decision-making processes are fundamental requirements for a better adoption of 
integrated pest management practices.

METHODOLOGY
Study area 

The study was conducted in three municipalities of the Sierra Nevada region in Puebla: 
San Felipe Teotlalcingo (19º 11’ 24” to 19º 15’ 36” N, 98º 28’ 06” to 98º 33’ 18” W, 
altitude: 2,340 to 3,500 m), Chiautzingo (19º 10’ 24” to 19º 13’ 42” N, 98º 26’ 24” to 
98º 33’ 36” W, altitude: 2,300 to 3,500 m), and Huejotzingo (19º 13’ 32’’ to 19º 06’ 
36” N, 98º 20’ 18” to 98º 39’ 00’’ W, altitude: 2,180 to 5,100 m), because they are the 
municipalities that concentrate the largest surface planted with peach in the region. These 
municipalities are located in the central-west part of the state of Puebla and northwest of 
the Rural Development District (RDD) 05 Cholula (Instituto Nacional de Estadística y 
Geografía -INEGI, 2010). The predominant climate in the three municipalities is sub-
humid temperate with summer rains, with annual precipitation of 900-1,100 mm and 
annual average temperature of 16.5 °C (INEGI, 2010).

Study population and sample size
To determine the study population, we used the census of producers who are assisted by 
the Plant Health State Committee in the State of Puebla (Comité Estatal de Sanidad Vegetal 
del Estado de Puebla, CESAVEP) in the three municipalities, which included 288 peach 
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producers. In each municipality and locality, key informants were contacted to validate 
the census of producers. The localities where peach production was not found were ruled 
out, as well as the producers who did not produce that fruit tree or only had a few trees. 
Once the refining was done, a register of 99 producers was obtained, distributed in the 
following way: 13 in San Felipe Teotlalcingo, 45 in Chiautzingo, and 41 in Huejotzingo. 
Based on these data, a randomized stratified sampling scheme was applied with Neyman 
allocation, and the equations described by Singh and Mangat (1996) were used:
a) Equation to determine the total size of the sample:
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where n: final size of the sample; N: study population, Ni: number of producers from 
stratum i (each municipality was considered a stratum); Si: standard deviation of stratum 
i (calculated for the surface planted with peach); V: ratio between precision and reliability, 
calculated as:
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of z of tables with a=0.90; that is, z=1.64).

b) Equation to distribute the total size of the sample among strata (municipalities):
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where ni: stratum i (municipality 1=San Felipe Teotlalcingo, 2=Chiautzingo, 3 
=Huejotzingo); n: final size of the sample; Ni: number of producers of stratum i 
(municipality 1, 2, 3); Si: standard deviation of stratum i (calculated for the surface 
planted with peach).

The final size of the sample was 56 producers, distributed in the following way: 10 in San 
Felipe Teotlalcingo, 23 in Chiautzingo, and 23 in Huejotzingo. The interviewees were 
selected randomly from each listing. In each locality, key informants were contacted to 
ease the approach with the producers selected. Finally, 52 questionnaires were applied, 
because the conditions were not adequate in one locality.
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Technique and instrument 
The technique used was the survey and the instrument a questionnaire that included 35 
questions (23 closed and 12 open) and was divided into four sections: 1) General data 
of the producer, 2) Diseases of the peach tree, 3) Importance and knowledge of brown 
rot, and 4) Management and control of brown rot. As part of the questionnaire, a series 
of representative photographs of the most common peach tree diseases was included, in 
order for the farmer to indicate which ones he had detected in his orchards and, then, 
to order them based on the importance that they represented. The questionnaires were 
applied from October to December 2022.

Information analysis 
Through descriptive analysis techniques (mean, frequency and percentages), we analyzed the 
variables related to the general characteristics of the production units, as well as the control 
practices for the disease (cultural, mechanical, genetic, chemical and biological). The statistical 
program used was SAS® OnDemand for Academics (SAS Institute Inc, 2012-2020).

RESULTS 
General characteristics of producers and peach production

Among the peach producers, 98% were over 42 years old (average 60 years old); overall, 
their average education was six years (minimum 2, maximum 17 years). As to their 
experience in fruit tree production, 80% of them had 20 or more years of experience at 
the time of the study.
In the study region, peach is produced primarily in plots where there are other fruit tree 
species in the same row, interspersed with annual crops (58%) and in lower proportion, 
in orchards where it is the only species in the row and is interspersed with annual 
species (23%), or where it is as a sole crop (19%). Production under rainfed conditions 
predominates (66%) and is followed in lower proportion, by irrigation (34%). In the 
plots, the use of landraces was common (60%), although orchards with improved varieties 
were also found. The plantations are, on average, 9.96 years old, and 204 trees (weighted 
mean) are managed in them. The peach harvest starts in the month of April and extends 
until the month of August.
  

Detection and importance of peach tree diseases
It was found that producers have detected different diseases in their peach crop, such as 
powdery mildew, brown rot, shot hole, and leaf curl, among others. When systematizing 
the information corresponding to the degree of importance given to each disease, it was 
found that, for them, the three main ones were powdery mildew, brown rot, and shot 
hole. Diseases such as crown gall or root rot were the least important among producers, in 
addition to being the ones least identified. Powdery mildew and brown rot were the most 
recurrent diseases: 96% of the producers have detected them in their peach crop; brown 
rot was placed at the second place in importance (Table 1).
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Symptoms and perception of damage from brown rot
To clarify how the producers recognized the presence of brown rot in their crop, they were 
asked about the symptoms they related to the disease, as well as the phenological stage in 
which they had identified those symptoms. It was found that producers related up to five 
symptoms to the recognition of the disease: fruit rotting (34%), spots on the fruit (31%), 
organ mummies (22%), wounds and spots in branches (6%), and flower withering (7%) 
(Figure 1).
Regarding the phenological stage in which producers identify and perceive a greater 
damage caused by brown rot, it was found that they detected it primarily in the stages 
of fruiting, ripening and harvest. These stages were also the ones in which they perceived 
greater damage. Flowering and budding were the stages where the producer did not 
perceive damage from the disease (Table 2).

Management of brown rot
Even though 96% of the farmers expressed having detected the presence of the disease 
in their plots, only 59% said they had taken actions toward its control, which consisted 
primarily in the application of an agrochemical. Regardless of this, in the questionnaire, 
producers were asked about other management practices they carry out and which could 
contribute directly or indirectly to management of brown rot. Based on the information 
obtained, the practices were grouped into the categories of cultural control, mechanical 
control, genetic control, chemical control, and biological control. The results are presented 
next.

Cultural control 
It was found that fertilization of peach trees is based primarily on the application of animal 
manure and fertilizers, particularly nitrogenous and, in lower proportion, compound. 

Table 1. Detection of peach tree diseases and level of importance assigned by the producers. 
Sierra Nevada de Puebla, 2022.

Diseases Identification
(%)

Level of
importance†

Powdery mildew (Sphaeroteca pannosa) 96 1
Brown rot (Monilinia fructicola) 96 2
Shot hole (Coryneum beijerinckii) 75 3
Leaf curl (Taphrina deformans) 90 4
Gummosis (Pseudomonas syringae) 94 5
Rust or Chahuistle (Tranzschelia discolor) 56 6
Crown gall (Agrobacterium tumefaciens) 8 7
Root rot (Armillaria mellea) 6 8

†Where: 1: most important, 8: least important.
Source: prepared by the authors based on survey data.
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Composting is very rarely used. In terms of the doses applied, most of the producers 
exceed the recommended doses (Table 3).
Most of the producers fertilize twice per year (65%) and the rest only once. From the 
total of interviewees, 76% applies one to two types of products (animal manure and urea), 
and the rest applies more than two products listed in Table 3. This practice is carried out 
in different phenological stages of the crop: budding and flowering (41%), fruiting and 
ripening (40%), and harvest and rest (19%).
Another cultural practice that is commonly performed by the producers, as part of the 
cultivation tasks, is pruning: 98% of them declared doing this. However, only 79% said 
they carry out sanitary pruning to prevent brown rot, and from these, none performs 

A B C

D E F

Fruit rotting and spots (A), Organ mummies (B and C), Wounds and pots in branches (D and E), 
Flower withering (F). Sierra Nevada de Puebla, 2022.
Source: prepared by the authors based on field explorations.
Figure 1. Symptoms of brown rot identified in peach tree.

Table 2. Phenological stages where farmers detect the damage from brown rot in peach 
trees and where they perceive more impact. Sierra Nevada de Puebla, 2022.

Phenological stage
of the crop

  Stage where the 
disease is detected (%)

Stage where the greatest 
damage is perceived (%)

Flowering 1 0
Budding 1 0
Fruiting 32 36
Ripening 29 40
Harvest 24 21
Post-harvest 13 3

Source: prepared by the authors based on the survey data.
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burning of the pruning material. Other maintenance activities are weeding, which are 
done up to four times during the year.
In terms of post-harvest practices, most of the producers select and classify fruits (81%); 
the rest (19%) does not conduct any activity in this stage. It should be mentioned that 
100% of the producers declared not knowing additional practices or treatments for control 
of brown rot at the post-harvest level.
Regarding the control of mites or pest insects, only 55% of the producers carry out this 
practice and mostly control the ones that they consider most damaging; for example, red 
spider mite, grasshopper and American rose chafer; in stages of budding, harvest and 
ripening, respectively. However, the doses they apply to address each problem are generally 
higher than the doses recommended by the manufacturer of the product most commonly 
used (Table 4).

Mechanical control
Different activities were identified among the practices for mechanical control of brown 
rot. For example, 40% of the producers carried out the elimination of potential sources 
of inoculum; that is, they withdraw the damaged fruits from the peach tree plot; however, 
only 8% of the producers bury or burn them. In terms of cleaning of the instruments that 
are used for peach harvest, only 50% of the producers interviewed do it. Of these, 73% 
washes them with soap and chlorine and 27% disinfects them with alcohol.

Chemical control
It was found that 59% of the producers control the disease with some type of chemical 
product. The most frequently used products have as active principle Captan and Benomyl 
(69%). The producers also use preventive fungicides, such as copper sulfate or sulfur. 
However, a small fraction of the interviewees (8%) uses products that are not recommended 

Table 3. Use and application of fertilizers and manures in peach tree. Sierra Nevada de 
Puebla, 2022.

Fertilizers Use
(%)

Dose applied 
(g)

Recommended
dose (g) †

Animal manure 29 9,000 10,000††

Compost 3 3,660 3,000
Urea 23 350 260
Triple 17 12 630 130
Diammonium phosphate 17 350 100
Potassium sulfate 4 330 240
Ammonium nitrate 4 170 400

†Recommendations based on the formula 120 g N-60 g P2O5- 120 g K2O, balancing N and P2O5 
when Triple 17 or Diammonium phosphate are used. Source: Hernández-Romero, E. (2023). 
Lead researcher. Personal communication.
††Apply every other year.
Source: prepared by the authors based on data from the survey, 2022.
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for brown rot control, such as Carbendazim, Chlorpyrifos ethyl, or the mineral zeolite 
(Table 5). 
Regarding the doses they apply, it was detected that in most of the cases the doses used 
do not adjust to those recommended by the manufacturer. Concerning the stage of 
application, it can be seen that the stages when greater control of the disease is exerted are 
fruiting and ripening of the fruit (Table 5).

Table 4. Control of mites and insects that attack the peach tree. Sierra Nevada de Puebla, 2022.

Mites/
Insects 

Control
(%)

Main stage
of control

Main product 
applied 

Dose used
(ml L⁻¹) 

Dose 
recommended†

(ml L⁻¹)
Red spider mite
(Tetranychus spp.) 83 Budding Cypermethrin 1.54 1.0

Grasshoppers
(Brachystola spp.) 77 Harvest Cypermethrin 1.27 1.0

American rose chafer 
(Macrodactylus spp.) 83 Ripening Cypermethrin 1.40 1.0

Aphids (Myzus spp., 
Brachycaudus spp.) 65 Budding Cypermethrin 1.55 1.0

Borers (Grapholitha spp.,
Anarsia spp.) 16 Budding Cypermethrin 0.75 1.0

Bugs (Lygus spp.,
Letoglossus spp., Thyanta spp.) 4 Fruiting Cypermethrin 3.75 1.0

†Dose according to the manufacturer’s recommendation. 
Source: prepared by the authors based on survey data, 2022.

Table 5. Chemical control of brown rot by peach tree producers. Sierra Nevada de Puebla, 2022. 

Active principle Use
(%)

Dose 
used

(g or ml L⁻¹)  

Dose 
recommended
(g or ml L⁻¹)† 

Stages of
application

Captan 38 1.31 3.00 Fruiting, Ripening,
Harvest

Benomyl 31 1.21 0.50 Fruiting, Ripening,
Harvest

Triforine 8 1.25 1.00 Ripening
Copper sulfate 4 1.00 3.50 Flowering
Sulfur 4 5.00 7.50 Ripening
Chlorotalonyl 4 1.25 2.00 Ripening
Carbendazim 4 1.25 -†† Ripening
Chlorpyrifos ethyl 4 0.50 -†† Ripening
Zeolite††† 3 100.00 Not available Fruiting

†Dose according to the recommendation of the manufacturer of each product (in italics, doses in ml∙L⁻¹)
††Product not recommended in peach tree.
†††Doses in grams per tree. 
Source: prepared by the authors based on survey data, 2022.
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Genetic control
It was found that, in the region, the use of landrace cultivars predominates (60%) and, 
in lower proportion, of improved ones (40%); among them, the ones that stand out are 
‘Diamante Especial’, ‘Diamante Mejorado’, ‘Diamante Supremo’, ‘Oro Azteca Mejorado’, 
‘Oro de Tlaxcala’ and ‘Robin’.  

Biological control
Producers from the region declare not knowing any treatment of biological origin for 
control of brown rot.

Harvest losses as a result of brown rot
When producers were asked about the percentage of harvest losses that they have 
experienced as a result of brown rot, it was found that from the total of interviewees, 
88% mentioned having had harvest losses. From these, 37% declared losses lower than 
20%, 56% of the producers mentioned having had losses of 20 to 69%, and 7% have 
experienced harvest losses of more than 70%. On average, losses of 33% are reported.

DISCUSSION
The disease of brown rot is one of the most important globally and is considered a limiting 
factor in peach production (Obi et al., 2018), since the losses that it causes before and after 
the harvest represent more than half of those recorded in the world (Iqbal et al., 2022). 
In Spain, in Valle del Ebro, Usall et al. (2010) indicate that the disease is associated with 
up to 80% of the harvest losses, while in New Zealand, McLaren et al. (1996) reported 
post-harvest losses that reached 50%. It should be highlighted that Emery et al. (2000) 
point out that there are also indirect losses attributable to the cost of the application of 
fungicides in pre- and post- harvest stages. It was calculated that 10% of the losses from 
Monilinia spp. are equivalent to 1.7 million Euros (Martini and Mari, 2014). Our results 
show that brown rot disease represents an important problem for peach producers in 
the Sierra Nevada region in Puebla, since it is recognized as one of the most important 
diseases that they face. In addition, even though the harvest losses reach 33% on average, 
there were reports of losses higher than 70%. Despite this, only 59% of the producers 
(on average), carry out practices for control of the disease: 59% via chemical control, 
79% through sanitary pruning, and only 40% via the elimination of affected fruits. This 
indicates that peach production in the region faces an important phytosanitary challenge 
with regards to this disease.

About the recognition and symptomatology of the disease
Prusky (1996) and Gell et al. (2008) describe that the presence of the pathogen causing 
brown rot is favored by conditions of high moisture and high precipitations, rainy springs 
and summers, which promote its growth. Villarino et al. (2010) point that the pathogen is 
capable of infecting at temperatures between 0 and 40 °C and relative humidity of 80 to 
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100%. Therefore, this implies that the temperate climate present in the region, favorable 
for the production of peach, also generates optimal environmental conditions that favor 
the development of the pathogen.
It has been proven that the causal agent of the disease is capable of infecting at any stage of 
the fruit development (Keske et al., 2011); that is why the knowledge of the epidemiology 
of the disease and its symptoms, as well as the recognition of critical moments, are 
important aspects to consider for efficient control (Larena et al., 2005). Results from our 
study reveal that even though producers recognize the disease and its symptoms in the 
different phenological stages of the crop, most of them identify them in stages where the 
damages and signs of the disease are more evident, such as fruiting and ripening of the 
fruits, and when the impact is higher.
If there is the intention to implement preventive actions since early stages, it is necessary 
to strengthen the knowledge of farmers so that they recognize the disease from stages such 
as budding and flowering, and understand the importance of this.

About cultural and mechanical control
Regarding the management of the disease, the theory suggests that an efficient control of 
the disease depends on the management practices carried out before, during and after the 
harvest (Dini et al., 2021; Rivas, 2015; Zehr, 1982). Our results show that in the region of 
the Sierra Nevada in Puebla, producers perform some practices for management of brown 
rot; however, these practices are insufficient to prevent and avoid its propagation. For 
example, Gort and Marín (2011) and Obi et al. (2018) point out that keeping a balanced 
fertilization, without exceeding the applications of nitrogenous fertilizers, decreases the 
incidence of brown rot in the crop. In this sense, in the study area, farmers exceeded the 
recommended doses of fertilization and, at the same time, they privileged the application 
of nitrogenous fertilizers with low contribution of other elements, situation that could be 
favoring the development of this disease. Managing a fertilization program, as suggested 
by Mondino (2014), would allow attaining a nutritional balance with the objective of 
decreasing the development of diseases.
Control of insects is also an essential management practice, because they cause wounds 
in the fruit, which are the entry point of brown rot and other diseases (Rivas, 2015). In 
this regard, Holb (2008) found that lower levels of the disease are attributed in part to the 
control of insects that cause wounds. On the other hand, Iqbal et al. (2022) and Amiri 
et al. (2010) describe that weeding can decrease the populations of insects, in addition to 
increasing the air flows to reduce the levels of moisture. In this sense, we found that only 
55% of the producers carry out this type of practices, since they control some insects such 
as American rose chafer (Macrodactylus spp.) and grasshoppers (Sphenarium spp.), which 
foster the spread and development of the disease from the damage that they cause in the 
fruit and foliage. However, the control is based on the application of insecticides, once the 
pest is found in the crop, so it is more a curative than a preventive practice. In addition to 
this, farmers use primarily products with the same active ingredient and in doses higher 
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than those recommended by the manufacturer, which could decrease the effectiveness 
of the product and, at the same time, favor the development of resistance in the insects. 
Actions such as pest insect monitoring could be useful (Obi et al., 2018).
Performing fruiting pruning to manage the microclimate, as well as sanitation pruning 
during winter, significantly reduces the potential sources of inoculum (Dini et al., 2021; 
Rivas, 2015). In this study, it was found that most of the producers only carry out sanitary 
pruning and that, after these, they leave the infected residues in the same plot, without 
burying or burning them. The same happens with the elimination of infected fruits or 
mummies, which are simply removed from the tree; the percentage of producers that burn 
or bury them is minimal. This represents a critical point to be addressed, since otherwise, 
the practice is insufficient and inefficient to reduce or eliminate potential sources of 
inoculum of the disease.
Another moment when brown rot can cause considerable damage is during post-harvest. To 
reduce those damages, Emery et al. (2000) mentioned that the activities of collection and 
manipulation of the fruit should be done with the utmost possible care, to avoid mechanical 
lesions, since the wounds ease the entry of the disease. Cleaning tools and harvest containers 
is also suggested, in addition to selecting fruits with the objective of removing those with 
symptoms of the disease, in order to reduce the load of the inoculum and to prevent the 
spread of the disease during storage and commercialization (Gabilondo and Budde, 2014). 
Regarding this, we found that farmers do carry out practices such as selection and classification 
of fruits and cleaning of the instruments they use, practices that, for the time being, could be 
enough to control the disease in post-harvest, since very few farmers considered that there is 
important damage during this stage. However, the inclusion of post-harvest treatments, such 
as preservation in cold, thermal treatments and disinfecting treatments with peracetic acid 
and chitosan, could be considered (Usall et al., 2010).

About chemical control
Regarding the chemical control of brown rot, it is carried out primarily with fungicides 
of chemical synthesis, which are highly effective to inhibit the pathogen. Gort and Marín 
(2011) and Zehr (1982) indicate that something to take into account is that the disease 
can manifest itself in any stage of development and that there are two critical moments 
for its control: flowering and ripening. Holmes et al. (2011) describe that the application 
of fungicides should be performed during the flowering stage, to protect the flowers from 
blight, and they recommend a monthly application to protect fruits during ripening and 
harvest. Authors such as Li and Yu (2001) suggest the combination of treatments with 
fungicides of different modes of action, such as benomyl, captan or iprodione, since in this 
way, a greater effectiveness is ensured, and the risk of resistance in the pathogen is reduced. 
It has also been recommended to perform just one application of benomyl and, then, to 
alternate with other fungicides (Zegbe et al., 2005). However, different studies report that 
Monilinia fructicola has shown resistance to benomyl (Chen et al., 2014; Ma et al., 2005). 
In this regard, it should be mentioned that the Fungicide Resistance Action Committee 
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(FRAC, 2024), specifies that benzimidazoles (group to which benomyl belongs), started 
to be used commercially since the late 1960s, but that problems of pathogen resistance 
emerged shortly after. It adds that among pome and stone fruits, the first field report of 
Monilinia spp. strains resistant to benzimidazol, happened in 1973. What is alarming 
about it is that according to Penrose (1990), once strains of M. fructicola resistant to 
benomyl are detected, it is very unlikely to be able to make an effective use of fungicides 
based on benzimidazoles again. Another critical aspect is that, according to Zehr et al. 
(1991), the strains of M. fructicola resistant to benomyl present in commercial orchards 
persist for long periods of time, even after the applications have stopped.
In this study it was found that only 59% of the producers carry out chemical control, 
although they do not exert a preventive control of the disease, since practically all of 
those who apply those products carry out aspersions in stages when the damages are 
mostly perceptible, such as fruiting and ripening. In addition, they apply a single active 
ingredient in different stages of the crop, and the doses that they usually use exceed 
those recommended by the manufacturer, and they might even use products that are not 
useful to control the disease. Based on the literature, regarding the chemical control, it is 
necessary to modify several practices of the farmers: a) perform preventive applications (in 
flowering), b) alternate active ingredients, and c) respect the doses recommended by the 
manufacturers and do not exceed the number of applications allowed in the same cycle, 
among the most important.

About other control mechanisms
In Mexico, genetic improvement programs have been developed for the generation of 
high-yielding varieties, also resistant to powdery mildew and brown rot. Among those 
obtained, there are the following: ‘Oro Azteca’, ‘Diamante Especial’, ‘Diamante Supremo’, 
‘Colegio’ and ‘Robin’ (Calderón-Zavala et al., 2019; Rodríguez et al., 2008). When these 
materials are related to those found in the study, it is concluded that producers of the region 
have planted some improved varieties with resistance to brown rot, which undoubtedly 
can help to decrease the damage from the disease; however, the use of landrace cultivars 
still predominates. The not so common use of improved varieties could be due to the lack 
of knowledge from the producer of varieties reported as resistant to the disease, to the 
low availability of them, or to the early flowering they present, which increases the risk of 
damage from low temperatures.
Landrace materials present a high susceptibility to various foliage and fruit diseases, 
brown rot among them, and have the characteristic of presenting intermediate or late 
ripening, which favors the development of diseases due to the high rainfall frequency 
during the months of harvest (Fernández et al., 2010). This, in addition to the emergence 
of strains of M. fructicola resistant to fungicides, to the efforts to reduce the applications 
of agrochemicals, and the issue of food safety, suggest the need to adopt other strategies, 
one of the most important being genetic resistance (Dini et al., 2022). In this regard, Obi 
et al. (2018) point out that the use of materials with a certain level of resistance to brown 
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rot is one of the most important, profitable and environmentally safe strategies for disease 
control. The replacement of landrace materials by improved varieties implies additional 
advantages to the resistance to the disease, such as higher productivity, fruit quality, and 
versatility of uses (Calderón-Zavala et al., 2019), as long as they are accompanied with an 
adequate management plan (Mendoza-Robles and Hernández-Romero, 2019).          
Finally, in relation to the biological control of the disease, until today, important 
advances have been achieved which include the use of different microorganisms for the 
control of brown rot, among them, bacteria such as Bacillus licheniformis W10 (Ji et al., 
2020) and Pseudomonas synxantha in post-harvest (Aiello et al., 2019), yeasts such as 
Saccharomyces delbrueckii A50, S. cerevisiae YE-5 and S. cerevisiae A41 (Zhou et al., 2008), 
opportunistic fungi such as Epicoccum nigrum (Larena et al., 2005), antagonist fungi such 
as Trichothecium roseum (Moreira and May-de Mio, 2007), Trichoderma harzianum and 
T. viride (Mitidieri et al., 2011), as well as the use of extracts derived from plants such as 
Brassica carinata (Martini and Mari, 2014). This illustrates the range of options available 
which, if crystallized into commercial products, could be included in the plans for disease 
control. For the time being, the scarce availability of products of this nature in the market 
explains, in part, why producers do not know about them and for now limit their use as 
alternatives to the constant use of fungicides.
From what was exposed, it is deduced that producers do carry out different control 
practices (cultural, mechanical, chemical, genetic) of the disease, which is convenient, 
as pointed out by Gort and Marín (2011), Rungjindamai et al. (2014) and Usall et al. 
(2010). However, to be able to control the pathogen satisfactorily, several of them require 
a broader use or adjustments, in addition to their complementation with other practices 
such as a higher incorporation of materials resistant to brown rot and, eventually, the use of 
products of biological origin that reduce the impact caused by the disease. In consequence, 
the hypothesis suggested in this study was not rejected.

Recapitulation
The disease of brown rot represents an important limiting factor for the production of 
peach in the Sierra Nevada region in Puebla, problem that is recognized by the farmers who 
cultivate that fruit tree. As a consequence of this, almost 60% carry out several practices 
that can help to have some control of the disease, such as fertilization, weeding, pest 
control, sanitary pruning, elimination of sources of inoculum, selection and classification 
of fruits, cleaning of instruments, application of fungicides and, in some cases, use of 
improved varieties. However, for them to be truly effective as measures to prevent and 
avoid propagation of the disease, in some cases, it is required to promote a more extensive 
use of these, and in others, to make diverse modifications. Thus, regarding the contribution 
of nutrients, activity that they all carry out, it is advisable to respect a mineral or organic 
fertilization program, balanced and timely. Weeding, for its part, represents an activity to 
keep. When it comes to pest control, it is necessary for it to be a more extended practice, 
which could have a more preventive than curative nature with the support of monitoring, 
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and include the diversification of active ingredients used. With regards to sanitary pruning 
and the elimination of sources of inoculum, these should be promoted as practices of 
common use, which need to be associated to the adequate disposal of the material (burning 
or burying). Likewise, in the case of the practices of selection and classification of fruits, 
as well as cleaning of instruments, it is convenient to foster their generalized use. In those 
cases where there is the need to resort to the use of fungicides, the use of the correct 
products should be promoted, in the recommended doses and frequency, with a program 
of preventive applications that includes the rotation of active ingredients. Lastly, when it 
comes to genetic control, the use of improved materials, resistant to the disease, would 
definitely help to decrease the losses and adequately complement those listed before.
In addition to this, strengthening the knowledge of peach producers in aspects such as the 
recognition of the disease and its control in early stages, as well as in the aspects previously 
mentioned, will contribute to a better management of the disease. Because of this, the 
training actions that contribute with knowledge and techniques represent a fundamental 
element. Another central aspect is to raise awareness among farmers who do not carry out 
actions for disease management, about the importance of implementing them.
Various authors (Abang et al., 2014; Mudde et al., 2017; Uwamahoro et al., 2018) 
have highlighted the advantages of farmers increasing their technical knowledge in 
the phytosanitary management of crops, since this generates multiple benefits such as 
the decrease in the severity of the disease (thanks to undertaking correct actions), the 
attenuation of its propagation, the decrease of harvest losses, and consequently, the 
increase in their income.
Finally, it should be mentioned that promoting the use of the practices described, which 
represent different control options, as well as others that are economically acceptable, 
environmentally sustainable, and healthy for humans, will allow advancing towards an 
integrated management plan, which could be extended to other phytosanitary problems.

CONCLUSIONS
Peach producers from the Sierra Nevada region in Puebla perform different practices for 
the management of brown rot, although they are insufficient and, in some cases, not 
entirely appropriate for an adequate control of the disease. For an effective control of 
it, there is the need to strengthen the farmers’ knowledge on the importance of disease 
management, as well as its causes and progression, and to incorporate improvements in 
the practices they carry out, considering the options of cultural, mechanical, chemical, 
genetic, and biological control, through the Integrated Pest Management approach.
This study denotes the importance of brown rot in the region, as well as the urgency in the 
search for new and better alternatives for its control.
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