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Abstract 
  
High effective peach fruit set results in an excessive amount of fruits, requiring thinning accomplishment, which is a manual  
practice and demands specialized labor, raising production costs. In this sense, chemical thinning may be an alternative to improve 
the peach production chain. The objective of this work was to evaluate the efficiency of 6-benzyladenine (BA) on chemical thinning 
and the effect of different BA dosages on peach production and color characteristics of ‘Maciel’ fruits. Treatments consisted of 
plants without thinning (Control), sprayed BA at doses of 100 mg L

-1
, 200 mg L

-1
 and 400 mg L

-1
, applied 45 days after full bloom 

(DAPF) and hand thinning at 45 DAPF. The applications of different dosages were carried out by spraying, using backpack spraying 
equipment. Percentage of thinning abscission, number of fruits per plant, yield per plant, fruit mass, color and average fruit 
diameter were evaluated. The doses of 200 and 400 mg L

-1
 BA for thinning increased the percentage of fruit abscission and fruit 

mass. The doses of 400 mg L
-1

 BA presented lower yield per plant, but fruits with higher average mass. Increasing BA dose reduced 
the number of fruits per plant. Hand thinning and 400 mg L

-1
 BA resulted peach fruits with larger diameter. BA application to thin 

peaches did not alter the fruit skin color. Therefore, BA may be a chemical thinning alternative for ‘Maciel’ peach cultivar, because 
it reduces the time of thinning in plants when compared to manual thinning. For an efficient chemical thinning with BA the product 
dose must be taken into account, along with climatic conditions and the cultivar. 
 
Keywords: Abscission; hand thinning; fruit mass; plant growth regulators; production. 
Abbreviations: BA 6-benzyladenine. 
 
Introduction 
 
The peach cultivars boast exuberant flowering in years of 
favorable weather conditions. High effective peach tree fruit 
set results in an excessive amount of peaches, being 
incompatible with plant productive capacity, producing small 
fruits and low commercial value (Giovanaz et al., 2016). Even 
with the plant self-regulation, causing fruits natural 
abscission by competing for carbohydrates and seed 
abortion, the reduction of fruit quantity is not sufficient for 
commercial quality production (Costa et al., 2005). In order 
to improve fruits quality and size, to increase the 
commercial value and to reduce the alternation of 
production, the practice of peach tree thinning should be 
carried out. Although it is a practice that provides several 
benefits, peach tree thinning is performed manually and it is 
an operation that requires high labor demand in a short 
period of time to make a high production cost (Mcartney et 
al., 2012; Simões et al., 2013). To reduce production costs, 
thinning techniques that use less manpower, such as 
chemical and mechanical thinning have been studied. 
Chemical thinning has tested products as such as 6-
benzyladenine (BA), metamitron and naphthalene acetic 
acid in apples  (Petri et al., 2016; Goulart et al., 2017; 
Gabardo et al., 2017) and ammonium thiosulfate in cherry 

(Schoedl et al., 2009). In peach trees, the tested products are 
BA, gibberellins and ethylene (Meitei et al., 2013; Giovanaz 
et al., 2014; Giovanaz et al., 2016); however, variations on 
results are reported according to the cultivar, product, 
season of application, product dose and climatic conditions 
of the growing site. BA has been tested as a chemical thinner 
mainly for apple trees (Petri et al., 2013, Petri et al., 2016, 
Goulart et al., 2017, Gabardo et al., 2017). It was observed 
that BA reduces the effective fruit set in apple trees and 
higher concentrations are more effective in thinning (Petri et 
al., 2013). BA can provide fruit size increasing by the thinning 
effect and because it is a compound of the cytokinins group 
that acts enhancing the cellular division (Petri et al., 2013), 
and; therefore, has shown to be effective increasing fruits 
caliber. Due to this cell division increase, according to 
Greene (2005), BA can enhance fruit size even in the 
absence of thinning. Considering the high peach tree fruit 
set, hand thinning high production cost and a shortage of 
rural labor nowadays, it is important to deepen the 
knowledge of chemical thinning effect on peach fruits. 
However, there is still insufficient information about 
chemical thinning in peach tree crop, as well as the effect of 
BA used in the thinning in relation to productivity, fruit color 
and mass. Chemical thinning efficiency varies according to  
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the product, cultivar, time of application and product dose. 
In this sense, the objective of this study was to evaluate the 
effect of different BA doses on chemical thinning in southern 
Brazil. 
 
Results and discussion 
 
Percentage of fruit abscission and number of fruits per 
plant 
  
Percentage of peach fruits abscission was higher with BA 
dose increasing, in relation to the dose zero, that is, non-
thinned plants (Fig 1). Therefore, the number of thinned 
fruits increasing by the use of chemical thinners directly 
affects manpower and reduction of production costs. 

Applying hand peach thinning, a practice widely used in 
orchards, percentage of peaches abscission did not present 
statistical difference with BA doses of 100 and 200 mg L

-1
. 

Among BA doses, 400 mg L
-1

 dose presented a higher 
percentage of Maciel cultivar fruits abscission. However, 
‘Jubilee’ peach trees subjected to chemical thinning with 400 
mg L

-1
 BA dose at 40 DAPF presented excessive load and 

fruits with smaller diameter (Giovanaz et al., 2016). This fact 
suggests that there is variation of BA effect in peaches 
chemical thinning according to the cultivar. 

The number of fruits per plant was decreased with 
increasing of BA dose, by which 200 and 400 mg L

-1
 doses 

resulted in 56.21 and 60.11% reduction, respectively, 
compared to control dose. At 200 mg L

-1
 dose, the same 

number of fruits per plant was obtained as in hand thinning, 
recommending this dose because the number of remained 
fruits after thinning was similar. 
 
Production per plant and mass of fruit  
 
Treatment control presented higher number of fruits per 
plant; however, resulted in fruits with lower mean mass (Fig 
2) and lower diameter (Table 1). The highest number of 
fruits per plant and lower mass per fruit in non-thinned 
plants was also observed by McArtney et al. (2012) in an 
experiment testing different products in Imperial Gala apple 
chemical thinning. 

The highest yield per plant was observed when chemical 
thinning with BA at 200 mg L

-1
 dose was used. They did not 

differ from hand thinning and BA dose of 100 mg L
-1

. A lower 
yield per plant but higher average mass was observed in 
plants subjected to chemical thinning with BA dose of 400 
mg L

-1
. Fruit thinning may lead to reduced yield per plant, 

but increasing average fruit mass results in fruits with higher 
commercial value and may partially compensate yield loss 
determined by thinning (Stover et al., 2004). 
The mean mass per fruit was higher when hand and 
chemical thinning were performed at 200 and 400 mg L

-1
 of 

BA. Fruits mean mass was increased when BA applied. It may 
be related to the cell division action, since cells number and 
size are determinants of final fruit size (Bertin et al., 2002; 
Hamada et al., 2008). Cultural practices such as plant's load 
reduction are one of the main tools to increase fruit size and 
mass (Tustin et al., 2012), because with plant load reduction, 
it decreases carbohydrates competition and improves  
 
 

 
photosynthesis products translocation among fruits (Byers et 
al., 2003).  
 
Classes of diameters of peach fruits 
 
Untreated plants (control) produced smaller fruits, with 
higher fruits percentage in the range of 45 <55 mm in 
diameter (Table 1). Hand and chemical thinning with 
different BA doses did not present differences in the 
intermediate diameter class (55 <60 mm). One of the main 
thinning objectives is to increase fruits size and to obtain 
fruits with higher caliber classes. Therefore, hand thinning 
and the dose of 400 mg L

-1
 BA resulted in fruits with 

diameter between the classes 60 > 65 mm and ≥ 65 mm.  
According to Meitei et al. (2013), fruit size can be attributed 
to leaf/fruit ratio as act of thinning, increasing 
photosynthesis products and nutrients availability for fruits 
remaining in the plant, and thus increasing fruit size. 
Applying BA in 'Fuji Suprema' apple orchards, the proportion 
of larger fruits was observed. Fuji plants treated with 80 mg 
L

-1
 BA exhibited higher number of fruits with greater caliber 

(Petri et al., 2013). 
  
Fruit color  
 
The luminosity received in peaches skin was not influenced 
by treatments (Table 2). The smaller the coordinate a*, the 
greener the fruit skin; thus, thinning treatments did not 
present statistical differences in the green coloration of 
peaches skin. Similarly to the other coloring parameters, 
°Hue that expresses the color of the fruit itself did not show 
differences among tested treatments. The fact that BA does 
not alter peaches skin color and maintain similar to hand 
thinning, it becomes an effective product in not 
compromising fruits appearance and coloration for 
commercialization.  
  
Materials and methods 
 
Plant materials 
 
A peach orchard of cultivar Maciel grafted on ‘Capdeboscq’ 
rootstock, implanted during 2006, with plants conduction 
system in “V”, spaced 5m between lines and 1.5m between 
plants, totally 1,333 plants ha

-1
 density was used in this 

experiment. 
 
Location, climatic conditions and plant materials 
 
The experiment was conducted in an experimental orchard 
of Palma Agricultural Center, The Federal University of 
Pelotas (UFPel) in Capão do Leão, RS, latitude 31°52'00 "S, 
longitude 52°21'24" W. The climate of region is 
characterized as humid temperate with hot summers 
according to the Köppen classification, type “Cfa” (Kottek et 
al., 2006). The region has an average annual temperature 
and rainfall of 17.9 °C and 1500 mm, respectively. 
Temperature and mean precipitation during the experiment 
period are shown in Fig 3. During the year of 2016, 195 
hours of cold was calculated on the basis of temperatures 
below or equal to 7.2 °C. 
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Table 1. Classes of diameters of ‘Maciel’ peach fruits submitted to chemical thinning with different BA doses and hand thinning fruits  
in the 2015/2016 harvest. 

  Diameter classes (%) 

  45 < 50 mm 50 < 55 mm 55 < 60 mm 60 < 65 mm ≥ 65 mm 

Hand thinning 3.89 b 10.86 c 53.02 ns 26.80 a 5.43 a 
Control 9.78 a 29.20 a 53.20 

 
4.04 c 3.78 b 

Dose 100 mg L
-1

 BA 4.06 b 11.78 c 59.06 
 

21.32 b 3.78 b 
Dose 200 mg L

-1
 BA 3.94 b 22.44 b 61.57 

 
7.16 c 4.89 b 

Dose 400 mg L
-1 

BA 3.78 b 8.54 d 51.34 
 

29.82 a 6.52 a 
             *Means followed by different lowercase letters within columns are statistically different according to Tukey test at 5% probability. 

ns
 non-significant.  

 
Fig 1. Percentage of fruit abscission and number of fruits per ‘Maciel’ peach plant sub jected to chemical thinning with different BA 
doses and hand thinning fruits in the 2015/2016 harvest. 

 
Table 2. Color of ‘Maciel’ peach fruits submitted to chemical thinning with different BA doses and hand thinning fruits in the 
2015/2016 harvest. 

  Luminosity a* °Hue 

Hand thinning 69.37 ns 2.27 ns 87.56 ns 
Control 70.52 

 
2.21 

 
87.64 

 Dose 100 mg L
-1

 BA 69.50 
 

1.69 
 

88.24 
 Dose 200 mg L

-1
 BA 69.78 

 
2.23 

 
87.62 

 Dose 400 mg L
-1 

BA 68.46   2.40   87.38   
*Means followed by different lowercase letters within columns are statistically different according to Tukey test at 5% probability. 

ns
 non-significant. 

 

 
Fig 2. Production per plant and average mass of ‘Maciel’ peach trees submitted to chemical thinning with different BA doses and 
hand thinning fruits in the 2015/2016 harvest. 
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Fig 3. Average temperature and precipitation of the year 2016 for Capão do Leão, RS, Brazil. Experimental Station Terras Baixas, 
Embrapa Temperate Climate, in Capão do Leão town, RS, Brazil. 
 
 
Treatments and experimental design 
 
The experiment was conducted during 2016 in a randomized 
complete block design with five replicates of three plants 
per plot, evaluating the central plant. The treatments used 
were T1: Control (no chemical and hand thinning), T2: hand 
thinning at 45 DAPF, T3: application of BA at dose of 100 mg 
L-1 at 45 DAPF; T4: application of BA at dose 200 mg L

-1
 at 45 

DAPF; T5: application of BA at dose of 400 mg L
-1

 at 45 DAPF. 
MaxCel® commercial product (2% active ingredient – a.i.) 
was used as the source of BA. The sprayings were performed 
using a backpack sprayer, nozzles type JHC Jacto (Jacto, 
Pompeia, SP, Brazil), to the point of leaf wetting, with 1000 L 
ha‑1 average water volume. 
 
Traits evaluated 
 
The following variables were evaluated in this experiment: 
percentage of fruits abscission in six branches previously 
randomly selected in each plant, the number of fruits before 
the trees thinning, the number of fruits at harvest time, 
number of fruits per plant, counting the fruits in the plant 
before harvest and production per plant (kg plant-1). 

After harvesting, twenty peach fruits per replicate were 
evaluated for: average fruit mass, digital weighing and 
results expressed in grams (g); skin color, using a Minolta CR-
300® colorimeter, with light source D65, where "L" 
(luminosity) readings were performed, “a*”, “b*” and 
chromatic hue represented by the "hue angle"; fruits mean 
diameter, measured by digital caliper and results expressed 
in millimeters (mm) and divided into five classes, 45 <50 
mm, 50 <55 mm, 55 <60 mm, 60 <65 mm and ≥ 65 mm. 
 
Statistical analysis 
 
Data were evaluated for normality (Sharipo-Wilk test) and 
submitted to analysis of variance through the F test. The 
means compared by Tukey test, where p ≤ 0.05 and the 
doses showed significant. A regression analysis was 
conducted by Assistat (Silva and Azevedo, 2016).   
 
 

Conclusion 
 
Application of benzyladenine is an alternative to ‘Maciel’ 
peach cultivar fruits chemical thinning. Benzyladenine at 200 
and 400 mg L

-1
 doses in peach thinning increased the 

percentage of abscission and fruit mass and does not alter 
the peaches coloration. Hand thinning and benzyladenine at 
400 mg L

-1
 dose resulted in larger diameter fruits, but this 

dose reduced yield per plant. Benzyladenine at 200 mg L
-1

 
dose as peach trees thinner provides fruit abscission similar 
to hand thinning and higher yield per plant. 
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