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Effects of girdling on alternate bearing in citrus

By M. AGUSTI, V. ALMELA and J. PONS
Departamento de Biologia Vegetal, Universidad Politécnica, 46020 Valencia, Spain

SUMMARY
Girdling branches increased flowering in citrus. The number of buds sprouted increased
following treatment but the response markedly depends on the time of girdling, summer
being most effective. All types of shoots, except vegetative ones, are increased in number
but with no differences in its characteristics. The alternate bearing cultivars, such as
‘Salustiana’ sweet orange and, in some cases, ‘Satsuma’ mandarin, were improved in
productivity by girdling in the following year to one of a high crop. The increase in
number of leafy inflorescences was particularly important as this can contribute up to

70% of the total fruit crop.

FLOWERING is an essential component of
productivity in citrus. In most cultivars the
number of flowers per tree is more than suf-
ficient to obtain a heavy crop; in others, flower-
ing is profuse but competition between growing
organs and other factors greatly reduces fruit
set and a very low percentage of flowers
develop into fruit (Agusti et al., 1982). Some
cultivars, mainly seedless ones, scarcely flower
at all and the crop is very slight (Moss, 1971). In
this last case the absence of flowers does not
occur every year but is a characteristic of years
following heavy fruiting. The presence of fruit
then largely reduces flowering (Moss, 1971)
and, therefore, the next crop, through alter-
nate bearing. This phenomenon appearsto be a
result of within-plant competition for carbo-
hydrate reserves and macronutrients (Mon-
selise et al., 1981; 1983; Monselise and Gold-
schmidt, 1982).

Girdling has been used in citriculture to
obtain several responses (Cohen, 1981) includ-
ing the improvement of fruit set (Lewis and
McCarty, 1973), fruit enlargement (Hochberg
etal.,1977; Cohen, 1984a; 1984b; Agustietal.,
1990} and increased flowering (Furr and Arm-
strong, 1956; Erner, 1988). The influence of
girdling on the interrelationships between
flowering and fruiting and the improvement of
cropping during the ‘off’ years of alternate
bearing citrus cultivars has, however, received
little attention.

This paper examines the effectiveness of
girdling, and its timing, on the flowering and
subsequent yield in the ‘off’ years of ‘Salus-
tiana’ sweet orange (Citrus sinensis (L.),
Osbeck), ,an alternate bearing variety very
appreciated in Spain, and on the flowering of
‘Satsuma’  mandarin (Citrus  unshiu.
Marcovitch).

MATERIALS AND METHODS

The experiments were done in two commer-
cial groves, one of sweet orange and the other
of mandarin, their behaviour differing with res-
pect to alternate bearing. Trials were con-
ducted on 18 year old ‘Salustiana’ sweet orange
trees, a cultivar with a strong tendency to alter-
nate bearing, and 12 year old ‘Satsuma’ man-
darin trees, a cultivar that, in some cases, tends
toward alternate bearing, grafted onto citrange
Troyer rootstock. In both cases high yielding
trees (about 35 tonnes ha™') were used in the
experiments.

From the beginning of the summer (7 July)
until 30 days before sprouting (19 January)
seven girdling dates were used for the ‘Sat-
suma’ mandarin. In the ‘Salustiana’ sweet
orange there were four dates of girdling, from
26 August to 26 December. Trials were on a
randomized block design, with single-tree plots
and seven replications for each date of girdling
in both cases.

The girdling was carried out with sharp scis-
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sors, making a cut of ca. 1 mm of effective
width, without reaching the xylem. All secon-
dary branches (5-7cm in diameter) were
girdled and no ring of bark was removed.

Four branches per tree of three ages (late
spring, summer and autumn sprouts), with
some 1200 nodes per branch, were previously
selected. During the following spring, the
number of sprouted nodes and the number of
sprouts per node were counted. In this way data
on the percentage sprouting and the number of
nodes with one or more sprouts would be
obtained. These sprouts were classified into
five types according to the number of flowers
and leaves (Table I), following the criteria of
Guardiola et al. (1977), giving the average
number of flowers and leaves per sprout and
the total number of flowers per branch.

At harvest, the numbers of fruits finally
formed on each recorded branch were counted.
In the ‘Salustiana’ sweet orange these fruits
were classified according to the sprout in which
each was formed, with the objective of assess-
ing the relative importance of the different
kinds of inflorescence for the crop.

The values for sprouting, and the number of
fruits formed, is expressed per 100 nodes,
allowing for better and easier handling of
measurements and giving a good estimate of
the total number of flowers per tree (r= + 0.94)
(Agusti et al., 1985).

Analysis of variance and regression were
performed on the data, using Keul’s multiple
range test for mean separation.

RESULTS
The influence of girdling date on bud
sprouting and flowering
Girdling branches of ‘Satsuma’ mandarin

Girdling and flowering in citrus

increased flowering the following spring.
Quantitatively the response depended on the
date of girdling (Figure 1), the maximum occur-
ring in those trees girdled at the end of July.
Girdling after this date, up to the middle of
November, proved progressively less effective.
From this date until two weeks before sprout-
ing, girdling did not modify the number of flow-
ers in the trees compared with the controls.
Likewise, girdling of trees in early July, before
the optimum date, proved ineffective.

The response of ‘Salustiana’ sweet orange
(Figure 2) indicates that the differences
between the trees girdled in summer (August
and September) and the controls were greater
than those found in the ‘Satsuma’ mandarin.
Rather than a differential effect of girdling on
floral stimulation in the ‘Salustiana’ sweet
orange, these differences appear due to the low
level of flowering in the controls (1.8 flowers
per 100 nodes as opposed to 20.5 flowers per
100 nodes in ‘Satsuma’ mandarin). This is a
consequence of the greater depressive effect of
the preceding crop on this characteristically
alternate bearing variety.

In both cases the flowering response appears
to be a stimulating effect of girdling on sprout-
ing. The number of nodes with several shoots,
and in particular those with two shoots, is
increased by girdling with the same temporal
sensitivity and the number of nodes which
sprout (Figures 1 and 2). Both effects were
almost directly proportional to the variations
observed in flowering.

This increase in sprouting affects in a differ-
ent manner the distribution of distinct types of
shoots. In ‘Salustiana’ sweet orange the uni-
floral ones, with or without leaves, are more
sensitive to girdling (Table 1) and the sensitivity

TasrLe ]
The influence of girdling date on shoot type in *Salustiana’ sweet orange trees Results expressed in shoots per 100 nodes + SE

Leafless shoots

Leafy shoots

Girdling date FS RF FC BM BV
Ungirdled 04+0.1a 0.1 £0.01a 0.9 +0.2a 0.1 £0.02a 19.7+£2.9
26 August 4.0+0.3b 11£0.3b 45+0.3b 27£01b 152+£25
5 September 20£0.1ab 10+£02b 2.9%0.2a 22+0.3b 17418
23 November 17+04a 1.1 £0.3b 1.0+ 0.2a 0.9 £0.2a 150+ 1.7
26 December 08+0.2a 0.1 2003a 06x0.1a 0.3+01a 16.6 £2.3
Significance * * * * n.s

FS= Shoots with one flower. FC = Shoots with onc terminal flower RF and BM = Shoots with several lowers. BV = Vegeta-

tive shoots, without flowers.
*: Significant at P < 0.05, n.s. = not significant.
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of multifloral shoots with leaves is also greater
than those multifloral shoots without leaves. In
all cases the variations observed corresponded
with those found for sprouting and flowering.
No differences in the number of vegetative
shoots was observed.
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Similar results were obtained with the ‘Sat-
suma’ mandarin (Table II). In this cultivar the
almost total absence of multifloral shoots
restricted analysis to the unifloral and vegeta-
tive shoots. While the number of unifloral
shoots without leaves is almost tripled by
girdling at the end of July, the number of veg-
etative ones is halved. The variations in these
two types of shoots relative to the time of gir-
dling are almost parallel (increasing with floral
shoots and decreasing with vegetative ones) to
those observed over the sprouting and flower-
ing (Figure 1). The number of unifloral leafy
shoots is not altered by girdling regardless of
when it is done.

The characteristics of the shoots in both culti-
vars, defined by their numbers of flowers and

TasLE 11
The influence of girdling date on shoot type in *Satsuma’ man-
darmn. Resulis and shoos types as in Table 1

Leafless
shoots Leafy shoots
Girdling date FS EC BV
Ungirdled 96+07a 108*1.2 154=%1.5a
7 July 120+1.6a 10310 13.1+1.5a
28 July 24.7+2.1b 98+23 9.1%1.9
16 September 17.7£29ab 11.0+£ 1.7 11.5+ 0.6ab
7 October 139+21a 128+09 126+17ab
23 November 13.8x2.1a 99+11 133%+1.2a
5 January II.1+x1.5% 11.7£18 129+ 1.0a
19 February 90+08 137%0.5 13.2x0.6a
Significance * n.s. *

*. Significant at P < 0 05, n.s = not sigmificant.
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leaves, were not altered by girdling at any of the
treatment dates (Table III).

The effect of flowering variations on crop

The increase in flower number by girdling
does not modify the subsequent crop in ‘Sat-
suma’ mandarin (Table IV). The number of
flowers in the control trees (20.5 per 100 nodes)
was enough to obtain an optimum crop (4.37
fruits per 100 nodes) so that an increase in
flowering did not increase the crop. This is
because fruit set (the determining factor for the
crop load) is regulated by the plant through
competition between developing fruits. There-
fore, the percentage of flowers which set
decreases as flowering increases, compensating

TaBLE IV

The influence of girdling date on fruit set and number in ‘Sat-
suma’ mandarin

this increase and maintaining the same crop on
all the trees. Trees girdled from the end of July
to the beginning of October showed a greater
increase in flower number and the percentage
of those that set was greatly reduced
(Table 1V).

In the ‘Salustiana’ sweet orange, however,
the increase in flowering through girdling led to
an increase in subsequent fruit yield (Table V).
After a year of heavy fruit production, such as
the one before our experiment, poor flowering
in the control trees (1.8 flowers per 100 nodes)
gives very low yield (1.02 fruits per 100 nodes),
reflecting alternate bearing. The increase of
flowering through girdling in early August
(20.3 flowers per 100 nodes) leads to a heavy
crop (up to 5 fruits per 100 nodes). As in ‘Sat-
suma’ mandarin, the trees regulate their fruit

TaBLE V
Fruit set Fruits Crop load of ‘Salustiana’ sweet orange trees. Effect of date of

Girdling date (% of flowers) (per 100 nodes) girdling
Ungirdled 21.2+2.3a 4.37 +0.56 Fruit set Fruits

7 July 20.4 +2.8a 4.58 +0.34 Girdling date (% of flowers) (per 100 nodes)
28 July 13.7+ 1.1b 4.75+0.22
16 September 16.4 £ 0.8b 4.47+£0.29 Ungirdled 56.5 + 5.4a 1.02 £ 0.25a

7 October 17.6 £ 0.8ab 4.60 +0.33 26 August 24.1 £ 2.6b 5.00 £ 0.97b
23 November 23.9+25a 4.41+0.44 5 September 33.8 £3.5ab 3.43 +£0.83ab

5 January 21.3+1.9a 4.83 £ 0.60 23 November 44.0 + 5.5ab 2.61 + 0.59ab
19 February 21.9+2.1a 5.32+0.59 26 December 52.2+5.6a 1.06 +0.37a
Significance * n.s Significance * *

*: Significant at P <0.05; n.s. = not significant.

*: Significant at P <0.05.
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number to their capacity to support them, so
that the percentage of flowers set falls as flower-
ing increases (Table V).

The increase in the number of leafy inflores-
cences (Table I) is the reason for the increased
yield of the ‘Salustiana’ sweet orange. The
number of fruits of the leafy and leafless inflor-
escences and the total number of fruits picked,
both show a linear relationship (Figure 3). For
shoots with leaves, 80% of the variability in this
relationship is explained by the shoot type (r =
+0.901) and its slope (1.35) indicates that 75%
of the fruits harvested come from this type of
inflorescence.

DISCUSSION

Alternate bearing is a frequent phenomenon
in many woody species and Citrus spp. are no
exception. This phenomenon has been widely
studied and reviewed (Davies, 1957; Jonkers,
1979; Monselise and Goldschmidt, 1982;
Agusti, 1987). In citrus, fruit can modify the
hormonal balance through the synthesis of gib-
berellins, which inhibits flower formation the
following spring in some cultivars (Moss,
1971), and this is an essential factor of alternate
bearing because it is the lack of flowers that
reduces the crop.

207

The reduction of carbohdyrate and nitrogen-
ous reserves in roots of trees with a heavy crop,
has also been put forward as a cause of reduced
flowering and, therefore, directly linked to
alternate bearing (Golomb and Goldschmidt,
1981; Goldschmidt and Golomb, 1982).
Finally, the possibility that hormonal and nutri-
tional interactions partially control flowering
seeems to have been discarded; Goldschmidt et
al. (1985) indicate that both factors act inde-
pendently on flower regulation in citrus.

In the alternate bearing cultivars of sweet
orange, the relationship between flowering and
yield follows a curve in two phases; the first
with between 0 and 20 flowers per 100 nodes in
which the yield increases with the number of
flowers, and a second with above 20 flowers per
100 nodes in which the yield is independent of
flower intensity (Becerra and Guardiola, 1984;
Agusti et al., 1985), Therefore, raising the rate
of flowering above this threshold is essential to
correct alternate bearing.

This stimulating effect of girdling on flower-
ing in citrus has been clearly shown in several
studies (Furr and Armstrong, 1956; Cohen,
1981; 1984b; Goldschmidt et al., 1985; Erner,
1988), but almost none has previously related
the increase in flowering obtained to the sub-
sequent yield of strongly alternate bearing cul-
tivars. On the other hand, girdling by these
authors involved peeling off a ring of bark
2-3 cm wide, causing a prolonged interruption
of phloem transport, accumulating high quanti-
ties of carbohydrates in the leaves which may
then absciss (Cohen, 1981) and disturb next
year’s crop.

In contrast with the results of Erner (1988),
girdling in summer proved to be most effective
in increasing flowering in our experiments, by
stimulating bud sprouting (Figures 1 and 2).
These results show that girdling can affect the
buds’ capacity to develop, a process deter-
mined during summer (Guardiola, 1981), coin-
ciding with the period of greatest sensitivity to
girdling. Despite this, stimulation of budding is
not enough to explain the increased flowering.
When bud sprouting is under glass forced in vit-
ro, flowers are not obtained (Guardiola et al.,
1982) except when trees have been previously
girdled (Garcia-Luis et al., 1989), and even so,
under these conditions they never reach the
same level of flowering as obtained outdoors.
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The presence of a substance which promotes
flowering in the plant and whose synthesis
(Monselise, 1979) and/or transport can be
modified by girdling, appears to be the explana-
tion for the increased flowering.

Stimulation of sprouting by girdling does not
affect all types of shoots equally (Tables I and
I1). Differential sensitivity of shoots demands
alterations in the buds, previous to sprouting,
caused by girdling, and also impedes any
attempt to explain increased flowering in
terms, exclusively, of increased sprouting. A
similar response can be found when studying
inhibition of flowering by exogenous appli-
cations of gibberellic acid (Monselise and
Halevy, 1964; Ohgaki, 1966; Guardiola et al.,
1982). In this case there is always less sprouting
(Guardiola et al., 1977) but with unequal distri-
bution according to the different types of
shoots (Guardiola, 1981; Guardiola er al.,
1982; Garcia-Luis et al., 1986). The results of
Erner (1988) cannot be interpreted in this way
since his evaluations were made in terms of the
percentage of each type of shoot. The incre-
ment of the total number of sprouts that he
obtained by autumn girdling could carry an
increase in the number of some shoots per 100
nodes, the unit that we use. Differences in
location, cultivar and in the method of girdling
can explain, however, not only these different
results on the distribution of the type of spring-
flush shoots, but the effect of treatment date on
sensitivity to girdling.

The parallel between sprouting and flower-
ing in our experiment is explained, in ‘Salus-
tiana’ sweet orange, mainly by the increase
obtained in multifloral shoots with leaves. In
the ‘Satsuma’ mandarin the increase in the
number of leafless shoots is sufficient explana-
tion, since in this cultivar there are only two
types of inflorescences and the number of leafy
ones does not vary. Therefore, whatever the
increase in sprouting, it is transformed into a
parallel increase in flowering.

Despite changes in the distribution of the dif-
ferent types of shoots by summer girdling, the
number of leaves or flowers present in each
does not vary (Table III). This characteristic
resembles the plant’s response to temperature
(Moss, 1969), as well as to the inhibitory effect
of the fruit (Moss, 1971) and exogenous appli-
cations of gibberellic acid (Guardiola er al.,

1980) on flowering. None of these factors, or
the changes which their application or modi-
fication provokes, can alter shoot develop-
ment, although they can promote or inhibit its
initiation.

The importance which the increase in flower-
ing, promoted by girdling, has on the sub-
sequent yield depends on cultivar. In ‘Satsuma’
mandarin, a heavy crop does not usually reduce
the next flowering to below 20 flowers per 100
nodes (Figure 1) so that the subsequent crop is
not reduced (Becerra and Guardiola, 1984;
Agusti et al., 1985). The increase in flowering
following girdling is not transformed here into
increased yield, given that the plant controls
fruit number. This process is regulated by inter-
nal competition between developing organs
(Agustietal., 1982; Guardiola et al., 1984) with
more abscission as flowering increases, giving
progressively smaller fruit sets (Table IV).

However, in the ‘Salustiana’ sweet orange,
when the previous crop load is high, flowering
is drastically reduced to fewer than 2 flowers
per 100 nodes (Figure 2) with a consistent
reduction in the next crop. This interdepend-
ence, marked by the previous yield, establishes
strict alternate bearing. Stimulation of flower-
ing to more than 20 flowers per 100 nodes (a
ten-fold increase), provoked by girdling in
August (Figure 2), increases yield five-fold.
The differences between the increase in flower-
ing and the increase in yield is due to the vari-
ations in the percentage of the fruit set (Table
V) which, as in ‘Satsuma’ mandarin, is regu-
lated by the internal competition between
developing flowers. In this case the increase in
the number of leafy inflorescences causes the
increase in crop load, seeing that these give rise
to approximately 75% of the fruits (Figure 3),
similar to non-forced flowering (Agusti et al.,
1985).

Girdling of branches between the end of July
and the end of August increased flowering in
citrus to more than 20 flowers per 100 nodes in
both cultivars tested. With ‘Salustiana’ sweet
orange alternate bearing was eliminated,
increasing yields to optimum levels. In some
cases girdling could be needed every year to
avoid the depressive effect that increased yield
can have on the following year’s blossoming.

In Spain the repeated use of this technique
(at other times of year and with different objec-
tives) has not shown depressive effects on
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either the development of the trees or their lon- it should always be less than the losses incurred
gevity. The economic cost must be assessed but by a reduced crop.
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