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Benzyladenine and Other Thinning Agents 

for Pear cv. 'Clara Frijs' 

M.G. Bertelsen1 

Abstract 

Various chemical thinning treatments were applied to 'Clara Frijs' pear trees. 1-naphthylacetic acid 

(NAA) sprayed with twice the normal concentration (45mg/L) did not reduce fruit set significantly, but 

fruit size distribution was improved. ATS was applied in concentrations of 0.5, 1 and 2%, and only the 

two highest concentrations reduced fruit set. Leaf damage was pronounced after 1 and 2% ATS appli 

cation resulting in no improvement in fruit size and severe reductions in return bloom. A mixture of 

NAA and urea had no thinning effect. 6-Benzyladenine (BA) proved to be the most efficient thinner of 

'Clara Frijs' when used in rates of 100 mg/L, fruit set was reduced and the number of large fruit was im 

proved to the same extent as was obtained with the hand-thin treatment. Return bloom was significant 

ly improved compared to all other treatments including hand thinning. 

Introduction 

In pear production, chemical thinning is 

not as widely used, as is the case in apple 

production. Pear flowers are more prone to 

frost damage and insufficient pollination, 

and several of the popular pear cultivars 

are not very fertile. However, cultivars like 

'Conference' and 'Bon Chretien Williams' 

often require thinning to reach a mar 

ketable size as do many local cultivars 

grown in the Scandinavian countries. 

Chemical thinning of pear is done primar 

ily using NAA (or its amide, naphthale-

neacetamide) (10,16,22,26). NAA is used 

from full bloom onwards and in some 

cases as late as June drop (14). Varying 

sensitivity to NAA is exhibited and rec 

ommended rates are cultivar specific 

(16,26). Thinning effectiveness is not as 

sured when using NAA, and a reduced 

cropload is not always accompanied by a 

concomitant increase in fruit size (26). 

NAA is temperature dependent rendering 

it an unreliable thinning agent where 

spring temperatures are low and variable 

(25). Alternatives to NAA are needed for 

thinning of pears in cool climates. 

One such alternative may be 6-benzy-

ladenine (BA), which has been tested as a 

thinning agent on apples since the early 

1980's (21). BA is a post-bloom thinner, 

successfully applied when fruitlets are be 

tween 4-17 mm (7). Results with apple 

have predominantly been positive, and the 

thinning effectiveness seems more consis 

tent than with NAA (7, 8). However, a sig 

nificant proportion of the trials show little 

or no effect of BA (8,9,20. When effective, 

fruit size was increased, and in some ex 

periments even beyond what can be attrib 

uted to the thinning effect alone (12,27). A 

higher cell number has been found in BA-

treated fruit, while cell size remained un 

affected, indicating that BA improved fruit 

size by stimulation cell division (21). BA 

positively influenced return bloom and an 

increased cold tolerance on the bud may be 

obtained (21). 

Several new chemical thinning candi 

dates are foliar fertilizers. Urea and calci 

um nitrate have been shown to thin both 

apples and 'Conference' (13,14). Howev 

er, more caution is called for when thin 

ning pears, because foliar fertilizers fre 

quently cause phytotoxicity, and pear 

leaves appear to be more sensitive -than 

apple leaves (14). Another foliar fertilizer 

that has gained interest in recent years is 

ammonium thiosulphate (ATS). ATS was 

"first tested as a flower thinner on peach by 

Byers and Lyons in 1984. Since then, ATS 

has proved to be an efficient thinner of ap 

ples, peaches and plums (3,24). ATS is ef 

fective on flowers that have reached an-
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thesis at time of application, and it is be 

lieved that it acts by interfering with the 

fertilization process (5,24). 

The objective of the present work was to 

evaluate new thinning compounds as well 

as high rates of NAAon fruit set, yield, fruit 

size and return bloom of pear. The testing 

was done on the cultivar 'Clara Frijs' a 

common pear cultivar in Scandinavia. 

'Clara Frijs' is hard to thin and is prone to 

over-cropping and biannual bearing. 

Materials an,d Methods 

Experiment 1. The trial was conducted 

in 1997 in a commercial orchard. Trees 

used were 7-year old 'Clara Frijs' trees on 

quince A rootstocks at a spacing of 2.25 x 

4m. All trees were trained as spindles and 

all exhibited a moderate growth. The 150 

experimental trees were blocked accord 

ing to row and terrain into 15 blocks of 10 

treatments, and treatments were random 

ized within a complete-block design. 

Flower cluster density (FD) was calculat 

ed from total cluster number on the tree 

and trunk cross-sectional area (TCA), as 

measured at 25 cm above the soil surface 

(1). Most of the trees flowered prolifically 

and all had a minimum FD of 4.0 clus 

ters/cm2 TCA. Trees had an average TCA 
of 46.9 cm2 Yield, number of fruits per 
tree, and fruit-size distribution of all trees 

in the trial were determined by commercial 

grading (MAF ROD A Electronic sizer) at 

harvest. The fruits were graded into six 

categories: 1) fruits <50mm, 2) fruits 50-

55 mm, 3) fruits 55-60 mm, 4) fruits 60-65 

mm 5) fruits 65-70 mm and 6) fruits 70-75 

mm. The number of harvested fruit per tree 

was used to determine final fruit set, fruit 

density (no. of fruits per TCA), and aver 

age fruit size on the tree. In the spring of 

1998, return bloom was determined by 

counting all flower clusters on the trees 

that had been moderately pruned before 

hand. Trunk diameter was measured again 

and the flower density of the return bloom 

calculated. 

All chemical treatments were applied as 

dilute sprays to runoff with a handgun 

sprayer using approximately 0,6 Lper tree 

for flower thinners and 1 L(1500 L/ha)for 

fruitlet thinning. 

ATS was applied at rates of 5,10, and 20 

g/La.i., all combined with 0.1% Tween 20 

as a wetting agent. The trees were treated 

at full bloom on an overcast day with a 

high temperature of 18 C and 85% RH. 

Four hours after application, it started to 

rain, and 4 mm precipitation was recorded. 

NAA, at twice the standard concentration 

(45 mg/La.i.), was applied at petal fall, on 

a day when temperatures ranged from 9 C 

in the morning to a max of 16 C. Pommit, 

a Polish thinning agent, consisting of a 

mixture of NAA (80 g/L a.i.) and urea (30 

g/L a.i.), was applied at concentrations of 

16 mg/L and 32 mg/L NAA on the the 

same day as the the pure NAA treatment. 

Warmer weather with a max temperature 

of 25 C was recorded when Paturyl 10 

WSC containing 10% a.i. BA was sprayed 

at 12 mm fruit size at concentrations of 50 

and 100 mg/L + 0.1% Tween 20. Both an 

untreated control and a hand-thinned treat 

ment were included in the trial. Hand thin 

ning was done at the end of the June-drop 

period when fruit diameter was about 

30mm. 

Experiment 2. The same year, a second 

experiment was conducted with 'Clara 

Frijs' in an other commercial orchard. Sin 

gle whole-tree plots in a randomized com 

plete-block design with 14 replicates were 

used. The trees were 8-year-old spindles 

on Quince A with an average TCA of 49 

cm2. All trees had been pruned heavily just 
prior to flowering. All trees flowered mod 

erately with an average of 2.5 flower clus 

ters per cm2 TCA. NAA at double the stan 
dard dosage (45 mg/L) was sprayed at 

either full bloom or petal fall, on both oc 

casions the weather was cool as was the 

whole period from full bloom until well 

after petal fall. Spray application and data 

collection was similar to experiment 1. 

All data was subjected to analysis of 

variance using the General Linear Models 

(GLM) procedure of the Statistical Analy 

sis System (SAS Institute, Cary, NC). 

Results 

The number of flower clusters did not 

differ between controls and the chemical 

treatments, but differences in flower den 

sity proved significant (Table 1). FD with-
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Table 1. Flower density of Clara 

Frijs' pear trees and the correlation 

coefficients between flower densi 

ty and fruit set in a 1997 chemical 

thinning trial (Experiment 1). 

ns ****** Nonsignificant or significant at P=0 05, 0.01 or 0.001, 

respectively. 

Y0.02% Pommit corresponds to 16 mg/L NAA and 6mg/L urea. 
0.04% to 32 mg/L NAA and 12 mg/L urea. 

Slower ctusters/mc2 TCA 

in a treatment varied from 4 to 10 clus 

ters/cm2 TCA and linear regression 
showed fruit set to be significantly depen 

dent on flower density (Table 1). It was 

therefore decided to adjust fruit set and 

cropping effects for inequalities of FD, by 

employing FD as a covariate, and when 

significant, means were adjusted accord 

ingly, similar to (19). 

Hand-thin. An average of 2.0 fruit per 

TCA was removed in the hand-thin treat 

ment resulting in a final fruit set of 67% of 

the control (Table 2). Average fruit size 

and the proportion of medium and large 

fruits were increased in comparison to the 

unthinned control, but total yield was re 

duced because of significantly fewer small 

fruit (Figure 1). Hand thinning did not af 

fect return bloom (Table 3). 

ATS. Both the 1 and 2% ATS treatments 

caused unacceptable damage to the prima 

ry spur leaves. Practically all leaves un 

folded at time of application showed leaf 

burn and necrotic spots. Leaves develop 

ing after application were not affected. 

Damage from the lowest concentration 

(0.5 g/L) was insignificant, as was the thin 

ning effect. The two higher concentrations 

both reduced fruit set relative to the un 

thinned control, but neither caused thin 

ning comparable to what was achieved by 

hand thinning (Table 2). 

Average fruit size and number of large 

fruit were not positively influenced by the 

Table 2. Influence of thinning treatments on fruit set and fruit and crop size 

of 'Clara Frijs' pears in 1997, Denmark (Experiment 1). 

ns ****** Nonsignificant or significant at P=0.05, 0.01 or 0.001 respectively. 

Y dosage corresponds to 16 mg/L NAA and 6 mg/L urea. 

x dosage corresponds to 32 mg/L NAA and 12 mg/L urea. 
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<50mm 50-55 mm 55-60 mm 60-65 mm 65-70 mm 70-75 mm 75-80 mm 

j-«- Control • ♦ -Hand-thin -e- ATS 5 g/L -*- ATS 10 g/L -6- ATS 20 g/L-

<50mm 50-55 mm 55-60 mm 60-65 mm 65-70 mm 70-75 mm 75-80 mm 

-Control •♦Hand-thin 
- Pommit 0.04% -A- NAA 45 mg/1 

- Pommit 0.02% 

<50 mm 50-55 mm 55-60 mm 60-65 mm 65-70 mm 70-75 mm 75-80 mm 

|—»- Control - •» Hand-thin -e- BA 50 mg/L -*- BA 100 mg/L| 

Figure 1. Fruit size distribution on 'Clara Frijs' trees thinned with: A. ATS applied at either 5, 

10 or 20 g/L at full bloom. B. NAA at 45 mg/L or a mixture of NAA and urea in concentrations 
corresponding to 16 and 32 mg/L NAA applied at petal fall. C. BA at 50 or 100 mg/L applied 

at 12 mm fruit size. 
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Table 3. Influence of thinning treat 

ments on return bloom (1998) of 

'Clara Frijs' pear (Experiment 1). 

Significant at P= 0.001. 

Y dosage corresponds to 16 mg/L NAA and 6 mg/L urea. 
x dosage corresponds to 32 mg/L NAA and 12 mg/L urea. 
2 Flower culsters/cm^CA. 

reduced cropload (Table 2), but the 2% 

ATS reduced the amount of small fruits 

relative to both the control and the other 

ATS treatments (Figure 1). The 1 and 2% 

ATS treatments nearly eliminated return 

bloom, whereas no negative effect on re 

turn bloom was caused by 0.5% ATS 

(Table 3). 

NAA and Pommit. A significant effect 

of NAA on fruit set and fruit density could 

not be shown, but average fruit size and the 

amount of fruit larger than 65 mm were in 

creased after NAA application (Table 2, 

Figure 1). The NAA treatment fell just 

short of significantly increasing return 

bloom at P=0.05. Neither of the two Pom 

mit treatments reduced fruit set nor did 

they improve average fruit size, fruit size 

distribution, or return bloom (Table 3). The 

highest concentration of Pommit reduced 

fruit density, but that is likely to have been 

a side effect of a low initial flower density 

rather than a genuine thinning effect (Ta 

bles 1 and 2). 

In experiment 2, the need for thinning 

was less pronounced as could be seen from 

the fact that only an average of 0.6 

fruits/cm2 TCA were removed from the 
hand thinned control (Table 4). Fruit set in 

this experiment was not significantly af 

fected by the NAA treatments, but the fruit 

density was significantly lower on the 

NAA-treated trees. 

Both NAA treatments reduced the total 

yield. Conversely, the number of small and 

intermediate sized fruits were decreased 

and average fruit size increased, but an in 

crease in the amount of large fruit was not 

significant (Table 4). No difference in 

thinning response could be ascribed to 

time of application. 

BA. Both BA treatments reduced fruit 

set and fruit density and increased average 

fruit size compared with the control. The 

highest concentration of BA was the treat 

ment best capable of shifting the fruit size 

distribution towards the result achieved by 

hand thinning (Figure 1). In the case of the 

50 mg/L treatment, the shift to a higher 

mean fruit weight was mainly a conse 

quence of a reduced number of small fruit 

(Table 2). 

Return bloom was significantly higher 

on trees treated with BA at 100 mg/L than 

Table 4. Effect of NAA applied at full bloom (FB) or petal fall (PF) on fruit 

set, yield and fruit size distribution of 'Clara Frijs' pear (Experiment 2). 

Treatment ns ns ns 

0.5 10 0.7 3.6 

ns ****** Nonsignificant or significant at P=0.05. 0.01 or 0.001. respectively. 

z No. of flower clusters or fruit/cm^CA. 
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on trees of all other treatments (Table 3). 

Also the lower BA application rate in 

creased return bloom, but the effect was 

not as pronounced and was only signifi 

cant compared to the control and the 1 and 

2% ATS treatments. 

Discussion 

ATS at 1 and 2% reduced fruit set, but in 

contrast to results on apple (1,3) no con 

current fruit-size response was recorded. 

This, as well as the adverse effect on return 

bloom, is a likely consequence of severely 

damaged and dysfunctional spur leaves. It 

is known that the removal of spur leaves 

soon after bloom inhibits flower bud for 

mation in pear (15). Leaf damage after the 

use of ATS has been recorded in apple, 

when concentrations higher than 1% were 

used (1,17). Preliminary tests show that 

leaf damage can be increased by high hu 

midity and prolonged drying (1). The dam 

age may also have been intensified by the 

use of a handgun sprayer where the wet 

ting is more thorough and ATS activity 

generally higher than when the same rates 

are applied with an air-blast sprayer (6). 

Adding a wetting agent is also likely to 

have increased the problem. After the 

damage became obvious a test was per 

formed applying ATS 1% with or without 

Tween 20 to a couple of trees, and damage 

was found to be less severe where no wet 

ting agent was applied. Phytoxicity caused 

by wetting agents when used for thinning 

peach at full bloom has previously been re 

ported (4). More trials aimed at reducing 

phytotoxicity are needed before the thin 

ning potential of ATS can be exploited in 

'Clara Frijs' pear. 

NAA has for 3 decades been used on 

'Clara Frijs', and numerous trials have 

shown the cultivar to be NAA tolerant 

(16,23) much more so than 'Conference' 

and 'Fondante de Charneu' for example. 

Fruit set in 'Clara Frijs' has also been 

found to decrease linearly in response to 

increasing concentrations of NAA (23), 

and fruit set reduction of up to 50% has 

previously been recorded after the use of 

45 mg/L NAA (16). The high tolerance to 

NAA was confirmed in the present exper 

iments, where the 45 mg/L application rate 

was not as effective as found by Ohiers 

(1966). The cool weather during the full-

bloom period is likely to be the cause, in 

dicating that even a doubling of the stan 

dard concentration (22.5 mg/L) is not 

enough to compensate for adverse weath 

er conditions. None of the experiments 

showed reduction in fruit size as found in 

some apple trials (11,18) instead fruit size 

was increased in concurrence to fruit-den 

sity reduction. 

Not much information is available on 

Pommit, but NAA is likely to be the most 

active part of the mixture. The concentra 

tions used equaled 16 and 32mg/L NAA 

respectively, corresponding to applica 

tions rates close to what is normally rec 

ommended for use on 'Clara Frijs'. No 

thinning was achieved by either of the 

Pommit treatments, indicating that the 

NAA concentration was too low to be ef 

fective under the prevailing weather con 

ditions, and no benefit was gained from the 

addition of urea. 

BA was applied under optimal weather 

conditions. As is the case with NAA, BA 

requires minimum temperatures in the 

vicinity of 18 degrees to be effective 

(2,11). The thinning effect on 'Clara Frijs' 

was enhanced and proved that pears also 

can be thinned successfully by BA. As in 

numerous apple trials, the thinning re 

sponse was found to be concentration-de 

pendent, and the 100 mg/L treatment was 

the most favorable (7,8). It was also 

shown that BA can increase return bloom 

in pears and this may prove to be of great 

importance for cultivars such as 'Clara 

Frijs', where biannual bearing is a major 

problem. 

The author acknowledges S.J. Wertheim 
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compounds used, and M0 Her Voight-
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orchards available for the experiments. 
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Aroma Volatiles in Small Fruit 

Strawberry aroma is composed predominantly of esters, although alcohols, ketones and 

aldehydes are present in small quantities. Raspberry aroma is a mixture of ketones and 

terpenes. Highbush blueberry aroma is dominated by aromatic hydrocarbons, esters, ter-

penes, and long chain alcohols while lowbush aroma is predominantly esters and alco 

hols. Aroma compounds are affected by cultivar, fruit maturity and storage conditions. 

As fruit ripen, aroma volatiles rapidly increase closely following pigment formation. 

From Forney 2001 Hort Technology ll(4):529-538. 




