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'Hedelfingen' Sweet Cherry Fruit and Tree Growth 

Responses to Thinning and Five Rootstocks 

Cheol Choi* and Robert L. Andersen 

Abstract 
Four dwarfing and one traditional, full-vigor, sweet cherry rootstocks; and several hand thinning vs. 

unthinned treatments were studied for their effects on horticultural characteristics of 'Hedelfingen' scion 

cultivar. Tree sizes, expressed in terms of TCSA (Trunk Cross Sectional Area), of 'Gisela 1' and 'DamiF 

were about 1/3 to 1/4 that of trees on 'Mazzard'. 'Gi 196/4' and 'Gisela 6' were about 1/2 of 'Mazzard', 

with 'Gi 196/4' being slightly bigger than 'Gisela 6'. Fruit diameter was also influenced by rootstocks. 

'Mazzard* and 'Gi 196/4' had relatively large fruit size among rootstocks. Hand thinning increased fruit 

size when averaged across rootstocks. Its effect on fruit size depended on rootstocks. Semi-dwarfing 

rootstocks with high crop density responded well to thinning. The photosynthetic resource limitation 

began to be shown in the beginning of phase III of development because it was at this point that the dif 

ference in fruit size between the thinned and unthinned treatments was manifested. 

Introduction 

Seedlings and full-vigor clonal root-

stock cultivars of P. avium and P. mahaleb 

have been the most commonly used root 

stocks for sweet cherry and sour cherries in 

most countries of the world (4). Cherries 

grafted on 'Mazzard' and 'Mahaleb' seed 

ling rootstocks are classified horticultural-

ly as vigorous and relatively slow to begin 

cropping (10). In recent years, dwarfing 

sweet cherry rootstocks have been intro 

duced to overcome the shortcomings of 

existing rootstocks (9). 

Exotic cherry species and interspecific 

hybrids have been introduced as root 

stocks from Gemblous, Belgium (11, 12, 

and 13) and Giessen, Germany (5). Some 

have excellent potential and have recently 

been distributed for commercial sale in 

Europe and in the United States (8). Sev 

eral of these new rootstock cultivars have 

shown greater precocity, heavier blossom 

density, and a range of dwarfing. Howev 

er, some of these dwarfing rootstock culti 

vars have generally imparted smaller fruit 

to the scion (6). It is not fully understood 

if this is a crop load or genetic effect or a 

combination of both. 

There are several ways of reducing crop 

load such as pruning, hand thinning or 

chemical thinners. Currently, no commer 

cial chemical thinning agents are available 

for sweet cherry; thus hand thinning is a 

logical option for reducing crop load. 

Hand thinning is precise and devoid of side 

effects. Little data exists on the effect of 

thinning on the fruit produced on dwarfing 

cherry rootstocks. 

The purpose of the present investigation 

was to evaluate the effect of new dwarfing 

rootstocks on 'Hedelfingen' and to evalu 

ate the interaction of rootstock and hand 

thinning.This information will be useful in 

understanding the culture of trees on new 

cherry rootstocks and whether it is possi 

ble to improve fruit size and quality of 

cherries grafted to them through cultural 

manipulation of crop load. 

Materials and Methods 

The study was conducted on trees in 

the North Central Regional Project Num 

ber 140 (NC-140) sweet cherry rootstock 

trial established in 1987 in an orchard at 

the New York State Agricultural Experi 

ment Station (NYSAES) in Geneva, New 

York. The trees were spaced 5.2 m apart 

in the row with 6.6 m between rows and 

trained as free standing central leaders. 

'Hedelfingen' was used as the primary 
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scion cultivar on all rootstocks and 'Em 

peror Francis' was the pollinizer. Trees on 

the following rootstocks were used in this 

analysis: 'Mazzard', 'Damil ('GM 61/1'), 

'Gisela 6' ('Gi 148/1'), 'Gisela 1' ('Gi 

172/9') and 'Gi 196/4'. 

The two levels of hand thinning (+/-) 

were applied to whole trees on five root 

stocks. In 1992, trees were hand-thinned to 

one flower per cluster, regardless of clus 

ter type or position at petal fall stage. 

Thinning in 1993 involved leaving one 

fruitlet from every cluster (fruitlet thin 

ning) at 14d after full bloom (DAFB). 

To determine the effect of thinning on 

fruit growth at different phenological 

stages, fruit diameter (mm) was measured 

every 7 days until harvest beginning 2 

weeks after full bloom in 1992 and 3 

weeks after full bloom in 1993. A random 

sample of 40 fruits per tree was used for 

determination of fruit size. Prior to mea 

surement of fruit diameter, four branches 

were chosen and tagged. Two branches 

were randomly chosen out of the four 

tagged branches and 20 fruits from each 

branch were chosen and measured. Diam 

eter was determined using an electronic 

vernier calipers and was measured at the 

widest point at the equator of the fruit. 

To determine thinning response, fruit set 

(number of fruits per flower cluster) was 

measured. Three limb units per tree were 

selected by the method suggested by Lom 

bard et al (7). Limbs uniformly spaced 

around the tree were chosen and each had 

no less than 100 flower buds. Selected 

limbs were 1 to 2 cm in basal diameter, 

well exposed to light, at a uniform height, 

and had a horizontal to slightly upright at 

titude. 

At harvest, weight of all fruit from each 

tree was determined in the field. Fruit 

number of each tree was estimated as fol 

lows: fruit number per tree = total yield / 

mean weight of a fruit based on 100 sam 

ple fruits per tree at harvest time. Crop 

density (total fruit number per tree / 

TCSA) was the component used to de 

scribe yield. 

For fruit size distribution analysis, 'sec 

tor sampling' was used to gather represen 

tative fruit samples from each tree. Each 

fruit sample consisted of at least 200 fruit. 

Fruit were then separated into eight size 

classes: smaller than 14.5,14.5-16.4,16.5-

18.4, 18.5-20.4, 20.5-22.4, 22.5-24.4, 

24.5-26.4, and larger than 26.5 mm in di 

ameter. Frequency (%) and cumulative 

numbers on each of the classes were cal 

culated to determine the fruit size distribu 

tion. 

Harvested fruits were analyzed for sol 

uble solids content (%) of expressed juice 

(SSC) and cracking percentage. SSC (%) 

of expressed juice was determined by a 

hand-held refractometer for a combined 30 

cherry sample per tree. 

Results and Discussion 

Rootstock Performance 

Tree sizes, expressed in terms of TCSA, 

were significantly different among the 

rootstocks (Table 1). In comparison to 

'Mazzard' seedlings, the size of trees on 

GM and Gi clones ranged from 31% to 

64% less in the 5th year (1992) and 26% to 

53% less in the 6th year (1993). In addi 

tion, the smallest trees were on 'Gisela 1' 

and 'Damil'. The results with trees on Gi 

clones when compared to 'Mazzard' are 

almost identical to the comparison of 

Gisela clones to 'F 12-1' of Gruppe (5). 

According to Gruppe (5), size control ef 

fects may be caused by an earlier cessation 

of shoot growth, shorter shoots, and short 

er side branches. 

Among the 5 rootstocks in this study, 

trees on 'Gi 196/4' and 'Gisela 1' root 

stocks had higher fruit set than other root 

stocks (Table 1). The rootstock with the 

highest fruit set was 'Gi 196/4', while the 

lowest was found in trees on 'Damil'. 

Fruit set of trees on 'Gi 196/4' and 'Gisela 

1' was almost twice that of trees on 

'Damil'. This study suggests that the fruit 

set may vary in sweet cherry during the 

early years of an orchard life due to not 

only to physiological phenomena induced 

by seasonal and cultural environments, but 

also to different genetic factors inherent in 

different rootstocks. Although Alston and 

Tobutt (1) concluded that fruit set is de 

pendent on scion variety, the current study 
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Fruit diameter (mm) 

Figure 1. Frequency distribution of fruit size 

classes of 'Hedelfigen' on 'Gisela 6' (A), 
'G1196/4' (B) and 'Gisela 1' (C) as related to 

thinning treatments. 

suggests rootstock is also an important fac 

tor. The need to study fruit set as influ 

enced by rootstock on a long-term basis is 

evident. 

Rootstock influenced fruit diameter in 

both years (Table 2). 'Mazzard' and 'Gi 

196/4' had relatively large fruit size among 

rootstocks when averaged over the 2 years. 

Surprisingly, trees on 'Gi 196/4' not only 

had high crop loads but also produced 

fruits equal to those on 'Mazzard' which 

had lower yields in 1992. These results 

conform with those of Gruppe (5). He sug 

gested 'Gi 196/4' is inherently more effi 

cient in producing more large fruit per unit 

of vegetation growth. Compared with trees 

on 'Gi 196/4', 'Mazzard', with its large 

tree size, had relatively low crop loads and 

a good fruit size. The dwarfing rootstocks 

with high crop load generally yielded 

smaller fruits. For example, 'Gisela 6' and 

'Gesela 1' which both had medium to 

small tree size, had relatively small fruit 

and high crop loads. This suggests that for 

certain rootstocks, it is not only in the cul 

ture, but the genetic properties of the root-

stock that is also important in determining 

fruit size of scions grafted to them. 

Even with the small fruit size and heavy 

crop load level, 'Gisela V had relatively 

high value in SSC (Table 2). Soluble solids 

were not significantly different among the 

other four rootstocks in either 1992 or 

1993. 

Thinning response 

Although the thinning had been applied 

so as to achieve about 75% reduction in 

flower numbers per cluster by leaving one 

flower (in 1992) or one fruitlet (in 1993) in 

each cluster (comprised of three to five 

flowers), final fruit set on the treated trees 

was reduced by 52% (in 1992) and 48% (in 

1993) compared to that on the control trees 

across all rootstocks (data not shown). 

This is thought to have happened because 

the thinning treatment was done before the 

completion of two natural fruit abscission 

periods: first drop and June drop. 

Thinning treatments produced signifi 

cant differences in fruit sizes for trees on 

'Gi 196/4' and 'Gisela 6' that had relative-

Table 1: Tree size, final fruit set and crop den 

sity as influenced by 'Hedelfingen' sweet 

cherries on five different rootstocks. 

zTrunk cross sectional area (TCSA). 
YFruit set = number of fruits/100 blossom clusters. 
xCrop density = number of fruits/TCSA. 
WLSD values are provided for comparisons of means within 
columns when a significant difference was found, n = 4. 



'Hedelfingen' Sweet Cherry Fruit and Tree Growth 117 

*92 unthinned 

"92 thinned 

"93 unthinned 

'93 thinned 

<14.515.5 17.5 19.5 21.5 23.5 25.526.5< 

Fruit diameter (mm) 

Figure 2. Effect of fruit thinning in cumulative 

frequency (%) of 'Hedelfigen' on 'Gisela 6' 

(A), Gi 196/4' (B) and 'Gisela 1' (C) fruits 

having diameters equal to or less than in 

dicated values. 

ly high crop loads. On the other hand, the 

thinning treatments did not produce a sig 

nificant difference in fruit size of trees on 

'Mazzard', 'Gisela 1' and 'Damil'. For 

'Mazzard', the crop load in the unthinned 

trees was so low that probably little com 

petition for resources occurred. Hence, it 

was expected that thinning treatments 

would have little effect on its fruit size. 

For 'Gisela 1', fruit size was not signifi 

cantly different, even though its crop load 

was significantly greater than those of 

'Mazzard' and 'Damil'. Gruppe (5) con 

cluded that 'Gisela 1', which induces 

small scion trees with high crop loads, in 

general have smaller fruit size. We as 

sumed that because 'delayed genetic in 

compatibility' for 'Gisela 1' was very se 

vere in 1993, the health of the 'Gisela 1' 

trees was so poor that they were unable to 

respond to fruit thinning (3). 

Although thinning had no effect on 

SSC, a trend toward higher readings in 

thinned trees was present in both years. 

Soluble solids content of fruit from trees 

on all rootstocks were greater in 1993 than 

in 1992. A rainy season in 1992 may have 

led to lower SSC. 

Fruit growth at phenological stages of 

fruit development 

Seasonal fruit growth of 'Hedelfingen' 

sweet cherry on the five rootstocks showed 

a classical three distinct growth period pat 

tern (Data not shown). For each of the 

rootstocks used in this study, no differ 

ences in fruit size were observed until the 

end of the second phase of fruit develop 

ment in either season. In cherry, cell divi 

sion is usually completed by 10 days after 

full bloom (14). In 1992, the thinning treat 

ment was applied about a week after full 

bloom, so it might have helped to increase 

the cell number. In 1993, however, be 

cause the treatment was applied about two 

weeks after full bloom, it was less likely to 

influence cell number. 

Fruit size from trees on 'Gi 196/4' and 

'Gisela 6' in both years were both significantly 

larger than that of the unthinned trees from the 

beginning of the phase III of development 

(about 7 weeks after full bloom). For 'Maz 

zard', 'Gisela 1' and 'Damil' in both years, the 

thinning treatment appeared to fruit growth 

during phase III of development, but the in 

crease was not significant. These results indi 

cate that the competition for carbohydrates, 

water, and nutrients needed for cell enlarge 

ment was greatest during phase III of fruit de 

velopment. In the case of low crop load trees on 

'Mazzard' and 'Damil' such competition was 

not as strong. Even though trees on 'Gisela 1' 

had relatively high crop loads in both 1992 and 

1993, thinning treatment did not influence fruit 

size. We believe this was probably due to over 

cropping manifested as severe symptoms of 

'delayed genetic incompatibility.' 
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Table 2. Fruit yield, final fruit size and soluble solids of 'Hedelfingen' sweet 

cherries on five rootstocks in response to thinning treatment. 

zWherever main (thinning treatment) effect LSD values are not present, the rootstock X thinning interaction was significant at P = 
0.05. n = 20 for thinning treatment means; n = 4 for cultivar X thinning treatment means. 

Frequency and Cumulative Fruit Size 

Distribution 

Data on fruit diameter were compiled 

into 8 categories of size in order to evalu 

ate fruit size distributions and treatment ef 

fects. The fruit size distribution curves of 

thinned trees compared to unthinned trees 

on 'Gisela 6' and 'Gi 196/4' in both years 

demonstrated a distinct shift to larger size 

classes (Fig. 1 A and B, respectively). 

However, those of 'Gisela 1' (Fig. 1 C) and 

'Damil' (Data not shown) had little shift 

due to thinning in either year. The value of 

these findings may lie in helping to under 

stand that frequency distribution patterns 

for fruit sizes rather than mean fruit size is 

realized. If large fruit bring a higher price, 

size distribution is important. For exam 

ple, fruits on 'Gisela 6' in 1992, unthinned 

trees had 20% of fruit in the 18.5-20.4 mm 

size category. While for thinned trees, only 

4% of total fruits were within this class. In 

addition, 45% of fruit on thinned trees was 

22.5-24.5 mm while the unthinned trees 

had 24% of total fruit in this size category. 

The fruit size distribution threshold is 

important in finding out a percentage of 

fruits that might have to be discarded to 

meet a given marketable fruit size. For in 

stance, if the fruit size below 20.5 mm is 

not marketable, using cumulative numbers 

would show that about 40% of total fruit 

from the unthinned treatment would have 

to be discarded, while only about 5% of 

total fruit from thinned trees on 'Gisela 6' 

in 1992 would be unmarketable (Fig. 2 A). 

But if one compares mean fruit size, the 

mean difference between the thinned and 

unthinned trees on 'Gisela 6' for 1992 was 

only 2.2 mm. These two sets of informa 

tion, frequency and cumulative number, 

are likely to be more important than mean 

fruit size when assessing the importance of 

thinning. 

In summary, this study showed that 

dwarfing cherry rootstocks controlled 

tree size as well as fruit setting capacity 

and influenced fruit size. Among the 

dwarfing rootstocks, the trees on 'Gisela 

6' and 'Gi 196/4', which had mid to large 

tree size produced larger fruit size than 

'Gisela 1' and 'Damil', which produced 

small trees and which might have a scion 

incompatibility with 'Hedelfingen'. 
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Hand thinning improved fruit size and/or 

altered fruit size distribution on trees on 

'Gisela 6' and 'Gi 196/4' rootstocks. 

However, fruits from 'Gisela V and 

'Damil' trees were not as affected as 

those on 'Gisela 6' and 'Gi 196/4'. In 

young sweet cherry orchards, crop load 

manipulation on dwarfing rootstocks is 

suggested based on this research. In a 

practical sense, if dwarfing rootstocks 

with self-fertile scion cultivars are de 

manded by growers for their advantages 

in sweet cherry production, obtaining 

larger fruit size might be more problem 

atic than with self-incompatibles on tra 

ditional (vigorous) rootstocks because 

many self-fertiles seem to overset in 

some environments compared to self-in 

compatible sweet cherries. To improve 

fruit size and/or its distribution, practical 

methods of crop load manipulation (i.e. 

chemical thinning agents or pruning) of 

self-fertiles on dwarfing rootstocks need 

experimental study. 
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Identifying Apple Tolerance Limits for Visual Attributes 

A 42 consumer panel preferred a fruit about 7.5 cm in diameter. Women and pan 

elists over 55 preferred slightly smaller apples. There was no preference among apple 

shapes but leaticels were unacceptable when they exceeded 1.0 mm in diameter. Tol 

erance for stem bowl russet resembled acceptance levels from a larger population and 

fruit size was similar to preferences of European consumers. From Hampson and 

Quamme. 2000. HortScience 35(5):921-924. 




