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Abstract 
The objective of this study was to evaluate the reproductive, productive and physicochemical characteristics of 
fruits (fruit volume and soluble solids) of ‘Packham’s Triumph’ pear trees treated with different doses of 
phytoregulators. The experiment was carried out in the 2014/2015 and 2015/2016 cycles, using 
1-naphthaleneacetic acid (NAA), 2-chloroethyl phosphonic acid (Etefon) and 6-Benzyladenine (BA) 
phytoregulators, each at doses of 200 and 300 ml L-1. The experimental design consisted of a randomized block 
with five replicates, where each experimental unit consisted of one plant. Significance was only found for 
soluble solids in the 2014/2015 harvest, observing that the highest mean was identified in plants treated with 300 
ml L-1 Etefon, (15 °Brix), while the lowest soluble solids content was observed with the dose of 200 mg L-1 of 
NAA, (11 °Brix); in the 2015/2016 crop, the highest number of inflorescences of the year was identified in plants 
treated with 200 ml L-1 of Etefon, (1.66) and the lowest value for the treatment with 300 ml L-1 of BA, (0.17). 
Effective fruiting in the value of 58.33% was also observed and verified for the plants treated with 300 mg L-1 of 
NAA, differing from all except from 200 ml L-1 BA. Only the plant growth regulator, NAA, at the dose of 200 
mg L-1 provides low content of soluble solids in the fruits and Etefon 300 mg L-1 provides high content of solids 
solubles. The lowest number of branch inflorescences of the year was in plants treated with 6-Benzyladenine at a 
dose of 300 ml L-1 and the highest at a dose of Etefon 200 mg L-1. The NAA dose of 300 mg L-1 and 
6-Benzyladenine dose of 200 ml L-1 had greater effective fruiting, but not did not reflect on the production per 
plant and productive efficiency. There was no benefit observed in the return bloom with the application of 
phytoregulators. Besides, no benefits were observed in the return bloom with the application of phytoregulators. 
Keywords: Benzyladenine, Etephon, flowering, naphthaleneacetic acid, plant hormone, Pyrus communis 

1. Introduction 
Due to its pleasant taste and nutritional value, the pear (Pyrus spp.) is one of the most popular fruits in the world 
(Simirgiotis et al., 2016). Despite the fact that consumption is high and domestic production does not support 
such demand, pear cultivation is not considered very expressive in Brazil, representing only 0.5% of the total 
temperate fruits produced in the country (Fachinello et al., 2011). 

For the success of any agricultural activity, it is paramount to know the physical environment factors that affect 
the physiological and phenological processes of plants (Morais et al., 2008). In the cultivation of pear trees, some 
obstacles to the dissemination of cultivation and growth in area have been reported by several authors. 
Temperature fluctuations, insufficiency of winter chill hours required by cultivars, water stress and nutritional 
stress, with emphasis on carbohydrates and micronutrients (Veríssimo et al., 2004) are among the main factors of 
the physical environment, besides disease, entomosporiosis (Nunes & Alves, 2012) and bacterial contamination 
(Pseudomonas sp.) (Rommel et al., 2010). In addition to the aforementioned factors, there are also intrinsic 
issues of the plant such as vegetative vigor, type of rootstock, bud abortion, requirement in cold hours, lack of 
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cultivars adapted to edaphoclimatic conditions (Fachinello et al., 2011) and the floral biology (Veríssimo et al., 
2004). 

Therefore, the formation of a flower bud is one of the most important physiological processes in the upper plants 
(Kittikorn et al., 2010). For the process of flower development, the plant goes through three stages: induction, 
initiation and floral differentiation. It is in the induction phase that floral development is activated (Faust, 1989) 
and this activation is strongly expressed at eight weeks after full bloom (two weeks before floral initiation), 
gradually decreasing over time (Francescatto, 2014) . 

In view of the above, the objective of this study was to evaluate the reproductive and productive characteristics 
of the ‘Packham’s Triumph’ european pear, treated with different concentrations of phytoregulators during the 
physiological process of floral induction. 

2. Material and Methods 

The experiment was carried out in a commercial orchard, located at 28°4′20″ S, 51°16′32″ W and 744 m altitude, 
in the municipality of Ipê, Rio Grande do Sul, Brazil, during the 2014/2015 and 2015/2016 cycles. A ‘Packham's 
Triumph’ pear tree cultivar grafted on the BA-29 quince rootstock and FT filter was used. The orchard density is 
4,081 plants ha-1, with a spacing of 3.5 m between rows and 0.7 m between plants, conducted in a free system 
implanted in 2011. 

The experiment consisted of seven treatments: plants without application (control), plants treated with 
1-naphthaleneacetic acid (NAA) at doses of 200 and 300 mg L-1; 2-chloroethyl phosphonic acid (Etefon) at 
doses of 200 and 300 ml L-1 and 6-benzyladenine (BA) at doses of 200 and 300 ml L-1. All doses were calculated 
from the active ingredient. 

The treatments were carried out once a week over five weeks, with the first application at 30 days after full 
bloom. The applications were carried out by spraying, using gasoline backpack sprayer with a mean tank-mix 
volume of approximately 1,000 L ha-1. In all treatments, mineral oil (Silwet®) 0.1% was added. 

In both development cycles the following variables were evaluated: number of inflorescences per branch of the 
year, effective fruiting (%), return bloom (%), production per plant (kg plant-1), average fruit mass, productive 
efficiency (kg cm2 plant-1), fruit volume (cm3) and soluble solids (°Brix). 

In order to count the number of branch inflorescences of the year, six branches per plant were counted, in these 
branches the effective fruiting was verified, counting the number of fruits remaining after 30 days of full 
flowering, the same was determined by the relation (number of fruits × 100)/(number of branch inflorescences of 
the year × 8 flowers). 

The return bloom was estimated by counting the number of branch inflorescences of the year (from the same 
branches of the above-mentioned variables) in the flowering following the application of plant growth regulators 
correlating with the count of the previous year. Thus, (count of inflorescences of the branch of the year × 
100)/(count of branch inflorescences of the year for the previous year).  

Regarding the production variables, the total mass produced per plant was verified from the harvested fruits, 
which refers to the production per plant. 

The average fruit mass was estimated by means of the production per plant and the number of fruits harvested in 
these same plants. The productive efficiency was calculated by the relation between the yield per plant and the 
area of the trunk section of the cultivar canopy. 

In both variables, a sample of 10 fruits per experimental unit was used. The volume of the fruit was determined 
from the formula, in cm3 = (4/3πr3) + 15, where the number π is a mathematical proportion, r is the fruit radius 
and 15 is the volume of the ‘neck’ of the fruit according to methodology established by Elkins et al. (2007). A 
bench refractometer was used to measure the soluble solids of the fruits and the evaluation was made from the 
juice of 10 fruits of the samples of each experimental unit. 

The experimental design was in randomized blocks with five replicates. The experimental unit consisted of a 
plant, using the lateral plants as a border. The results were submitted to analysis of variance (ANOVA) and when 
significant, averages were compared using Tukey’s test (p ≤ 0.05). 

3. Results and Discussion 
In Table 1, it can be observed that in the 2014/2015 cycle, only the soluble solids content and the productive 
efficiency presented a response to the treatments. 
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Table 1. Number of branch inflorescences of the year (NIR), production per plant (PP, Kg plant-1), average fruit 
mass (MUF, g), productive efficiency (EP, Kg cm2 plant-1), fruit volume (VF, cm3), soluble solids (SS, °Brix) of 
Packham’s Triumph pear tree as a function of the doses of NAA, Etefon and 6-Benzyladenine (BA) in the 
development cycles of 2014/2015 and 2015/2016, Ipê/RS 

Treatment NIR PP MUF EP VF SS 

Cycle 2014/2015       

Control 0.05 ns 3.00 ns 194.70 ns 19.50 B 214.53 ns 12.50 AB 

NAA 200 mg L-1 0.33 0.90 177.77 16.12 B 225.36 11.00 C 

NAA 300 mg L-1 0.33 1.09 236.00 33.85 A 247.12 14.00 AB 

Etefon 200 mg L-1 0.89 1.60 208.16 23.69 AB 252.53 14.60 A 

Etefon 300 mg L-1 1.27 5.30 170.93 17.30 B 193.23 15.00 A 

BA 200 mg L-1 0.44 2.38 229.58 22.15 AB 225.36 14.26 AB 

BA 300 mg L-1 0.72 3.21 241.92 22.05 AB 266.52 14.20 AB 

Mean 0.64 2.50 208.44 22.09 229.86 13.65 

Cycle 2015/2016 

Control 0.75 AB 3.55 ns 258.93 ns 22.06 ns 332.36 ns 13.80 ns 

NAA 200 mg L-1 0.83 AB 2.70 335.59 23.73 244.11 13.06 

NAA 300 mg L-1 0.27 B 2.44 205.24 18.08 268.71 13.66 

Etefon 200 mg L-1 1.66 A 0.98 247.73 24.59 273.49 15.13 

Etefon 300 mg L-1 0.95 AB 0.64 200.55 15.52 217.25 15.13 

BA 200 mg L-1 0.33 B 1.41 212.35 15.27 253.98 14.40 

BA 300 mg L-1 0.17 C 1.89 204.22 17.06 243.93 14.26 

Mean 0.71 1.94 237.81 19.86 261.98 14.23 

Note. Means followed by upper case letters do not differ by Tukey test at 5% probability of error. NS: not 
significant by the Tukey test at 5% probability of error. 

 

A higher sugar content was observed when 200 ml L-1 of Etefon was applied, but did not differ from the control, 
or from 300 mg L-1 of NAA, 200 and 300 ml L-1 of Etefon and both doses of 6-Benzyladenine. All other 
treatments differed from the NAA 200 mg L-1 concentration, which presented the lowest mean (11 °Brix). Gala 
apple plants treated with doses of 5 and 10 mg L-1 of Thiadizuron (phenylurea with cytokinetic effect) did not 
present a significant difference between the doses, and the averages were 12 and 11.8% of soluble solids 
respectively (Petri et al., 2001). In the ‘Abate Fetel’ pear tree, Luz (2016), there was also no difference between 
vigor control treatments, observing a mean of 13.3 °Brix for the plant growth regulator, Moddus (1,600 mg L-1). 
Carra et al. (2016) used Calcium Prohexadione and evaluated the quality of stored fruits and concluded that it did 
not significantly alter the qualitative attributes, among them the soluble solids of ‘Le Conte’ pears. Furthermore, 
evaluating the same attributes and phytogulator, Carra et al. (2017) did not observe changes in the quality of 
‘Smith’ pears. 

The treatment that stood out in relation to the productive efficiency was that of 200 mg L-1 concentration of NAA 
with a mean of 33.85 Kg cm2 plant-1, but it did not differ from 200 ml L-1 of Etefon (23.69 Kg cm2 plant-1) nor 
from both concentrations of 6-Benzyladenine (22.15 Kg cm2 plant-1 for 200 ml L-1 and 22.05 Kg cm2 plant-1 for 
300 ml L-1). Machado (2011) reports that in plants with intermediate vigor, there is a better balance between 
vegetative and reproductive part, conferring a greater productive efficiency in varieties of European pear trees. 
The same author also describes reduced vegetative growth of ‘Clapp’s Favorite’ plants grafted on quince ‘EMA’, 
at spacings of 1 and 0.5 meters, due to the greater stress due to incompatibility with the EMA graft, giving rise to 
little reproductive material (toasts and spurs), affecting the productive potential of the plant, providing low 
productive efficiency. 

In the 2015/2016 cycle, a statistical difference was only observed for the number of branch inflorescences of the 
year and effective fruiting variables. 

For the number of branch inflorescences of the year, in 2015/2016, it was verified that in the plants treated with 
200 ml L-1 of Etefon, the largest number (1.66) was obtained, differing only from the concentrations of 200 ml 
L-1 of Etefon and 300 ml L-1 of 6-Benzyladenine, which presented, 1.66 and 0.17, respectively. The control, 200 
mg L-1 of NAA, 300 ml L-1 of Etefon and 200 and 300 ml L-1 of 6-Benzyladenine did not differ among 
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