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variety with a small fruit size of 50-60 mm in diameter. 
Consumers tend to prefer relatively larger fruited summer 
pears, therefore fruit size is one of the important quality 
parameters (Flaishman et al., 2005; Zhang et al., 2008) 
effecting customer preferences. 

Final fruit size at harvest time is mostly affected by cell 
division and cell enlargement in the early stages of fruit 
development (Bohner and Bangerth, 1988). Cell division 
in a young fruit is stimulated mainly by endogenous 
cytokinins (Stern et al., 2002). 

Different plant growth regulators (PGRs) are used to 
increase the fruit size and quality of fruit species. Cytokinins, 
GAs and auxins are applied to many horticultural crops 
to increase fruit size (Flaishman et al., 2001; Ozga and 
Reinecke, 2003). A pre-harvest spray of the synthetic auxin 
3,5,6-trichloro-2-pyridyloxyacetic acid (3,5,6-TPA) during 
pit hardening improved color and size (Bregoli et al., 2010) 
of apricot (Prunus armeniaca). Similarly, a pre-harvest 
application of 2,4-dichlorophenoxypropionic acid (2,4-DP) 
increased fruit size and advanced maturation of apricot 
fruit (Agusti et al., 1994). GA3 is widely used in different 
fruit species to improve fruit size including grape (Vitis 
vinifera) (Zahedi et al., 2013), and sweet cherry (Prunus 
avium) (Canli and Orhan, 2009; Usenik et al., 2005). GA3 
is also applied to delay maturity (Canli and Orhan, 2009; 

cherry fruit (Canli and Orhan, 2009; Einhorn et al., 2013; 

What is already known on this subject?
 BA and BA+GA4+7 applications increase fruit size 

of some fruits. However there are a few studies on 
the effects of BA and GAs on fruit size of pear and 
these studies are limited to a few regions and vari-
eties. There are no studies testing the effects of BA 
and BA+GA4+7 on fruit size of low yielding summer 
pears which do not require thinning.

 BA at 100 ppm substantially improved fruit size of 

fruit shape. 

What is the expected impact on horticulture?
 This treatment can be potentially used to increase 

the fruit size and the quality of the low cropping and 
the small fruited summer pears. 

  Summary
This study was conducted to determine the effects 

of benzyladenine (BA) and BA plus gibberellin (GA) 
treatments on fruit size and quality of ‘Akca’ pear 
(Pyrus communis), a low yielding and a small fruited 
summer variety.  Pear trees were sprayed to run off 
14 d after full bloom with BA (50, 100 and 150 ppm) or 
BA+GA4+7 (concentrations of each chemical; 12.5, 25, 
and 50 ppm).  Fruits were harvested and evaluated 
in terms of fruit size and quality parameters. Higher 
concentrations of BA+GA4+7 (25 and 50 ppm) and the 
medium concentration of BA (100 ppm) increased 
fruit weight, fruit diameter and fruit length. The 
highest fruit weights and the highest fruit lengths 
were obtained from 25 ppm BA+GA4+7 and 50 ppm 
BA+GA4+7 treatments. Compared to weight of control 
fruit (48.85 g), 25 ppm BA+GA4+7 applications 
resulted in a 20.2% increase in fruit weight (58.71 
g). ‘Akca’ pear showed different responses to BA 
and BA + GA4+7 applications. In 25 and 50 ppm BA + 
GA4+7 treatments, the increases in fruit weight were 
accompanied by heavy reductions in yield (54.3% 
and 59.9%, respectively), while in 100 ppm BA 

treated with 25 ppm and 50 ppm BA+GA4+7 and 100 
ppm BA had higher pedicel lengths than the control. 
Plant growth regulator (PGR) treated fruit had 
higher soluble solid content (SSC) than the untreated 
fruit. Treatments did not affect fruit pH. Higher 
rates of BA and BA+GA4+7 resulted in fruit that were 
darker, greener and less yellow. In conclusion, BA at 
100 ppm can be a suitable tool for increasing fruit 
quality and size of low cropping and small fruited 

and fruit shape.
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Introduction
Pear (Pyrus communis) is one of the most important 

deciduous fruit crops worldwide and grown commercially 
in all temperate regions of the world (Itai, 2007). Pears are 
divided into two categories based on their maturation times 
as summer and winter pears. Most of the early maturing 
summer pears have small fruit. ‘Akca’ is a summer pear 
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application (Southwick and Yeager, 1995). 
The effects of GA3 on fruit size of cherry fruit are 

very well documented and GA3 is now routinely used to 
increase the fruit size and the quality of sweet cherry in 
North America. However there are only a few studies on 
the effects of BA and GAs on the fruit size and quality of 
pear and the studies are only limited to a few regions and 
varieties. Moreover, there are variable reports regarding 
the effects of BA and BA+GA4+7 on fruit size, quality and 
yield of pear. Stern et al. (2007) studied the effects of pre-
harvest application of GA3 and BA+GA4+7 on fruit size of 
‘Spadona’ and ‘Coscia’ pears. Pre-harvest application of 
GA3 alone was not effective in increasing fruit sizes of these 
pears, but application of BA+GA4+7 14 days after full bloom 
was effective and gave the best results when compared 
to the control and the other applications. Similarly, Yehia 
and Hassan (2005) investigated the effects of pre-harvest 
applications of boric acid, GA3, BA and sucrose on fruit size 
and quality of pear and reported that 100 and 200 ppm 
BA were effective in increasing fruit diameter and fruit 
length. On the other hand, the pre-harvest applications of 
BA and BA+GA4+7

Pyrus communis), a large-
fruited winter pear. Application of BA + GA4+7 and BA 14 
days after the full bloom was probably not a suitable time 
for winter pears since cell division stages of late maturing 
large pears are poten tially longer than that of the summer 
pears (Canli et al., 2009). The response of pear fruit to 
pre-harvest BA application also depended on the variety 
used. Application of BA considerably increased the fruit 

and a heavy reduction in crop load (Stern and Flaishman, 
2003). The interactions between location and effect of PGR 

Orhan, 2009). 
There are no studies testing the effects of BA and 

BA+GA4+7 applications on fruit size and quality of low 
yielding summer pear varieties which do not require 
thinning. Therefore, the objective of this study was to 
investigate if the fruit size and the quality parameters 
of low yielding and small fruited summer pears could be 
improved by post-bloom applications of BA and BA+GA4+7.

Materials and methods
The study was conducted in two consecutive years 

using uniform and healthy 7-year-old ‘Akca’ pear trees 
grafted on Quince A (QA) rootstocks planted at 4 x 1.5 m 
intervals at Egirdir horticultural research station (lat. 
37°51’35”N, long. 30°49’47”E, alt. 917 m), Isparta, Turkey.

Pear trees were sprayed to run off each year with 50, 100 
and 150 ppm BA [Exilis (20 g L-1 BA); Fine Agrochemicals, 
Worcester, UK] or BA+GA4+7 (concentrations of each 
chemical; 12.5, 25, and 50 ppm) [Perlan (18 g L-1 GA4+7 and 
18 g L-1 BA), Fine Agrochemicals] 14 d after full bloom. 
A surfactant [Tween-20 (Polyethylene glycol sorbitan 
monolaurate); Sigma-Aldrich, St. Louis, MO] was also added 
in to the solutions. Control trees were sprayed with water 
and Tween-20 was included in applications to control trees.

When fruit reached their maturity (determined by size, 

tree for each treatment were harvested and evaluated in 

SSC, pH, acidity, and fruit color. 

Fruit weight was determined using a digital balance 
(model SBA 51; Scaltec Instruments, Göttingen, Germany). 
Fruit length, fruit diameter and pedicel length were 
measured using a digital caliper (Absolute 500-196-20; 
Mitutoyo, Aurora, IL).  

Fruit color was determined using a chroma meter 
(model CR-300; Minolta Corp., Osaka, Japan). The color of 
pear fruits was measured from two sides of the mid sections 
of each fruit and the averages of these two measurements 
were recorded as a color data for each color parameter. 
Among the color values, while a* is used to express fruit 
color as numerical values ranging from green (-a) to red 
(+a), b* is used for representing fruit color as numerical 
values ranging from blue (-b) to yellow (+b). The chroma 
value (C), which denotes vitality or dullness of a fruit color 
in numerical values, is calculated using a* and b* values as C 

or yellowness of a fruit in numerical values, is calculated 
using the formula Hue° = Tan-1 x (b/a). The fruit color gets 
redder as the Hue° value decreases and gets yellower as the 
Hue° value increases.

tester (Fruit Texture Analyzer, model FT 001; Gullimex, 
Alfonsine, Italy) with an 11.1 mm diameter probe on the 
two sides of the equatorial region at the fruit’s maximum 
width after the removal of about 1-1.5 mm of the skin.

To calculate the titratable acidity of the fruit, fruit 
was mashed and fruit juice was obtained, than 10 mL 
fruit juice was titrated up to pH = 8.1 using 0.1 N sodium 
hydroxide (NaOH). The acidity was calculated in the form 
of malic acid from the amount of NaOH used. The fruit pH 
was determined using a digital pH meter (model pH 330; 
WTW, Weilheim, Germany). The SSC was detected with a 
refractometer (model N.O.W. 507-1; Brix scale of 0 to 32; 
Nippon Optical Works, Tokyo, Japan).

The experimental design was a completely randomized 
design with three single-tree replicates for each treatment. 
Data were collected in two consecutive years. The year 

two years were combined for each variable and subjected 
to analysis of variance using SAS (version 9.0; SAS Institute, 
Cary, NC). The means were separated using LSD test. 
Regression analyses were performed to assess potential 
relations between yield and fruit size parameters.

Results and discussion

with regard to fruit weight and fruit weight ranged from 
48.85 g (control) to 58.71 g (BA+GA4+7 25 ppm) (Table 1). 
‘Akca’ trees sprayed with 25 and 50 ppm BA+GA4+7 yielded 
fruit with 20.2% and 18.1% greater weight than the control, 
respectively and those sprayed with 100 ppm BA  yielded 
fruit with 11.3% greater weight than the control, with no 
negative effect on fruit shape. The higher rates of BA+GA 
(25 and 50 ppm) had the largest effect on increasing fruit 
weight. The fruit treated with 25 and 50 ppm BA+GA4+7 
and 100 ppm BA had larger diameters than control fruit. 
Compared to diameter of control fruit (42.77 mm), 25 
ppm BA+GA4+7 application resulted in a 6.1% increase in 
fruit diameter (45.38 mm). The heaviest and longest fruits 
were obtained from 25 and 50 ppm BA + GA4+7 treatments. 
The differences in fruit length and diameter were small, 

samples per tree). Excluding 100 ppm BA application, all 
PGR treatments yielded larger fruit length/diameter ratio 
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than the control (Table 1). 

presented. When all treatments were considered together, 
2 = 

0.19) between fruit weight and yield (Figure 1). When BA 
and BA + GA4+7 treatments were analyzed separately, there 
were higher negative linear regressions between each size 
parameter (fruit weight, diameter and size; r2 = 0.43, r2 
= 0.40, r2 = 0.35, respectively) and yield (Table 1) in BA + 
GA4+7 and all fruit size parameters (weight, diameter and 
length) were decreased as the yield increased. On the other 

fruit size in the case of the BA treatment (Table 1).
BA + GA4+7 at 25 and 50 ppm caused substantial fruit 

thinning (reduction in yield per tree) of about 54.3% and 
59.9%, respectively. Unlike BA + GA4+7, BA at 100 ppm 

on yield. Thus, the increase in fruit size in 100 ppm BA 
treatment cannot be attributed to thinning effect (Table 
1). Cell division during the early developmental stages of 

(Looney, 1993). Since fruit size of ‘Akca’ pear was increased 
after 100 ppm BA treatment, with no thinning, the increase 

in fruit size can be attributed to an increased rate of cell 
division in the young fruit as reported for apple (Wismer 
et al., 1995), pear (Stern and Flaishman, 2003; Flaishman 
et al., 2001; Stern et al., 2002), and kiwifruit (Antognozzi et 
al., 1997). However in the cases of 25 and 50 ppm BA + GA4+7 

applications, the increases in fruit sizes were accompanied 
by heavy reductions in yield, as shown in apple (Yuan and 
Greene, 2000). Therefore, the increase in fruit size can be 
attributed to both indirect effect of thinning and direct 
stimulation of fruit cell division as suggested by Stern and 
Flaishman (2003). 

BA application has resulted in variable responses in 
fruit thinning and crop load characteristics of pear and 
the response of pear trees to BA application was variety 
dependent (Stern and Flaishman, 2003). While the fruit 
size of ‘Spadona’ pear was improved after BA application, 
with only slight thinning; the fruit size increase in ‘Coscia’ 

heavy reduction in crop load. The synthetic cytokinins 
(BA and BA + GA4+7) have been shown to be thinners for 
several fruits such as apple, but they also increase fruit size 
by promoting additional cell division (BA) (Wismer et al., 
1995) and cell enlargement (GA) within the fruit (Stern et 

Table 1. Effects of pre-harvest benzyladenine (BA) and BA + gibberellin (GA4+7) applications1 on fruit size (fruit weight, fruit 
diameter, fruit length and length/diameter ratio) and pedicel length of ‘Akca’ pear (n=30).

Treatment Concentration
(ppm)

Yield per tree
(kg)

Fruit wt.
(g)

Fruit diam.
(mm)

Fruit length
(mm)

Fruit length/
Fruit diam.

Pedicel length
(mm)

Control 0 7.70 b 48.85 c 2 42.77 cd 58.44 c 1.369 c 35.60 cd
BA + GA4+7 12.5 7.72 b 49.35 c 42.28 d 62.07 b 1.470 a 39.99 ab
BA + GA4+7 25 3.52 c 58.71 a 45.38 a 64.25 a 1.419 b 39.69 ab
BA + GA4+7 50 3.10 c 57.67 a 44.59 ab 65.29 a 1.462 a 34.91 d
BA 50 8.51 b 51.40 c 43.25 c 62.04 b 1.442 ab 36.65 cd
BA 100 7.10 b 54.38 b 44.38 b 61.07 b 1.374 c 41.01 a
BA 150 12.60 a 50.29 c 42.98 c 62.22 b 1.453 ab 37.77 bc
All treatments, yield per tree × fruit size * r2 = 0.193 NS NS NS
BA + GA4+7,  yield per tree × fruit size * r2 = 0.43 *  r2 = 0.40 r2 = 0.35 NS
BA, yield per tree x fruit size NS NS NS NS

1 Trees were treated fourteen days after full bloom. In BA+GA4+7 treatments, concentrations of each chemical were 12.5, 25, and 50 ppm.
2 0.05 by LSD test.
3 0.05, respectively. 

Full bloom A single spray of BA Larger fruit size 
 14 days after full bloom at harvest time 

Figure 1. 
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al., 2007). In agreement with our results, a similar gain in 
the fruit size of pear fruit as a response to BA and BA+GA4+7 
applications was reported by other researchers (Stern 
and Flaishman, 2003; Stern et al., 2007; Yehia and Hassan, 
2005). Similarly, pre-harvest application of 1.5 % BA+GA4+7 
increased length/diameter ratio of ‘Red Delicious’ apple 
(Stylianidis et al., 2004). 

Longer pedicels are favored in fruits that form 

deformations resulting from the physical pressure of 
one fruit to another. 
between the mean pedicel lengths of fruits from control 
and most of the PGR treated fruits (Table 1). Fruit from 
12.5 and 25 ppm BA + GA4+7 and 100 ppm BA treatments 
had longer pedicel length than the control fruit (Table 1).  
Similarly, GA3 spray increased the average pedicels length 
of cherries (Horvitz et al., 2003).

treated fruit (with the exception of alone BA 50 ppm 

(Table 2). On the contrary, several researchers reported that 

fruit crops (Canli and Orhan, 2009; Canli et al., 2009; Facteau, 
1985; Kappel and MacDonald, 2002; Lenahan et al., 2006; 

Stern et al., 2007; Usenik et al., 2005). Some of the variable 
responses of pear fruit to GA, BA, and BA plus GA applications 
are probably due to the use of different varieties. Similarly, 
the response of cherry fruit to GA3 treatment depended on 
the cultivar used (Usenik et al., 2005). GA3 treatment delayed 
fruit maturity, decreased fruit softening, and increased fruit 

and 135–27–17), but did not delay fruit maturity or increase 

maturing summer pear ‘Akca’ was not improved by BA, and 
BA plus GA applications.

When compared to the control fruit, all PGR treatments 

SSC were also observed among the PGR treatments and the 
highest SSCs were observed from 12.5 and 25 ppm BA+GA4+7 
applications (Table 2). Other researchers also reported an 
increase in SSC of fruit as a response to GA (Basak et al., 
1998; Lenahan et al., 2006) and BA applications (Canli et 
al., 2009). However, there are other reports that SSC is not 
always increased by applications and the responses to GA 
application were variable (Facteau et al., 1985; Kappel and 
MacDonald, 2002). 

Table 2. Effects of pre-harvest benzyladenine (BA) and BA + gibberellin (GA4+7) applications1 

solids concentration (SSC), pH and acidity of ‘Akca’ pear (n=30).

Treatment Concentration
(ppm)

Firmness
(lb)

SSC 
(%) pH Titratable acidity 

(%)

Control 0 10.97 ac 2 13.59 d 4.25 0.169 ab
BA + GA4+7 12.5 11.92 a 16.22 a 4.23 0.197 a
BA + GA4+7 25 10.86 bc 16.64 a 4.25 0.196 a
BA + GA4+7 50 11.39 ab 14.23 c 4.29 0.191 a
BA 50 9.49 d 14.53 c 4.33 0.187 a
BA 100 9.98 cd 15.57 b 4.36 0.150 b
BA 150 11.74 ab 15.47 b 4.23 0.194 a

1 Trees were treated fourteen days after full bloom. In BA+GA4+7 treatments, concentrations of each chemical were 12.5, 25, and 50 ppm.
2 0.05 by LSD test.

Table 3. Effects of pre-harvest benzyladenine (BA) and BA + gibberellin (GA4+7) applications1 on L*, a*, b, Hueo and chroma 
color parameters of ‘Akca’ pear (n=30).

Treatment 1 Concentration
(ppm)

Color parameters 2

L* a* b* C Hue°
Control 0 71.77 a 3 -19.97 bc 49.52 ab 53.44 ab 111.96 b
BA + GA

4+7
 12.5 71.92 a -19.78 ab 49.44 b 53.16 abc 111.88 b

BA + GA
4+7

 25 71.45 ab -19.85 b 49.20 b 53.03 bc 111.99 b
BA + GA

4+7
 50 69.65 d -20.71 d 48.60 c 52.90 c 113.06 a

BA 50 70.45 cd -20.11 bc 47.89 d 52.18 d 112.71 a
BA 100 72.05 a -19.32 a 50.06 a 53.63 a 111.20 c
BA 150 70.67 bc -20.45 cd 48.58 c 52.75 c 112.95 a

1 Trees were treated fourteen days after full bloom. In BA+GA4+7 treatments, concentrations of each chemical were 12.5, 25, and 50 ppm.
2 L*a*b* color system where L* is the brightness value varying from dim (-L*) to white (+L*), the a* chromaticity factor ranging from 

green (-a*) to red (+a*) and, b* chromaticity factor ranging from blue (-b*) to yellow (+b*). The values are determined using a 
 

Hueo = Tan-1 x (b/a). 
3 0.05 by LSD test.
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treatments with respect to fruit pH. There were no 

control and PGR treatments (Table 2). 
Pre-harvest PGR applications on ‘Akca’ fruit 

(Table 3). The darkest fruits were obtained from 50 ppm 
BA+GA4+7 treatment (L* value which represents brightness 
or darkness of the fruit). The dullest fruits were obtained 
from 50 ppm BA (C = 52.18) application (Table 3). Fruits get 
redder as the Hue° value decreases. The lowest Hue° value 
(111.20) was obtained from the 100 ppm BA treatment. 
The Hue° values from the control treatment and 12.5 and 
25 ppm BA+GA4+7 treatments fallen in the same statistical 
grouping. 

In conclusion, the highest fruit sizes were obtained 
from 25 ppm BA+GA4+7 and 50 ppm BA+GA4+7 treatments, 
with heavy reductions in yield. Thus, these treatments are 
not suitable for low cropping varieties such as ‘Akca’, but 
may be suitable for high cropping pear varieties. On the 
other hand, BA at 100 ppm substantially improved fruit 

yield and no negative effect on fruit shape, therefore this 
treatment can be potentially used to increase the fruit size 
and the quality of the low cropping and the small fruited 
summer pears if the fruit size is important for the market 
in question. However, if the fruit size is not very important 
for the prospective market, the 150 ppm BA treatment can 
be preferred since the yield is higher.
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