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Abstract. Canopy shape and depth may influence crop uniformity of peach trees at harvest. 
To test this hypothesis we examined yield distribution and fruit quality changes at different 
canopy levels of peach trees trained to delayed vase (DV) and perpendicular Y (Y). Trees 
of both training forms were divided vertically into six or seven 50-cm-deep layers and fruit 
was harvested at commercial ripening from each layer separately. Regardless of training 
form, number of fruit and yield per layer were highest in the central part of the canopy, but 
more evenly distributed among canopy layers in Y trees. In DV trees, fruit weight decreased 
linearly from top to bottom, whereas it remained constant along the top and middle portion 
of Y canopies to decrease rapidly at the bottom. In DV trees, 83% of the fruit fell into AAA, 
AA and A size categories, whereas fruit of Y trees was more evenly distributed among all 
size categories. Hue of fruit peel color increased linearly with distance from canopy top in 
both training forms, but more sharply in DV trees. Fruit soluble solid content decreased 
linearly from canopy top to bottom, regardless of training form. A more uniform crop load 
distribution within the canopy in combination with a light penetration gradient resulted in 
greater variability of quality parameters for Y than DV trees.

In peach [Prunus persica (L.) Batsch], fruit 
size, along with other fruit quality parameters, 
represents one of the major sources of fruit 
variability at harvest (Dann and Jerie, 1988; 
Genard and Bruchou, 1992). Final fruit size is 
the result of competition within the tree (Chalm-
ers and Van den Ende, 1975) and depends on the 
position of the fruit within the canopy (Loreti 
et al., 1980; Tustin et al., 1988) and on the 
shoot (Spencer and Couvillon, 1975). Other 
sources of variability in peach fruit quality are 
represented by red peel color, soluble solids, 
acidity and flesh firmness, which may change 
independently (Genard and Bruchou, 1992).

Light plays a critical role in the relationship 
between position within the canopy and final 
fruit quality. Indeed, fruit weight and sugar 
content (Barrit et al., 1987; Jackson et al., 1971; 
Loreti et al., 1980), fruit color (Erez and Flore, 
1986), number of flowers and fruits (Ferree, 
1980), fruit set (Tustin et al., 1988), and yields 
(Barrit et al., 1991) are proportional to light 
interception within the canopy. Orchard design 
and tree training form significantly affect light 
interception and distribution within the canopy. 
For example, Y-shaped peach canopies show 
greater light interception and better distribution 
than open vase or central spindle (De Salvador 
and DeJong, 1989).

In addition, causes other than light level 
within the canopy, such as endogenous dif-
ferences related to fruit position, may also 
affect percent dry weight of the mesocarp 
or soluble solids (Dann and Jerie, 1988). In 

particular, final fruit size and quality may de-
pend on shoot length, fruit distribution on the 
shoot, and number of fruit per centimeter of 
shoot length as well as on the type of bearing 
shoot (Corelli-Grappadelli and Coston, 1991; 
Corelli-Grappadelli et al., 1996; Genard and 
Bruchou, 1992; Marini and Sowers, 1994).

Increasing fruit quality is a major goal of 
growers as it increases consumer acceptance. In 
addition, more uniform fruit quality at harvest 
would decrease production costs by simplify-
ing and speeding up orchard management 
operations (pruning, thinning, disease control, 
and harvest) and distribution operations. The 
purpose of this study was to examine fruit load 
and quality distribution within the canopy of 
peach trees trained to either a delayed vase or 
a perpendicular Y form.

Materials and Methods

This study was conducted in a com-
mercial peach orchard located near Riesi, in 
central–south Sicily (37°17’N, 14°04’E). The 
trees were grown in a sandy loam (pH 7.3) with 
low active carbonates. In July 2001, 30 8-year-
old trees of the peach cultivar ‘Elegant Lady’ 
grown on GF677 (Prunus persica × Prunus 
amigdalus) rootstock were selected. One half 
of the trees were trained to a delayed vase (DV; 
central leader was removed on the third year 
after planting) and spaced at 4.5 × 3 m; the 
second half was trained to the perpendicular Y 
trellis (Y) and spaced at 5 × 2 m. Trees of the 
two training forms were grown in two separate, 
but neighboring blocks and in each block, 15 
trees were chosen from three different rows. 
Trees trained to DV were kept at a height of 

about 3 m and yielded 54 kg/tree (27 t·ha–1); 
Y trees were kept at a height of about 3.5 m 
and yielded 46 kg/tree (37 t·ha–1). Routine 
horticultural care (pruning, thinning, irrigation, 
fertilization, and pest control) was applied to 
all trees throughout the season. Fruit from both 
training systems were thinned approximately 
30 days after full bloom by removing doubles 
and leaving about one fruit every 15 cm of 
shoot. In addition, DV trees were summer 
pruned once at the beginning of July, whereas 
Y trees were pruned in April, immediately after 
fruit thinning, and again in July (to remove 
suckers and young sprouts from the shoulder 
of the main branches).

Light interception was measured with LI-
190SZ Quantum sensors (LI-COR, Lincoln, 
Neb.) connected to a CR10 datalogger (Camp-
bell Scientific Ltd., Logan, Ut.) and positioned 
within the canopy at 0.75, 1.5, and 2.25 m 
from the ground level as well as at canopy top. 
Light interception at each level was recorded 
as an average of three measurements over 
two days (1 and 2 Aug. 2001) and expressed 
as percentage of the incident (at canopy top) 
photosynthetic photon flux density (PPFD). 
Minimum percentage of incident PPFD and 
its location within the canopy were obtained 
using the algebraic expression for the vertex of 
the parabola (quadratic model) that best fitted 
the light data for each training form.

Tree canopies were divided vertically into 
6 (DV) or 7 (Y) 50-cm-deep layers with the aid 
of a measuring pole, and all fruit was harvested 
by hand in 4 (Y) or 5 (DV) picks from 18 July 
to 3 Aug. 2001 according to ground color and 
flesh firmness. Fruit was placed in separate 
plastic bags and taken to the laboratory for 
determination of number, weight, diameter, 
color, flesh firmness, and soluble solid content 
(SSC). Percentage of red color was visually 
rated, whereas intensity of red color was mea-
sured with a colorimeter (CR-300; Minolta 
Co., Ltd., Osaka, Japan). Commission Interna-
tionale de l’Eclairage color space coordinates 
L*, a*, and b* were used to calculate chroma 
(C*), an index of color saturation, and hue 
angle (h°) (McGuire, 1992). Flesh firmness 
was measured with a manual pressure tester 
(TR di Turoni & Co., Forlì, Italy) mounting 
an 8-mm tip on two opposite peeled sides of 
the fruit, whereas SSC was measured with 
an Atago Palette PR-32 digital refractometer 
(Atago Co., Ltd., Tokyo, Japan). Weight and 
diameter were determined on each fruit and 
used to calculate yield and commercial size, 
respectively. Commercial sizes were AAA 
(>82.5 mm), AA (72.6 to 82.5 mm), A (67.6 
to 72.5 mm), B (62.6 to 67.5 mm), C (57.6 
to 62.5 mm), and D (<57.5 mm). Peel color, 
flesh firmness, and SSC were determined on 
a sample of 40 to 50 fruit per training form × 
tree × layer combination when available, on 
all fruit for those layers where fewer peaches 
were present. The trunk circumference of each 
tree was measured at about 15 cm above the 
ground to calculate yield efficiency, expressed 
as kilograms of fruit per square centimeter of 
trunk cross-sectional area, and crop density, 
expressed as number of fruit per square cen-
timeter of trunk cross-sectional area.
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Differences in yield, yield efficiency, and 
crop density between the two training forms 
were tested using Student’s t test, whereas 
differences in SSC between the two training 
forms were tested using analysis of variance 
and yield efficiency or crop density as a co-
variate (SYSTAT, SPSS, Inc., Chicago, Ill.). 
Means for each layer were plotted against 
distance from canopy top taken at the center 
of each layer. Regression analysis (SigmaPlot, 
SPSS Inc., Chicago, Ill.) was used to determine 
association between distance from canopy 
top and parameters observed. All coefficients 
presented in regression models are significant 
at P ≤ 0.05 and the best model for each set 
of data was chosen based on the Schwarz’s 
Bayesian criterion (SBC).

Results and Discussion

Yield (54 and 46 kg/tree for DV and Y, 
respectively), yield efficiency (0.38 and 0.41 
kg·cm–2 for DV and Y, respectively), and crop 
density (2.17 and 2.36 fruit/cm2 for DV and 
Y, respectively) were similar (P > 0.05) for 
both training forms. Percentage of incident 
PPFD decreased from canopy top to bottom 
in a quadratic manner for both training forms, 
but more sharply in DV than Y trees as shown 
by the more negative linear coefficient (P = 
0.033) for the model associated with DV trees 
(Fig. 1). Moreover, minimum light interception 
was 20.2% of incident PPFD and occurred at 
2.33 m from the canopy top in Y trees, and 
16.7% of incident PPFD at 1.97 m from the 
canopy top in DV trees. Similar light intercep-
tion data have been reported in apple (Ferree 
et al., 1980; Tustin et al., 1988) and in peach 
trees trained to vase (Chalmers et al., 1975) 
and Y (Caruso et al., 1998). Those light level 
differences within the canopies indicate that Y 
trees, despite having a taller canopy, are more 
efficient in terms of light distribution within 
the canopy than DV trees, in agreement with 
the data of De Salvador and DeJong (1989). 
These differences could be partly due to more 
frequent and efficient pruning of Y trees during 
the vegetative season.

Number of fruit and yield per layer followed 
similar quadratic trends for the two training 
forms and were greatest in the central por-
tion of the canopy (Fig. 2A and B). However, 
number of fruit and yield were more uniformly 
distributed throughout Y than DV canopies, as 
shown by the significantly smaller (P = 0.025) 

Fig. 2. Number of fruit (A) and yield (B) distribution 
within canopies of ‘Elegant Lady’ peach trees 
trained to delayed vase (DV) and perpendicular Y 
(Y). For Y trees, N × fruit = 84 × distance – 25 × 
distance2, r2 = 0.90; yield = 14.1 × distance – 4.4 
× distance2, r2 = 0.89. For DV trees, N. fruit = 
166 × distance – 52 × distance2, r2 = 0.91; yield 
= 30.5 × distance – 9.6 × distance2, r2 = 0.91.

Fig. 1. Percentage of incident photosynthetic photon 
flux density (PPFD) within canopies of ‘Elegant 
Lady’ peach trees trained to delayed vase (DV) 
and perpendicular Y (Y). For Y trees, PPFD = 
99.8 – 68.4 × distance + 14.7 × distance2, r2 = 
0.99. For DV trees, PPFD = 99.5 – 84 · distance 
+ 21.3 × distance2, r2 = 0.99.
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quadratic coefficient (indicating a lower degree 
of curvature). These differences are associated 
with a greater number of bearing shoots in the 
central portion of each main limb in DV trees 
compared to Y trees, which may be due to a 
difference in pruning of 1-year-old and older 
wood and the resulting light penetration within 
the two training forms.

Of the fruit produced on DV trees, 83% 
was distributed among size categories AAA, 
AA and A, and located primarily (52%) in 
the central portion of the canopy (Fig. 3A), 
whereas only 61% of the fruit produced on Y 
trees fell into size categories AAA, AA, and 
A (Fig. 3B). Caruso et al. (1998) reported 
that Y trees produced a greater number of 
large-sized fruit than did trees trained to 
central leader.

Fruit weight decreased from canopy top to 
bottom in both training forms (Fig. 4A). This 

decrease may be, in part, associated with light 
interception. Similar findings are reported for 
apple (Robinson et al., 1983) and peach (Ca-
ruso et al. 1998; Marini et al., 1991) trees. Yet, 
fruit weight of DV trees decreased linearly as 
distance from canopy top increased, whereas 
fruit weight of Y trees remained nearly constant 
in the upper and central portions of the canopy 
and decreased rapidly in the lower levels. This 
difference in fruit weight at various canopy 
locations could be associated with longer 
bearing shoots, and therefore higher leaf:fruit 
ratios, at the top of DV canopies compared to 
Y canopies.

Although peaches were harvested at com-
mercial ripening based on ground color and 
flesh firmness, significant changes in flesh 
firmness were observed throughout the canopy 
of both training forms. Specifically, in DV trees 
fruit flesh firmness followed a polynomial trend 
with its vertex in the central portion of the 
canopy, whereas in Y trees firmness decreased 
linearly from top to bottom (Fig. 4B). At harvest 
workers are often influenced by fruit size and 

Fig. 3. Distribution of fruit size categories within cano-
pies of ‘Elegant Lady’ peach trees trained to delayed 
vase (DV) (A) and perpendicular Y (Y) (B).
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Fig. 4. Fruit weight (A) and flesh firmness (B) within 
canopies of ‘Elegant Lady’ peach trees trained 
to delayed vase (DV) and perpendicular Y (Y). 
For Y trees, weight = 183 – 1.79 × distance3, r2 = 
0.96; firmness = 6.56 – 0.37 × distance, r2 = 0.63. 
For DV trees, weight = 211 – 18.6 × distance, r2 
= 0.94; firmness = 3.15 – 1.96 × distance + 4.55 
× distance0.5, r2 = 0.91.

red color, which could result in the delayed 
harvest of less colored fruit at the bottom of 
the canopy. This may explain the proportional 
decrease in flesh firmness from top to bottom 
in Y trees. Also, fruit of the taller Y trees was 
picked with the help of harvesting trailers, 
whereas fruit of the DV trees were harvested 
from the ground. Thus, fruit at the top of DV 
canopies may have remained on the tree for 
longer and consequently lost firmness.

The H° value was proportional to distance 
from canopy top in both training forms (Fig. 
5A). Specifically as the distance progressed 
from canopy top to bottom, fruit peel color 
shifted from red to orange. Similar results are 
reported for peach trees trained to modified 
central leader (Bible and Singha, 1993) and Y 
(Caruso et al., 1998). However, in our study 
the shift in h° was greater for fruit of DV trees 
than those of Y trees as shown by the sharper 
(P = 0.049) inclination of the line (Fig. 5A). 
Percent of red color, L*, and C* did not follow 
any specific trend (data not shown).

Also SSC decreased linearly as distance 
from canopy top increased in both training 

forms (Fig. 5B). The slopes of the two lines, in 
this case, were similar, whereas the y-intercept 
for DV trees was significantly higher than the 
y-intercept for Y trees (P < 0.001). In other 
words, fruit of DV trees were sweeter than 
that of Y trees at all canopy layers. These dif-
ferences remained significant even following 
adjustment of SSC for crop load by using yield 
efficiency as a covariate. Similar decreasing 
trends from canopy top to bottom for SSC were 
reported by other Authors in peach (Caruso 
et al., 1998; Dann and Jerie, 1988; Génard 
and Bruchou, 1992) and apple (Tustin et al., 
1988). Lower sugar content at the bottom of 
the canopy could be due to hormonal signals 
associated with fruit position (Chalmers, 1986); 
or, more likely, lower light interception at the 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-05 via free access



591HORTSCIENCE VOL. 40(3) JUNE 2005

Fig. 5. Fruit hue (H) (A) and soluble solid content 
(SSC) (B) within canopies of ‘Elegant Lady’ 
peach trees trained to delayed vase (DV) and 
perpendicular Y (Y). For Y trees, H = 24.5 + 
4.31 × distance, r2 = 0.93; SSC = 11.9 – 1.23 
× distance, r2 = 0.98. For DV trees, H = 21.8 + 
6.44 × distance, r2 = 0.92; SSC = 11.9 – 1.23 × 
distance, r2 = 0.99.

bottom of the canopy could reduce assimilate 
production and supply to the fruit, and in turn 
be responsible for lower sugar levels.

Position within the canopy had a major ef-
fect on peach fruit quality, due mainly to light 
penetration. Also, a more uniform crop load dis-
tribution among canopy layers in combination 
with a light penetration gradient (and perhaps 

different leaf to fruit ratios) within Y canopies 
resulted in a greater variability of fruit quality 
parameters compared to DV canopies.
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