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Abstract 12 

In recent years, Spain has been the scenario of the largest production growth of persimmon 13 

worldwide. However, circular leaf spot of persimmon, caused by Plurivorosphaerella nawae, was 14 

responsible for causing severe yield and economic losses. This work studies the effect of spray 15 

volume rate, droplet size, and application timing on spray distribution and disease control efficacy 16 

for mancozeb, pyraclostrobin and difenoconazole applications. Also fungicide degradation dynamics 17 

on persimmon leaves was studied. A method to inoculate persimmon plants using natural inoculum 18 

of P. nawae was developed. Results showed that spray volume influenced canopy spray coverage 19 

regardless of the fungicide used, but it did not influence disease control efficacy, except when 20 

pyraclostrobin was applied as pre-inoculation spray. Pyraclostrobin also showed a good post-21 

inoculation activity. Influence of droplet size on spray coverage depended on the leaf side considered 22 

but it did not affect disease control efficacy except for pyraclostrobin applied 14 days after 23 

inoculation, when coarse droplets had lower control than fine ones. In general, slight degradation 24 

dynamics of fungicide residues on leaves were observed at 14 days. 25 
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1. Introduction 30 

The largest and most intensive production growth of persimmon (Diospyros kaki Thunb.) 31 

worldwide is currently taking place in Spain. In 2014, the Spanish persimmon production was around 32 

245 thousand ton, which means an increase of around 50% over production compared to 2010 33 

(FAOSTAT, 2017). However, this increased production was accompanied by the emergence of 34 

circular leaf spot (CLS) disease of persimmon, caused by the fungus Plurivorosphaerella nawae 35 

(Hiura & Ikata) O. Hassan & T. Chang (synonym Mycosphaerella nawae Hiura & Ikata). The 36 

pathogen causes necrotic spots on leaves inducing early defoliation and premature fruit abscission, 37 

which results in severe yield and economic losses (Bassimba et al., 2017; Berbegal et al., 2010b, 38 

2011; Vicent et al., 2012). This disease was restricted for decades to humid areas in Japan and Korea 39 

and it was first detected in 2008 in Valencia province, central-eastern Spain (Berbegal et al., 2010a). 40 

It rapidly spread through the Comunitat Valenciana region, revealing its adaptation to the 41 

Mediterranean climate (Makowski et al., 2011).  42 

Mature ascospores formed on the leaf litter are known the primary inoculum source of P. nawae 43 

(Kwon and Park, 2004). Studies conducted in Spain about the epidemiology of CLS of persimmon in 44 

a semi-arid area revealed that P. nawae ascospores are released from the leaf litter mainly in spring, 45 

but disease symptoms are visible only in September to October (Berbegal et al., 2011; Vicent et al., 46 

2012). The main methods to control this disease are based on preventive fungicide treatments. They 47 

are scheduled to cover the risk period of infection, which is defined by the availability of P. nawae 48 

inoculum, persimmon phenology (presence of susceptible leaves) and favorable climatic conditions 49 

(high humidity and mild temperature) (GVA, 2018). Fungicide applications once disease symptoms 50 

have developed are not effective (Kwon and Park, 2004). Therefore the results about the inoculum 51 

dynamics and interactions in the complex persimmon-fungicide-CLS are crucial to establish the 52 

fungicide application timing in the spring to protect trees from P. nawae infections (Vicent et al., 53 

2012). Berbegal et al. (2011, 2017) investigated the efficacy of the fungicides captan, chlorothalonil, 54 



cyprodinil, fenpropimorph, fluazinam, mancozeb, pyraclostrobin, tebuconazole, thiophanate-methyl 55 

and thiram against P. nawae in vitro and in field conditions to optimize the management strategies of 56 

CLS of persimmon in Spain. In these studies, spray application timing in field conditions was based 57 

on tree phenology (García-Carbonell et al., 2002). Results showed that the most effective fungicides 58 

were mancozeb, pyraclostrobin and captan. Physical mode of action of a fungicide refers to the 59 

observable effects of a compound on a disease with respect to placement and timing when applied 60 

before infection, after infection, or after symptom development (Szkolnik,  1978). Information about 61 

the protective and/or curative activity of fungicides is also critical to optimize timing of the sprays 62 

and thus improve the efficiency of current fungicide programs for the control of CLS of persimmon. 63 

However, quantitative experimental data in field conditions related to protective and/or curative 64 

activity of the fungicides used for the control of the CLS of persimmon is scarse or non-existing. The 65 

fact that P. nawae ascospores cannot be produced in culture (Kwon and Park, 2004), and therefore 66 

used to make a controlled infection, is a limitation for this kind of studies. Vicent et al. (2011, 2012) 67 

used a system to study the release of ascospores and the inoculum and disease dynamics of CLS in 68 

persimmon orchards using leaf litter of persimmon orchards infected with CLS. This system could be 69 

used to study the mode of action of fungicides in what could be called semi-field conditions. Another 70 

question that has to be taken into account is that fungicides deposited on plant surfaces can be 71 

chemically degraded by vaporization, photolysis, and hydrolysis (Lukens, 1971). Therefore, it is 72 

unknown how much quantity of fungicide is over the plant when the inoculum is released from the 73 

leaf litter. 74 

In Spain, persimmon orchards have been planted on plots where citrus orchards were grown 75 

previously. The replacement was due to the higher profitability of this crop compared to citrus. 76 

Because of this, pesticide application practices in persimmon in Spain are usually based on the 77 

applications carried out in citrus. Air-blast sprayers with conventional cone nozzles are commonly 78 

used and high spray volumes are applied (2000-4000 L ha
-1

), without taking into consideration the 79 



characteristics of the complex persimmon-fungicide-CLS. This could result in an inefficient spray 80 

application with high spray losses out of the target, which results in negative economic and 81 

environmental impact. Moreover this results in overuse of fungicides if the pesticide dose is 82 

expressed as a concentration (i.e. kg L
-1

) not as a fixed dose (i.e. kg or L ha
-1

), as it is in the case of 83 

many pesticides in Spain. Therefore, the spray volume adjustment is a necessary step for the 84 

sustainable use of pesticides in persimmon, as it has been carried out in other 3D crops such as citrus 85 

(Grout et al., 1997; Garcerá, et al., 2014, 2017a), vineyard (Pergher and Petris., 2008; Gil et al., 86 

2009; Walklate et al., 2011), apple (Walklate et al., 2011), and greenhouse tomato (Sánchez-87 

Hermosilla et al., 2013). The adoption of disease management practices based on models of 88 

deposition of each fungicide on the vegetation would allow increasing the efficiency and the 89 

biological efficacy of the treatments.  90 

Air induction nozzles, which produce coarser droplets than conventional nozzles, are 91 

recommended to reduce spray drift, which is one of the major sources of environmental 92 

contamination during spray application on high growing crops. The coarse droplets may affect the 93 

efficacy of plant protection products in controlling targeted pests and diseases. In a number of 94 

studies, no differences were found between air induction nozzles and conventional nozzles in the 95 

efficacy against pests and fungal diseases (Heinkel et al., 2000, 2001; Cross et al., 2002; Knewitz et 96 

al., 2002; Frießleben, 2003, 2004; Jaeken et al., 2003; Lešnik et al., 2005; McArtney and Obermiller, 97 

2008; Loquet et al., 2009; Doruchowski et al., 2011, 2017; Bangels et al., 2013; Gil et al., 2014; 98 

Panneton et al., 2015; Garcerá et al., 2017b). However, some of these authors found differences, 99 

reaching the highest level of control with conventional nozzles (Jaeken et al., 2003; Lešnik et al., 100 

2005; McArtney and Obermiller, 2008). No information about the effect of these nozzles on the 101 

control of CLS on persimmon is available and generating knowledge about this will be useful for 102 

setting the recommendations of pesticide applications to persimmon growers. 103 



This study was carried out to determine the effect of the spray volume on the control of CLS of 104 

persimmon using fungicides with different mode of action applied as pre- or post-inoculation sprays. 105 

Moreover, the dynamics of fungicide residues to know the quantity of fungicide present at the time 106 

of inoculation, and the effect of droplet size (fine vs coarse) on disease control were also analyzed. 107 

Spray deposition was estimated through leaf coverage on different parts of the plant, to determine 108 

how different applied volumes affect spray distribution and disease control. 109 

2. Materials and Methods 110 

The study consisted in a series of assays carried out in semifield conditions with nursery plants. 111 

Plants were kept in greenhouse before and after the fungicide applications and inoculation, Plants 112 

were moved to the laboratory to apply the fungicides in the large-dimensions spray cabin, described 113 

in Section 2.1. Plants were moved to the field to inoculate the fungi in the inoculation facility 114 

developed for these assays, described in Section 2.4. 115 

2.1. Spray equipment 116 

Treatments were applied in laboratory with an equipment located in the large-dimensions spray 117 

cabin. This equipment sprays from a nozzle placed horizontally and advances in a perpendicular 118 

direction to the advance of the spray cloud. The height of the nozzle, the forward speed and the 119 

working pressure can be adjusted to the needs. As shown in Figure 1, the equipment consisted of 1) a 120 

control panel to manage forward speed and opening of the electro-valve, 2) a system to propel and 121 

mix the spray, consisting of a tank, a diaphragm pump and a pressure regulator, and 3) a system to 122 

apply the spray, consisting of an advance system, a vertical fastening bar, a manometer and the 123 

nozzle placed horizontally. The advance system moves over rails 10 m long, and when it is switched 124 

on, it advances up to the limit switch at the selected forward speed, and then it returns to the starting 125 

point at the same forward speed. 126 



 127 

Figure 1. Spray application system used for the fungicide treatments.  128 

2.2. Plant material 129 

Two-year-old persimmon plants of the cultivar Rojo Brillante grafted on D. lotus L. rootstock 130 

were used. They were maintained in a greenhouse at the Institut Valencià d’Investigacions Agràries 131 

(IVIA) research station in absence of CLS inoculum. Plants were grown in plastic pots (250 mm in 132 

diameter by 200 mm deep) containing potting mix (75 % peat, 25 % sand, vol/vol). In 2015, plant 133 

canopy averaged 0.60 m in height, 0.20 m in diameter (calculated as the mean of ten randomly 134 

selected plants), with a mean canopy volume of 12.57 dm
3
 plant

-1
 (considering canopy as an 135 

ellipsoid). Mean total height of the plants (canopy + trunk + pot) was 0.95 m. In 2016, canopy of 136 

plants averaged 0.76 m in height, 0.30 m in diameter parallel to the spray advance, and 0.20 m in 137 

diameter perpendicular to the spray advance, with a mean canopy volume of 23.88 dm
3
 plant

-1
. Mean 138 

total height of the plants was 1.12 m. 139 



2.3. Experimental design 140 

The factors of study were: fungicide, spray volume, application timing respect the onset of 141 

inoculation, and droplet size. The response variables were: disease control efficacy, fungicide 142 

distribution on the canopy, and evolution of fungicide residues with time. The treatments were 143 

applied in two seasons, 2015 and 2016 (Table 1). Five replicates of one plant each were used for 144 

each treatment arranged in a completely randomized design. Five non-treated control plants were 145 

also included each year. To cover the whole canopy of treated plants, one side of the plants was 146 

treated when the system moved upwards, and then the plants were spun round to get the other side 147 

treated when the system moved downwards. 148 

Table 1. Treatments and factors of study. 149 

Treatment Factors of study 

Fungicide Spray volume Droplet size (Nozzle) Spray timing 

1 Mancozeb Run-off Fine (D3-DC25) Inoculation -07 days (20/05/15-27/05/16) 

2 Mancozeb Run-off Fine (D3-DC25) Inoculation +07 days (03/06/15-10/06/16) 

3 Mancozeb Run-off Fine (D3-DC25) Inoculation +14 days (10/06/15-17/06/16) 

4 Mancozeb 60% Run-off Fine (D3-DC23) Inoculation -07 days (20/05/15-27/05/16) 

5 Mancozeb 60 % Run-off Fine (D3-DC23) Inoculation +07 days (03/06/15-10/06/16) 

6 Mancozeb 60% Run-off Fine (D3-DC23) Inoculation +14 days (10/06/15-17/06/16) 

7 Pyraclostrobin Run-off Fine (D3-DC25) Inoculation -07 days (20/05/15-27/05/16) 

8 Pyraclostrobin Run-off Fine (D3-DC25) Inoculation +07 days (03/06/15-10/06/16) 

9 Pyraclostrobin Run-off Fine (D3-DC25) Inoculation +14 days (10/06/15-17/06/16) 

10 Pyraclostrobin 60% Run-off Fine (D3-DC23) Inoculation -07 days (20/05/15-27/05/16) 

11 Pyraclostrobin 60 % Run-off Fine (D3-DC23) Inoculation +07 days (03/06/15-10/06/16) 

12 Pyraclostrobin 60% Run-off Fine (D3-DC23) Inoculation +14 days (10/06/15-17/06/16) 

13 Pyraclostrobin Run-off Coarse (TVI 80-02) Inoculation +07 days (10/06/16) 

14 Pyraclostrobin Run-off Coarse (TVI 80-02) Inoculation +14 days (17/06/16) 

15 Difenoconazole Run-off Fine (D3-DC25) Inoculation +07 days (10/06/16) 

16 Difenoconazole Run-off Fine (D3-DC25) Inoculation +14 days (17/06/16) 



17 Difenoconazole Run-off Coarse (TVI 80-02) Inoculation +07 days (10/06/16) 

18 Difenoconazole Run-off Coarse (TVI 80-02) Inoculation +14 days (17/06/16) 

 150 

The fungicides evaluated were: mancozeb at 0.3% (2 g a.i. L
-1

) (Dithane
®
 DG Neotec, 75% p/p 151 

WG; Dow AgroSciences Iberica S.A., Madrid, Spain), pyraclostrobin at 0.3% (0.09 g a.i. L
-1

) 152 

(Cabrio
®

, 25% p/v EC.; BASF, Ludwigshafen, Germany), and difenoconazole at 0.035% (0.09 g a.i. 153 

L
-1

) (Score
®
, 25% p/v EC; Syngenta International AG, Basel, Switzerland). Hereafter, fungicides 154 

will be named by their active ingredient. The treatments and respective factors are defined in table 1. 155 

Effect of spray volume was studied with mancozeb (Treatments 1-3 vs 4-6) and pyraclostrobin 156 

(Treatments 7-9 vs 10-12). Effect of droplet size was studied with pyraclostrobin (Treatments 8-9 vs 157 

13-14) and difenoconazole (Treatments 15-16 vs 17-18). Mancozeb and pyraclostrobin were applied 158 

7 days before inoculation (DBI), 7 days after inoculation (DAI) and 14 DAI. Difenoconazole was 159 

applied 7 DAI and 14 DAI. 160 

To study the effect of spray volume, two spray volumes were evaluated: spray volume until run-161 

off (run-off volume), and 60% run-off volume (which implies a 40% reduction respect to run-off 162 

volume). The run-off volume was defined in preliminary tests by applying increasing spray volumes 163 

until falling drops were observed. In these tests, the distance between the nozzle outlet and the 164 

external leaves of the plants was set at 0.40 m. The height of the nozzle was adjusted each time so 165 

the nozzle outlet axis matched the middle height of the canopy, to assure that the whole canopy 166 

would be covered by the spray cloud. Working pressure in the nozzle (1 MPa), advance speed (1.08 167 

km h
-1

) and model of the nozzle (disc-and-core nozzles; TeeJet Technologies, Spraying Systems Co., 168 

Wheaton, Illinois) were kept constant. Different spray volumes were obtained by changing the 169 

nozzle size and, therefore, the flow rate. The selected nozzle to apply the run-off volume was the 170 

combination of a disc D3 and a core DC25 (yellow), with a nominal flow of 1.3 L min
-1

 at 1 MPa. 171 

Based on this, the selected nozzle to apply the 40% reduction volume was the combination of a disc 172 

D3 and a core DC23 (green), with a nominal flow of 0.78 L min
-1

 at 1 MPa. Both nozzles at 0.1 MPa 173 



produce droplets of size considered FINE SPRAY (droplet spectrum with a DV50 of approximately 174 

200 µm (Garcerá et al., 2016)). 175 

 176 

To study the effect of droplet size, the D3-DC25 nozzle at 1 MPa (1.3 L min
-1

) was selected for 177 

the fine droplets. To produce coarse droplets, an air induction nozzle with the same nominal flow 178 

was selected: model TVI 80-02 (yellow) (Albuz, Saint-Gobain Solcera, Evreux, France), working at 179 

0.8 MPa (1.31 L min
-1

). This nozzle has a droplet spectrum considered COARSE SPRAY (DV50 of 180 

approximately 544 µm (Personnal communication, Albuz)).  181 

2.4. Inoculation methodology 182 

A source of leaf litter inoculum was set up based on previous studies (Vicent et al., 2011). Each 183 

year, symptomatic leaf litter was collected from persimmon ‘Rojo Brillante’ orchards at L’Alcúdia, 184 

Valencia province (Spain), which were severely affected by CLS and not sprayed with fungicides. 185 

Leaves were placed with the abaxial surface facing upward on the soil surface of an experimental 186 

plot at IVIA with an area of 100 m
2
 (10 m x 10 m). Leaf litter density was adjusted to ~350 g dry 187 

leaves per m
2 

(Vicent et al., 2011) and then covered with a plastic mesh (5- x 5-mm openings) fixed 188 

to the soil with stainless steel pins. Micro-sprinklers were placed at 0.25 m above the soil surface in 189 

the leaf bed to assure conditions favorable for P. nawae ascospore release from the leaf litter and 190 

enhance high ambient relative humidity (RH) and dew formation (Vicent et al., 2011). 191 

Meteorological data were monitored hourly in the center of the experimental plot with an 192 

automated meteorological station (Hobo U30; Onset Computer Corp.), including sensors for air 193 

temperature and ambient RH (Hobo S-THB, accuracies ±0.2°C and ±2.5%), rainfall (Model 7852, 194 

resolution 0.2 mm; Davis Instruments Corp.), leaf wetness duration (Hobo S-LWA, resolution 195 

0.59%), and wind speed (Hobo S-WSA, accuracy ±1.1 m s
-1

). Data were collected at 0.75 m above 196 

the soil surface, about half of the canopy height (section 2.2). Leaf wetness sensors were placed with 197 

a northerly exposure and fixed at a 30° angle from the horizontal. A Burkard 7-day spore-recording 198 



trap (Burkard Manufacturing Co. Ltd) was placed in the center of the experimental plot with a 199 

continuous sampled air flow of ~ 10 L min
-1

. The Burkard volumetric spore trap allows continuous 200 

sampling for one week before the trapping tape has to be changed. Each week, the tape was cut into 201 

daily segments and mounted on glass slides. Ascospores of P. nawae were counted at 400X 202 

magnification and converted to counts per unit volume of air sampled. 203 

In 2015 season, treated and control persimmon plants were grouped in 5 lines, one repetition of 204 

each treatment was randomly located in each line, and each line was randomly placed in the leaf bed 205 

(Figure 2) and exposed to CLS infection for one week (from 27/05/2015 to 03/06/2015) in absence 206 

of precipitation. Plants were maintained in their initial positions the whole inoculation week. After 207 

inoculation, all the plants were returned to the greenhouse and all leaves were evaluated periodically 208 

until the appearance of symptoms. Disease incidence was calculated considering the percentage of 209 

symptomatic leaves (i.e. showing at least one CLS lesion) in each plant. The disease incidence values 210 

obtained in 2015 were very low and with high variability. Only less than 10% of leaves were affected 211 

by CLS, therefore it was not possible to analyze the disease control efficacy results.  212 

In 2016 season, inoculation was performed from 03/06/2016 to 10/06/2016, and some changes 213 

were performed to enhance the homogeneity of inoculation. On the one hand, plants were located 214 

radially in the center of the experimental plot (Figure 2). On the other hand, plant lines were moved 215 

every two days to have all of them in different orientations, and, each day of change, plants in each 216 

line were moved randomly inside their corresponding line. After inoculation, the methodology was 217 

the same that the one described for 2015.  218 

Average temperature during the inoculation period in the experimental plot was 20.6 and 22.3ºC 219 

in 2015 and 2016, respectively. Average RH was 72.3% in 2015 and 70.7% in 2016. A total of 89 220 

and 114 leaf wetness hours were recorded during the inoculation period in 2015 and 2016, 221 

respectively. No precipitation was recorded in any of the inoculation periods. The average 222 



concentration of P. nawae ascospores in the air of the experimental plot during the inoculation period 223 

was 18.1 and 28.5 ascospores m
-3

 in 2015 and 2016, respectively.  224 

In 2015, the lower ascospore concentration and shorter periods of leaf wetness duration could 225 

cause the low disease incidence. The high incidence variability could also be due to the fact that the 226 

plants were distributed in lines and were not moved during all the inoculation period. 227 

 228 

Figure 2. Sketch of persimmon plant arrangement during inoculation with Plurivorosphaerella 229 

nawae in 2015 and 2016. 230 

2.5. Fungicide distribution on the canopy 231 

The effect of spray volume (run-off vs 60% run-off volume), droplet size (fine vs coarse) and 232 

fungicide (mancozeb, pyraclostrobin, and difenoconazole) on spray distribution on the canopy was 233 

assessed by means of percentage of coverage (%) on water sensitive paper (WSP) (7.6 x 2.6 cm, 234 

Syngenta International AG, Basel, Switzerland).  235 

In 2015, coverage was assessed using five replicate plants per treatment. WSPs were placed at the 236 

middle height of the canopy (0.65 m in average) in the two sides of the plants that received the spray. 237 

In each side, two WSPs were stapled, one onto the adaxial surface of one leaf and one onto the 238 



abaxial surface of other leaf. In 2016, ten replicate plants per treatment were used. WSPs were 239 

placed at two heights in the canopy, top (0.90- 1.00 m) and bottom (0.50 – 0.60 m) in the two sides 240 

of the plants that received the spray. In each height/side combination, two WSPs were stapled, one 241 

on the adaxial surface of one leaf and one on the abaxial surface of other leaf.  242 

After the spray application, WSPs were collected and photographed with a digital camera (Canon, 243 

mod. EOS 700D.  Ōta, Tokyo, Japan) under a lighting system consisting of an aluminum frame 244 

holding led lamps (High-Power SMD LED strip 600mm, 1200lm, 12V). The images were taken with 245 

16 pixels mm
-1

 resolution. The camera was set at a vertical distance of 20.0 cm over the samples. 246 

The images were digitally analyzed with the custom made image analysis software Food Image 247 

Inspector v4.0 (Cofilab, 2017). For each image, the software calculated the coverage (%) as the 248 

percentage of the total surface in each WSP covered by impacted droplets. The software was trained 249 

to identify the range of the RGB color scale that corresponded to impacted droplets and to 250 

background, respectively. With this information, the software segmented the images and the 251 

algorithm detected all the impacts produced by the spray, corresponding to pixels that had became 252 

blue by contact with the spray, and calculated coverage on each image as the ratio between the blue 253 

pixels and the total number of pixels. Objects in the image constituted by one single pixel (1 x 1 254 

pixel in size) were considered as noise and were rejected; therefore, the analysis system did not 255 

measure impacts smaller than 3906.25 μm
2
 (approx 70 μm in diameter).  256 

2.6. Fungicide residues  257 

The effect of spray volume on the dynamics of fungicide residue degradation, to know the 258 

quantity of fungicide present at the time of inoculation, was assessed in 2015 and 2016 with 259 

mancozeb and pyraclostrobin. Fungicides were applied at two spray volumes (run-off and 60% run-260 

off) over plants as described above. Ten leaves were sampled from each persimmon plant on the 261 

same day of application and then at 2, 7 and 14 days after application in 2015, and at 7 and 14 days 262 

in 2016. Three replicates of one plant each were used for each treatment (fungicide x spray volume x 263 

https://en.wikipedia.org/wiki/%C5%8Cta,_Tokyo


sampling moment) in a completely randomized design. Sprayed plants were maintained in a 264 

greenhouse protected from rain. 265 

Total fresh weight and leaf surface area of each leaf were measured in the laboratory. Total fresh 266 

weight (g) was assessed with an analytical balance (XR 205 SM-DR, Precisa Instruments Ltd., 267 

Dietikon, Switzerland). Total leaf surface area (cm
2
) was measured scanning leaves at a resolution of 268 

300 ppi and analyzing the resulting images with the custom made image analysis software Food 269 

Image Inspector v4.0 (Cofilab, 2017). Leaf samples were grinded and the resulting extract was used 270 

to quantify residues (μg a.i. g leaf
-1

) by an external laboratory (G.E.COTA.2, S.L. Tavernes de la 271 

Valldigna, Spain). To determine the quantity of mancozeb, residues of dithiocarbamates were 272 

measured by multi residue analysis through gas chromatography tandem-mass spectrometry. 273 

Pyraclostrobin was quantified by a triple quadrupole by liquid chromatography tandem-mass 274 

spectrometry. 275 

Mean fungicide residue per unit area (μg a.i. cm
-2

) in each plant was calculated based on the 276 

residue level, total leaf weight and surface area with the equation 1. 277 

  )) 22 (cm  surfaceLeaves(g)  weightLeaves leave a.i./g g residue Fungicidea.i./cm g( Deposition  278 

 (1) 279 

2.7. Data analysis  280 

The effect of spray volume on fungicide distribution on the canopy were studied by a multifactor 281 

analysis of variance (MANOVA) for each fungicide and each year, including the factor leaf side in 282 

2015 and the factors leaf side and height in 2016. Coverage values were transformed (arcsine 283 

√x/100) prior to analysis to homogenize variance.  284 

The effect of fungicide and leaf location (leaf side and height) on coverage were studied through 285 

a MANOVA with transformed coverage data from 2016 for the fungicide treatments performed 286 

under the same spraying conditions (Treatments 2, 8 and 15 from Table 1). Second and third 287 

interactions, when possible, were studied. Not-significant interactions were removed from the model. 288 

The effects with the highest significance levels are shown in results.  289 



The effect of droplet size and the leaf location on coverage were studied through a MANOVA 290 

with transformed coverage data from 2016 for pyraclostrobin and difenoconazole.  291 

The effect of spray volume on fungicide residues on leaves was studied by a one-way analysis of 292 

variance (ANOVA) individually for each fungicide/sampling moment after application. Transformed 293 

coverage data and fungicide residues data were subjected to Levene and Shapiro-Wilk tests in order 294 

to assess the homogeneity and normality of variance across the groups, respectively. The Fisher's 295 

LSD test was used for mean comparisons. In all tests, a confidence level of 95% was applied. 296 

Disease incidence data were analyzed via logistic regression. The non-treated control was used as 297 

the reference level and the odds ratio for each combination of fungicide (mancozeb or 298 

pyraclostrobin) and spray volume (run-off or 60% run-off) at each spray timing (7 DBI, 7 DAI or 14 299 

DAI) were calculated. The models were fit by Bayesian inference using Integrated Nested Laplace 300 

Approximation (INLA) (Rue et al. 2009) with the software R 3.2.5 (R Core Team, 2016). Normal 301 

vague priors with mean 0 and precision 10
-2

 were used for the regression coefficients vector. The 302 

mean and 95% credibility intervals of the predictive posterior distribution of the odds ratios were 303 

calculated. 304 

3. Results and Discussion 305 

3.1. Effects of spray volume on fungicide distribution on the canopy 306 

In both years, coverage depended significantly on the spray volume applied both for 307 

pyraclostrobin and mancozeb, which agrees on previous results (Garcerá et al., 2014; Miranda-308 

Fuentes et al., 2015, 2016; Salyani and McCoy, 1989). Moreover, for both fungicides, coverage was 309 

significantly different on the two leaf sides both in 2015 and 2016, and on the two levels of height in 310 

the plants, studied in 2016. In general, run-off volume gave significantly higher coverage than 60% 311 

of the run-off volume, and adaxial surface of leaves got higher coverage than abaxial surface, 312 

regardless of the height in the canopy. Regarding this factor, the top of the plants showed 313 

significantly higher coverage than the bottom (Table 2, Figure 3). In detail, in 2015, for both 314 



fungicides, adaxial surface of leaves obtained higher coverage than abaxial surface. In 2016, with 315 

mancozeb applications, differences in coverage due to the spray volume were significant only in the 316 

top of the canopy, and there were no differences between volumes in the bottom. For pyraclostrobin, 317 

differences in coverage due to the spray volume were significant only in the adaxial surface of 318 

leaves, and there were no differences between volumes in the abaxial surface (Figure 3). 319 

Nevertheless, the spray distribution and the level of coverage were similar for both products. 320 

Table 2. Results of the MANOVA on the study of fungicide distribution on the canopy in 2015 and 2016 for mancozeb 321 

and pyraclostrobin. 322 

Fungicide Year Factor
a
 F d.f. p-value 

Mancozeb 2015 Spray volume 3.98 1, 197 0.0476 

  Leaf side 506.03 1, 197 <0.0001 

 2016 Spray volume 24.27 1, 159 <0.0001 b 

  Height 2.95 1, 159 0.0881 b 

  Leaf side 481.28 1, 159 <0.0001 

  Spray volume X Height  9.48 1, 159 0.0025 

Pyraclostrobin 2015 Spray volume 14.77 1, 198 0.0002 

  Leaf side 853.67 1, 198 <0.0001 

 2016 Spray volume 19.17 1, 159 <0.0001 b 

  Height 58.65 1, 159 <0.0001 

  Leaf side 672.31 1, 159 <0.0001 b 

  Spray volume X Leaf side 12.38 1, 159 0.0006 

a Not-significant interactions at P = 0.05 were removed from the model. The effects with significant level at P = 

0.05 are shown in results. 

b These effects are not considered/interpreted since a higher interaction is significant at P = 0.05 



 323 

Figure 3. Coverage (%, mean ± Standard Error) obtained with mancozeb and pyraclostrobin for the 324 

study of fungicide distribution on the canopy on A) 2015, and B) 2016. 325 



3.2. Effect of droplet size on coverage 326 

In general, no differences in coverage due to the different droplet size were found (Table 3 and 327 

Figure 4), as in citrus (Garcerá et al., 2017b, c) and apple trees (Derksen et al., 2007; Loquet et al., 328 

2009; Panneton et al., 2015; Świechowski et al., 2014; Zhu et al., 2006). For pyraclostrobin 329 

applications, the interaction between droplet size, height and leaf side was statistically significant at 330 

P=0.05. Coverage on the abaxial surface of leaves increased significantly with coarser droplets both 331 

on the top and the bottom of the canopy. On the contrary, on the adaxial surface, coverage decreased 332 

with droplet size on the top of the canopy, but it did not change significantly on the bottom. With 333 

difenoconazole, the interaction between droplet size and height was statistically significant (Table 3). 334 

Coverage in the bottom of the plants was significantly higher with coarser droplets, but in the top of 335 

the plants, fine droplets got higher coverage than coarse ones. As expected, adaxial surface of leaves 336 

received higher coverage than abaxial surface, regardless the size of droplets or the hht in the plant 337 

(Figure 4). 338 

Table 3. Results of the MANOVA on the study of fungicide distribution on the canopy in 2016 for pyraclostrobin and 339 

difenoconazole. 340 

Fungicide Factor
a
 F d.f. p-value 

Pyraclostrobin Droplet size 2.55 1, 159 0.1123 b 

 Height 28.76 1, 159 <0.0001 b 

 Leaf side 741.69 1, 159 <0.0001 b 

 Droplet size X Height 1.72 1, 159 0.1912 
b 

 Droplet size X Leaf side 9.33 1, 159 0.0027 b 

 Height X Leaf side 0.69 1, 159 0.4088 b 

 Droplet size X Height X 

Leaf side  

4.38 1, 159 0.0380 

Difenoconazole Droplet size  0.04 1, 158 0.8462 b 

 Height 28.71 1, 158 <0.0001 b 

 Leaf side 644.90 1, 158 <0.0001 



 Droplet size X Height  4.79 1, 158 0.0301 

a Not-significant interactions at P = 0.05 were removed from the model. The effects 

with significant levels at P = 0.05 are shown in results. 

b These effects are not considered/interpreted since a higher interaction is significant 

 341 

 342 

Figure 4. Coverage (%, mean ± Standard Error) obtained with pyraclostrobin and difenoconazole for 343 

the study of fungicide distribution on the canopy in 2016. 344 

3.3. Effect of fungicide on coverage 345 

Regardless of the fungicide, significantly higher coverage was found on the adaxial surface of 346 

leaves than on the abaxial surface, and on the top of the canopy than on the bottom for all of them. 347 

Mancozeb gave somewhat higher coverage than pyraclostrobin and difenoconazole, but differences 348 

were not significant (Table 4, Figure 5). Even differences between fungicides regarding how they 349 

were distributed in the canopy and the level of coverage achieved were small, there were differences, 350 

what may be due to the different physicochemical properties of the resulting spray mixtures, which 351 



affect the droplet size spectrum (Bouse et al., 1990; Haq et al., 1983; Yates et al., 1983) and the 352 

deposition pattern (Salyani, 1988; Spillman, 1984; Zabkiewicz, 2007). 353 

Table 4. Results of the MANOVA on the study of coverage in 2016. 354 

Factor
a
 F d.f. p-value 

Fungicide 1.32 2, 239 0.2685 

Height 60.25 1, 239 <0.0001 

Leaf side 1056.50 1, 239 <0.0001 

a Not-significant interactions at P = 0.05 were removed 

from the model. The effects with significant levels at P 

= 0.05 are shown in results. 

 355 

 356 

Figure 5. Coverage (%, mean ± Standard Error) obtained in 2016. 357 

3.4. Effect of spray volume on fungicide residues 358 

In 2015 and 2016, run-off volume gave a fungicide deposit between 50-60% higher than the 359 

obtained with 60% run-off volume, both for mancozeb and pyraclostrobin, reinforcing the results of 360 



coverage assessment. In 2015, residue difference between volumes was almost constant throughout 361 

the sampling period up to 14 days after application. In this year, differences between spray volumes 362 

were significant for nearly all the sampling days. After 14 days of fungicide application, a slight 363 

increase of mancozeb residues was observed with both levels of spray volume, which is in 364 

accordance to other trials (FAO, 1993). In 2016, a greater decrease was observed compared with that 365 

of 2015, although it was not substantial (Table 5). As stated before, fungicides on plant surfaces are 366 

affected by chemical degradation due to vaporization, photolysis, and hydrolysis (Lukens, 1971). 367 

Therefore, when plants were protected against both rain and sunlight, as it happened in 2015 season, 368 

the degradation of fungicides should have been greatly minimized. However, when plants were 369 

exposed to sunlight, as it happened in 2016 season, a greater residue decrease was observed. 370 

Nevertheless, even in 2016, the decrease of residues was not very strong, and this can explain the 371 

lack of differences on disease incidence between different moments of application. This could point 372 

out that, if there is no wash-off by rain, fungicide applications remain in the persimmon leaves more 373 

than 14 days after the treatment, and this has to be taken into account in the design of the spray 374 

programs. 375 

Table 5. Deposit of active ingredient (ug cm-2 leaf) (mean (Standard Error)) in 2015 and 2016. Results of the ANOVA 376 

for each fungicide, year and sampling day. 377 

Fungicide 

(a.i.) 

Year Sampling day Spray application volume* ANOVA results 

Run-off 60% Run-off F d.f. p-value 

Mancozeb 2015 Day of application 1.211 (0.054) a 0.579 (0.023) b 115.74 1, 5 0.0004 

 2 days after application 1.013 (0.287) a 0.629 (0.097) a 1.61 1, 5 0.2733 

 7 days after application 1.391 (0.028) a 0.725 (0.043) b 166.67 1, 5 0.0002 

 14 days after application 1.722 (0.130) a 1.233 (0.321) a 2.00 1, 5 0.2300 

2016 Day of application 1.187 (0.187) a 0.180 (0.032) b 28.27 1, 5 0.0060 

 7 days after application 1.196 (0.087) a 0.392 (0.068) b 53.34 1, 5 0.0019 

 14 days after application 0.906 (0.066) a 0.167 (0.035) b 97.46 1, 5 0.0006 

Pyraclostrobin 2015 Day of application 0.105 (0.005) a 0.061 (0.004) b 56.82 1, 5 0.0017 



Fungicide 

(a.i.) 

Year Sampling day Spray application volume* ANOVA results 

Run-off 60% Run-off F d.f. p-value 

 2 days after application 0.179 (0.009) a 0.104 (0.008) b 27.84 1, 5 0.0062 

 7 days after application 0.128 (0.011) a 0.074 (0.012) b 13.14 1, 5 0.0223 

 14 days after application 0.132 (0.013) a 0.088 (0.005) a 7.68 1, 5 0.0502 

2016 Day of application 0.225 (0.012) a 0.132 (0.012) b 30.87 1, 5 0.0051 

 7 days after application 0.184 (0.023) a 0.092 (0.014) b 12.25 1, 5 0.0249 

 14 days after application 0.226 (0.015) a 0.095 (0.007) b 60.04 1, 5 0.0015 

* Different letters indicate significant differences at P = 0.05 between spray volumes at each sampling day (LSD test, P < 

0.05). 

 378 

3.5. Effect of spray volume and timing on disease incidence 379 

Odds ratio values for each fungicide and spray volume combination obtained at each spray 380 

timing in 2016 are shown in Table 6 and Figure 6. In 2016, all fungicide/spray volume combinations 381 

applied at 7 DBI reduced disease incidence compared with the non-treated control (i.e. 95% 382 

credibility interval for odds ratio <1). Pyraclostrobin was more effective than mancozeb in reducing 383 

disease incidence, without differences between the two spray volumes evaluated. When applied at 7 384 

DAI and 14 DAI, only pyraclostrobin reduced disease incidence compared with the non-treated 385 

control, without differences between spray volumes. 386 

In general, pyraclostrobin showed higher disease control efficacy than mancozeb, regardless the 387 

volume and the moment of application. The curative mode of action of pyraclostrobin (Manaresi and 388 

Coatti, 2002; Amouroux et al., 2003) was confirmed in this work. Moreover, results showed a 389 

stronger effect of spray volume for pyraclostrobin when it was applied before than after inoculation, 390 

which may indicate that in this case higher coverage is needed.  391 

Table 6. Odds ratio of the logistic regression model for incidence of circular leaf spot in 2016. 392 

Treatment 7 days before inoculation 7 days after inoculation 14 days after inoculation 

Mancozeb – Run-off 0.3965 (0.3055, 0.5133) 1.2504 (0.9750, 1.6042) 0.6608 (0.5085, 0.8576) 



Mancozeb – 60% Run-off 0.4687 (0.3628, 0.6045) 0.7593 (0.5914, 0.9741) 0.9480 (0.7352, 1.2219) 

Pyraclostrobin – Run-off 0.0566 (0.0370, 0.0844) 0.3733 (0.2862, 0.4857) 0.2978 (0.2209, 0.3993) 

Pyraclostrobin – 60% Run-off 0.1050 (0.0721, 0.1502) 0.2518 (0.1896, 0.3327) 0.2792 (0.2061, 0.3758) 

 393 
a
 In brackets 95% credibility interval. 394 

 395 

Figure 6. Box-and-Whisker plots for the incidence of circular leaf spot in 2016. 396 

3.6. Effect of fungicide, droplet size and spray timing on disease incidence 397 

Odds ratio values for each fungicide and droplet size combination obtained at each spray timing 398 

in 2016 are shown in Table 7. All fungicide/droplet size combinations applied 7 or 14 DAI reduced 399 

disease incidence when compared with the non-treated control (i.e. 95% credibility interval for odds 400 

ratio <1). When applied 14 DAI, pyraclostrobin applied with coarse droplets was the least effective 401 

in reducing disease incidence (Table 7, Figure 7).  402 

It is important to highlight that no effect of the droplet size on disease control efficacy was 403 

observed, which is in accordance with other studies (Kutcher and Wolf, 2006; Amstrong-Cho et al., 404 

2008; Machado and Reynaldo, 2016; Berger-Neto et al., 2017). Thus, low drift nozzles can be used 405 

to control P. nawae maintaining the efficacy of the treatment and reducing the drift losses and the air 406 

contamination by pesticides. 407 



Table 7. Odds ratio of the logistic regression model for incidence of circular leaf spot with fine or coarse droplets in 408 

2016. 409 

 410 

Treatment 7 days after inoculation 14 days after inoculation 

Difenoconazole – Fine droplets 0.3366 (0.2570, 0.4394)a 0.3704 (0.2784, 0.4910) 

Difenoconazole – Coarse droplets 0.4147 (0.3191, 0.5378) 0.2271 (0.1650, 0.3099) 

Pyraclostrobin – Fine droplets 0.3733 (0.2862, 0.4857) 0.2978 (0.2209, 0.3993) 

Pyraclostrobin – Coarse droplets 0.4987 (0.3856, 0.6437) 0.6006 (0.4608, 0.7814) 

 411 
a
 In brackets 95% credibility interval. 412 

 413 

Figure 7. Box-and-Whisker plot for the incidence of circular leaf spot on persimmon plants treated 414 

with difenoconazole and pyraclostrobin in 2016. 415 

The three fungicides, mancozeb, pyraclostrobin and difenoconazole were compared for the same 416 

conditions of application (run-off spray volume and fine droplets). Pyraclostrobin and 417 

difenoconazole applied 7 or 14 DAI reduced disease incidence when compared with the non-treated 418 

control (i.e. 95% credibility interval for odds ratio <1). Mancozeb, applied 7 DAI, did not reduce 419 

disease incidence but applied 14 DAI a reduction was detected. This unexpected result may be due to 420 

the high variability for this treatment (Table 8, Figure 8).  421 



Table 8. Odds ratio of the logistic regression model for incidence of circular leaf spot with mancozeb, difenoconazole or 422 

pyraclostrobin with fine droplets and run-off spray volume in 2016. 423 

 424 

Fungicide 7 days after inoculation 14 days after inoculation 

Mancozeb 1.2504 (0.9750, 1.6042)a 0.6608 (0.5085, 0.8576) 

Difenoconazole 0.3366 (0.2570, 0.4394) 0.3704 (0.2784, 0.4910) 

Pyraclostrobin 0.3733 (0.2862, 0.4857) 0.2978 (0.2209, 0.3993) 

a
 In brackets 95% credibility interval. 425 

 426 

 427 

Figure 8. Box-and-Whisker plot for the incidence of circular leaf spot on persimmon plants treated 428 

with mancozeb, difenoconazole or pyraclostrobin with fine droplets and run-off spray volume in 429 

2016. 430 



 431 

4. Conclusions 432 

In this work a method for the inoculation of persimmon plants with P. nawae ascospores was 433 

developed, which will assist further semi-field studies with this pathogen. Better performance of the 434 

inoculation was obtained in 2016 compared with 2015. The radial distribution and the rearrangement 435 

of plants during the inoculation demonstrated to be essential to achieve a more homogenous 436 

distribution of infection and reduce variability.  437 

This work also provides important information for a more sustainable use of fungicide treatments 438 

against P. nawae in persimmon. In general, the reduction of 40% of spray volume reduced the 439 

coverage but did not negatively affect disease control efficacy. Therefore, it is possible to adjust the 440 

spray volume and as a consequence reduce the quantity of fungicide applied in persimmon orchards. 441 

In the same sense, droplet size influenced spray coverage depending on the leaf side but it did not 442 

affect disease control efficacy. Thus, air induction nozzles may be used during applications reducing 443 

the spray drift. The slight degradation dynamics of fungicide residues on leaves observed at 14 days 444 

indicate that, in absence of rain, fungicide sprays for CLS control should be scheduled at least with 445 

this interval.  446 

Acknowledgements 447 

This project was funded by Ministerio de Economía y Competitividad (INIA RTA2013-00004-448 

C03-02 FEDER). 449 

References 450 

Amouroux, I., Moronval, M.H., Clair, J., 2003. Pyraclostrobin, a new broad-spectrum strobilurin 451 

fungicide/La pyraclostrobine, une strobilurine à part. Phytoma-La Défense des végétaux 556, 60-62. 452 

Armstrong-Cho, C., Chongo, G., Wolf, T., Hogg, T., Johnson, E., Banniza, S., 2008. The effect of 453 

spray quality on ascochyta blight control in chickpea. Crop Prot. 27, 700-709. 454 



Bangels, E., Hendrickx, N., Belien, T., 2013. Biological efficacy evaluation of low-drift nozzles 455 

compared to classic hollow cone nozzles for chemical control of key pests Cacopsylla pyri (pear 456 

sucker) and Eriosoma lanigerum (woolly apple aphid) in apple and pear. IOBC/WPRS Bull. 91, 501-457 

510. 458 

Bassimba, D.D.M., Mira, J.L., Sedano, M.E., Vicent, A., 2017. Control and yield loss modelling of 459 

circular leaf spot of persimmon caused by Mycosphaerella nawae: Modelling yield losses due to M. 460 

nawae on persimmon. Ann. Appl. Biol. 170 (3), 391-404. 461 

Berbegal, M., Pérez-Sierra, A., Armengol, J., García-Jiménez, J., 2010a. La necrosis foliar causada 462 

por Mycosphaerella nawae Hiura and Ikata: una nueva enfermedad del caqui (Diospyros kaki L. f.) 463 

en España. Boletín de Sanidad Vegetal Plagas 36, 213-223. 464 

Berbegal, M., Pérez-Sierra, A., Armengol, J., Park, C.S., García-Jiménez, J., 2010b. First report of 465 

circular leaf spot of persimmon caused by Mycosphaerella nawae in Spain. Plant Dis. 94, 374. 466 

Berbegal, M., Armengol, J., García-Jiménez, J., 2011. Evaluation of fungicides to control circular 467 

leaf spot of persimmon caused by Mycosphaerella nawae. Crop Prot. 11, 1461-1468. 468 

Berbegal, M., Ramón-Albalat, A., Armengol, J., Giner, J., 2017. Evaluación de la sensibilidad a 469 

mancozeb y pyraclostrobin de Mycosphaerella nawae, agente causal de la mancha foliar del caqui. 470 

Phytoma España 294, 50-53. 471 

Berger-Neto, A., de Souza Jaccoud-Filho, D., Wutzki, C.R., Tullio, H.E., Cunha Pierre, M.L., 472 

Manfron, F., Justino, A., 2017. Effect of spray droplet size, spray volume and fungicide on the 473 

control of white mold in soybeans. Crop Prot. 92, 190-197. 474 

Bouse, L.F., Kirk, I.W., Bode, L.E., 1990. Effect of spray mixture on droplet size. Trans. ASAE 33, 475 

783-788. 476 

Cofilab, 2017. Food Image Inspector v4.0. Available at: http://www.cofilab.com/?portfolio=food-477 

color-inspector. Accessed February 2018. 478 



Cross, J.V., Murray, R.A., Walklate, P.J., Richardson, G.M., 2002. Efficacy of drift reducing orchard 479 

spraying methods. Asp. Appl. Biol. 66, 285-292. 480 

Derksen, R.C., Zhu, H., Fox, R.D., Brazee, R.D., Krause, C.R., 2007. Coverage and drift produced 481 

by air induction and conventional hydraulic nozzles used for orchard applications. Trans. ASABE 50 482 

(5), 1493-1501. 483 

Doruchowski, G., Swiechowski, W., Maciesiak, A., Masny, S., Miszczak, A., 2011. Preliminary 484 

trials on effect of spray quality on spray deposition in apple trees, pest and disease control efficacy 485 

and residue level in fruit. In: 11th Workshop on Spray Application Techniques in Fruit Growing 486 

(SuproFruit 2011), pp. 8-10 (June, Ctifl Lanxade/Bergerac, France). 487 

Doruchowski, G., Swiechowski, W., Masny, S., Maciesiak, A., Tartanus, M., Bryk, H., Hołownicki, 488 

R., 2017. Low-drift nozzles vs. standard nozzles for pesticide application in the biological efficacy 489 

trials of pesticides in apple pest and disease control. Sci. Total Environ. 575, 1239-1246. 490 

http://dx.doi.org/10.1016/ j.scitotenv.2016.09.200). 491 

FAO (Food and Agriculture Organization of the United Nations), Plant Production and Protection 492 

Division, 1993. Residue evaluation report of the Joint FAO/WHO Meeting on Pesticide Residues 493 

(JMPR) No 050.  494 

FAOSTAT (FAO Department of statistics). 2017. Data of crop production. 495 

http://www.fao.org/faostat/en/#data 496 

Frießleben, R., 2003. Influence of coarse droplet application via injector nozzles on the biological 497 

efficacy in apple production. In: Proceedings of the 7thWorkshop on Spray Application Techniques 498 

in Fruit Growing. Cuneo, pp. 109-119. Italy. 499 

Frießleben, R., 2004. Balancing drift management with biological performance and efficacy. October 500 

27-29, 2004. In: Proceedings of the International Conference on Pesticide Application for Drift 501 

Management, pp. 72-79. Waikoloa, Hawaii. 502 



Garcerá, C., Moltó, E., Chueca, P., 2014. Factors influencing the efficacy of two organophosphate 503 

insecticides in controlling California red scale, Aonidiella aurantii (Maskell). A basis for reducing 504 

spray application volume in Mediterranean conditions. Pest Manag. Sci. 70, 28-38. DOI: 505 

10.1002/ps.3515. 506 

Garcerá, C., Román, C., Moltó, E., Abad, R., Insa, J.A., Torrent, X., Planas, S., Chueca, P. 2016. 507 

Validation of low drift nozzles for insecticide applications against Aonidiella aurantii (Maskell) in 508 

citrus. Aspects of Applied Biology 132, 115-122. 509 

Garcerá C., Fonte, A., Moltó E., Chueca P. 2017a. Sustainable use of pesticide applications in citrus: 510 

support tool for volumes rates adjustment. Int. J. Environ. Res. Public Health 14 (7), 715. DOI: 511 

doi:10.3390/ijerph14070715. 512 

Garcerá, C., Román, C., Moltó, E., Abad, R., Insa, J.A., Torrent, X., Planas, S., Chueca, P., 2017b. 513 

Comparison between standard and drift reducing nozzles for pesticide application in citrus: Part II. 514 

Effects on canopy spray distribution, control efficacy of Aonidiella aurantii (Maskell), beneficial 515 

parasitoids and pesticide residues on fruit. Crop Prot. 94, 83-96. 516 

Garcerá, C., Moltó, E., Chueca, P., 2017c. Spray pesticide applications in Mediterranean citrus 517 

orchards: canopy deposition and off-target losses. Sci. Total Environ. 599-600: 1344-1362 DOI: 518 

10.1016/j.scitotenv.2017.05.029 519 

García-Carbonell, S., Yagüe, B., Bleiholder, H., Hack, H., Meier, U., Agustí, M., 2002. Phenological 520 

growth stages of the persimmon tree (Diospyros kaki). Ann. Appl. Biol. 141, 73-76. 521 

Gil, E., Gallart, M., Llop, J., Ercilla, M., Doménech, F., Masip, P., 2014. Effect of low drift nozzles 522 

on the biological effectiveness to control powdery mildew in vineyards. In: Proceedings of the 7th 523 

International Workshop on Grapevine Downy and Powdery Mildew, pp. 51-54, 30th June-4th July, 524 

2014, Vitoria e Gasteiz (Spain). 525 



Gil, E., Escolà, A. 2009. Design of a decision support method to determine volume rate for vineyard 526 

spraying. Appl. Eng. Agric. 25, 145–155.  527 

Grout, T.G. 1997. Spray volumes and coverage requirements for citrus in southern Africa. Citrus J. 528 

6, 19–20. 529 

GVA (Generalitat Valenciana), 2018. Tratamiento contra la necrosis foliar del caqui 530 

(Mycosphaerella nawae) campaña 2018. 2 pp. Available online: 531 

http://www.agroambient.gva.es/documents/163214705/164587757/Caqui%2C%20inicio+tratamient532 

os+necrosis+foliar+2018.pdf/193627da-180f-4ba7-8d6c-9a407e143578 Accessed 11_03_2019 533 

Haq, K., Akesson, N.B., Yates, W.E., 1983. Analysis of droplet spectra and spray recovery as a 534 

function of atomizer type and fluid physical properties. ASTM STP 828, 67-82. 535 

Heinkel, R., Fried, A., Lange, E., 2000. The effect of air injector nozzles on crop penetration and 536 

biological performance of fruit sprayers. Asp. Appl. Biol. 57, 301-307. 537 

Heinkel, R., Bäcker, G., Henser, U., 2001. Application of new fungicides with drift reducing injector 538 

nozzles in viticulture. Parasitica 57 (1), 51-59. 539 

Jaeken, P., De Maeyer, L., Broers, N., Creemers, P., 2003. Nozzle choice and its effect on spray 540 

deposit & distribution, uptake, drift and biological efficacy in standard apple orchards (Malus 541 

sylvestris, cv. Jonagold). Pflanzenschutz Nachrichten -Bayer 56 (2), 326-353. 542 

Knewitz, H., Weisser, P., Koch, H., 2002. Drift-reducing spray application in orchards and biological 543 

efficacy of pesticides. Asp. Appl. Biol. 66, 231-236. 544 

Kutcher, H.R., Wolf, T.M., 2006. Low-drift fungicide application technology for Sclerotinia stem rot 545 

control in canola. Crop Prot. 25 640-646. 546 

Kwon, J.H., Park, C.S., 2004. Ecology of disease outbreak of circular leaf spot of persimmon and 547 

inoculum dynamics of Mycosphaerella nawae. Res. Plant Dis. 10, 209-216. 548 

http://www.agroambient.gva.es/documents/163214705/164587757/Caqui%2C%20inicio+tratamientos+necrosis+foliar+2018.pdf/193627da-180f-4ba7-8d6c-9a407e143578
http://www.agroambient.gva.es/documents/163214705/164587757/Caqui%2C%20inicio+tratamientos+necrosis+foliar+2018.pdf/193627da-180f-4ba7-8d6c-9a407e143578


Lešnik, M., Pintar, C., Lobnik, A., Kolar, M., 2005. Comparison of the effectiveness of standard and 549 

drift-reducing nozzles for control of some pests of apple. Crop Prot. 24, 93-100. 550 

Loquet, B., Siham, M., Zavagli, F., Gleizer, B., 2009. Reducing drift during spray application in 551 

orchard: efficiency of nozzles. September 30 October 2, 2009, Wageningen, The Netherlands, Book 552 

of abstracts ISBN: 978-90-8585-482-1. In: Book of Abstracts, 10th Workshop on Spray Application 553 

Techniques in Fruit Growing (SuproFruit 2009), pp. 72-73. 554 

Lukens, R. J. 1971. Chemistry of fungicidal action. In: Molecular Biology, Biochemistry and 555 

Biophysics. Editors: Kleinzeller, A., Springer, G.F., Wittmann, H.G., vol. 10. Springer-Verlag, 556 

Berlin-Heidelberg-New York. ISBN 3–540–05405–7, 136 pp. 557 

McArtney, S.J., Obermiller, J.D., 2008. Comparative performance of air-induction and conventional 558 

nozzles on an axial fan sprayer in medium density apple orchards. HortTechnology 18, 365-371. 559 

Machado, T.M., Reynaldo, E.F., 2016. Avaliaçao de potas e sistema de barras auxiliares para 560 

controle da Sclerotinia sclerotiorum na cultura da soja. Enciclopédia Biosfera 13 (23), 148-154. 561 

Makowski, D., Bancal, R., Vicent, A., 2011. Estimation of wetness duration requirements of foliar 562 

fungal pathogens with uncertain data. Application to Mycosphaerella nawae. Phytopathology 101, 563 

1346-1354. 564 

Manaresi, M., Coatti, M., 2002. F500 (pyraclostrobin): a new broad-spectrum strobilurin fungicide/ 565 

F500 (pyraclostrobin): strobilurina innovative ad ampio spettro d’azione. Atti Giornate 566 

Fitopatologiche 2, 119-124. 567 

Miranda-Fuentes, A., Gamarra-Diezma, J.L., Blanco-Roldán, G.L., Cuenca, A., Llorens, J., 568 

Rodríguez-Lizana, A., Gil, E., Agüera-Vega, J., Gil-Ribes, J.A., 2015. Testing influence of air flow 569 

rate on spray deposit, coverage and losses to the ground in a super-intensive olive orchard in 570 

southern Spain, in: SUPROFRUIT 2015. Lindau, Lake Constance, Germany. 571 



Miranda-Fuentes, A., Llorens, J., Rodríguez-Lizana, A., Cuenca, A., Gil, E., Blanco-Roldán, G.L., 572 

Gil-Ribes, J.A., 2016. Assessing the optimal liquid volume to be sprayed on isolated olive trees 573 

according to their canopy volumes. Sci. Total Environ. 568, 296-305. 574 

Panneton, B., Philion, V., Chouinard, G., 2015. Spray deposition with conventional nozzles, low-575 

drift nozzles, or permanent sprinklers for controlling apple orchard pests. Trans. ASABE 58 (3), 607-576 

619. 577 

Pergher, G.; Petris, R. 2008. Pesticide dose adjustment in vineyard spraying and potential for dose 578 

reduction. Available online: http://www.cigrjournal.org/index.php/Ejounral/article/download/1254/ 579 

1111 (accessed on 26 May 2017). 580 

R Core Team, 2016. R: A language and environment for statistical computing. R Foundation for 581 

Statistical Computing, Vienna, Austria. URL https://www.R-project.org/ 582 

Rue, H., Martino, S., Chopin, N., 2009. Approximate Bayesian inference for latent Gaussian models 583 

by using integrated nested Laplace approximations. J. R. Stat. Soc. Series B Stat. Methodol., 71, 319-584 

392. 585 

Salyani, M., 1988. Droplet size effect on spray deposition efficiency of citrus leaves. Trans. ASAE 586 

31, 1680-1684. 587 

Salyani, M., McCoy, C.W., 1989. Deposition of different spray volumes on citrus trees. Proc. Fla. 588 

State Hort. Soc. 102, 32–36. 589 

Sánchez-Hermosilla, J.; Páez, F.; Rincón, V.J.; Pérez-Alonso, J. 2013. Volume application rate 590 

adapted to the canopy size in greenhouse tomato crops. Scientia Agricola. 70, 390-396.  591 

Szkolnik, M.  1978. Techniques involved in greenhouse evaluation of deciduous tree fruit fungicides. 592 

Annu. Rev. Phytopathol. 16: 103-129. DOI: 10.1146/annurev.py.16.090178.000535 593 



Spillman, J.J., 1984. Spray impaction, retention and adhesion: an introduction to basic 594 

characteristics. Pestic. Sci. 15, 97-106. 595 

Świechowski, W., Doruchowski, G., Godyń, A., Hołownicki, R., 2014. Spray application quality as 596 

affected by spray volume, nozzles and phonological growth stage of apples. Agric. Eng. 149 (1), 597 

229-237. http://dx.doi.org/10.14654/ir.2014.149.024. 598 

Vicent, A., Bassimba, D.D.M., Intrigliolo, D., 2011. Effects of temperature, water regime and 599 

irrigation system on the release of ascospores of Mycosphaerella nawae, causal agent of circular leaf 600 

spot of persimmon. Plant Pathol. 60, 890–898. 601 

Vicent, A., Bassimba, D.D.M., Hinarejos, C., Mira, J.L., 2012. Inoculum and disease dynamics of 602 

circular leaf spot of persimmon caused by Mycosphaerella nawae under semi-arid conditions. Eur. J. 603 

Plant Pathol. 134, 289-299. 604 

Walklate, P.J.; Cross, J.V.; Pergher, G. 2011. Support system for efficient dosage of orchard and 605 

vineyard spraying products. Comput. Electron. Agric. 75, 355–362.  606 

Yates, W.E., Cowden, R.E., Akesson, N.B., 1983. Nozzle orientation, air speed and spray 607 

formulation affects on drop size spectrums. Trans. ASAE 26, 1638-1643. 608 

Zabkiewicz, J.A., 2007. Spray formulation efficacy: holistic and futuristic perspectives. Crop Prot. 609 

26, 312-319. 610 

Zhu, H., Derksen, R.C., Guler, H., Krause, C.R., Ozkan, H.E., 2006. Foliar deposition and off-target 611 

loss with different spray techniques in nursery applications. Trans. ASABE 49 (2), 325-334.612 

http://dx.doi.org/10.14654/ir.2014.149.024


 

 613 


