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Summary
Different tree fruit loads and intensities of winter
pruning were combined in an early-maturing peach
cultivar ‘Alexandra’, sensitive to biennial bearing, so as
to assess the impact of the number of fruit per meter
shoot length on the regularity of fruit production. Crop
load was shown to vary in the next year from a factor
of one to a factor of 11, underlining the major incidence of the treatments tested on alternate bearing in
peach. There was a close and negative relationship
between flower density (number of flower per m shoot
length) and fruit density (number of fruit per m shoot
length) in the previous year. As a consequence, fruit

density and number of fruit per tree were also negatively correlated to fruit density in the previous year,
which could then be considered as a major parameter
triggering alternate production in peach. A maximal
fruit load of four fruit per m shoot length could be
recommended for a regular ‘Alexandra’ peach production. Because peach number per tree was positively
correlated to total length of fruit-bearing shoots, light
winter pruning should be performed in order to limit
the detrimental effect of a weak return bloom on production of the year in progress.
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Introduction
The volume of fruit produced each year in many tree species fluctuates dramatically (GOLDSCHMIDT 2005). Biennial
or alternate bearing occurs in many commercial fruit
trees where yield alternates from high (on-year) to low
(off-year) (SMITH and SAMACH 2013). Biennial bearing has
been reported in several members of the Roseacea species,
almond (LAMPINEN et al. 2011), apple (GREER et al. 2002;
LI et al. 2003) and plum (COURANJOU 1989). However,
little information has been reported for peach despite the
importance of this crop grown throughout Italy, Spain,
France and Greece in Europe.
Peach trees often produce many fruit, and hand-thinning is commonly required in order to maintain consistent
and quality production (MARINI 2003). Fruit thinning is
one of the most expensive cultural practices in peach production: hand-thinning is time-consuming, in France it
takes between 15 and 30 min by tree. Chemical thinning
as an option for stone fruit is both limited and unpredictable then very scarcely used (MARTIN-GORRIZ et al. 2012).
Hence, cultivars that have fewer flowers can be more
profitable than cultivars with many flowers (SEEHUBER et
al. 2011). However, these cultivars may be sensitive to
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biennial bearing, particularly under unfavourable climatic
conditions in spring. It has been reported that peach production is depressed, particularly after cold weather in
spring (BUSSI et al. 1994). Identifying cultural practices
that influence alternate bearing in peach therefore appeared necessary for improving peach production under
these conditions.
For other tree species, the distribution of fruit throughout the whole canopy effected fruit quality and return
bloom (TITAYON and STRIK 2004). In peach, thinning and
pruning in winter can affect the number and distribution
of fruit within the tree (BUSSI et al. 2009).
The objective of our study was to report on the relationship between fruit yield in one year and flower and
fruit production in the previous year in the biennial
bearing ‘Alexandra’ growing in the Middle Rhône Valley
in France. The number of flowers and fruit on a tree were
manipulated by hand thinning and pruning the trees in
winter. Two separate experiments were conduced over
two years. Fruit production depends on the levels of
flowering and fruit abscission, and the lengths of the fruit
bearing shoots (PEREZ-PEREZ et al. 2008). The effects of
the different treatments on these parameters were particularly explored.
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Materials and Methods
Plant material
The peach cultivar ‘Alexandra’ was grown on GF305 rootstocks, and planted in 2002 at Valence in the MiddleRhône Valley, France. The trees flowered about March 20
each year, with mature fruit about June 25.
The orchard had five rows of 22 trees (three rows of
experimented trees inside the orchard and two guards)
in a Y-training system (two main scaffold branches per
tree), with 2 m between the trees and 4.5 m between the
rows. The trees were full-irrigated without any water
restriction. The trees were grown as a marketable crop
except for pruning in February and thinning in early
May.
In 2004, when treatments for Experiment I (Exp. I)
were differentiated, trees from two tree rows were
sampled to arrange the three treatments into five
blocks, each with two replicates (10 trees per treatment). In 2006, three blocks, each including the five
treatments, were sampled on the third experimental
tree row for Experiment II (Exp. II) (three trees per
treatment).

Pruning and thinning treatments
The treatments were applied in 2004 and 2006. The onyears were 2004 and 2006, and the off-years were 2005
and 2007.
In 2004 (Exp. I), the trees had 100 fruit per tree and
were pruned in winter to give 20, 30 or 40 fruit-bearing
shoots (FBS) per tree. This gave about 5.0, 3.3 or 2.5 fruit
per bearing shoot. In 2006 (Exp. II), there were five treatments with the trees pruned and thinned to give 60 fruit
per tree and 120 FBS per tree; 60 fruit per tree and 60
FBS per tree; 270 fruit per tree and 120 FBS per tree; 270
fruit per tree and 60 FBS per tree; 420 fruit per tree and
120 FBS per tree. This gave about 0.5, 1.0, 2.2, 4.5 and
3.5 fruit per FBS. In 2005 (Exp. I) and 2007 (Exp. II),
pruning was light (about 30 % of FBS length removed)
across all the treatments and there was no thinning in
these years.

Measurements
Peach trees bear fruit on one-year-old shoots (GORDON
and DEJONG 2007). All these shoots in spring 2005 or 15
of these shoots in spring 2007 were chosen on the main
scaffold branches oriented east at the beginning of the
growing season.
The number of flowers per meter of FBS (flower density per m), and the number of fruits per meter of FBS
(fruit density per m), were counted on each tree. Fruit
abscission was calculated as (100 – PRF), where PRF is
the Percentage of Ripe Fruit relative to the number of
flowers on each tagged shoot.

The total length of FBSs per tree was measured after
pruning in winter for all trees in 2005 and for one or two
trees per treatment in 2007.

Statistical analysis
Regression curves were adjusted using the least squares
technique to test the relationships between the parameters measured. Data from Exp. I and Exp. II were pooled
to be globally tested. If no significant relationship was
detected, the data of each experiment were separately
tested (Statgraphics® Plus software). The best-fitted functions were found to be logarithmic. The regression curve
was shown if the correlation coefficient was found to be
significantly different from zero. Statistical significance
was established at P ≤ 0.05 (*) and P ≤ 0.01 (**).

Results
Relationship between flower and fruiting, and the
previous crop
Flower density varied from 4 to 18 in 2005 and from 11
to 30 in 2007, and was negatively correlated with fruit
density the previous year (Fig. 1A). Fruit density varied
from 1 to 4 in 2005 and from 2 to 9 in 2007, and was
negatively correlated with crop load the previous year
(Fig. 1B). The relationship between fruit density and the
previous crop was not as strong as the relationship
between flower density and the previous crop (Fig. 1B). A
stable fruit production would occur with about four fruit
left per m of FBS, inducing 15 flowers and four fruit per
m of FBS in the subsequent year (Fig. 1A and B).

Relationship between fruit abscission and flower density
Relative fruit abscission varied from 30 to 90 % of the
initial flowers on the two experiments and was positively
correlated with the density of flowers the same year
(Fig. 2). Fifteen flowers per m of FBS would induce about
75 % of fruit abscission and four fruit per m of FBS
(Fig. 2). Overall fruit abscission tended to be higher in
2005 than in 2007 (Fig. 2). In parallel, frost affected the
experimental orchard in spring 2005 with a temperature
of –1 °C in early April two weeks after full bloom.

Relationship between yield and fruiting the previous year
In 2005 and in 2007, from 15 to 178 fruits (ratio of one to
11) and from 88 to 358 fruits (ratio of one to 4) were
borne per tree, respectively (Fig. 3). There were strong
negative correlations between the number of fruit harvested per tree and the density of cropping the previous
year, with relatively higher yields in 2007 than in 2005
(Fig. 3A). Four fruit left per m of FBS were likely to insure
a next year mean production of about 200 fruit per tree
Europ.J.Hort.Sci. 6/2014
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Fig. 2. Relationships between percentage of fruit abscission and number of flower per m of FBS of the year in
‘Alexandra’ peach trees. In 2005, y = 23.61 ln(x) + 18.48
(r2 = 0.64**); in 2007, y = 23.25 ln(x) + 2.03 (r2 = 0.33*). For
the legend see Fig. 1.
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Fig. 1. Relationships between flower (A) and fruit (B) productions and cropping the previous year in ‘Alexandra’
peach trees. Data are the mean of each sampled tree. The
trees were thinned and pruned to provide a range in the
number of fruit per tree, number of bearing shoots and
number of fruit per bearing shoot in two experiments
conduced in 2004/2005 (■) and 2006/2007 (○). For A,
y = –10.51 ln(x) + 30.97 (r2 = 0.66**). For B, y = –1.90 ln(x) +
6.59 (r2 = 0.28*). *, ** Significant at P ≤ 0.05 or P ≤ 0.01.

(Fig. 3A). Overall yield per tree was strongly correlated
with the length of the fruit-bearing shoots on a tree in the
same year, with 2007 more fruitful than 2005 (Fig. 3B).

Discussion
In fruit trees, high numbers of fruit in bearing shoots decrease flower production for the following crop (SHALOM
et al. 2012). Fruit mature in ‘Alexandra’ concomitant at
the time when the trees initiate floral buds (LI et al.
1989). Thus, flowering can be reduced by competition for
nutrients or carbohydrates or by plant growth substances,
possibly gibberellins like GA7 produced by the seeds in
the fruit (SMITH and SAMACH 2013).
From bloom to ripe fruit, climatic conditions are of
major importance in terms of the fruit number per tree,
Europ.J.Hort.Sci. 6/2014

so they are considered as possibly accentuating biennial
bearing (BANGERTH 2000; TURKTAS et al. 2013). Under our
conditions, the lower fruit number per tree detected in
the off-year 2005 compared to that in 2007 might be
partly attributed to the climatic conditions, which differed
between the two experiments. Early spring frost that
occurred in 2005 was possibly the cause of the trend
towards a higher percentage of fruit abscission compared
to the one measured in 2007 (PEREZ-PEREZ et al. 2008).
Nevertheless, we only presented data for two years.
Supplemental data should be collected in order to draw
firmer conclusions about the relationship between peach
productivity and the weather, notably frost.
The relationship between fruit number per tree and
fruit density of the previous year logically resulted from
the relationships linking flower and fruit densities to the
fruit density of the previous year. As a consequence, fruit
density in an on-year possibly appeared as a major parameter for determining tree crop load in the subsequent
off-year (BUSTAN et al. 2013). Because fruit density was
mainly controlled by fruit growers through thinning, this
cultural practice should be skilfully managed in order to
minimise crop load fluctuations in the subsequent year
and thus contribute to economically cost-effective peach
production (SEEHUBER et al. 2011). KRASNIQI et al. (2013)
showed that the relationship between flower number in
year 1 and subsequent yield in year 2 in an alternate bearing apple cultivar could be used to determine the target
number of flower suitable for a sustainable apple production. Under our conditions and for a stable production of
approx. 200 peaches per tree, the recommended thinning
in an on-year could be to leave a maximal fruit load of

316

Bussi and Genard: Thinning and Pruning in Peach Trees

No. of fruit per tree (year n+1)

400

A

300

Acknowledgements

2007
200

We gratefully acknowledge D. Chauffour, A. Guillermin
and F. Merlin for their experimental work in the plot.

100
2005
0

0

References
5

10

15

20

No. of fruit per m of FBS (year n)
400

No. of fruit per tree (year n+1)

the subsequent year, whereas total length of FBSs, usually
managed by winter pruning, possibly mitigates the reduction of the year's peach production.
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Fig. 3. Relationship between number of fruit per tree and
number of fruit per m of FBS of the previous year (A) and
between number of fruit per tree and length of FBSs per
tree of the same year (B), in ‘Alexandra’ peach trees. In
2005, y = –137.04 ln(x) + 339.38 (r2 = 0.57**) for A; y = 126.19
ln(x) –344.73 (r2 = 0.83**) for B. In 2007, y = –102.60 ln(x) +
364.95 (r2 = 0.48*) for A; y = 287.58 ln(x) –791.43 (r2 = 0.83**)
for B. For the legend see Fig. 1.

four fruit per m of FBS. In addition, FBS total length was
shown to have an impact on the variation of the number
of fruit per tree of the year in progress. The positive and
close relationship between FBS total length and the
number of fruit per tree suggested that FBS total length
was a major yield component (BEVACQUA et al. 2012). Subsequently, because FBS total length can be managed each
year by winter pruning, light winter pruning should be
performed in order to limit the detrimental effect of a
weak return bloom on peach production.
In conclusion, crop load was shown to strongly vary
according to the treatments applied during the previous
year, highlighting the incidence of the treatments tested,
winter pruning and thinning, on alternate bearing in peach.
Fruit density, usually managed by thinning, may be considered as the trigger or promoter of alternate bearing for

BANGERTH, F. 2000: Abscission and thinning of young fruit
and their regulation by plant hormones and bioregulators. Plant Growth Regul. 31, 45–59.
BEVACQUA, D., M. GENARD and F. LESCOURRET 2012: A simple
model to predict the probability of a peach (Prunus persica) tree bud to develop as a long or short shoot as a
consequence of winter pruning intensity and previous
year growth. PloS ONE 7, e52185, 1–6.
BUSSI, C., J.G. HUGUET, J. BESSET and T. GIRARD 1994: The
consequences of cultural practices on growth and cropping of peach trees subjected to localized irrigation:
Effects of soil management, nitrogen fertilization and
tree density. J. Hort. Sci. 69, 905–914.
BUSSI, C., F. LESCOURRET and M. GENARD 2009: Effects of
thinning and pruning on shoot and fruit growths of
girdled fruit-bearing shoots in two peach tree cultivars
(‘Big Top’ and ‘Alexandra’). Europ. J. Hort. Sci. 66, 487–
493.
BUSTAN, A., A. AVNI, U. YERMIYAHU, A. BEN-GAL, J. RIOV,
R. EREL, I. ZIPORI and A. DAG 2013: Interactions between
fruit load and macroelement concentrations in fertigated olive (Olea europaea L.) trees under arid saline
conditions. Sci. Hort. 152, 44–55.
COURANJOU, J. 1989: A second cultivar factor of biennial
bearing in Prunus domestica L.: The sensitivity of flower
bud formation to fruit load. Sci. Hort. 40, 189–201.
GOLDSCHMIDT, E.E. 2005: Regulatory aspects of alternatebearing in fruit trees. Italus Hortus 12, 11–17.
GORDON, D. and T.M. DEJONG 2007: Current-year and
subsequent-year effects of crop-load manipulation and
epicormic-shoot removal on distribution of long, short
and epicormic shoot growth in Prunus persica. Ann. Bot.
99, 323–332.
GREER, D.H., J.N. WÜNSCHE and E.A. HALLIGAN 2002: Influence of postharvest temperatures on leaf gas exchange,
carbohydrate reserves and allocations, subsequent budbreak, and fruit yield of ‘Braeburn’ apple (Malus domestica) trees. N. Z. J. Crop Hort. Sci. 30, 175–185.
KRASNIQI, A.L., L. DAMEROW, A. KUNTZ and M.M. BLANKE
2013: Quantifying key parameters as elicitors for alternate fruit bearing in cv. ‘Elstar’ apple trees. Plant Sci.
212, 10–14.
LAMPINEN, B.D., S. TOMBESI, S.G. METCALF and T.M. DEJONG
2011: Spur behaviour in almond trees: relationships
Europ.J.Hort.Sci. 6/2014

Bussi and Genard: Thinning and Pruning in Peach Trees
between previous year spur leaf area, fruit bearing and
mortality. Tree Physiol. 31, 700–708.
LI, K.T., A.N. LAKSO, R. PICCIONI and T. ROBINSON 2003:
Summer pruning effects on fruit size, fruit quality, return bloom and fine root survival in apple trees. J. Hort.
Sci. Biotechn. 78, 755–761.
LI, S.H., C. BUSSI, J. HUGARD and H. CLANET 1989: Critical
period of flower bud induction in peach trees associated
with shoot length and bud position. Gartenbauwiss. 54,
49–53.
MARINI, R.P. 2003: Peach fruit weight, yield, and crop value
are affected by number of fruiting shoots per tree.
HortSci. 38, 512–514.
MARTIN-GORRIZ, B., A. TORREGROSA and J. GARCIA BRUNTON
2012: Post-bloom mechanical thinning for peaches using
a hand-held electrical device. Sci. Hort. 144, 179–186.
PEREZ-PEREZ, J.G., P. ROMERO, J.M. NAVARRO and P. BOTIA
2008: Response of sweet orange cv ‘Lane late’ to deficitirrigation strategy in two rootstocks. II: flowering, fruit
growth, yield and fruit quality. Irrig. Sci. 26, 519–529.
SEEHUBER, C., L. DAMEROW and M. BLANKE 2011: Regulation
of source:sink relationship, fruit set, fruit growth and
fruit quality in European plum (Prunus domestica L.)
using thinning for crop load management. Plant Growth
Regul. 65, 335–341.
SHALOM, L., S. SAMUELS, N. ZUR, L. SHLIZERMAN, H. ZEMACH,
M. WEISSBERG, R. OPHIR, E. BLUMWALD and A. SADKA 2012:

Europ.J.Hort.Sci. 6/2014

317

Alternate bearing in Citrus: changes in the expression of
flowering control genes and in global gene expression
in ON- versus OFF-crop trees. PloS ONE, 7, e46930, 1–16.
SMITH, P.F. and A. SAMACH 2013: Constraints to obtaining
consistent annual yields in perennial tree crops. I: Heavy
fruit load dominates over vegetative growth. Plant Sci.
207, 158–167.
TITAYON, C. and B. STRIK 2004: Influence of overhead
shading on yield, fruit quality, and subsequent flowering
of hardy kiwifruit, Actinidia arguta. N. Z. J. Crop Hort.
Sci. 32, 235–241.
TURKTAS, M., B. INAL, E.G. ERKILIC, E. DUNDAR, P. HERNANDEZ,
G. DORADO and T. UNVER 2013: Nutrition metabolism
plays an important role in the alternate bearing of the
olive tree (Olea europaea L.). PloS ONE, 8, e59876, 1–15.

Received 03/31/2014 / Accepted 07/05/2014
Addresses of authors: Claude Bussi (corresponding author), INRA, UE 695 Unité Expérimentale Recherches
Intégrées, Domaine de Gotheron, 26320 St. Marcel-lesValence, France, and M. Genard, INRA, UR 1115 Plantes
et Systèmes Horticoles, Domaine de Saint Paul, Site
Agroparc, 84914, Avignon Cedex 9, France), email (corresponding author): Claude.Bussi@avignon.inra.fr.

