
12  NEW YORK STATE HORTICULTURAL SOCIETY

Using Pruning to Improve the Fruit Size of ‘Sweetheart’, 
‘Lapins’ and ‘Hedelfingen’ Sweet Cherry Grown on 
Gisela Rootstocks
Terence L. Robinson1, Geza Bujdoso2 and Gabino Reginato3
1Dept.	of	Horticulture,	Cornell	University,	Geneva,	NY,	14456	USA		 		
	2Research	Inst.	for	Fruit	Growing,	Budapest,	Hungary,	Casilla	1004	
3Dept.	of	Ag.	Sciences,	University	of	Chile,	Santiago,	Chile

The introduction of dwarfing cherry rootstocks, such as 
Gisela 5 (Gi.5) and Gisela 6 (Gi.6), has allowed the pos-
sibility of developing more productive high-density cherry 

orchards (Robin-
son, 2005; Rob-
inson et al, 2008). 
H o w e v e r,  t h e 
combination of 
self fertile sweet 
cherry cultivars 
like ‘Lapins’ or 
‘Sweetheart’ and 
dwarfing cherry 
rootstocks results 
in trees that are 
often excessively 
productive result-
ing in very high 
crop loads and 
small fruit size 
(Reginato et al., 
2008). In order to 
improve fruit size, 
some kind of crop 
regulation must 

be performed to reduce crop load and increase leaf area:fruit ratio 
(Lang and Ophardt, 2000; Weber, 2001). Previous research has 
shown a linear (Cittadini, et al., 2008) or curvilinear relationship 
(Reginato et al. 2008) between leaf area:fruit ratio and fruit size, 
and a rule of thumb has been developed that each fruit requires 
at least 200 cm2 of leaf area to obtain large size fruit (Whiting 
and Lang, 2004).
 Crop regulation can be performed through dormant pruning 
or thinning. Promising results have been obtained with chemical 
thinning during bloom time or even when applied 14 days after 
full bloom (Whiting et al., 2006). In addition, training system can 
also affect fruit size especially when the training system affects 
leaf area:fruit ratio (Robinson et al., 2008).
 We have previously shown that short shoots (<10 inches) 
on mature cherry trees often have too many flower buds and 
too few leaves to produce good fruit size (Reginato et al., 2008). 
One strategy is to remove such shoots during pruning. Other 
pruning strategies include spur extinction (Claverie and Lauri, 
2005) and stubbing back pruning (Reginato et al., 2008). The aim 
of this work was to evaluate the effect of three different pruning 
strategies on fruit size of ‘Lapins’ and ‘Sweetheart’ on Gisela 6 

“We compared 3 pruning strategies 
designed to reduce crop load and 
improve fruit size of self fertile sweet 
cherries: 1) removal of short shoots 
with less than 10 inches of growth, 2) 
spur extinction (removal of 30% of the 
spurs), or 3) heading back of all fruiting 
branches by 30%.  The best fruit size was 
achieved by a combination of 2 or more 
of the 3 pruning strategies. Fruit size was 
highly dependent on crop load and leaf 
area per fruit and the effect of pruning 
strategy on fruit size could be explained 
almost completely by how much the 
pruning treatment reduced crop load.”

and Gisela 5 rootstocks. We also evaluated the effect of pruning 
treatments on fruit size of ‘Hedelfingen’ on 14 rootstocks.

Materials and Methods
 Three field studies were conducted at Geneva, NY using us-
ing 10 and 11 year-old ‘Sweetheart’, and ‘Lapins’ trees on Gisela 
5 and Gisela 6 rootstocks and 12 year-old ‘Hedelfingen’ trees on 
14 different rootstocks. The ‘Sweetheart’ and ‘Lapins’ trees were 
trained to either the Vertical Axis (spaced 6 feet by 15 feet) or 
Central Leader (spaced 8 feet by 15 feet) systems. The ‘Hedelfin-
gen’ trees were part of a rootstock trial which was trained to the 
Central Leader system and spaced 10 feet X 20 feet. Pruning 
treatments were applied at bud swell in the spring of 2008 to 
‘Sweetheart’ trees on Gisela 5 and Gisela 6 rootstocks. In the 
spring of 2009, pruning treatments were applied at bud swell 
to ‘Sweetheart’, and ‘Lapins’ trees on Gisela 5 and Gisela 6 root-
stocks and to ‘Hedelfingen’ trees on 14 rootstocks. Treatments 
for each cultivar consisted of: 1) light pruning (control), 2) light 
pruning plus removal of all short shoots with less than 10 inches 
of growth, 3) light pruning plus spur extinction (removal of 30% 
of the spurs), 4) light pruning plus heading back of all fruiting 
branches by 30% and 5) light pruning plus the combination of 
spur extinction pruning plus removal of short shoots with less 
than 10 inches growth. 
 Prior to harvest, leaf area and fruit number were determined 
on 3 representative branches per tree and averaged to calculate 
mean leaf area:fruit ratio. At harvest, yield and trunk cross-
sectional area (TCA) were recorded. A sample of 50 cherries 
from each tree was collected from which average fruit size was 
determined. Total fruit number per tree was calculated as the 
product of yield and average fruit size. Crop load was calculated 
as the ratio of fruit number per tree per unit of TCA.

Results
 In 2008, the spur extinction and heading back pruning treat-
ments reduced yield and increased fruit size of ‘Sweetheart’ on 
both Gi.5 and Gi.6; however, the removal of short shoots had no 
effect on yield or fruit size (Table 1). Both the spur extinction 
and heading back treatments shifted the fruit size distribution 
to larger fruit sizes (Fig. 1). Removal of short shoots did not af-
fect fruit size distribution. Leaf area:fruit ratio was increased 
the most and crop load reduced the most by the spur extinction 
and heading back pruning treatments. There was a curvilinear 
relationship between crop load and fruit size for all pruning 
treatments except the spur extinction and the removal of short 
shoots (Fig. 2). The effect of the pruning treatments on fruit size 
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was largely due to crop load differences 
and there was little difference among 
the pruning treatments. When all of 
the pruning treatments were considered 
together there appeared to be a common 
curvilinear relationship. To achieve a 
fruit size of 6g required crop loads lower 
than 10. 
 In 2009, there was an interaction 
of cultivar and the effect of the pruning 
treatments on fruit size. With ‘Sweet-
heart’ there was a significant effect of re-
moving short shoots on yield but none of 
the treatments affected fruit size. How-
ever, with ‘Lapins’ there were significant 
differences in fruit size due to pruning 
treatments (Table 2). The spur extinction 
treatment plus removal of short shoots 
treatment produced the largest fruit size. 
Both the spur extinction and removal of 
short shoots treatments shifted the fruit 
size distribution to larger fruit sizes with 
the greatest effect from spur extinction 
pruning (Fig. 3). Heading back of shoots 
did not improve fruit size distribution. 
There was a curvilinear relationship 
between crop load and fruit size for all 
pruning treatments with both ‘Lapins’ 
and ‘Sweetheart’ (Fig. 4). The effect of 
the pruning treatments on fruit size was 
largely due to crop load differences and 
there was little difference among the 
pruning treatments. The relationship 
of fruit size and crop load with ‘Lapins’ 
was much steeper than with ‘Sweetheart’. 
In 2009, fruit size of ‘Sweetheart’ was 
larger than 2008. To achieve a fruit size 
of 6g, required crop loads lower than 
10 in 2008 but in 2009 even the highest 
crop load had a fruit size of ~8g. Leaf 
area:fruit ratio was increased the most by 
the spur extinction and the combination 
of spur extinction and removal of short 
shoots for both ‘Lapins’ and ‘Sweetheart’ 
while the heading back pruning treat-
ments had a lesser effect. Crop load was 
better correlated with fruit size than leaf 
area:fruit ratio. Calculations of total crop 
value taking into account both yield and 
fruit size showed that the removal of 
short shoots and stubbing back pruning 
treatments had the greatest crop value 
while the minimally pruned control 
treatment had the lowest crop value due 
to small fruit size.
 In 2009, there was no effect of the 

Figure	1.		 Effect	of	pruning	severity	on	fruit	size	distribution	of	‘Sweetheart’	cherries	on	Gi.5	and	Gi.6	
dwarfing	cherry	rootstocks	in	the	10th	leaf	(2008).
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Figure	2.		 Interaction	of	crop	load	and	pruning	severity	on	fruit	size	of	‘Sweetheart’	cherries	on	Gi.5	and	
Gi.6	dwarfing	cherry	rootstocks	in	the	10th	leaf	(2008).

pruning treatments on ‘Hedelfingen’ yield or fruit size across 14 
rootstocks but there was a strong effect of rootstock on yield, 
fruit size, leaf area:fruit ratio and crop load (Table 3). There was 
a strong relationship of crop load or leaf area:fruit ratio with 

fruit size (Fig. 5). When rootstocks were grouped according to 
average fruit size into 3 groups (large=8.3-9.6g, medium=7.8-7.9g 
and small=6.8-7.4g), stocks which had large fruit size were larger 
at all crop loads than stocks with small fruit size. Stocks in the 

Table	1.		 Effect	of	pruning	severity	on	yield,	fruit	size	and	quality	of	‘Sweetheart’	cherry	on	Gi.5	and	Gi.6	
rootstocks	in	the	10th	year	(2008).

	 Yield	 Fruit		 Leaf	area/	 Crop	load	 Fruit
	 2008	 Number/		 Fruit	 (fruits/cm2	 Size
Pruning	Treatment		 (kg)	 Tree	2008	 Ratio		 	TCA)	 	(g)

Minimal Pruning 21.1 3962 262 32.1 5.0
Spur Extinction (30%) 11.2 1891 888.1 13.3 6.0
Removal of Short Shoots (<25cm) 21.1 4203 245.2 35.1 5.1
Extinction and Removal of Short Shoots 10.8 1873 809.5 15.9 5.9
Heading Back of Fruiting branches by 1/3 12.2 2124 346.2 18.1 6.3

LSD	P≤0.05	 4.1	 997	 575	 8.7	 0.9
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area:fruit size shows a maximum fruit 
size is achieved at around 200-300 
cm2 of leaf area per fruit. This value 
is similar to other published reports 
(Reginato et al., 2008; Whiting and 
Lang, 2004). There was little difference 
in fruit size between pruning styles 
with spur extinction giving similar fruit 
size improvements as heading back. 
This is similar to results of Reginato et 
al. (2008). Removal of short shoots gave 
variable results with little effect on fruit 
size in 2008 but a greater response in 
2009. The combination of spur extinc-
tion and removing short shoots often 
gave the best response. Thus, no mat-
ter which crop regulation treatment is 
used it must guarantee the amount of 
leaf area which is required for develop-
ing fruits. However, the heading back 
pruning is fast and less expensive than 
spur extinction. The removal of short 
shoots requires detailed pruning and 
is more costly than stubbing back.
 Both crop load and leaf area:fruit 
ratio were correlated with fruit size; 
however, crop load had better relation-
ships in all cases (Reginato et al., 2008). 
Although the relationship with crop 
load should deteriorate as trees age 
since trunk area continues to increase 
while canopy size is limited by pruning, 
it had a better relationship than leaf 
area:fruit ratio for mature trees that 
were up to 12 years old on a range of 
rootstocks. In addition, crop load is 
easy to measure while leaf area:fruit 
ratio is difficult. 
 These data predict that at high 
crop loads crop (>20 fruits/cm2 TCA) 
the effect of in increasing crop load 
on fruit size is minimal. It appears, 
that regardless of crop load, there is a 
minimum fruit size which is achieved. 
To improve fruit size, crop load must 
be below ~15 fruits/cm2 TCA with the 
most dramatic increases in fruit size 

from 5-10 fruits/cm2 TCA. Thus, for any given orchard, different 
results could be obtained depending on which part of the fruit size 
response to crop load continuum those given treatments are. Since 
reductions in crop load result in reductions in yield, the optimum 
crop load is a function of economics. We have previously shown 
there was a broad economic optimum from 7-8g fruit size (Regi-
nato et al., 2008). If crop load was reduced sufficiently to produce 
larger fruit size than 8g, the reduction in yield was so great that the 
total crop value was reduced. To achieve this size, in 2008 would 
have required a very low crop load while in 2009 this would have 
been possible with a crop load of 15 fruits/cm2 TCA.
 Our regression analysis with 13 rootstocks shows that Gi.3 
and Gi.5 gave smaller fruit size at all crop loads than other root-

Table	3.	 Effect	of	rootstock	and	pruning	severity	on	yield	and	fruit	size	of	‘Hedelfingen’	sweet	cherry	
trees	in	the	12th	Year	(2009).

	 	 	 	 	 	 	 	 	 	
	 	 	 Yield	 Fruit		 Fruit		 Leaf	 	 Crop	load		
	 	 TCA	 2009	 Number/	 Size	 area/fruit	 (fruit/	cm2

Rootstock*	 Pruning	Treatment	 2009	 (kg)	 Tree	 (g)	 	(cm2)	 	 TCA)

Gisela 3 (209/1)  91.2 5.5 843 7.0 294.5  9.4
Gisela 5 (148/2)  131.4 17.2 2425 7.3 157.5  18.1
Gisela 7 (148/8)  152.8 12.8 1961 6.9 245.1  14.1
Weiroot 053  177.4 5.8 709 8.5 211.1  4.4
Weiroot 072  195.9 19.8 2527 7.8 201.7  12.5
Gisela 4 (473/20)  245.1 11.2 1169 9.6 407.1  4.8
Gisela 195/20  258.4 15.0 1993 7.9 364.4  8.0
Edabriz  268.5 15.5 1877 8.6 549.0  8.3
Weiroot 158  323.2 12.5 1603 8.8 553.9  5.9
Gisela 6 (148/1)  347.8 20.8 2647 8.3 308.7  8.3
Weiroot 010  356.1 15.8 2196 7.4 390.0  6.3
Weiroot 013  362.5 12.9 1946 6.8 643.4  5.4
Mahaleb  430.2 14.7 1734 8.6 789.4  4.1
Mazzard  442.8 9.4 1292 7.8 954.8  2.9

LSD	P≤0.05	 	 74.6	 4.9	 770	 1.9	 482.6	 	 5.0

 Minimal 265.2 13.1 1837 7.5 462.9  8.7
 Spur 284.4 15.2 1999 7.8 411.8  7.9
 Heading  275.4 13.8 1807 8.0 446.2  8.7

LSD	P≤0.05	 	 70.9	 7.0	 105	 1.2	 404.1	 	 5.2

Significance: Stock ** ** ** ** **  **
 Pruning NS NS NS NS NS  NS
 Stock*Pruning NS NS NS NS NS  NS

* Rootstocks ranked by trunk cross-sectional area

group which produced large fruit size were Gisela 4, Weiroot 158, 
Mahaleb, Edabriz, Weiroot 53 and Gisela 6. Stocks in the medium 
fruit size group were Gisela 195/20, Mazzard, and Weiroot 72 
while stocks in the small fruit size group were Weiroot 10, Gisela 
5, Gisela 3, Gisela 7 and Weiroot 13. There was a trend for better 
fruit size at each crop load with either spur pruning or stubbing 
back pruning.

Discussion
 In general, the pruning treatments improved fruit size by 
about 1g for all three cultivars but not with ‘Sweetheart’ in 
2009. The effect was largely due to the reduction in crop load 
and improvement in leaf area per fruit. The relationship of leaf 

Table	2.		 Effect	of	pruning	severity	on	yield,	fruit	size	of	‘Lapins’	and	‘Sweetheart’	cherries	on	Gi.5	and	Gi.6	
rootstocks	in	the	11th	year	(2009).

	 	 	 	 Fruit		 Leaf:	 Crop	load
	 	 Yield	 Fruit	 Size	 Fruit	 (fruit/cm2
Variety	 Pruning	Treatment	 (kg)	 Number	 (g)	 Ratio	 TCA)
	
Lapins Minimal Pruning 23.3 3259 7.5 152.7 19.7
 Spur Extinction 20.5 2495 8.4 182.4 15.1
 Removal of Short Shoots 24.8 3298 8.2 200.2 18.6
 Extinction plus Removal of Short Shoots 22.4 2765 8.5 214.8 16.7
 Heading of Fruiting Branches 23.3 3683 6.6 178.6 31

Sweetheart Minimal Pruning 24.2 2840 8.9 210.2 23.7
 Spur Extinction 22.2 2572 8.8 487.8 19
 Removal of Short Shoots 19.2 2128 9 176.6 17.3
 Extinction plus Removal of Short Shoots 25.6 2897 8.9 195.8 22.7
 Heading of Fruiting Branches 24.3 2629 9.3 177.5 21.1

	LSD	P≤0.05		 5.4	 809	 0.9	 250	 5.6
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stocks which produce larger fruit size. Thus, although crop load 
management will improve fruit size on all rootstocks it will not 
solve the problem for rootstocks which inherently produce small 
fruit size.

Figure	3.		 Effect	of	pruning	severity	on	fruit	size	distribution	of	‘Sweetheart’	(left)	and	‘Lapins’	(right)	cherries	on	Gi.5	and	Gi.6	dwarfing	cherry	rootstocks	
in	the	11th	leaf	(2009).
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Figure	4.		 Interaction	of	pruning	severity	and	crop	load	(top)	or	leaf:fruit	ratio	(bottom)	on	fruit	size	of	‘Lapins’	and	‘Sweetheart’	cherries	on	Gi.5	
and	Gi.6	dwarfing	cherry	rootstocks	in	the	11th	leaf	(2009).

Conclusions
 Fruit size in ‘Sweetheart’ ‘Lapins’ and ‘Hedelfingen’ cherry 
is largely a function of crop load or leaf area:fruit ratio. To 
obtain good fruit size in most years, crop load of self fertile 
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cherries on Gisela rootstocks must be regulated. To obtain a 
better balance between leaf area:fruit ratio, the focus can be 
either to regulate crop load or to improve foliage growth. We 
have tried different pruning techniques to control crop load 
to improve fruit size. From these experiments we conclude 
that one treatment is not better than another, but each im-
proves fruit size in relation to the effect on crop load and leaf 
area:fruit ratio. Thus, growers could use a combination of the 
treatments such as removal of weak shoots which naturally 
have a low leaf area:fruit ratio, spur extinction on intermediate 
branches or heading back of some shoots.  The need for these 
crop regulation treatments and the severity of crop regulation 
depends on the fruit set in each year and on the economics 
of fruit size. The New York climate almost always results in 
high crop loads for self fertile varieties on Gi.5 or Gi.6 which 
will almost always require some crop regulation treatment. 
However, from the economic perspective, the NY marketing 
conditions don’t offer a large premium for very large fruit size, 
thus moderate crop regulation treatments that don’t reduce 
yield too much and aim to produce medium fruit sizes of 8g 
per fruit will optimize crop value. 
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