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Irreversible Commitment to Flowering
of ‘Hass’ Avocado

Samuel Salazar-Garcia'
Campo Experimental Santiago Ixcuintla, INIFAP, Apdo. Postal 100,
Santiago Ixcuintla, NAY 63300, Mexico

Luis E. Cossio-Vargas
Unidad Academica de Agricultura, Universidad Autonoma de Nayarit, Apdo.
Postal 49, Xalisco, NAY 63780, Mexico

Carol J. Lovatt
Department of Botany and Plant Sciences, University of California,
Riverside, CA 92521-0124

Isidro J.L. Gonzalez-Duran and Maria H. Pérez-Barraza
Campo Experimental Santiago Ixcuintla, INIFAP, Apdo. Postal 100,
Santiago Ixcuintla, NAY 63300, Mexico

Additional index words. Persea americana, phenology, alternate bearing, floral development,
girdling, floral determination

Abstract. Several studies were undertaken in commercial nonirrigated ‘Hass’ avocado
orchards under the subhumid semiwarm subtropical climate of the state of Nayarit,
Mexico, with the following objectives: 1) to determine the frequency and intensity of
vegetative shoot flushes and their contribution to the production of floral shoots, 2) to
quantify the effect of tree fruit load on the occurrence of vegetative shoot flushes during
the year and the relationship between vegetative and reproductive shoot number during
flowering, and 3) to determine the time when apical buds borne on the major vegetative
shoot flushes reached irreversible commitment to flowering (floral determination)
through the use of shoot defoliation and girdling. Data trees were selected in two
orchards based on their current crop load. Four to five branches per tree were tagged,
and the number and intensity of vegetative flushes that developed during 2 years, as well
as the type of growth produced by apical buds of shoots of different ages, were recorded
at the end of the winter bloom periods for two separate years, 1999 and 2001. In
a separate experiment using a different set of trees, winter and summer flush shoots were
defoliated (year 1) or defoliated and girdled (year 2) at different stages of bud
development from September to January in each case. Four vegetative flushes occurred
each year. The winter flush that emerged in Feb. 1998 made the greatest contribution to
the 1999 winter bloom—76.5% of the shoots produced floral shoots. Contributions of the
summer 1 (late July 1998), summer 2 (early Aug. 1998), and summer 3 (late Aug. 1998)
flushes to flowering were intermediate. A total of 30.6%, 36.4%, and 19% of the shoots
produced floral shoots respectively. All four vegetative flushes produced a similar
number of vegetative shoots during winter bloom. Evaluation of the 2001 winter bloom
for trees with high (>95 kg fruit/tree) and low (<70 kg fruit/tree) crops showed no effect of
tree fruit load on the production of vegetative or floral shoots by winter or summer
vegetative flushes. Irrespective of time of treatment (shoot defoliation and girdling) or
shoot age, irreversible commitment to flowering of apical buds occurred by 15 Oct., and
this stage was associated with an average of 27.5 chilling days (temperature, =19 °C) for
both years. Buds irreversibly committed to flowering were closed and pointed, with
partial senescence of bud scales. Anatomically, the buds showed a convex primary axis
meristem and four secondary axis floral shoot meristems.
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The state of Nayarit is the second highest
avocado-producing state in Mexico, averag-
ing 17,000 ton from almost 2000 ha (CON-
APA, 2006). The ‘Hass’ avocado-producing
area is located between 21°18" and 21°32' N
latitude and from 850 to 1500 m above sea
level (asl) in a subhumid warm climate (20 to
29 °C average annual temperatures) with
1300 mm of summer rain.

Bloom of the ‘Hass’ avocado in Nayarit
occurs once a year and usually takes place
during the winter (January to February),
concomitantly with a flush of vegetative
shoots. Other vegetative shoot growth flushes
may occur during the summer and fall. Legal
fruit maturity (21.5% mesocarp dry matter) is
typically reached by October/November of
the same year.

To remain competitive, Nayarit ‘Hass’
avocado growers need to increase the selling
price of their crop and to maximize the
effectiveness of orchard management practi-
ces, like fertilization, pruning, or application
of plant bioregulators, in solving production
problems. The low selling price of the crop is
because peak harvest season for the ‘Hass’
avocado in Nayarit and Michoacan (the
largest avocado-producing area) is from Oc-
tober to December, and thus coincides with
that of Nayarit. To minimize this problem
and to increase both the selling price of avo-
cados and grower income, an ability to shift
the time of maturity of the crop to before or
after the period of maximum harvest is de-
sired. A standard horticultural strategy for
shifting the time of fruit maturity is to
advance or delay flowering. However, an
in-depth study of avocado reproductive phys-
iology is a prerequisite to attempts to modify
the time of bloom and, thus, change the date
of harvest of the ‘Hass’ avocado (Salazar-
Garcia, 2000).

Knowledge of avocado flowering is crit-
ical to the development of orchard manage-
ment strategies to increase floral intensity or,
alternatively, to promote vegetative growth
and decrease flowering. For such strategies to
be successful, it is essential to know the time
when shoot apical buds reach the irreversible
commitment to flowering (ICF), or floral
determination. To prevent an inadvertent
increase in vegetative shoot growth at the
expense of flowering, cultural practices that
can prevent flowering, like nitrogen fertiliza-
tion, light canopy pruning (hedging, top-
ping), or application of some plant
bioregulators, must be carried out after ICF.

A 2-year study in California showed that
apical buds of summer shoots of ‘Hass’
avocado transitioned from vegetative to re-
productive growth from 30 Aug. to 15 Oct.
(Salazar—Garcia et al., 1998). Latitudinal
differences between California and Nayarit
may influence tree phenology and may affect
the time and stage of development when
apical buds become committed to reproduc-
tive growth.

Depending on environmental conditions,
‘Hass’ avocado trees can produce two or more
flushes of vegetative growth every year
(Salazar-Garcia, 2000). The magnitude of
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each flush is variable and usually one of them
is the main producer of floral shoots. For the
‘Hass’ avocado in Nayarit, the relative im-
portance of each vegetative flush to flowering
has not been quantified.

The avocado produces two types of floral
shoots: determinate, in which the primary
axis develops into a terminal flower
(Schroeder, 1944), and indeterminate, in
which a bud forms on the primary axis that
continues the growth of the shoot (Reece,
1942). With few exceptions, the indetermi-
nate type of inflorescence is more abundantly
produced (Salazar-Garcia et al., 1998;
Schroeder, 1944). Both types of floral shoots
consist of secondary axes (lateral panicles),
producing tertiary axes (cymes) that bear a
terminal flower and two lateral flowers
(Reece, 1942; Salazar-Garcia et al., 1998).
Development of the secondary axes within
the bud proceeded in an acropetal fashion,
so a developmental range occurs in a single
floral shoot, with the most advanced second-
ary axes (i.e., at perianth differentiation) at
the base and the youngest (i.e., at initial
elongation of the meristem) just below the
primary axis meristem (Salazar-Garcia et al.,
1998). However, on an individual secondary
axis, development is basipetal, with the
terminal flowers (lacking subtending bracts)
differentiating and maturing first, as is typical
in a cyme (Salazar-Garcia et al., 1998). The
fate of the apex of the primary axis meristem
of the floral shoot becomes determined after
the secondary and tertiary axes reached the
ICF (Salazar-Garcia and Lovatt, 1999).

Several techniques have been used to
study early development of avocado floral
buds, such as warm (=20 °C) or low (<20 °C)
temperatures to inhibit or promote flowering
respectively (Buttrose and Alexander, 1978;
Nevin and Lovatt, 1989; Salazar-Garcia
et al., 1999), as well as exogenous applica-
tions of gibberellins (GA3) (Salazar-Garcia
et al., 1999). Shoot defoliation, alone or in
combination with girdling, has also been used
to achieve this goal in other plant species.
Leaves maintain buds in a paradormant
condition. Defoliation removes this growth-
inhibiting factor, forcing rapid bud
growth—hence its usefulness as a tool for
imposing timed responses. The main effect of
girdling is to prevent the influx of phloem-
translocated, floral-stimulating signals (Ber-
nier, 1988; Bernier et al., 1981) produced in
other portions of the tree into experimental
branches, as it has been demonstrated for
mango (Nunez-Elisea and Davenport, 1992;
Nunez-Elisea et al., 1996). In a branch that
has been both defoliated and girdled, buds are
forced to grow and express their develop-
mental state without the influence of incom-
ing developmental signals and can serve as
a convenient tool to determine the time of
ICF in avocado under field conditions. If
flowering occurs, buds are said to have been
irreversibly committed to flowering—that is,
capable of initiating floral morphogenesis
using their own “developmental program.”
In avocado, girdling has been studied only on
woody branches to elucidate its effect in
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augmenting bloom and fruitfulness (Coit,
1920-21; Lahav et al., 1971-72), as well
as to control alternate bearing (Davie and
Stassen, 1997).

Thus, the study of early floral develop-
ment of the ‘Hass’ avocado in Nayarit will
provide the basic information essential to
developing management strategies to solve
several production problems. Therefore, the
objectives of this is research were 1) to deter-
mine the frequency and intensity of vegeta-
tive shoot flushes and their contribution to the
production of floral shoots, 2) to quantify the
effect of tree fruit load on the occurrence of
vegetative shoot flushes during the year and
the relationship between vegetative and
reproductive shoot number during flowering,
and 3) to determine the time when apical buds
borne on the major vegetative shoot flushes
reached irreversible commitment to flower-
ing through the use of shoot defoliation and
girdling.

Materials and Methods

Research was conducted at several inter-
vals from 1997 to 2003 in two 14-year-old
commercial ‘Hass’ avocado orchards in the
state of Nayarit, Mexico. The Alberto orchard
was located in Venustiano Carranza (21°32’
N, 104°59" W; 900 m asl; 1300 mm annual
rain; 21 °C annual average temperature). The
second orchard, Bernabé, was situated in
Xalisco (21°26" N, 104°55" W; 1100 m asl;
1185 mm annual rain; 21.7 °C annual average
temperature). Trees were grafted on local
seedling rootstocks (natural hybrids of West
Indian X Guatemalan races), spaced at 8 X 8 m
and cultivated under rain-fed conditions with
no supplemental irrigation.

Effect of vegetative shoot age and crop
load on production of inflorescences

Identification of flushes of vegetative and
reproductive growth. In Oct. 1997 (2 weeks
before harvest), 20 ‘Hass’ avocado trees were
selected in the Alberto orchard with an
estimated yield greater than 100 kg fruit/tree.
Five 1-m-long fruiting branches of similar
diameter (5 cm) and with at least 20 vegeta-
tive shoots each were tagged around the
canopy of each tree. Starting on 10 Feb.
1998 (winter bloom), all vegetative shoots
produced by each flush were tagged to de-
termine the contribution of each vegetative
shoot flush to the 1999 return winter bloom.
At the end of the bloom period (Feb. 1999),
the production of determinate and indetermi-
nate floral shoots as well as the number of
vegetative shoots and inactive buds (those
that did not show any type of growth) pro-
duced by apical buds of the primary axis of
the shoot was quantified for each tagged
shoot. Total yield of fruit from the 1998
winter bloom was obtained for each selected
tree in October of the same year. A random-
ized design with 20 single-tree replications
was used.

Crop load and production of vegetative
and floral shoots. In June 2000, 20 avocado
trees were selected in each avocado orchard

(Alberto and Bernabé) based on their current
estimated fruit load: 10 trees with a low off-
year crop (<70 kg fruit/tree) and 10 trees with
higher on-year crop (>95 kg fruit/tree). In
each tree, four 1-m-long branches with sim-
ilar diameter (=5 cm) and having at least 10
winter flush vegetative shoots each were
randomly selected around the canopy of the
tree and all their shoots tagged. Vegetative
shoots produced during the summer 2000
flush also were tagged to determine the type
of apical growth (floral shoots, vegetative
shoots, or inactive buds) that would be pro-
duced by the main axis of both winter and
summer flush shoots during the 2001 winter
bloom period. A randomized design with 10
single-tree replications per each crop load
was used.

Effect of shoot age on ICF of apical buds

Shoot defoliation. Ten trees with pre-
viously recorded yields greater than 100 kg
fruit/tree were selected in the Alberto or-
chard. In each tree, 20 vegetative shoots
produced by indeterminate inflorescences
during the 2001 winter bloom were tagged
and numbered at the beginning of shoot
elongation (10 Feb.). Similarly, 20 shoots
per tree that were produced during the 2001
summer vegetative flush were selected, tag-
ged, and numbered on 30 July. Shoot defo-
liation was performed at biweekly intervals,
starting on 1 Sept. 2001 through 15 Jan. 2002.
On each date, 10 shoots of the winter vege-
tative flush and 10 shoots of the summer flush
were randomly selected in each tree and
defoliated by hand. Control shoots were left
intact. The type of growth produced by apical
buds (floral shoots, vegetative shoots, or
inactive buds) on the shoot primary axis
was recorded for individual shoots at the
end of the 2002 winter bloom period (27 Feb.).

Stage of bud development at the time of
treatment. To determine the stage of inflo-
rescence bud development on each defolia-
tion date, three apical buds from the winter or
summer vegetative shoot flushes were col-
lected. Buds were immediately fixed in 5
formalin: 5 acetic acid: 90 ethanol, by vol-
ume, examined under a dissecting micro-
scope (Stereomaster FW99-25-1217, Fisher
Scientific, Pittsburgh) and graded according
to the visual scale designed by Salazar-
Garcia et al. (1998).

Accumulation of chilling. Air temperature
was recorded every hour at each avocado
orchard with a battery-operated HOBO H8
(Onset Computer, Bourne, Mass.). Chilling
days accumulated for each treatment date
were calculated using daily occurrence of
temperatures equal to or lower than 15, 16,
17, 18, 19, and 20 °C. Zero time was the date
on which shoot elongation was initiated for
the winter (10 Feb.) or summer (30 July)
vegetative shoot flushes.

Shoot defoliation and girdling. During the
second year of this study, defoliation was
combined with girdling to strengthen the
effect of treatments and to confirm the results
of year 1. A second set of 10 trees was
selected in the Alberto orchard using the
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same criteria. Ten shoots of the winter and 10
shoots of the summer vegetative shoot flushes
were tagged and numbered on 10 Feb. and 30
July 2002 respectively. Shoot defoliation and
girdling was performed at biweekly intervals
from 1 Sept. 2002 through 15 Jan. 2003. To
avoid healing, girdling consisted of the re-
moval of a 2-cm-wide strip of bark at the base
of the shoot using a budding knife. On each
date, 10 shoots of the winter vegetative shoot
flush and 10 shoots of the summer flush were
randomly selected in each tree and treated.
Control shoots were left untreated. The type
of growth produced by apical buds was
recorded for individual shoots of both vege-
tative flushes at the end of the 2003 winter
bloom period (14 Feb.). Inflorescence bud
development and calculation of chilling days
were assessed as described earlier.

Statistical analysis. Data from the type of
growth produced by tagged shoots expressed
as percentages were transformed by arcsine
of the square root (Steel and Torrie, 1980)
and then a normal analysis of variance was
performed. Means comparison was per-
formed using Duncan’s multiple range test
at P =0.05.

Results

Effect of vegetative shoot age and crop
load on production of inflorescences
Vegetative shoot flushes and their
contribution to flowering. A portion of the
vegetative shoots that were initiated in the
1998 winter flush (10 Feb.) gave rise to three
flushes during the 1998 summer. The first
flush was initiated on 25 July (summer 1) and
originated on 7.7% of the winter vegetative
shoots. The second flush (summer 2) started
on 2 Aug. and had a similar intensity to the
previous one (7.4%). A third vegetative flush
(summer 3) was recorded on 21 Aug. and had
the least intensity, because it only occurred
on 1.8% of the winter shoots. These four
vegetative shoot flushes for 1998 winter and
summer contributed disproportionately to the
1999 winter bloom. In all cases, data on the
type of growth produced corresponded to that
produced by the apical bud on the tagged
shoots’ primary axis. Winter shoots contrib-
uted more to flowering, as 76.5% of them
produced floral shoots in the 1999 bloom—a
value directly proportional to the number of
winter vegetative shoots that did not produce
vegetative shoots during the summer (Table
1). The summer 1 and summer 2 shoots
contributed a similar proportion of floral
shoots (30.6-36.4%) to the 1999 winter
bloom. The summer 3 flush had the lowest
contribution to flowering, because only 19%
of these shoots produced floral shoots (Table
1). Floral shoots observed were of the in-
determinate type with no determinate floral
shoots observed during the bloom period.
From all the vegetative shoot flushes that
occurred in 1998, only a small proportion of
them (3.9% to 8.8%) produced vegetative
shoots in the 1999 winter bloom (Table 1).
On the other hand, the proportion of shoots
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Table 1. Vegetative shoot flushes that developed in 1988 and their contribution to the 1999 winter bloom of
‘Hass’ avocado trees in the Alberto orchard (evaluation date, 10 Feb. 1999).

Vegetative shoot flushes

Type of growth and % total shoots at winter bloom 1999~

(date shoot flush initiated) Floral shoot Vegetative shoot Inactive bud
Winter (10 Feb. 98) 76.5 a¥ 43b 192b
Summer 1 (25 July 98) 30.6 b 88a 60.6 a
Summer 2 (2 Aug. 98) 3640 39b 59.7a
Summer 3 (21 Aug. 98) 19.0 ¢ 7.6a 734 a

“Means were obtained from five 1-m-long branches/tree for 20 tree replications.
YMeans within columns followed by different letters are significantly different by Duncan’s multiple range

test, P =10.05.

for which apical buds remained inactive was
much higher for the three summer flushes
(59.7% to 73.4%) than for the winter flush
(19.2%).

Crop load and production of vegetative
and floral shoots. Fruit mesocarp dry matter
was determined by packinghouse people, and
harvest was carried out when the dry matter
content of fruit mesocarp was 22% to 23%. In
the Alberto orchard, harvest was on 26 Oct.
2000, and the average yield + st for on- and
off-crop trees was 170 £ 19 kg fruit/tree and
70 £ 10 kg fruit/tree respectively. The Ber-
nabé orchard was harvested on 15 Oct. 2000
and yield was 95 + 6 kg fruit/tree and 34 + 4
kg fruit/tree for on- and off-crop trees
respectively.

Tagged branches of both orchards showed
two major vegetative shoot flushes: the win-
ter flush, which started in Feb., was the more
intense with 11.5 to 31.5 shoots produced per
tagged branch. The summer flush was of
lower intensity (1.4—-4.3 shoots/tagged
branch) and was composed of several small
flushes that were initiated in July through
Aug. (Table 2).

Tree crop load did not affect the pro-
portion of winter or summer shoots that
produced floral or vegetative shoots at the
end of the 2001 winter bloom period (Table
2). Moreover, irrespective of tree crop load
and shoot age, a greater proportion of floral
than vegetative shoots developed. The pro-

portion of floral shoots produced by winter
and summer shoots ranged from 66% to 85%
and 56% to 94% respectively (Table 2). The
proportion of shoots with inactive apical buds
was very low (=1.2%).

Taking into account the sum of winter and
summer flush shoots present on labeled
branches, it was observed that, independent
of orchard and tree crop load, there was
always a higher proportion of floral shoots
produced by winter flush shoots compared
with the summer ones (Table 3). The pro-
portion of floral shoots produced by winter
flush shoots in the Alberto orchard was three-
to fivefold greater than that of summer
shoots. This proportion increased to 8- to
29-fold in the Bernabé orchard.

Effect of shoot age on ICF of apical buds

Effect of the date of defoliation or
defoliation and girdling on the type of
growth produced by winter and summer
flush shoots. The type of growth produced
by apical buds from both winter and summer
flush shoots was affected by the date of treat-
ment in both years of the study. Winter and
summer flush shoots treated during Septem-
ber never produced floral shoots, and, in fact,
50% to 87.5% of them only produced vege-
tative shoot growth (Table 4).

Production of floral shoots by winter and
summer flush shoots that received defoliation
or defoliation and girdling was first observed

Table 2. Effect of tree crop load on the type of growth produced by apical buds of 2000 winter and summer
slush shoots of ‘Hass’ avocado (evaluation date, 18 Feb. 2001).

Shoots
per branch”

Orchard, vegetative shoot flush,
and tree crop load

Type of growth and % total tagged shoots
at winter bloom 2001~

Floral shoot

Vegetative shoot Inactive bud

Alberto orchard (900 m asl)
Winter (Feb. 2000)

On crop 11.6
Off crop 11.5
Summer (July to Aug. 2000)
On crop 2.7
Off crop 43
Bernabé orchard (1125 m asl)
Winter (Feb. 2000)
On crop 31.5
Off crop 24.7
Summer (July to Aug. 2000)
On crop 1.4
Off crop 2.4

84.8 a* 149 a 03a
79.4 a 194 a 12a
60.9 a 39.1a 0a

56.8 a 432 a 0a

66.1 a 33.0a 09a
80.8 a 18.5a 0.7 a
65.8 a 340 a 02a
943 a 5.7a 0.0 a

“Percentage of the number of shoots per branch. Means were obtained from four 1-m-long branches/tree for

10 tree replications for each crop load.

YAverage number of vegetative shoots tagged per branch.
*For each type of shoot, means within columns followed by different letters are significantly different by

Duncan’s multiple range test, P = 0.05.
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Table 3. Effect of shoot age (winter or summer flush) on the type of growth produced by on- and off-crop
trees on the 2001 winter bloom of ‘Hass’ avocado (evaluation date, 18 Feb. 2001).

Type of growth and % total
tagged shoots at bloom 2001*

Floral shoot Vegetative shoot

Shoots
per branch”

Orchard, tree crop load, and
vegetative shoot flush
Alberto orchard (900 m asl)

Inactive bud

On crop 14.3
Winter (Feb. 2000) 68.5 a* 113a 02a
Summer (July to Aug. 2000) 122b 7.8 a 0.0a
Off crop 15.8
Winter (Feb. 2000) 583a 12.1a 0.8a
Summer (July to Aug. 2000) 17.0b 11.8a 0.0b
Bernabé orchard (1125 m asl)
On crop 329
Winter (Feb. 2000) 63.7 a 312 a 09a
Summer (July to Aug. 2000) 220 20b 0.0b
Off crop 27.1
Winter (Feb. 2000) 72.9 a 17.1a 0.7 a
Summer (July to Aug. 2000) 8.7b 0.6b 0.0b

“Percentage of the total number of shoots per branch. Means were obtained from four 1-m-long branches/
tree for 10 tree replications for each fruit load.

YPool (average) of winter and summer vegetative shoots tagged per branch, which were considered as
100%.

*For each tree crop load, means within columns followed by different letters are significantly different by
Duncan’s multiple range test, P = 0.05.

Table 4. Type of growth produced by apical buds from winter and summer vegetative shoot flushes of
‘Hass’” avocado trees defoliated or defoliated and girdled at different dates. (Evaluations were done at
full bloom on 25 Feb. 2002 and 2003).

Vegetative shoot flush and type of growth produced (%)
Winter shoots
Floral shoot Veget. shoot Inactive bud
Shoot defoliation

Summer shoots
Floral shoot Veget. shoot Inactive bud

Date of
treatment

01 Sept. 2001 0g 66.7 a 333b Oe 66.7 ¢ 333b
15 Sept. Og 66.7 a 333b Oe 87.5a 12.5d
30 Sept. 0g 50.0b 50.0a Oe 572e 428a
15 Oct. 28.6 f 428 ¢ 28.6¢ 222¢ 55.6¢e 222¢
30 Oct. 375d 37.5d 250¢ 250¢ 62.5d 12.5d
15 Nov. 333e 50.0b 16.7d 12.5d 75.0b 12.5d
30 Nov. 375d 50.0b 12.5 ef 12.5d 62.5d 250¢
15 Dec. 333e 50.0b 16.7d 50.0a 50.0 f Oe

30 Dec. 444 b 444 ¢ 11.2ef 444 b 55.6¢ Oe

15 Jan. 2002 429¢ 429¢ 14.2 de 50.0 a 25.0h 25.0¢
Control 53.7a 37.4d 89 f 48.6 a 403 g 11.1d

Shoot defoliation and girdling

01 Sept. 2002 0h” 75.0b 250¢ 0f 833a 16.7d
15 Sept. Oh 833a 16.7d 0f 833a 16.7d
30 Sept. 0Oh 50.0 ¢ 50.0 a 0f 75.0b 25.0b
15 Oct. 333¢g 334h 333D 40.0d 40.0 de 20.0 ¢
30 Oct. 444 f 44.4d 11.2¢g 50.0b 50.0 ¢ Og

15 Nov. 60.0 b 40.0 f 01 375e 375e 25.0b
30 Nov. 572 ¢ 428 ¢ 01 428 ¢ 28.6¢g 28.6a
15 Dec. 50.0 e 50.0 ¢ 01 50.0b 333f 16.7d
30 Dec. 62.5a 25.0j 125f 572 a 42.8d 0Og

15 Jan. 2003 572 ¢ 2851 143 ¢ 428 ¢ 42.8d 144¢e
Control 5594d 356¢g 8.5h 50.0b 41.5d 85fF

“For each shoot treatment, means within columns followed by different letters are significantly different by
Duncan’s multiple range test, P = 0.05.

on shoots treated on 15 Oct. During the first
year, the proportion of shoots that produced
floral shoots when treated on this date was
28.6% and 22.2% for winter and summer
vegetative shoot flushes respectively (Table
4). For the second year, these values were
33.3% and 40% respectively. Production of
floral shoots by untreated (control) winter and
summer flush shoots varied from 48.6% to
55.9% for the 2 years evaluated. The type of
growth produced by shoots treated after
15 Oct. for both years was variable. However,
there was always a proportion of winter and
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summer flush shoots that produced floral
shoots (=12.5%) during both years of the
study (Table 4). At the time of bloom, pro-
duction of vegetative shoots by control shoots
of both ages ranged from 35.6% to 41.5%.
In general, the proportion of shoots that
remained inactive was much higher for trea-
ted shoots than for the control ones (Table 4).

Stage of bud development at the time of
ICF. At the time that shoots of the winter (10
Feb.) and summer (30 July) vegetative
flushes were initiated and tagged during both
years of the study, development of apical

buds was at S-1 (data not shown). According
to the scale developed by Salazar-Garcia
et al. (1998), this developmental stage corre-
sponded to a closed, pointed bud within the
two most distal nonexpanded leaves of the
vegetative shoot. By the first treatment date
of both years (1 Sept.) average bud develop-
ment (n = 3) was 1.6 to 2.6 for winter and
summer shoots (Table 5). Winter apical buds
showed a slightly faster rate of development
compared with the ones on the summer flush
shoots. However, there was no difference in
the date of anthesis (25 Feb.) in both years of
the study (data not shown).

Based on the response of winter and
summer flush shoots to the treatments ap-
plied, 15 Oct. was identified as the point in
time when most apical buds of the ‘Hass’
avocado became ICF. By that date, average
bud development (n = 3) on winter shoots
was 3.3 (two buds in S-3 and one in S-4) in
both years studied (Table 5). In the case of
summer shoots, apical buds were graded as
2.6 (two buds in S-3 and one in S-2) for both
years. According to Salazar-Garcia et al.
(1998), buds at S-2 are closed and pointed
within the two most distal mature expanded
leaves of the shoot. Anatomically, these buds
have a flat primary axis meristem with
separated bracts and one to three secondary
axis meristems in the axils of bracts. Buds at
S-3 correspond to closed, pointed buds with
partial senescence of bud scales. Microscop-
ically, they present a convex primary axis
meristem and four secondary axis meristems.
Further stages (up to S-11, anthesis) include
the production and elongation of additional
secondary and tertiary axes of the floral shoot
and development of flower parts.

Commitment to flowering and chilling.
Temperatures =20 °C are known to prevent
flowering in avocados and were not consid-
ered as effective chilling. Chilling days for
temperatures =19 °C were accumulated from
30 July through 15 Oct. both years (when
more than 60% of apical buds from winter
and summer shoot flushes were ICF; Table
5). The chilling requirement for buds to reach
ICF was unaffected by shoot age, and varia-
tion between years was restricted to the
2-week sampling interval. For year 1, winter
and summer shoots reached when they had
accumulated 31 chilling days with threshold
temperatures =19 °C (Table 5). Using the
same temperature threshold for year 2, chill-
ing accumulated for winter and summer
shoots was 24 chilling days. Winter flush
shoots started to grow on 10 Feb. of each
year, when low temperatures were still pres-
ent and thus they had accumulated a sig-
nificant amount of chilling by the time
treatments were first applied (1 Sept.). How-
ever, low temperatures recorded from 10 Feb.
to 30 July did not contribute to meeting the
chilling requirement.

Discussion

In Nayarit, the ‘Hass’ avocado produced
four flushes of vegetative shoot growth. The
first vegetative flush occurred in the winter,
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Table 5. Apical bud development and chilling days accumulated at different temperature thresholds from
30 July through 15 Oct., the date when winter and summer shoots of ‘Hass’ avocado reached

irreversible commitment to flowering.

Stage of apical
bud development”

Chilling days accumulated
per temp. threshold (°C)

Date of Winter Summer
treatment shoots shoots =15 =16 =17 =18 =19 =20
Shoot defoliation
01 Sept. 2001 2.6 1.6 0 0 0 4 11 24
15 Sept. 2.6 2.0 0 0 0 4 15 33
30 Sept. 2.6 2.3 0 0 0 5 20 45
15 Oct. 33 2.6 2 3 6 15 31 58
30 Oct. 3.6 3.0 8 9 16 27 44 73
Shoot defoliation and girdling

01 Sept. 2002 1.7 1.7 0 0 0 5 14 25
15 Sept. 2.4 1.7 0 0 0 5 14 29
30 Sept. 2.4 2.0 0 0 0 7 17 35
15 Oct. 33 2.6 0 0 0 7 24 48
30 Oct. 3.7 3.0 0 0 0 16 36 63

“According to the visual scale developed by Salazar-Garcia et al. (1998).

during the bloom period, and contributed
76.5% of the floral shoots produced in the
next year’s bloom. Three more vegetative
shoot flushes of low magnitude took place
later during the summer, and no fall vegeta-
tive flush was observed. Production of floral
shoots by the different vegetative shoot
flushes decreased as they grew closer to the
time of bloom (January—February). Thus,
only 19% of the summer 3 (late August)
vegetative flush shoots resulted in floral
shoots. Similar results were obtained in
southern California, where the majority of
floral shoots comprising the spring bloom of
the ‘Hass’ avocado was produced by old
shoots initiated during the previous year’s
summer flush of vegetative shoots (Salazar-
Garcia et al., 1998).

Apical buds of ‘Hass’ avocado growing in
the subtropical climate of California did not
require a clear period of dormancy before
initiation of reproductive growth (Salazar-
Garcia et al., 1998). Although both mature
(spring or summer vegetative flush) and
young (fall flush) shoots were capable of
flowering, they differed in the total number
of floral shoots produced. Fall flush vegeta-
tive shoots typically produced floral shoots at
the shoot apex, in contrast to mature spring or
summer shoots, which produced lateral floral
shoots (borne in axillary buds) in addition to
the apical floral shoot. A similar situation was
observed in the current study for winter
(oldest) and summer (youngest) flush shoots,
although no data were collected.

A heavy ““on” crop can suppress the
number and intensity of vegetative flushes,
as well as reduce bloom intensity (Lahav and
Kalmar, 1977; Salazar-Garcia et al., 1998).
Preliminary results suggest that the heavy
“on” crop inhibits the development of the
summer vegetative shoot flush of ‘Hass’
avocado trees in California, and thus indi-
rectly causes reduced return bloom because
of the lack of “wood” on which to bear the
floral shoots the following year (Paz-Vega,
1997). A study in California with on- (66 kg/
tree) and off-crop (18 kg/tree) ‘Hass’ avocado
trees showed that only 13% of the total shoots

HortScience VoL. 41(7) DecemBER 2006

produced floral shoots when trees were car-
rying the “on” crop, but 46% of the total
shoots produced floral shoots the following
off-crop year (Salazar-Garcia et al., 1998). In
California, bloom occurs from mid March to
mid May and mature fruit are typically still
on the tree (Robinson et al., 2002).

Our results provided evidence that tree
crop load or differences in altitude between
the two ‘Hass’ avocado orchards (900 m asl
vs. 1125 m asl) included in this research,
which explored the most common altitude
variation for commercial orchards, did not
affect the number of vegetative flushes pro-
duced during the year nor their intensity of
flowering. In addition, it was documented
that winter bloom was composed mainly of
floral shoots borne on the previous year’s
winter shoots rather than on summer flush
shoots. Regardless of tree fruit load, pro-
duction of floral shoots varied from 56% to
94%. However, different to many ‘Hass’
avocado-producing areas, in Nayarit, harvest
is usually done 2 to 4 months before the full
bloom period. Late harvest has been reported
to reduce bloom intensity of the ‘Hass’
avocado in Australia (Whiley et al., 1996).

Production of inflorescences by apical
buds despite having received defoliation or
defoliation and girdling was considered
evidence of ICF. In this study, girdling was
found not to be essential to modify shoot
flowering response; defoliation alone was
sufficient. However, a trend for a more pro-
fuse bloom was observed when shoots were
girdled and defoliated (Table 4). Reports on
mango (Nunez-Elisea and Davenport, 1992;
Reece et al., 1946, 1949) also have shown
that shoot defoliation interrupted the process
of floral shoot development, presumably only
when floral buds were not ICF.

Most work done on girdling in avocados
has been done on mature woody branches (not
shoots) to elucidate the mode of action of
girdling in augmenting bloom and fruitfulness
of avocado (Lahav et al., 1971-72; Tomer,
1977), therefore both defoliation and stage of
bud development at the time of girdling was
not considered. Our working hypothesis was

the use of timed shoot defoliation to prevent
the onset of the flowering process in avocado.

Winter flush shoots were more than 5
calendar months older than summer flush
shoots. However, by 15 Oct., shoots of both
ages had attained a similar reproductive
competence because they were both ICF
and had a similar date of anthesis. A similar
behavior was observed for summer and fall
shoots of the ‘Hass’ avocado in Australia
(Thorp et al., 1993). According to the macro-
and microscopic stages of avocado bud and
inflorescence development proposed by
Salazar-Garcia et al. (1998), S-3 was the
stage at which apical buds were fully com-
mitted to reproductive growth. This develop-
mental stage was also demonstrated to be
related to the transition from vegetative to
reproductive development of apical buds of
summer shoots of ‘Hass’ avocado trees in
California (Salazar-Garcia and Lovatt, 1998;
Salazar-Garcia et al., 1998), although no
information is available for fall flush shoots.

In the current research, buds of mature
‘Hass’ avocado trees that were ICF showed
a more advanced stage of development than
previously reported by Salazar-Garcia et al.
(1999) for young ‘Hass’ avocado trees sub-
jected to floral-inductive low-temperature
treatments (10 °C/7 °C day/night with a
10-h photoperiod for 1 to 4 weeks to promote
flowering followed by warm temperature, 25
°C/20 °C day/night, at the same photoperiod
in growth chambers to stop the process). This
difference can be attributed to a longer ex-
posure of shoots to inconsistent floral-pro-
moting conditions in the field, and
consequently more time for bud growth and
development to occur. Additionally, root
activity would not be entirely suppressed
under field conditions, in contrast to the
controlled environmental conditions imposed
earlier.

In this study, the threshold temperatures
=17 °C or =18 °C were not related to
commitment to flowering because their ac-
cumulation was not significant before buds
reached that developmental stage. Temper-
atures at 20 °C also were discarded because
they have been shown not to promote flower-
ing (Nevin and Lovatt, 1989; Salazar-Garcia
et al., 1999). Based on this, 24 to 31 chilling
days at =19 °C were required for apical buds
on winter and summer flush shoots to become
ICF. Using the 2-year average of 27.5 chill-
ing days, it can be deduced that there were at
least 28 d with temperatures =19 °C before
buds were ICF. This amount of chilling was
equivalent to the 4-week low-temperature
treatment previously reported to cause flow-
ering of the ‘Hass” avocado under controlled
environmental conditions in a growth cham-
ber (Nevin and Lovatt, 1989; Salazar-Garcia
et al., 1999).

The current research results revealed
three physiological advantages derived from
the phenology of the ‘Hass” avocado growing
in a subhumid (summer rain) semiwarm and
subtropical climate of Nayarit. The first
advantage was that the primary source of
floral shoots at bloom was the vegetative
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shoots that developed from the indeterminate
floral shoots of the previous year’s bloom.
Because 66.1% to 84.8% of these shoots
produced inflorescences the following year,
floral intensity can be anticipated to remain
reasonably stable from year to year. The
second advantage was derived from the high
percentage of vegetative shoots from the
several summer flushes that produced inflor-
escences (56.8% to 94.3%). Although fewer
vegetative shoots were produced during the
summer flushes than during the single winter
vegetative flush, the contributions of the
summer flush shoots to flowering further
stabilizes floral intensity of the ‘Hass’
avocado from year to year and, hence, yield.
These flushes also renewed the foliage and
provided a pool of temporally inactive buds
with the potential to develop into either floral
or vegetative shoots in the subsequent year.
The third advantage was that tree fruit load
had no effect on either vegetative or floral
shoot development. It is likely that these
three factors interact to maintain the good
balance between vegetative and reproductive
growth that provides for high yields and new
“wood” for return bloom and cropping of the
‘Hass’ avocado in Nayarit.

The results of this research provide new
insight into the relative importance of each
vegetative flush to flowering of the ‘Hass’
avocado in Nayarit. Because in two separate
orchards with distinctly environmental con-
ditions, crop load was documented to have no
effect on either the number or intensity of
vegetative shoot flushes or the relative num-
ber of vegetative and reproductive shoots pro-
duced at bloom, strategies to alter the time of
harvest should be minimally compromised
by this factor. An understanding of the rela-
tive importance of each vegetative flush to
flowering is also basic to decisions related to
pruning, pest management, and use of
growth-promoting and growth-inhibiting
plant bioregulators.

Our results indicate that even in warm
environments, cool temperature was an im-
portant factor that stimulated the transition of
avocado buds to the reproductive state by
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repressing vegetative growth. Cumulative
evidence shows that in avocado, buds that
are ICF are at the same developmental stage,
irrespective of variation in latitude and cli-
matic conditions.
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