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Simone Rodrigues da Silva?, Tatiana Eugenia Cantuarias-Avilés?,
Bruno Chiavelli?, Michael Aleixo Martins?, Michelle Souza Oliveira?

ABSTRACT

Only a few phenological models have been formulated
for rain-fed avocados in warm subhumid environments, and
none of them have suggested crop management strategies
for improving the trees performance in such conditions. The
occurrence and intensity of major phenological events were
assessed in ‘Hass’ and ‘Margarida’ avocado trees, in order
to properly schedule the main crop practices for optimum
management of rain-fed orchards in warm subhumid growing
environments. Shoot growth, root density, number of open
flowers, fruit set and fruit dropping rate were evaluated. For
both cultivars, two shoot flushes were observed in September-
October (spring) and January-February (summer), while
a maximum feeder root growth took place in late August,
coinciding with flowering. Two other minor root growth flushes
occurred after the onset of summer rains. Both cultivars had only
one flowering period, followed by an intense fruitlet dropping.
A second minor fruit dropping wave occurred in February (mid-
summer), for both cultivars. By determining the extent of each
phenological phase in both avocado cultivars, it is possible to
schedule applications of fertilizer, mulch and soil amendments,
during the root growth flushes, as well as foliar sprays during
shoot flushes, in order to maintain an adequate nutritional and
sanitary status.

RESUMO

Modelos fenoldgicos para a implementacao de praticas
de manejo em pomares nao irrigados de abacateiro

Poucos modelos fenologicos tém sido formulados para
abacateiros cultivados em sequeiro, em ambientes subumidos calidos,
e em nenhum deles foram sugeridas estratégias de manejo do cultivo
paramelhorar o desempenho das arvores nessas condi¢oes. Avaliou-
se a ocorréncia e a intensidade dos principais eventos fenologicos
em abacateiros ‘Hass’ e ‘Margarida’, visando a programar praticas
culturais apropriadas para otimizar o manejo de pomares ndo irrigados,
em ambiente célido e subumido. Foram avaliados o crescimento de
brotos, densidade da raiz, nimero de flores abertas, frutos fixados
e taxa de queda de frutos. Para ambas as cultivares, observaram-se
dois fluxos de brotagdo em setembro-outubro (primavera) e janeiro-
fevereiro (verdo), enquanto o crescimento maximo das raizes de
absorgao ocorreu no final de agosto, coincidindo com o florescimento.
Dois outros fluxos de raizes, de menor intensidade, ocorreram
apods o inicio das chuvas sazonais de verdo. Ambas as cultivares
apresentaram apenas um periodo de floracdo, seguido por uma queda
intensa de frutos. Uma segunda queda menor de frutos ocorreu em
fevereiro (meados do verdo), em ambas as cultivares. Ao determinar
aextensao de cada fase fenoldgica em ambas as cultivares, é possivel
programar aplicacdes de fertilizantes, cobertura vegetal e corretivos
ao solo, durante os fluxos de crescimento das raizes, assim como
pulverizacdes foliares durante as brotagdes, para manter um estado
nutricional e sanitario adequado.

KEYWORDS: Persea americana Mill.; root growth; vegetative
flush; fruit growth.

INTRODUCTION

Brazil is the ninth world’s largest avocado
producer, with over 165,000 tons harvested from
9,450 hectares yearly (FAO 2017). In 2014, the
Sdo Paulo state accounted for 53 % of the national
production (Agrianual 2017). Locally selected
hybrids from West India and Guatemala, such as

PALAVRAS-CHAVE: Persea americana Mill.; crescimento
radicular; fluxo vegetativo; crescimento de frutos.

‘Geada’, ‘Fortuna’, ‘Quintal’, ‘Margarida’ and
‘Breda’, are the main commercial cultivars.

In recent years, the ‘Hass’ cultivar has been
established, due to an increasing demand in Europe.
‘Hass’ fruits are harvested from March to October,
while ‘Margarida’ is a late-maturing cultivar,
harvested from September to November and sold
mainly domestically.
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Water deficit during flowering and fruit
formation, as well as severe incidence of root rot, are
the main problems limiting the expansion of avocado
production in Brazil. Determining the periods of
shoot and root flushing and flowering and fruit
setting may assist in scheduling fertilization (Lovatt
2001), irrigation (Barcenas-Ortega et al. 2007),
pruning (Menzel & Le Lagadec 2014), pest (Torres
et al. 2012) and disease (Avila-Quezada et al. 2002)
control. Improved management practices may also
optimize fruit quality and yield (Whiley et al. 1988a,
Dixon et al. 2008, Menzel & Le Lagadec 2014).

Several avocado phenological models have
been previously developed (Whiley et al. 1988a,
Wolstenholme & Whiley 1989, Robinson et al.
2002, Cossio-Vargas et al. 2008, Dixon et al. 2008).
In Brazil, two studies have described the vegetative
flush, blooming and fruit growth periods for several
cultivars, including ‘Hass’ (Oliveira et al. 2013,
Silva et al. 2014). However, no specific management
guidelines were recommended to growers.

The present study reports the phenological
cycle of ‘Hass’ and ‘Margarida’ avocados under
rain-fed conditions, in a warm, subhumid growing
environment, in Brazil. Guidelines were provided on
optimum tree management, based on the phenology
of the two cultivars.

MATERIAL AND METHODS

The study was conducted in two commercial
avocado orchards in Araras, Sdo Paulo state, Brazil
(22°24°S,47°36’W and 611 m of altitude). Non-irrigated
‘Hass’ and ‘Margarida’ trees grafted on unknown
seedling rootstocks were planted in December 2004
(8 m x 6 m, equivalent to 206 plants ha!). The local
climate is mesothermic (Cwa, according to Kdppen),
with a humid hot summer and a dry winter, with
average daily maximum/minimum temperature of
32 °C/2 °C and mean annual precipitation of 1,350 mm,
mostly concentrated between October and March. The
soil was classified as a clayey Red Dystrophic Oxisol,
deep and well drained, highly intemperized, acidic and
with low natural fertility.

Phenological events were evaluated from
August 2010 to July 2011, in ten trees of each cultivar.
The reproductive growth was assessed on a panicle
from the apical bud and on a panicle from a lateral
bud, on each of the four branches tagged at the center
of the canopy at the beginning of inflorescence

elongation (one branch per quadrant, 8 panicles per
tree), by weekly counts of open flowers and attached
fruitlets. Fruit abscission was bi-weekly evaluated
from full bloom (> 50 % open flowers) by counting the
number of fruitlets dropped into four wooden boxes
(40 cm x 80 cm surface area) previously distributed
in the quadrants under the canopy of each tree. Shoot
length was assessed every two weeks on one shoot
above the apical inflorescence and on one shoot above
the lateral inflorescence (8 shoots per tree).

Root growth was measured every two weeks,
in soil samples collected from 5 tagged trees of each
cultivar, at four points under the canopy, distant
0.5 m from the trunk, using a stainless steel probe
with 0.07 m in diameter, that was drilled into the
soil to a depth of 20 cm (Silva et al. 2016). White
and unsuberised feeder roots with < 5 mm width
were washed out of the soil, dried and weighed.
Root samples were then oven dried at 70-80 °C, for
72 h, and weighed. The results were expressed as
grams of root dry matter per liter of soil (feeder root
density). Meteorological data were recorded by an
automatic weather station located at 5 km from the
evaluation site.

Relative percentages of flowering, fruit setting
and fruit dropping were calculated for each cultivar,
from the proportion between flower or fruit count and
the total number of flowers or fruits on the tagged
shoots. Shoot growth rate (SGR) was calculated using
the equation: SGR = (SG,-SG )/(t,,,-t,,,), where SG,
and SG, are the shoot lengths measured at times t,
and tg , respectively. Average feeder root density
was computed from the mean dry weight of roots
present in 1-liter volume soil samples, individually
collected in 10 plants per cultivar. The data were
used to characterize the phenology of ‘Hass’ and
‘Margarida’ avocado trees.

RESULTS AND DISCUSSION

The occurrence and succession of main
phenological events followed a similar pattern in
rain-fed ‘Hass’ and ‘Margarida’ avocado cultivars,
with two main shoot flushes (Figure 1A). The first
flush occurred from mid-August (end of the dry
winter period) to late October (spring), peaking in
September for both cultivars. Average maximum
and minimum temperatures during the period were
30 °C/15 °C, with 109.6 mm of cumulative rainfall
from August to October 2010 (Figure 1C). Two other
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smaller shoot flushes were observed on both cultivars In both cultivars, the flushing peak in mid-
from late November 2010 (spring) to mid-February = September coincided with fruit setting (Figures 2A
2011(summer) (Figure 1A). and 2B) and with the beginning of the rainy period
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Figure 1. Seasonal patterns of shoot growth (A), root growth (B) and rainfall (C), maximum (Max. T), minimum (Min. T) and mean
(Mean T) air temperature in rain-fed ‘Hass’ and ‘Margarida’ avocado orchards (Araras, Sdo Paulo state, Brazil, 2010-2011).
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(Figure 1C). Two short periods of reduced growth
occurred from late November to early December
2010 and from late May to mid-June 2011
(Figure 1A).

Two main shoot flushes were also reported
by Cossio-Vargas et al. (2008) in rain-fed ‘Hass’
avocados grown on acidic soil, in warm Nayarit,
Mexico. In contrast, Avilan et al. (2005) reported 2
to 4 flushes for several hybrids grown under rain-fed
conditions, in the center-northern coastal region of
Venezuela, under a tropical dry forest climate.

In Sdo Bento do Sapucai, in the Sdo Paulo
state (Cwb climate, 903 m of altitude), the first
shoots emerged by mid-September in ‘Hass’ and
in late September in ‘Margarida’, under maximum/
minimum temperatures of 20-21 °C/6-7 °C (Oliveira
etal. 2013). In avocado, the vegetative flush in spring
competes with the young fruit for photoassimilates

S. R. da Silva et al. (2017)

and water, and it is often associated with low yields
(Whiley et al. 1988a).

The root growth pattern also followed a
cyclical and expected pattern, with larger root
densities in ‘Hass’ (Figure 1B), and a major flush
was recorded for both cultivars in late August, during
flowering, under cool and dry weather conditions
(Figure 1C). Two minor root flushes were recorded
for both cultivars by late November (Figure 1B),
after the spring shoot flush, and from mid-January
to early February, at the end of the summer shoot
flush (Figure 1A).

Flowering occurred in August and September
2011 (Figures 2A and 2B). Average monthly minimum/
maximum temperatures were 28.7 °C/11.4 °C in
August and 30.2 °C/15.2 °C in September (Figure 1C),
being considered as optimum for avocado blooming
(Salazar-Garcia et al. 2013).

100 'Hass'
90
30
Q
S 70
<
§ 60
5 50
)
@ 40
2 .
= 30 Fruit set
=
= .
I~ 20 —Fruit drop
10 —O—Flowering
0
O O OO OO O OO OO OO O e e e e e e e e e e e e e
____________________________
e e N N N N N N N N N N S N
T oo sdodaaSsasdcdocond od s
o0 o0 oo AN O~ —~ —~ A — AN N onoen < <t i O O o~
==== =
100
A} ida'
Margarida
90
80
Q
N
S 70
g 60
e 50
)
L
g D Fruit set
.= i
ki 30 Tuit se
9 — 1
™ 20 Fruit drop
10 —o—Flowering
0 - —
OO OO OO OO OO OO OO = = —
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
B e e N N N N N N N N
TSI ddcossdodadSfagdocdcondsdr
o0 o0 o0 NN ©O — — —~ N — AN N N oen <t < v O O o~
==== =
Date (MM/DD/YY)

Figure 2. Seasonal patterns of flowering, fruit setting and fruit dropping for ‘Hass’ (A) and ‘Margarida’ (B) avocados grown under
rain-fed conditions (Araras, Sdo Paulo state, Brazil, 2010-2011).
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The flowering period lasted 42 days for ‘Hass’
(Figure 2A) and 56 days for ‘Margarida’ (Figure 2B).
Flowering and the later shoot flush coincided with
the main root flush (Figure 1B). This information
will guide the selection of pollinator cultivars with
overlapping flowering and determine the proper
timing of beehive introduction for best pollination
(Dixon et al. 2008).

The maximum fruit setting occurred at 23 and
28 days after the flowering peak in ‘Hass’ (Figure 2A)
and ‘Margarida’ (Figure 2B), respectively, while the
maximum fruit dropping occurred by late September
in ‘Hass’ (Figure 2A) and in October for ‘Margarida’
(Figure 2B).

In this study, the root growth peak corresponded
to blooming periods and, in both cultivars, it occurred
earlier than reported in other countries, whereas
the root flush peak always occurred after flowering
(Whiley et al. 1988a, Wolstenholme & Whiley 1989,
Robinson et al. 2002, Cossio-Vargas et al. 2008,
Dixon et al. 2008). The absence of rainfall in August,
during the main root flush, hinders the fertilization
of non-irrigated orchards. Therefore, the application
of supplementary irrigation to orchards in late winter
will support a maximum root activity, allowing soil
fertilization during the flowering period and preventing
environmental or nutritional stresses during this critical
phenological stage (Barcenas-Ortega et al. 2007).

Based on the occurrence and intensity of the
different phenological stages determined in this
study for both cultivars, regular cultural practices

for avocado orchard management were scheduled
(Figure 3). Variations in climatic conditions
among years may lead to slight differences in the
beginning and ending dates of the phenological
events described in this study, which were defined
based on observations collected during just one year.
Nevertheless, this situation does not impede a correct
scheduling of cultural traits during each phenological
stage for both cultivars, considering that the shortest
phase of fruit abscission may extend for a minimum
of two to three weeks (Figure 2).

The shoot growth peak by mid-September
should be correctly managed, in order to avoid its
competition with fruit set. As bud breaking and
flowering occurred simultaneously in both cultivars,
nitrogen fertilizer applications should be judiciously
supplied in this period, to avoid excessive shoot
growth at the expense of fruit setting, or a poor
flushing resulting in a smaller crop in the next season
(Whiley et al. 2013, Menzel & Le Lagadec 2014).

A higher absorption by new avocado leaves
increases the efficacy of foliar fertilizers and plant
growth regulators, when applied during flushing
periods (Whiley et al. 1988a). Pesticide sprays should
be also carefully scheduled during flushing, due to
more frequent pest and disease outbreaks occurring in
this period, as new leaves become more available and
attractive to insects and pathogens (Avila-Quezada
et al. 2002, Torres et al. 2012).

The identification of root activity under
local conditions will allow a correct timing for

Phenological phase | At Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul Recommended cultural practices

Flowering Reduce environmetal stress (irrigation, nutrition, mulching, weed control)
Foliar sprays (nutrients, growth regulators, fungicides)

Fruit set - Reduce environmetal stress (irrigation, nutrition, mulching, weed control)
Foliar sprays (nutrients, growth regulators, fungicides)

Fruit drop - . Reduce environmetal stress (irrigation, nutrition, mulching, weed control)
Crop protection practices (pesticides)

Fruit growth _ Reduce environmetal stress (irrigation, nutrition, mulching, weed control)
Tree size/crop load management (pruning)

Root growth - - - Soil fertilization and amendments for PRR control
Phosphonate sprays for PRR control

Shoot growth - - Foliar sprays (nutrients, pesticides)

. 'Hass' 'Margarida'

Figure 3. Schematic diagram of phenological stages of rain-fed ‘Hass” and ‘Margarida’ avocados, as related with recommended
cultural practices for each period, based on previous studies (Whiley et al. 1988a, Wolstenholme & Whiley 1989, Whiley

etal. 2013).

e-ISSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goiania, v. 47, n. 3, p. 321-327, Jul./Sep. 2017



326 S. R. da Silva et al. (2017)

soil applications of fertilizers, gypsum, lime and
mulch (Whiley et al. 1988a), thus improving
tree nourishment, soil moisture and temperature
regulation, as well as soil microbiological activity
against Phytophthora root rot (Mavuso 2009).

The determination of the flowering period
duration will assist with the schedule of foliar sprays
of triazoles at mid-anthesis, such as paclobutrazol
and uniconazole, to increase fruit set and size by
reducing the competition between reproductive and
vegetative sinks developing simultaneously in the
inflorescence (Whiley et al. 2013). Foliar sprayed
paclobutrazol has also been reported to reduce plant
stress in other woody species, such as shrubs, oaks
and peanuts (Percival & Albalushi 2007, Navarro et
al. 2007, Sankar et al. 2007). The characterization of
the flowering period will also allow the scheduling of
pesticide applications oriented to protect both flowers
and fruitlets from the attack of seasonal pests, such
as Monalonion velezangeli (Torres et al. 2012), thrips
and mites (Pefia et al. 2013).

During flowering, stem carbohydrate reserves
supporting the avocado reproductive and vegetative
growth are depleted (Wolstenholme & Whiley 1989,
Liu et al. 1999). Consequently, in rain-fed orchards,
soil fertilization strategies should be oriented to allow
a high level of carbohydrate reserves in the trees in
the autumn, in order to supply energy for flowering
and fruit setting until the beginning of rains in spring.
In California, extra-nitrogen soil applications in
autumn increased fruit size and yield and reduced
alternate bearing of ‘Hass’ avocados over a 4-year
period (Lovatt 2001).

In addition, during the flowering and early
fruit setting stages, avocado trees increase their water
consumption rates (Whiley et al. 1988b), hence the
use of supplementary irrigation may significantly
reduce fruit abscission and increase fruit yield
(Lahav et al. 2013). This is an important aspect,
when managing non-irrigated avocado orchards in
Brazil. Practices such as soil mulching and weed
control will contribute to regulate the soil temperature
and maintain a higher soil moisture in these critical
periods (Mavuso 2009).

Effective irrigation management during
flowering and fruit setting may reduce fruit dropping
and increase final fruit size by preventing tree stress
(Wolstenholme et al. 1990, Lahav et al. 2013), while
the occurrence of drought or high air temperatures
will significantly reduce fruit growth (Whiley et al.

2013). At earlier stages of fruit development, calcium
applications to the soil improve fruit quality by
increasing calcium root uptake and its accumulation
in the pulp.

Fertilizer applications and soil amendments
should be scheduled during root flushing to provide
adequate nutritional and sanitary conditions to
the trees (Whiley et al. 2013). During early
fruit development stages in the rainy season, the
application of an adequate fertilization program will
promote a rapid fruit enlargement, because of the
high rates of cell division and expansion during this
phase (Salazar-Garcia et al. 2013). In summary, the
characterization of the main phenological phases for
rain-fed ‘Hass’ and ‘Margarida’ avocados allows to
determine the adequate timing of cultural practices
for an optimum balance among shoot growth, fruiting
and root growth, to ensure a high yield.

CONCLUSIONS

1. In central Sdao Paulo State, Brazil, rain-fed
‘Hass’ and ‘Margarida’ avocados show a similar
occurrence and succession of main phenological
events, with two annual shoot flushes, three root
flushes, one main flowering period and two fruit
dropping events;

2. The main root growth recorded in late August,
in both cultivars, corresponded to the flowering
period. This is considered the ideal period for the
adoption of strategies to manage root rot diseases,
as well as supplementary applications of water and
fertilizers, to support flowering and fruit setting.
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