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Abstract

Effects of delayed harvest were investigated in ‘Fuerte’ avocado over six consecutive seasons
at Childers, S.E. Queensland, a warm subtropical environment conducive to high mean yields
exceeding 20 t ha™'. Early harvesting of fruit at 21 and 24% flesh dry matter (DM) resulted in
highest cumulative and average yield (21.5 t ha™! year™!). A harvest delay of ca. 2 months, until
flesh DM reached 30%, reduced average annual yield by 26% and initiated an alternate bearing
cycle. Early harvest of half the crop and late harvest of the remainder did not significantly reduce
yield. Wood starch concentrations from trunks and bearing shoots fluctuated seasonally but could
not be related to harvest treatment. Harvesting late led to significantly larger fruit in three of the
six seasons.
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1. Introduction

Competition with other trees in forest stands during evolution has increased the
complexity of woody perennials to the extent that they have developed life-cycle
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strategies which optimise competitive fitness within the plant community (Dickson,
1991). The storage of minerals and carbohydrates surplus to current requirements, and
their remobilisation during periods of critical demand, enhance the tree’s competitive-
ness for growth and reproduction. Avocados have the capacity to store significant
quantities of minerals and carbohydrates which are largely re-cycled during flowering,
fruit set and spring growth (Cameron and Borst, 1938; Cameron et al., 1952; Scholefield
et al., 1985). While mineral nutrients are essential for vegetative growth, the require-
ments for avocado fruit development are comparatively small (Wolstenholme, 1991).
However, there is a substantial investment of ‘energy’ to produce oil-rich fruit with large
carbohydrate-rich seeds, compared with sugar-storing species, e.g. apples, citrus, peaches,
mangoes (Wolstenholme, 1986; Wolstenholme, 1987). Avocado fruiting, therefore,
places high demand on the carbon-based products of photo-assimilation.

During a current cropping cycle, biotic and abiotic factors can have a substantial
impact on tree performance. Biotic factors such as shoot vigour, leaf to fruit ratios and
the incidence of pests and diseases (Quinlan and Preston, 1971; Chacko et al., 1982;
Whiley et al,, 1986), and the abiotic environmental variables such as temperature
(particularly in relation to critical phenological events), humidity, wind and storms, light
and nutrient supply (Proctor and Creasey, 1971; Sedgley and Annells, 1981; Whiley and
Winston, 1987, Issarakraisila and Considine, 1994; Crane et al., 1994, Whiley, 1994) all
contribute to the quality and quantity of the harvest.

The inability of mature avocado fruit to ripen while attached to the tree (Schroeder,
1952) has been widely utilised as a ‘tree storage’ strategy to take advantage of
marketing opportunities. As lipids continue to accumulate in fruit well after physio-
logical maturity (Eaks, 1980; Kaiser and Wolstenholme, 1994), this practice undoubt-
edly will have some impact on the total carbon economy of the tree. While currently
there are no published reports on the long-term effect of delayed harvest of avocado on
subsequent productivity, the consequences have been reported for ‘Valencia’ orange.
This fruit may also be ‘stored’ on trees in cool areas for up to 8 months after
commercial maturity has been reached, with several months overlap of successive crops.
Extended ‘on-tree-storage’ of ‘Valencia’ orange results in reduced yields of smaller fruit
in subsequent crops, with the likelihood of the onset of alternate bearing (Hilgeman et
al., 1967; Monselise and Goldschmidt, 1982).

The two most important avocado cultivars grown in Australia and in most of the
subtropics are the early maturing ‘Fuerte’ and the late maturing ‘Hass’. We report on the
effect of delayed harvesting of these two cultivars at two localities. Part I deals with cv.
Fuerte at Childers, and Part II with cv. Hass at both Childers and Maleny in S.E.
Queensland.

2. Materials and methods

The ‘Fuerte’ experiment was located at Childers (latitude 25°S, altitude 40 m) in S.E.
Queensland, which has a warm, subtropical climate well suited to this cultivar. The
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study extended over six consecutive seasons from 1988 until 1993 inclusive. The
7-year-old trees (in 1988) were on seedling Guatemalan rootstock and spaced 9 X 7 m
(143 trees ha™') in a deep, well-drained krasnozem soil. Fertilisation and pest and
disease control were according to recommendations of Whiley et al. (1988) and Banks
(1992). Each tree was irrigated by two under-tree sprinklers (each delivering 14 1h~")
scheduled with tensiometers to supplement the mean annual rainfall of ca. 900 mm.

Percentage dry mass of fruit flesh was selected as the maturity index for harvest. As
maturing avocado fruit maintain a constant relationship between the percentage oil and
water in the flesh (Swarts, 1976; Lee, 1981a; Lee et al., 1982), the determination of
flesh dry matter (DM) is a reliable method of judging maturity with respect to the
previously defined oil content standard (Lee, 1981b). In Australia and South Africa this
(or the reciprocal, flesh moisture percentage) has been commercially utilised for some
time for determining minimum fruit maturity standards (Swarts, 1978; Brown, 1984). In
Australia the minimum maturity standard for avocados is 21% DM (Brown, 1984)
though commercially ‘Hass’ is generally harvested when it reaches 23 to 25% DM. In
many instances fruit is stored on trees for market opportunities, so that pulp DM may
exceed 30 to 35% when harvested. Thus treatments selected spanned those of normal
commercial practice and for ‘Fuerte’ were:

1. All fruit harvested at 21% DM (21%);

2. All fruit harvested at 24% DM (24%);,

3. Half of the fruit harvested at 21% and half at 30% DM (21 /30%),

4. Half of the fruit harvested at 24% and half at 30% DM (24 /30%); and
5. All fruit harvested at 30% DM (30%).

Treatments were applied to single-tree plots and replicated six times in a randomised
block design. To determine the correct stage of maturity for harvesting, random fruit
samples were periodically collected for pulp DM determination. In addition, pulp DM
percentage of five fruit from each tree was measured at harvest to establish the actual
maturity of fruit from each treatment at harvest.

Tree phenology was detailed by recording the date of floral bud-break and develop-
ment of the inflorescence, the duration of anthesis, and the periods of active shoot
growth. Wood samples from trunks and the most recently produced shoots were
collected for starch analysis at 1-2 month intervals depending on growth activity within
the tree. Wood samples from trunks were taken from five sites on each tree by first
removing a plug of bark and then drilling 40 mm into the trunk with a 9 mm bit. The
shavings were collected for analysis. Shoot samples were obtained by the removal of
approximately 6 cm of terminal growth from 10 randomly selected, non-fruiting,
mature-summer grown shoots with leaves being discarded. Samples were placed in a
cool, insulated box for transport back to the laboratory and within 3 h of collection, were
dried at 60°C to constant mass in a convection oven. Dried samples were ground at 100
mesh in a Udy Mill (Udy Corporation, USA) and stored in airtight containers. Starch
was determined by a two stage enzymatic hydrolysis of the starch to glucose and the
concentration measured colorimetrically wusing a coupled glucose
oxidase /peroxidase /chromogen system as described by Rasmussen and Henry (1990).

Data were analysed by ANOVA, and covariance analysis was used to separate the
effect of yield on fruit size.
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3. Results

Depending on the year, fruit flesh reached 21% DM between late March and
mid-April (autumn); 24% DM between late April to mid-May, and 30% DM from late
May to mid-June (early winter) (Table 1). All fruit over the duration of the study were
harvested within + 1% of the target DM for the respective treatments.

3.1. Yield

On an annual basis, there was no significant treatment effect on yield except in 1991
where trees that were strip-harvested at 21% and 24% or picked at 24/30%, had
significantly higher yield than trees where fruit was harvested at 21 /30% or 30% (Fig.
1a). Due to carry-over effects and natural tree to tree variation, it is unusual to
demonstrate yield responses from agronomic treatments in tree crops over an annual
cycle (Schaffer and Baranowski, 1986). In this case significant differences were
probably due to pre-conditioning of the trees following the application of treatments
over a number of years and the exceptionally high yields of late-harvest trees the
previous year.

After the second year of the study treatments began to affect the cumulative yield of
trees (Fig. 2). Treatments with the earliest harvest times, viz. 21%, 24% and 21/30%,
had significantly higher yields than where fruit was allowed to hang until 30%. The
yield increment increased with time, though the earliest harvested treatments never
significantly out-yielded the split harvests at 21 /30% or 24 /30%: i.e. split harvests did
not prejudice cumulative yields over the six seasons. Mean yields over six seasons were
21.5 tha™' for the two early harvests, 18.8 t ha™! for the split harvests and 15.9 t ha™'
for the late harvest. Late harvesting therefore reduced mean annual yield by 5.6 t ha™!,
or by 26% when compared with early harvesting (P < 0.05 judged on a cumulative
basis).

The effect of the time of harvest on yield becomes more apparent when the annual
patterns for each treatment are examined over the duration of the study (Fig. 3). In the
first year of this experiment treatments had no significant effect on yield, indicating

Table 1
Maturity of cv. Fuerte fruit at Childers indicated by flesh dry matter at the different times of harvest in 1988 to
1993. Data are means £ SE of five fruit from trees when harvested at their respective maturity times

1st Harvest 2nd Harvest 3rd Harvest

Date Dry matter (%) Date Dry matter (%) Date Dry matter (%)
14.04.88 21.5+03 06.05.88 246404 17.06.88 31.14+03
28.03.89 21.14£0.2 26.04.89 249+0.5 08.06.89 298+04
24.04.90 21.440.3 15.05.90 254404 19.06.90 297403
11.04.91 21.7+£0.1 09.05.91 248+0.2 21.05.91 30.4+0.4
09.04.92 21.2+0.2 29.04.92 246+0.2 18.06.92 306403

14.04.93 21.7+£0.2 04.05.93 25.7+0.6 24.05.93 30.0+0.5
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Fig. 1. Relationship between yield, seasonal starch concentration flux and tree phenology of cv. Fuerte over six
seasons at Childers where: (a) is yield of fruit which were harvested at different stages of maturity as judged
by dry matter (DM), vertical bar indicates LSD (P < 0.05); (b) is the mean starch concentration of all
treatments (n = 30), SEs are represented by vertical bars; (c) is periods of panicle growth represented by open
horizontal bars, and periods of anthesis represented by closed horizontal bars; (d) is periods of vegetative
growth represented by closed horizontal bars.

absence of bias in the experimental population (Fig. 1a). The continued early harvesting
of fruit at 21 and 24% DM for 6 years resulted in cropping patterns with insignificant
(P < 0.05) annual variation, and limited to fluxes which probably reflected environmen-
tal conditions at critical periods of development (Fig. 3). In contrast, delayed harvesting
of either half or all of the crop, resulted in the development of an alternate bearing cycle
in which the amplitude increased with time. Examination of the data show that the cycle
was atypical from 1992 to 1993 where yields for the 21 /30% and 30% DM treatment
were almost identical (Fig. 3). This may be explained by a cyclonic tropical storm in
February 1992 when a significant portion of the crop was blown off trees when fruit was
about 60% grown. This effectively acted as an unscheduled, very early harvest across all
treatments allowing a similar sized crop to be carried the following year.
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Fig. 2. Effect of time of harvest, based on fruit dry matter (DM), on the cumulative yield of cv. Fuerte avocado

trees at Childers over six consecutive years. Columns are treatment means (n = 6) and vertical bars indicate
LSDs (P < 0.05).

3.2. Fruit size

Mean fruit size was dependent on the time of harvest although significant differences
were not apparent in all years (Table 2). In general, fruit size increased in those
treatments where harvest was delayed, either by removing part of the crop early and the
balance later or leaving the fruit until they had reached 30% DM. For example, in 3
years out of six, fruit size of the 21/30% and 30% treatments was significantly larger
than in the 21% treatment.
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Fig. 3. Effect of time of harvest on the sustainability of yield of cv. Fuerte avocado trees at Childers over six
consecutive years. Columns are mean values (n = 6) and vertical bars indicate LSDs (P < 0.05).
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3.3. Starch cycling

Trunk and shoot starch concentrations have been pooled as there were no significant
differences between treatments. The concentration flux of trunk wood starch over 3
years was in the order of 5% (from ca. 2 to 7%) (Fig. 1b). Starch levels peaked during
each winter and declined during and immediately after flowering. The lowest trunk
starch concentrations were during the summer and autumn of 1990 when trees were
carrying their heaviest crop (Fig. 1a and b). The seasonal concentration flux of starch in
summer-grown shoots was higher than in the trunks of trees (ca. 8% varying from < 1%
to >7%) and followed a more defined seasonal pattern (Fig. 1b). Peak starch
concentrations accumulated during the autumn/winter period when shoot growth had
ceased and trees were in a relatively quiescent phase (Fig. 1b, ¢ and d). During the
flowering and spring flush periods shoot starch levels dropped rapidly to < 1% by the
end of spring.

3.4. Phenology

Panicle development and flowering occurred over a 16 week period with panicle
growth beginning in June and flowering completed by the end of September in each year
of the investigation (Fig. 1c). There were two periods of shoot growth activity in trees
during a cropping cycle, viz, in spring and summer (Fig. 1d). Spring shoot growth was
synchronised by flowering with most terminals flushing simultaneously in early Septem-
ber. Shoot growth was relatively quiescent after 60 days, followed by more sporadic
summer and autumn flush growth from late December through to late April-May when
all shoot growth activity ceased.

4. Discussion
4.1. Yield and fruit size

Results have shown that avocado yields are strongly influenced by the interaction of
fruit load and the duration of post-maturity storage of the crop on the tree. With
‘Fuerte’, an early season cultivar growing under good management at Childers, harvest-
ing within a reasonable time of reaching minimum commercial maturity (21 to 24%
flesh DM) maintained high commercial yields with minimal fluctuation over the six
seasons. However, more delayed harvesting caused a strong alternate bearing cycle to
develop starting in the second season, i.e. evident in the 1989 crop. Only a tropical
cyclone, which blew a substantial portion of the crop from the trees in February 1992,
broke the regular cyclic yield pattern. In general, cumulative yields were highest in the
21% and 24% DM treatments, which were significantly better than the 30% DM
treatment. Split harvests gave intermediate yields, though not significantly different from
the early-strip or late harvest treatments. Early, selective harvest of the largest fruits
(50% of the crop), allowing remaining fruit to be stored on-tree for another 3 to 4
weeks, will therefore not prejudice overall yield or initiate alternate bearing in well-
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managed orchards. This practice facilitates greater efficiency of limited farm resources
and allows increased flexibility with respect to marketing opportunities.

Picking date is reported to have affected yield in other fruit crops. Apple fruits were
picked over an 8 week period from when they were judged to attain maturity until they
had begun to fall naturally from the trees (Williams et al., 1980). It was shown that fruit
set the following spring was highly correlated to the harvest dates of the previous year.
Early picking promoted more flower clusters which consequently set more fruit.
Similarly, harvest time has been shown to affect cropping patterns of ‘Valencia’
oranges. After a 14-year study, Jones and Cree (1954) concluded that late picking
decreased the following year’s yield and increased the severity of alternate bearing.
Later studies showed a curvilinear relationship between harvest date and the size of the
next year’s crop and suggested that ‘Valencia’ oranges crop to the limit of their
available carbohydrates (Jones et al., 1964).

There was a trend of increased fruit size with delayed harvest, although results were
not significant in all seasons. ‘Fuerte’ fruit size (mass) increased by ca. 8 to 18% with
later harvested treatments. However, these gains must be balanced against lower yields,
as small fruits are generally not a commercial problem with cv. Fuerte in well-managed
orchards. Studies on some other fruits have reported increased fruit size with delayed
harvest, e.g. ‘Bramley Seedling’ apples (Williams et al., 1980). Avocado fruits could be
expected to increase in size more than other fruits, due to the continued cell division as
long as the fruits remain firmly attached to the tree (Schroeder, 1952; Valmayor, 1967).
This effect is likely to be greater in fruit in which seed coats do not abort prematurely
(Blumenfeld and Gazit, 1974; Steyn et al., 1993; Wolstenholme and Whiley, 1995).

4.2. Seasonal starch cycling

Starch is the most common and ubiquitous reserve carbohydrate in plants and there
are numerous reports on its role in alternate bearing of fruit crops (Grochowska, 1973;
Davis and Sparks, 1974; Jones et al., 1975; Goldschmidt and Golomb, 1982; Scholefield
et al., 1985). It has been repeatedly confirmed that starch levels are higher during the
winter of the ‘off’ year compared with levels when trees have cropped heavily. The 3
year study of Scholefield et al. (1985) clearly indicated a direct relationship between
winter starch levels and subsequent yield of ‘Fuerte’ avocado trees growing in a cool,
dry Mediterranean climate in southern Australia. In our 6 year study with ‘Fuerte’ there
was no clear correlation between starch concentrations {(measured in the trunk or shoots)
and yield, although in all years trunk or shoot levels declined rapidly during flowering
and early fruit development.

The small seasonal change in starch concentration relative to yield compared with
that reported by Scholefield et al. (1985), suggests a lower dependence on reserve
carbohydrate of ‘Fuerte’ trees to maintain yield in subtropical summer rainfall climates.
It is suggested that carbohydrates from current photo-assimilation play a proportionally
greater role in cropping than in cooler regions. Observations at Childers indicated the
trees retained most summer-grown leaves until spring shoot growth was fully developed,
thereby ensuring continuity of photo-assimilate supply during the flowering and fruit set
period. However, Scholefield et al. (1985) reported that summer grown leaves were shed
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from March onwards at a rate faster than new leaves were produced, probably as a
consequence of salinity and environmental stress. Thus the assimilation surface was
substantially reduced at flowering (a period of critical demand) and setting fruit were
largely dependent on storage carbohydrate until the sink /source transition of the spring
growth occurred. Thus avocado trees in such stressful environments were semi-decidu-
ous, and this was reflected in starch concentration fluxes more typical of deciduous
trees.

5. Conclusions

It is concluded, in an area conductive to high yields of ‘Fuerte’, that early harvesting
of half the crop at a fruit flesh DM of 21 to 24%, permits regular annual bearing in
well-managed orchards. However, a harvest delay until 30% flesh DM (an additional
+2 months tree storage under the conditions of the study) reduced average yield
significantly and initiated an alternate bearing cycle. Although both trunk and shoot
wood starch levels followed seasonal concentration fluxes related to phenological events
(especially the latter), there were no significant differences between treatments. How-
ever, it appears that accumulated starch is important in supporting flowering when
concentrations in the tree rapidly decline; but not so critical for fruit retention and early
growth by which time starch levels are very low. Late harvest led to significant fruit size
increases in three of the six seasons. The economic benefits of delayed harvest, if any,
therefore need to be carefully evaluated against the loss of management control implicit
in reduced yield and the onset of alternate bearing in ‘Fuerte’ trees.
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