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Abstract. Traditional sweet cherry (Prunus avium L.) training systems in the United States 
are based upon vigorous rootstocks and multiple leader vase canopy architectures. The 
sweet cherry research lab at Washington State University has been investigating the 
potential of new rootstocks and training systems to improve production efficiency and 
produce high quality fruit. This paper describes the effects of three rootstocks—Maz-
zard (P. avium), ‘Gisela 6’, and ‘Gisela 5’ (P. cerasus × P. canescens)—and four training 
systems—central leader, multiple-leader bush, palmette, and y-trellis—on ‘Bing’ sweet 
cherry tree vigor, fruit yield and quality over a seven year period. Compared to trees on 
Mazzard, trees on ‘Gisela 5’ and ‘Gisela 6’ had 45% and 20% lower trunk cross-sectional 
areas after 7 seasons, respectively. Trees on ‘Gisela 6’ were the most productive, yielding 
between 13% and 31% more than those on ‘Gisela 5’ and 657% to 212% more than trees 
on Mazzard, depending on year. Both Gisela rootstocks significantly improved precocity 
compared to Mazzard, bearing fruit in year 3 in the orchard. Canopy architecture had 
only moderate effects on tree vigor and fruit yield. Across rootstocks, bush-trained trees 
were about 25% less productive compared to the other systems, which exhibited similar 
cumulative yields (102 kg/tree). Fruit weight was negatively and closely (r2 = 0.84) related 
to tree yield efficiency (kg·cm–2). Crop value was related positively to fruit yield.

Traditionally, in the Pacific northwestern 
U.S., sweet cherry (Prunus avium L.) trees have 
been trained to a multiple leader, open center 
architecture, grown on vigorous seedling root-
stocks (e.g., Mazzard (P. avium L.) and Mahaleb 
(P. mahaleb L.)), and planted at tree densities 
of 250 to 400 trees per ha. When mature, these 
production systems may be high-yielding and 
bear excellent quality fruit. However, these 
systems lack precocity, typically bearing the 
first crop 4 to 6 years after planting and not 
achieving full production until 8 to 12 years after 
planting. This is undesirable due to the delayed 
return on the investment from establishing the 
orchard. Therefore, sweet cherry growers have 
attempted to induce early fruiting using various 
techniques (e.g., deficit irrigation, limb bending, 
applications of ethephon, etc.).

At maturity, the traditional systems are 
comprised of trees that are tall, spreading and 
inherently inefficient to harvest and prune, 
requiring significant use of ladders. Moreover, 
labor is expensive in Washington State and be-
coming scarce, particularly for harvest, as sweet 
cherry acreage has nearly doubled over the past 
10 years. To improve sweet cherry production 
efficiency, research is needed to develop novel 
production systems that hasten fruit production 
and improve labor efficiency and safety. These 

objectives have been accomplished in other tree 
fruit species genetically (e.g., size-controlling 
and precocious rootstocks) and horticulturally 
(e.g., training systems). To date there has been 
very little research on the effects of rootstock 
and/or training system on vigor, precocity, and 
fruit quality of sweet cherry.

The effects of rootstock genotype on fruit 
yield and quality and tree vigor have been well 
documented in many tree species, especially 
apple (Malus ×domestica Borkh.) (Autio and 
Southwick, 1986; Fallahi et al., 2002; Marini 
et al., 2002; Schecter et al., 1991; ), but also for 
peach (P. persica L.) (Kappel and Bouthillier, 
1995; Layne, 1994) and citrus (Roose et al., 
1989; Wheaton et al., 1991). New rootstocks 
for sweet cherry have recently been developed 
and adopted commercially (Lang, 2000; Perry 
et al., 1997), albeit on a limited basis in North 
America. Of the next generation of sweet 
cherry rootstocks, the most widely-adopted 
selections are from the ‘Gisela’ series (Webster 
and Schmidt, 1996) developed in Germany. 
In the Pacific Northwest, about one-third of 
newly planted orchards are rooted on ‘Gisela 
5’ or ‘Gisela 6’ (P. cerasus × P. canescens). In 
general, these rootstocks improve precocity and 
reduce scion vigor, with ‘Gisela 5’ being more 
dwarfing than ‘Gisela 6’ (Perry et al., 1997). 
Whiting and Lang (2004) showed that ‘Bing’ 
on ‘Gisela 5’ has a propensity to set a heavy 
crop and will require novel crop load manage-
ment strategies to balance fruit number with 
canopy area. However, very little is published 
on the long term effect these rootstocks have 
on scion precocity, productivity, and vigor in 
managed production systems.

Canopy architecture also affects tree pro-
ductivity, production efficiency, and fruit qual-
ity in apple (Hampson et al., 2002; Robinson 
et al., 1991; Miller, 1984). Such information 
for sweet cherry, especially comparing the 
effects of new clonal rootstocks, is not yet 
available. In apple, training system impacts 
tree growth, light interception, light distribu-
tion, fruit yield, distribution, and quality, and 
net photosynthesis and transpiration (Ferree 
et al., 1993; Hampson et al., 2002; Jackson, 
1980; Robinson, 1997; Robinson et al., 1991). 
Irrespective of rootstock, new sweet cherry 
orchards are being planted at higher than 
traditional tree densities because growers 
wish to improve economic returns and labor 
efficiency. Moreover, sweet cherry orchards 
are being trained to systems other than the 
traditional multiple-leader, open center vase 
architecture to improve tree precocity, more 
precisely manage canopy growth and fruit-
ing, and improve labor efficiency by reducing 
canopy volume and lowering the fruiting zone 
to a height where a high percentage of fruit may 
be harvested without ladders. To date very little 
research has examined the influence of canopy 
architecture on sweet cherry tree growth, yield, 
and fruit quality. Across four cultivars, Moreno 
et al. (1998) found higher sweet cherry yield 
efficiency but lower fruit quality with palmette 
and marchand training systems compared to 
the multiple leader vase.

The objective of this research was to 
compare the effects of sweet cherry canopy 
architecture and rootstock on tree vigor, fruit 
yield, and fruit quality.

Materials and Methods

Commercially produced ‘Bing’ sweet 
cherry trees on Mazzard, ‘Gisela 5’, and 
‘Gisela 6’ rootstocks were planted in spring, 
1995 at Washington State University’s Roza 
experimental farm (lat. 46.2°N, long. 119.7°W) 
in north to south rows at 2.6 × 4.9 m (about 
864 trees/ha). The orchard site is a silty loam 
limited by basalt at a depth of about 1 m. The 
experimental orchard was watered weekly from 
mid-April to late October by undertree micro-
sprinklers arranged in a diamond pattern (i.e., 
every second tree). Standard pest management 
and nutrition practices were followed. Ground 
broadcast application of nitrogen fertilizer was 
withheld during 2001–03 seasons because of 
excessive vigor.

Trees were trained to a trellised palmette 
(P), central leader (CL), y-trellis (Y), or bush 
(B) system beginning in spring, 1995. Entire 
rows were trained to a similar system and 
training system was replicated three times 
randomly throughout the orchard. Within each 
row, rootstocks were replicated three times 
randomly in groups of three trees. The middle 
trees were used for data collection. At maturity, 
the P system was characterized by multiple 
permanent scaffolds (4 to 5) in a single plane 
along the row with lateral fruiting limbs aris-
ing from the scaffolds into the alleyway. The 
CL trees had two to three whorls of fruiting 
scaffolds, arising about every 1 m, from the 
central leader. The Y trees were comprised of 
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two main scaffolds per tree (one per trellis) at 
60° between them with subscaffolds and fruit-
ing laterals arising from them and trained to 
the trellis. The B trees were trained following 
the standard Spanish Bush protocol (Long, 
2001). Briefly, trees were headed after planting 
at about 40 cm above the ground and primary 
branches were headed again after about 50 
cm of growth. In the second season, branches 
were twice headed again, once before bud 
break and then after about 50 cm of growth. In 
subsequent seasons, trees were only dormant 
pruned for light penetration and renewal of 
fruiting wood. At maturity and irrespective of 
training system and rootstock, tree height was 
maintained at ≤5 m. With the exception of B 
trees that were summer pruned in the first 3 
years, trees received only dormant pruning for 
light distribution and canopy architecture. 

Every year, optimum harvest was de-
termined as the point at which most fruit 
exhibited mahogany skin color. All fruit were 
hand-harvested within a two day period by 
commercial picking crews. At harvest, tree 
yield was recorded in the field and subsamples 
(minimum of 100 fruit) were selected randomly 
and analyzed in the lab for fruit quality as 
described in Whiting and Lang (2004). 

Trunk cross-sectional area (TCSA) at 
20 cm above the graft union was calculated 
in late spring from measurements of trunk 
circumference. 

Crop value per tree was calculated from fruit 
yield and size relationships determined in 2003. 
Values per size category used in the calculations 
are outlined in Table 1. Values are based upon 
average returns for fresh market quality ‘Bing’ 
sweet cherries from 2002 and 2003 (G. Allan, 
Allan Bros. Packing, personal communication) 
and include packaging and marketing fees. 

The experiment was organized in a facto-
rial treatment arrangement in a randomized 
complete block design with 3 blocks. The 
two factors evaluated were rootstock (3) and 
training system (4). Analyses of variance were 
conducted using the General Linear Models 
(GLM) procedure in the Statistical Analysis 
System (SAS) program package (SAS Insti-
tute, Cary, N.C.) and means were compared 
by Fisher’s least significant difference (LSD) 
at 0.05.

Results and Discussion

Vigor effects. Rootstock genotype affected 
tree vigor (Fig. 1). Across training systems, 
Mazzard was the most vigorous rootstock 

and ‘Gisela 5’ was the most vigor-control-
ling rootstock, reducing TCSA to 54% of 
Mazzard-rooted trees in 2003. ‘Gisela 6’ was 
intermediate in its vigor control, reducing 
TCSA to 80% of Mazzard-rooted trees by 2003. 
However, because tree density was similar for 
all rootstocks, the vigor response we observed 
may underestimate the actual size controlling 
potential of ‘Gisela 5’, which, in a commercial 
operation would be planted at higher densi-
ties. Other factors being equal, sweet cherry 
tree vigor is inversely proportional to tree 
density (Meland, 1998). Very little research 
has examined the mechanism(s) of dwarfing 
in sweet cherry; in other tree fruit species, 
dwarfing rootstocks have been reported to 
affect water relations (Basile et al., 2003), 
hydraulic resistance (Atkinson et al., 2003) 
and hormonal signals (Kamboj et al., 1999). In 
sweet cherry, ‘Gisela 5’-rooted trees exhibited 
vascular anomalies within the graft union (e.g, 
whorls of xylem tissue, reduced vessel size), 
and differences in the seasonal pattern of 
carbohydrate accumulation and reallocation 
surrounding the graft union, compared to 
standard Mazzard (Olmstead, 2004). 

The size-controlling properties of Gisela 
rootstocks were not apparent until several years 
after planting. Not until 1998, in the trees’ 
fourth year in the orchard, did significant dif-
ferences in TCSA exist (Fig. 1) when ‘Gisela 

5’ trees had about 20% less TCSA than trees 
on ‘Gisela 6’ and Mazzard rootstocks. ‘Gisela 
6’ and Mazzard-rooted trees exhibited similar 
vigor until 2000, when trees on ‘Gisela 6’ were 
about 20% less vigorous. Differences among 
rootstocks became more pronounced with age 
and as fruit yield increased. Whiting and Lang 
(2004) showed that trunk radial expansion of 
‘Bing’/‘Gisela 5’ trees is related negatively to 
canopy fruit-to-leaf area ratios. The current 
data suggest that a similar relationship exists 
irrespective of rootstock genotype. Fitted 
linear trends for TCSA over time were highly 
significant (r2 = 0.98). The slope of the fitted 
response for Mazzard was 26% and 51% 
higher compared with ‘Gisela 6’ and ‘Gisela 
5’, respectively. 

Differences in tree vigor among training 
systems were less pronounced than those 
among rootstocks (Fig. 1B) and there was no 
significant interaction between training system 
and rootstock. Only subtle (i.e., <10%) differ-
ences were evident in the first 4 years following 
planting though B-trained trees were signifi-
cantly smaller through 1998. This is likely due 
to the increased pruning, especially summer 
pruning, during the first two years of growth. 
By 1999, no training system differed from 
the others, but significant differences became 
evident in 2000 as CL and P trained trees began 
exhibiting less vigor than the B and Y trees 

Table 1. Value per size category used in economic 
analyses.

Fruit
size  Row Value
(mm) size ($/kg)
≥30 ≥9 3.69
28.2 9.5 3.47
26.6 10 3.20
25.4 10.5 2.58
24.2 11 2.24
22.6 11.5 1.86
21.4 12 1.46
20.6 13 0.54
19.0 14 0.00

Fig. 2. Yield (kg/tree) of ‘Bing’ sweet cherries as influenced by rootstock (A) or training system (B). 
Statistical comparisons are within year at P > 0.05.

Fig. 1. Trunk cross-sectional areas (cm2) of ‘Bing’ sweet cherries as influenced by rootstock (A) or training 
system (B). Statistical comparisons are within year at P > 0.05.
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which continued through 2003. However, by 
2002, CL and P trees were only about 15% less 
vigorous than B and Y. Early training of Y, and 
especially B, involved more branch heading 
cuts which may have increased the number of 
vegetative meristems and ultimately promoted 
greater trunk expansion in these systems. In 
addition, B trees were initially lower yielding 
compared to other systems, and radial trunk 
expansion is reduced by high crop load (Whit-
ing and Lang, 2004). Analysis of the slope of 
fitted linear regressions for TCSA over time 
(r2 = 0.99) further highlights the differences 
in vigor among training systems: B was the 
most vigorous, and Y, CL, and P exhibited 
slopes 10%, 20%, and 25% lower, respectively. 
However, the experimental orchard was planted 
at uniform density. Traditionally, Y and CL 
systems are planted at higher densities than 
multiple leader systems like B and P. 

Yield effects. Rootstock had a tremendous 
effect on tree precocity and productivity (Fig. 
2A). Overall, ‘Gisela 6’-rooted trees were the 
most productive, yielding between 13% and 

31% more than ‘Gisela 5’-rooted trees and 
657% to 212% more than Mazzard-rooted 
trees, depending on the year. Both ‘Gisela 5’ 
and ‘Gisela 6’ were significantly more preco-
cious than Mazzard and induced fruiting two 
years after planting. Fruit yield in 1998 and 
1999 from Gisela-rooted trees was about 
4.5- to 6.5-fold higher compared to Mazzard-
rooted trees. Cumulative yields of ‘Gisela 6’, 
‘Gisela 5’, and Mazzard rootstocks were 136, 
108, and 42 kg, respectively. The precocity 
of the Gisela series rootstocks is of particular 
interest to sweet cherry growers because the 
revenue from early fruit sales allows growers 
to recoup the costs of orchard establishment 
sooner (Seavert et al., 2002). Preliminary es-
timates indicate that the precocity of ‘Gisela 
5’ and ‘Gisela 6’ rootstocks, allows growers 
to break even financially 7 years before they 
would with Mazzard-rooted trees (Seavert et 
al., 2002) despite the higher cost of Gisela-
rooted nurserystock. 

Training system had a slight and some-
what inconsistent effect on tree precocity and 

productivity (Fig. 2B). Most notably, B trees 
exhibited lower yields compared to the other 
architectures, which were similar. Cumulative 
yields from P, Y, and CL trees were about 102 
kg. B trees were about 25% less productive, 
yielding 75 kg over the 6 years. Lower precoc-
ity from B trees likely is a result of repeated 
summer and dormant pruning during the first 
3 years after planting. Such pruning cuts limit 
vegetative extension growth and, thereby, fu-
ture fruiting sites. These relationships have not 
been reported previously for sweet cherry in 
the PNW. However, previous research on ‘Van’ 
sweet cherry found a Y-trellis system to be the 
most productive (Meland, 1998) compared to 
vertical axis, free spindle, and multiple leader 
vase architectures. 

Tree density has an enormous effect on 
fruit yield and, to a lesser extent, tree growth. 
Generally, yield is positively, and growth is 
negatively, related to tree density (Meland, 
1998; Robinson, 1997), up to a point. This is 
particularly true at low tree densities but yield 
increases at a decreasing rate as tree density 
increases. The tree spacing of this trial (2.6 × 
4.9 m) is considered high density in the PNW, 
particularly for Mazzard-rooted trees. Indeed, 
the inherent vigor of Mazzard rootstock and the 
orchard site made the trees difficult to maintain 
within this spacing. Planting Mazzard-rooted 
trees at a lower density may improve light dis-
tribution throughout the canopy and, thereby, 
improve floral bud induction and, potentially, 
yield from the lower, heavily shaded portions 
of the canopy. In contrast, tree spacing in this 
trial was appropriate for ‘Gisela 6’, and sub-
optimal for ‘Gisela 5’ rooted trees. Currently 
in the PNW, growers are planting ‘Gisela 
5’-rooted orchards at 1.75 to 2.5 m within the 
row and 4.5 to 5 m between rows (i.e., 890 to 
1420 trees/ha) . Tree density was not varied in 
this trial, but we expect orchard yield would 
increase proportional to the change from 840 
trees/ha because yield per unit land area is posi-
tively related to tree density (Meland, 1998). 
This would favor the Gisela series rootstocks 
whose yield per tree was significantly greater 
than Mazzard (Fig. 2A). Research into the 
interactions among sweet cherry tree density, 
rootstock, yield and fruit quality is needed.

Fruit quality effects. Rootstock and train-
ing system affected fruit quality. In addition, 
there existed significant interaction between 
rootstock and training system (Table 2). For 
both ‘Gisela 5’ and ‘Gisela 6’, B architecture 
yielded the largest fruit and the P system yielded 
the smallest. Compared to the other systems, 
individual fruit weight from B trees was about 
15% heavier. This is due in large part, to the 
lower yield and higher vigor of B trees. In 
contrast, there were only slight (<8%) differ-
ences in fruit weight among training systems 
for Mazzard-rooted trees. Across all years, the 
Y system yielded the largest fruit and CL the 
smallest. Across training systems, fruit weight 
was highest on Mazzard, and about 16% lower 
on both ‘Gisela’ rootstocks. This highlights 
the most significant horticultural challenge to 
profitable adoption of precocious, productive, 
and dwarfing rootstocks for sweet cherry. There 
exists a clear negative relationship between 

Table 2. Weight and percent premium ‘Bing’ sweet cherry fruit harvested from trees grown on three 
rootstocks with four training systems. Data are 7-year means. Means within a column followed by the 
same letter are not statistically different (P < 0.05).

  Fruit 10-Rows
 Training wt and larger
Rootstock system (g) (%)
‘Gisela 5’ Central leader 6.5 de 3.1 e
 Bush 7.2 bc 14.2 cd
 Palmette 6.0 f 3.0 e
 Y-trellis 6.5 de 5.4 de
‘Gisela 6’ Central leader 6.3 def 5.2 de
 Bush 7.4 b 21.3 bc
 Palmette 6.2 ef 3.5 e
 Y-trellis 6.8 cd 10.6 de
Mazzard Central leader 7.6 b 25.6 ab
 Bush 7.7 ab 24.0 b
 Palmette 7.8 ab 25.9 ab
 Y-trellis 8.2 a 33.4 a

Fig. 3. Relationship between 9-year-old of ‘Bing’ sweet cherry tree yield efficiency [kg fruit/cm2 trunk 
cross-sectional area (TCSA)] and individual fruit weight. Trees were grown on three rootstocks and 
four training systems; y = 6.3 + 7.7x – 83.3x2, r2 = 0.77, p > 0.001, n = 12.



585HORTSCIENCE VOL. 40(3) JUNE 2005

sweet cherry canopy fruit-to-leaf area ratio 
(F:LA) and fruit quality (Whiting and Lang, 
2004). Each tree was pruned only for light 
penetration and to maintain tree spacing. Modi-
fied pruning strategies that limit future fruiting 
sites and balance crop load with vegetative 
vigor (i.e., photosynthetic capacity) must be 
utilized for Gisela-rooted trees. This is most 
readily accomplished by heading new shoot 

growth back to about 45 to 50 cm during the 
dormant season. This approach improves limb 
and canopy F:LA by 1) removing future fruit 
bearing nodes (i.e., limiting fruit number) and 
2) reducing limb acrotony (i.e., increasing leaf 
surface through increased lateral vegetative 
growth). In pruning trials using this strategy, 
Gisela-rooted trees remained more precocious 
but produced fruit quality comparable to that 

from Mazzard-rooted trees (M.D. Whiting, 
unpublished). 

Sweet cherry fruit usually are marketed by 
diameter or row size (an industry sales designa-
tion); larger fruit are more valuable than smaller 
fruit (Table 1). Fruit that are about 26.6 mm 
(10-row) or larger are considered premium 
quality. Analysis of fruit row size affirms the 
benefits of B architecture for ‘Gisela’-rooted 
trees. Compared with the other systems, among 
which there were no differences, B-trained trees 
yielded about a 3.5-fold higher percentage of 
fruit in the premium size category (Table 2). 
This again largely reflects favorable canopy 
fruit-to-leaf area ratios from B trees and less 
competition for photoassimilates among de-
veloping fruit, although canopy leaf area was 
not measured in this trial. Mazzard-rooted 
trees bore a higher proportion of 26.6 mm 
and larger fruit compared to both ‘Gisela’ 
rootstocks, but yielded less in this premium 
size category due to lower tree yield. Similar to 
fruit weight, training system had only a slight 
effect on fruit size. On Mazzard rootstock, 
Y yielded the highest percent premium fruit 
and B yielded the lowest. The promotion of 
vegetative vigor by pruning-intensive training 
strategies like the B system can result in low 
yields on vigorous rootstocks due to excessive 
vegetative growth, while they can promote a 
more balanced canopy on dwarfing precocious 
rootstocks that otherwise would be unbalanced 
in favor of reproductive growth. To our knowl-
edge, these interactions have not been reported 
previously for sweet cherry.

For mature trees and across rootstocks, the 
relationship between fruit weight and whole 
tree yield efficiency in 2002 was negative 
and curvilinear (Fig. 3). This relationship 
was similar in 2003 as well (data not shown). 
This reflects increased competition for photo-
assimilates within trees exhibiting high yield 
efficiency (i.e., bearing large crops within a 
limited size canopy). This response supports 
earlier work that documented a close negative 
relation between fruit quality and fruit-to-leaf 
area ratio (Roper and Loescher, 1987; Whiting 
and Lang, 2004). This also underscores the 
importance of balancing crop load with canopy 
area to achieve good fruit quality, especially 
on new rootstocks that not only limit vigor, 
but also promote earlier and more extensive 
flower bud formation (Maguylo et al., 2004). 
A threshold exists around 0.1 kg·cm–2 TCSA, 
above which fruit size declines more rapidly 
with increasing yield efficiency. Interestingly, 
this threshold is close to that discovered within 
‘Bing’ and ‘Gisela 5’ trees thinned to varying 
fruit-to-leaf area ratios (Whiting and Lang, 
2004). This suggests that, to achieve optimum 
fruit size under our conditions, ‘Gisela 5’ 
rooted trees should bear a maximum of about 
14 kg fruit/tree. In practice, this represents a 
reduction of about 33% to 50% of the natural 
yield for mature ‘Bing’/‘Gisela 5’ trees (20 
to 30 kg; Fig. 2, Whiting and Lang, 2004). 
This converts to about 12.1 mt per ha at 864 
trees/ha—about 15% to 20% higher than 
the average yield of sweet cherry orchards 
in Washington State. However, greater tree 
densities can be achieved on ‘Gisela 5’, and 

Table 3. Fruit yield and gross crop value from 9-year-old ‘Bing’ sweet cherry trees grown on three rootstocks 
and four training systems.

   Gross Gross
   crop crop
 Training Yield value value
Rootstock system (kg) ($/tree) ($/kg)
‘Gisela 5’ Central leader 25.7 44.1 1.72
 Bush 16.1 32.7 2.03
 Palmette 20.1 27.2 1.35
 Y-trellis 23.3 39.8 1.71
‘Gisela 6’ Central leader 29.9 68.9 2.30
 Bush 19.0 47.9 2.52
 Palmette 31.4 58.3 1.86
 Y-trellis 27.7 63.8 2.30
Mazzard Central leader 12.5 37.6 3.01
 Bush 4.5 12.3 2.73
 Palmette 10.7 34.1 3.19
 Y-trellis  4.3 13.6 3.16

Fig. 4. Relationship between 9-year-old of ‘Bing’ sweet cherry trees grown on three rootstocks and four 
training systems and gross crop value (A) per kg of fruit and (B) per tree. (A) y = 3.6 – 0.12x + 0.002x2, 
r2 = 0.53, p < 0.03. (B) y = 7.96 + 1.17x, r2 = 0.79, p < 0.0001, n = 12.
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yield per ha would increase proportionally, 
up to a point. Similarly, optimum crop load 
of ‘Gisela 6’-rooted trees is about 20 kg/tree, 
again requiring about a 33% to 50% reduction 
in natural crop load for maximum fruit quality. 
At 864 trees/ha, this translates into 17.3 t·ha–1. 
In contrast, Mazzard-rooted trees would be 
optimized at about 25 kg/tree because of the 
greater canopy volume to support fruit growth. 
Actual yields of 8-year-old Mazzard-rooted 
trees were about half of the estimated optimum 
(Fig. 2). The lack of productivity on Mazzard 
rootstock due to lower flower bud formation 
remains a significant challenge. However, 
caution must be taken when interpreting these 
results, because the effects of rootstock on dry 
matter partitioning are unknown. Regardless, 
this analysis underscores the need for distinctly 
different crop load management strategies for 
sweet cherry orchard systems based on Gisela 
or Mazzard rootstocks. 

Preliminary economic analyses. Profitabil-
ity of any orchard system depends upon fruit 
yield, quality, price, and the expenses involved 
in planting, maintaining and harvesting the 
orchard (Seavert et al., 2002). For a prelimi-
nary analysis of the economic relationships 
between rootstocks and training systems, we 
compared only crop value per tree based on 
detailed yield and size data collected in 2003 
(Table 3). This analysis assumes a 100% pack-
out and no cullage difference among training 
systems and rootstocks (i.e., similar quantity of 
fruit surface blemishes or other damage). On a 
single tree basis, we calculated the greatest crop 
value for ‘Gisela 6’-rooted trees, irrespective 
of training system. Compared to ‘Gisela 6’, 
across training systems, returns were 40% and 
60% less for ‘Gisela 5’ and Mazzard rootstocks, 
respectively. This is due to the high yields 
from ‘Gisela 6’, despite better fruit quality 
from Mazzard-rooted trees. Indeed, tree yield 
is related linearly and closely to gross returns 
per tree (Fig. 4B). Irrespective of rootstock, the 
highest yielding system provided the best crop 
value per tree. The current analyses suggest 
that growers are rewarded for producing high 
yields of lower quality fruit compared to low 
yields of top-quality fruit. However, we expect 
the response to eventually become hyperbolic 
or even parabolic as fruit quality declines with 
increasing yields or as higher premiums are 
paid for larger fruit. Increased sweet cherry 
production in the PNW has already elicited a 
shift in the price structure in favor of larger, 
higher quality fruit. Additionally, the high cost 
of hand-picking becomes proportionally higher 
for large volumes of small fruit compared to 
lower volumes of large fruit.

Comparing gross crop value ($/kg) is a 
means of evaluating treatment effects on fruit 
quality and yield relationships. The relationship 
between yield and crop value is negative and 
curvilinear (Fig. 4A). This is due to the nega-
tive relationship between fruit quality and yield 
(Whiting and Lang, 2004) and reflects lower 
prices paid for small fruit. Mazzard-rooted trees 
exhibited the best returns per kg fruit harvested 
due to high fruit quality (Table 3). For both 
Gisela rootstocks, B-trained trees exhibited 

the best returns per kg fruit, again because of 
higher fruit quality compared to other training 
systems. In addition, for both Gisela rootstocks, 
gross crop value of P-trained trees was about 
24% lower than the other systems. 

As discussed above, 864 trees/ha is an 
appropriate density for ‘Gisela 6’ but is low 
for ‘Gisela 5’. We hypothesize that at higher 
densities, crop value per ha from ‘Gisela 5’ 
should approach that for ‘Gisela 6’. This would 
occur, at about 1430 trees/ha, ceteris paribus. 
We have recently planted new experimental 
orchards at Washington State University on 
‘Gisela 5’ at 1.75 × 4.25 m (1345 trees/ha), 
to evaluate sweet cherry yield and quality 
potential under high density management. In 
addition, on ‘Gisela 5’ we expect lower costs 
of production, particularly pruning and harvest, 
due to smaller tree stature in comparison to 
‘Gisela 6’ and especially Mazzard. Further 
research into the effects of tree density, yield, 
fruit quality, and production economics would 
be helpful for developing high density sweet 
cherry orchard system recommendations. 
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