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Two experiments were conducted to assess the relationship between alternate bearing, flowering, fruit
set, and fruit growth in mature ‘Hass’ avocado (Persea americana Mill.) in Irvine, California. In the first
experiment, trees were grown on four clonal rootstocks (‘Thomas’, ‘Topa Topa’, ‘Duke 7’, or ‘D9’), and
data collected on yield, number of fruit per tree, average fruit weight, and the timing and duration of
flowering over five seasons. In the second experiment, ‘Hass’ trees were grown on ‘Duke 7’ rootstock and

Keywords: data collected on the rate of fruit retention and fruit volume growth over three years. In Experiment 1,
Rootstocks o “ » “« fem . . . . .
Fruit size the trees exhibited “on” and “off” years in most cropping cycles. Heavy yields were associated with a

higher number of fruit per tree, lower average fruit weight, and early and longer periods of flowering.
Although yield varied among rootstocks, especially in heavy crop load years, trees growing on different
rootstocks had similar cropping patterns. In Experiment 2, fruit abscission varied over years, but rates of
volume increase were similar over years. Low yields in ‘Hass’ avocado trees appear to be related to later

Fruit abscission
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and shorter flowering periods and fewer and larger fruit at harvest.
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1. Introduction

Annual production of avocado (Persea americana Mill.) in Califor-
nia fluctuates due to alternate bearing. Trees in “off” years typically
yield approximately 40% less than trees in “on” years (Anonymous,
2000). Dramatic variations in crop volume from year to year result
in the loss of revenue during low-yield years and in oversupply
during high-yield years.

Although there are 1-2 million flowers on a mature avocado tree
(Bergh, 1986; Cossio-Vargas et al., 2007), usually less than 0.1% of
them set fruit, and most of the fruit that set abscise before fruit are
mature (Whiley and Schaffer, 1994; Garner and Lovatt, 2008). Other
factors also influence flowering and fruit set, including temperature
(Sedgley and Annells, 1981), the presence and variety of pollinizers
(Degani et al., 1997), and the use of insect pollinators (Ish-Am and
Eisikowitch, 1991, 1993).

We examined shoot and root growth, flowering, and yield of
‘Hass’ avocado trees on different rootstocks under semi-arid sub-
tropical conditions in California. ‘Thomas’ and ‘Duke 7’ rootstocks
are commonly used due to their tolerance to root rot caused by
Phytophthora cinnamomi, whereas ‘D9’ is less popular, dwarfing,
and useful as a breeding parent (J. Menge, Dept. of Plant Pathology,
University of California, personal communication). ‘Topa Topa’ was
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widely used as a seedling rootstock prior to the adoption of clonal
material. For uniformity, clonal ‘Topa Topa’ rootstocks were used
in this study. We were interested in determining the relationship
between alternate bearing and flowering, fruit set, and fruit growth.
The objectives of these studies were to (1) determine the relation-
ship between vegetative and reproductive growth and yield, and
(2) determine the effect of rootstock on these traits and relation-
ships. This information will help guide future research on avocado
by establishing the important factors affecting productivity.

2. Materials and methods
2.1. Plant material and field environment

‘Hass’ avocado trees on clonal ‘Thomas’, ‘Topa Topa’, ‘Duke 7’,
or ‘D9’ rootstocks (all Mexican race) were planted at the University
of California South Coast Research and Extension Center in Irvine
(latitude, 33°44'N; longitude, 117°49'W). The trees were planted
in a randomized complete block design. Rows (north-south orien-
tation) acted as blocks, and each rootstock was represented one
time in each of 10 blocks. With the exception of trees on ‘Thomas’
rootstock, which were planted in 1987, all other trees were planted
in 1986. Ten trees per rootstock were used for all measurements,
except for shoot extension, where five trees per rootstock were
used.

The trees were planted at a spacing of 6.1 m x 6.1 m on slightly
raised 1.5 m wide by 0.5 m high berms to facilitate water drainage.
The soil was a Hanford sandy loam. The trees were irrigated with
low-volume microsprinklers. Air and soil temperatures, relative
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humidity, and precipitation were monitored during the experi-
ment by the California Irrigation Management Information System
(CIMIS) weather station approximately 1.3km from the trees.
Water demand was calculated based on evapotranspiration data
from CIMIS (Snyder et al., 1985). Standard fertilization for avocado
trees in California (Goodall et al., 1981) was practiced. The exper-
imental block had no pollinizer cultivars. However, immediately
adjacent to the north side of the block was a row of seedling avo-
cados of mixed origin. Analysis of yield in the block in relation to
proximity to the seedling row did not reveal a significant (P<0.05)
effect on yield. Pollination was not supplemented with bee
hives.

2.2. Measurements

‘Hass’ trees flower in February to May in southern California
and the fruit mature (based on commercially standardized mea-
surements of dry matter percentage) within approximately six to
eight months (Lee et al.,, 1983). The fruit may remain on the tree,
however, for an additional 10 months. Trees in this study were har-
vested in April, approximately 12-14 months after fruit set. Yield
(fruit weight and number) was measured and average fruit fresh
weight calculated.

Trees were assessed for presence of flowers every two to three
weeks during flowering, and estimates of the timing and duration
of flowering were made. Flowering was estimated to begin at first
anthesis and to end at last anthesis.

Fruit growth and abscission were measured in 1994, 1995, and
1996 on a different set of ‘Hass’ trees on ‘Duke 7’ rootstock in a
field adjacent (within 30 m) to the main experiment. Care of these
trees (planted in 1987) was as described above. An average of
55 individual fruit on each of 10 trees were tagged shortly after
fruit set, and fruit length (I) and width at the widest point (w)
measured approximately every three weeks until harvest. Fruit vol-
ume (V) was calculated using the formula for a prolate spheroid,
V=4/37(1/2w)3(1/21). This formula provided a sufficiently accu-
rate estimate of volume based on measurements of actual volume
(measured by water displacement).

2.3. Statistical analysis

The trees in the main experiment were planted as a randomized
complete block design. Analysis of variance was conducted using
the PROC GLM procedure of SAS (SAS, Cary, NC, USA). Rootstock
and block were considered fixed and random effects, respectively.
When multiple measurements were made on an individual tree
(e.g., shoot length), the experimental error (rootstock x block) was
used to test rootstock effects. Mean separation was done with
Fisher’s Protected Least Significant Difference test. For graphical
representation, data from heavy (1992 and 1994) or light crop
load (1993, 1995, and 1996) years were pooled and the means
presented.

3. Results
3.1. Weather

Apart from high winter rainfall in 1992, all average yearly mean
winter and summer temperatures and RH, and total winter and
summer rainfall (Table 1) were average for this area. These values
do not indicate short-term variations in weather.

3.2. Yield

Yield varied across years and among rootstocks within most
years, but there were no consistent differences among rootstocks

(Table 2). Trees exhibited alternate bearing from 1992 to 1995 with
higher yields in 1993 and 1995 and lower yields in 1994 and 1996.
Based on alternate bearing patterns, a heavy yield was expected in
1997, but a lower than expected yield occurred. Differences were
reflected in both weight and number of fruit per tree (Table 2).
Fruit size was not different among rootstocks except in 1995, when
the average fruit size on ‘Topa Topa’ was 16% smaller (on a weight
basis) than fruit on the other rootstocks (Table 2). Average fruit
fresh weight tended to be highest in 1992, 1994, and 1996 when
the yield was lower (Table 2).

3.3. Flowering

Flowering began as new shoots emerged. The beginning of flow-
ering was quite variable and ranged from mid-February to early
April (Table 3). The end of flowering from early to mid-May was
more consistent.

Earlier and longer flowering periods preceded heavy yields com-
pared with light yields (Tables 2 and 3). When flowering data were
separated into two groups, heavy crop (1992 and 1994) and light
crop (1993 and 1995) years, differences in the beginning and dura-
tion of flowering were significantly (P<0.001) different between
the two groups. The mean date for the start of flowering for the
subsequent heavy and light crops was 28 February and 27 March,
respectively. The mean durations of flowering were 77 and 49 days,
respectively (data not shown).

Rootstock did not have a significant (P<0.05) effect on the tim-
ing or duration of flowering except in 1996, when trees on ‘Thomas’
flowered earlier and longer than trees on other rootstocks (data not
shown). There was no clear relationship between air temperatures
prior to and during flowering in January through March and the
timing or duration of flowering (data not shown).

3.4. Fruit growth

Fruit abscission occurred throughout fruit development but was
heaviest 70-100 days after set (Fig. 1A). Fruit abscission was great-
est in 1995, when only 12% of the fruit remained on the tree at
harvest, compared with 63% and 64% in 1994 and 1996, respec-
tively.

Fruit set began in early April (130th day of the year) (Fig. 1). The
period of maximum fruit growth rate occurred up to mid-August
(230th day of the year) (Fig. 1B). From mid-August until harvest,
the fruit growth rate slowed substantially. The same pattern was
observed in each year.

4. Discussion

Rootstock can affect alternate bearing in ‘Hass’ avocado, but
the four rootstocks used in the current study did not have differ-
ent alternate-bearing indices in a larger experiment that included
10 rootstocks (Mickelbart et al., 2007). Although avocado is alter-
nate bearing, factors other than crop load can disrupt the response
(Hodgson, 1947). Examination of yield records for an entire grow-
ing region or an individual grove reveals a general alternate bearing
pattern, but disruptions to the pattern are common (Lomas, 1988).
The fact that the trees in this study did not follow a regular alter-
nate bearing pattern suggests that this pattern can be disturbed by
cultural or environmental events. While freezes or droughts may
disrupt the alternate bearing pattern, more subtle events may also
play a role. Although there were no temperature extremes in 1996
that would have resulted in the lower than expected yields, tem-
perature cannot be ruled out as a potential factor. Temperatures
may affect fruit set and yield by altering the timing of male and
female flowering (Sedgley and Grant, 1983).



186

Table 1

M.V. Mickelbart et al. / Scientia Horticulturae 143 (2012) 184-188

Average daily maximum and minimum air temperature and mean soil temperature (15 cm below surface), relative humidity (RH), and precipitation at the University of
California South Coast Research and Education Center in Irvine, California, during the experiment.

Year Max temp. (°C) Min temp. (°C) Soil temp. (°C) RH (%) Precipitation (cm)
wa sb W S w S W S w S
1992 20.7 26.6 9.8 15.1 14.5 213 60.1 68.3 110 6
1993 20.9 25.2 9.3 14.0 16.9 24.6 59.5 70.4 30 3
1994 203 255 8.1 14.1 17.2 24.8 62.9 74.3 14 5
1995 204 26.1 9.6 13.7 189 23.7 72.1 65.5 30 5
1996 20.2 26.2 9.4 14.1 18.2 239 64.6 65.1 41 4

2 Winter (W)= average of October through March.
b Summer (S)=average of April through September.

Table 2

Effect of rootstock on yield, fruit production, and average fruit fresh weight of ‘Hass’ avocado trees growing on four clonal rootstocks at the University of California South
Coast Research and Education Center in Irvine, California (n=10). Yield numbers shown represent fruit harvested in the given year, but they are the result of the previous
year’s flowering period; e.g., 1992 flowering resulted in 1993 average yield of 115.2 kg tree~'.

Rootstock Year
1992 1993 1994 1995 1996 1997
Yield (kg tree~1)
‘Thomas’ 11.92 79.8¢ 0.6 83.1b 10.0c 14.8
‘Topa Topa’ 2.0 130.8ab 0.1 147.5a 25.5bc 14.4
‘Duke 7’ 8.9 137.1a 0.1 132.2a 41.9ab 21.2
‘DY 10.5 115.4b 1.3 88.8b 49.4a 15.8
Mean of P 8.3ns 115.2° 0.5¢ 112.4™ 314" 17.4"s
Number of fruit (fruit tree~1)
‘Thomas’ 61.1 380.9¢ 21 384.3c 40.0c 75.8
‘Topa Topa’ 9.0 638.8ab 0.3 779.1a 108.9bc 74.0
‘Duke 7’ 51.1 657.1a 0.2 602.1b 176.4ab 1244
‘DY’ 51.6 551.2b 4.6 388.4c 227.9a 79.7
Mean of F 43.0" 554.1"" 1.9 536.8"" 137.2" 95.4n5
Mean fruit fresh weight (g fruit-!)
‘Thomas’ 205 208 305 219a 260 198
‘Topa Topa’ 227 205 260 188b 244 194
‘Duke 7’ 224 209 315 224a 245 216
‘DY’ 226 211 299 231a 229 212
Mean of F 2200 2080 3000 215™ 245ns. 208"

v T o

n.s., non-significant.
Significant at P <0.05

™ Significant at P<0.01

™ Significant at P<0.001

Data not suitable for ANOVA.

In general, flowering was earlier and longer before a heavy crop
and later and shorter before a light crop (Table 3). Other studies
have shown that heavy crops delay and shorten flowering (Hodgson
and Cameron, 1935a). However, this may not be the case in all
climates and cultivars (Davenport, 1986). Temperature can also
influence flower initiation and synchrony (Sedgley and Annells,
1981).

The timing of flowering from March to April in ‘Hass’ was
similar to that reported in California (Bergh, 1967; Hodgson and
Cameron, 1937; Schroeder, 1951), Florida (Davenport, 1982), and
Israel (Blumenfield and Gazit, 1974). The duration of flowering
at our site ranged from 5 to 12 weeks. This is much longer
than reported for ‘Hass’ trees in Australia (Alexander, 1975) and
Israel (Levin, 1981), but is similar to the range reported in Florida
(Davenport, 1982) and in California (Winslow and Enderud, 1955).
Yield may be related to conditions during flowering (Hodgson and
Cameron, 1935b) more than the length of flowering (Cameron et al.,
1952).Yield was correlated with the timing of flowering (Table 3) in
this study, but not with temperature, suggesting that temperatures
were moderate for avocado production.

The maximum rate of fruit growth occurs in the first four to
six months, as shown by Marsh (1935), Schroeder (1953), and
Undurraga et al. (1987), and our data confirm this (Fig. 1). Fruit

Means within a column with no letter(s) in common are significantly different based on Fisher’s Protected Least Significant Difference test at P=0.05.

were smaller in years with heavy crops (Table 2), but not because
the period of rapid fruit growth was shorter, as previously reported
for ‘Fuerte’ (Marsh, 1935).

In 1995 it was warmer than normal in May when fruit were
setting and cooler than normal in June when fruit were abscising.
These conditions may have caused the heavy fruit drop. Fruit set of
‘Hass’ was described by Davenport (1986) as “Type I,” which has an
initially heavy fruit set, followed by a significant abscission. In our
study, most fruit abscised within the first month (Fig. 1), as shown
previously (Papademetriou, 1976). Abscission did not increase with

Table 3
The timing and duration of flowering of ‘Hass’ avocado trees at Irvine, California.
Data are the means of 40 trees pooled across four rootstocks.

Year Date of first anthesis? Date of last anthesis® Duration® (days)
1992 19 Feb 13 May 84
1993 4 Apr 12 May 38
1994 9 Mar 18 May 70
1995 20 Mar 19 May 60
1996 26 Mar 5 May 40

2 Date on which approximately 1% of the flowers were open.
b Date on which all of the flower petals were abscised.
¢ Number of days between the beginning and end of flowering.
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Fig. 1. Seasonal changes in fruit retention (A; % of individual fruit originally tagged)
and fruit volume (B) of ‘Hass’ trees on ‘Duke 7’ clonal rootstocks at Irvine, California,
in 1994 (e), 1995 (M), and 1996 (). Data are the means of an average of 55 individual
fruit on each of 10 trees.

the growth of summer shoots, in contrast to the observations of
Wolstenholme et al. (1990). Fruit that abscised early were smaller
(P<0.05) than fruit that eventually grew to maturity (data not
shown). Defective ovule development occurs in avocado, but it does
not appear to be related to fruit abscission (Tomer et al., 1976;
Sedgley, 1980). Other factors including pollinizers (Degani et al.,
1997) and temperature conditions (Sedgley and Annells, 1981) may
be more important in affecting fruit abscission.

The effect of temperature on avocado yields is unclear. Zamet
(1990) determined that yield decreased as chilling units (10 °C base
temperature) increased in a given year. However, Lomas (1988)
found a poor correlation between yield and minimum temperature,
and the correlation between yield and maximum temperature was
only significant for years with temperatures above 33 °C. Tempera-
tures can influence phenology in avocado (Sedgley et al., 1985), but
temperatures rarely fall below 10°C during flowering in Irvine. The
timing and length of flowering may vary widely within individual
groves, and within individual trees (Schroeder, 1951). Therefore,
the lack of correlation between yield and temperatures during flow-
ering is not surprising.

‘Hass’ avocado trees growing in California exhibited a typical
alternate bearing pattern until the final year of the study. Trees
with heavy yields had more but smaller fruit and longer flowering
periods than trees with low yields. Overall, rootstock did not affect
the alternate bearing habit, suggesting that phenological events
monitored on trees of a particular rootstock can be extrapolated
to other rootstocks. The relationship of yield and alternate bear-
ing with vegetative growth is addressed in the second part of this
report.
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