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Highlights

In a tropical wet-dry climate ‘Gem' is harvested 3 to 7 months later than ‘Hass".
‘Gem’ upright growth habit makes it a suitable cultivar for high-density plantations.
‘Gem’ yields higher percentages of the most profitable size classes.

‘Gem’ is a new cultivar option and allows higher profit to the farmers.

Abstract

The introduction of new avocado cultivars into producing countries of the Southern Hemisphere may
extend the offer period of fresh fruit for export. The ‘Gem'’ (‘3-29-5') avocado is known for extending the
marketing period of 'Hass'-like avocados. This study aimed to evaluate the horticultural performance of
‘Gem’ avocado trees between the 4" and 6™ years after planting (2016-2018), in a commercial orchard in
the Central-Western region of the State of Sao Paulo, Brazil. ‘Gem’' avocado trees grafted onto seedling
rootstocks were evaluated regarding tree size, shoot growth, flowering, and fruit yield, quality and
maturation. In the evaluated biennium, the trees showed a strong upright growth habit and compact tree
size. Flowering occurred mainly in indeterminate inflorescences. Fruit yield varied between 106.89 to
116.89 kg tree™, and 75-91% of the fruit classified within size counts 12 (306 to 365 g/fruit) to 18 (211 to
235 g/fruit), and reached physiological maturity in late June, but could be picked until October, i.e, four to
eight months later than ‘Hass'. '‘Gem’ is a new alternative for extending fruit offer of late-maturity avocado
cultivars and allowing higher profit to the farmers.
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Resumo

A introducao de novas cultivares de abacate em paises produtores do Hemisfério Sul pode estender o
periodo de oferta do fruto fresco para exportacdo. O abacate ‘Gem’ ('3-29-5') é conhecido por estender
o periodo de comercializacao de abacates do tipo ‘Hass'. Este estudo teve como objetivo avaliar o
desempenho horticultural de abacateiros ‘Gem’ entre 0 4° e 6° anos ap6s o plantio (2016-2018) em pomar
comercial na regiao Centro-Oeste do Estado de Sao Paulo, Brasil. Os abacateiros ‘Gem’' enxertados em
porta-enxertos obtidos de sementes foram avaliados em relagdo ao tamanho da arvore, crescimento
do broto, florescimento e producao, qualidade e maturacdo de frutos. No biénio avaliado, as arvores
apresentaram forte habito de crescimento ereto e tamanho compacto. O florescimento ocorreu
principalmente com inflorescéncias indeterminadas. A producao variou entre 106,89 a 116,89 kg/planta e
75-91% dos frutos classificados nas categorias de calibre 12 (306 a 365 g/fruto) a 18 (211 a 235 g/fruto), e
atingiram a maturidade fisiolégica no final de junho, podendo ser colhido até outubro, ou seja, quatro a oito
meses depois de 'Hass'. '‘Gem’ € uma nova alternativa para estender a oferta de cultivares de abacate de
maturacao tardia e permitir maior lucro aos agricultores.

Palavras-chave: Florescimento. abacates tipo 'Hass'. Persea americana Mill. Crescimento vegetativo.
Producéo.

Introduction

traditionally consumed in the country, in terms
of its smaller fruit size, rough appearance and
purple coloration of ripe fruit peel and high
oil content in the pulp (Fischer et al., 2011;

Fresh avocado (Persea americana
Mill.) world market moved around 4.6 billion

dollars in 2016, with a 46% growth related
to 2006 (Food and Agriculture Organization
[FAQ], 2020), represented mostly by the
'Hass' cultivar, given its good acceptance by
consumers worldwide (Crane et al., 2015).

Brazil is the sixth world avocado
producer, with 235.788 tons harvested in
2018 over 14.331 hectares, mainly distributed
in the Southeast, Northeast and South regions
(FAQ, 2020), and based on local selections
of tropical cultivars to supply the domestic
market (Salata & Sampaio, 2008), which are
unknown in the export markets where 'Hass’
is the leading commercial standard (Fischer,
Tozze, Arruda, & Massola, 2011).

The consumption of 'Hass' avocados
by Brazilians is still low, given its large
differences with the tropical -cultivars
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Crane et al., 2015; Duarte, Chaves, Borges,
& Mendoncga, 2016). For these reasons, the
Brazilian production of 'Hass' avocado serves
mainly the foreign market (Salata & Sampaio,
2008).

‘Hass' avocados production in several
countries with highly diverse edaphoclimatic
conditions for its cultivation enables the
offer of fresh fruit in the international market
throughout the whole year. In 2017, the main
producers in the Southern Hemisphere were
responsible for supplying 24% of the demand
of the consumers in the Northern Hemisphere
in off-season periods (FAQO, 2020).

Inthiscontext,new'Hass'-likeavocados
which have been selected and released in
other countries offer economic advantages
regarding yield precocity, productivity, lower
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tendency to alternate bearing, good fruit size
and postharvest quality (Van-Rooyen, 2011).

The 'Gem' or '3-29-5' ‘cultivar was
developed by the avocado breeding program
of the University of California at Riverside,
USA, and originated from an open-pollinated
seedling of ‘Gwen’ avocado (‘Thille' x ‘Hass').
It was patented and commercially released in
2003 (Arpaia & Menge, 2004), with exclusive
license given to the South African company
Westfalia Technological Services to develop
and market ‘Gem’ internationally outside the
USA.

In field trials carried out in South
Africa and the USA, the ‘Gem’ avocado
was promising, mainly because of its late-
maturation and high fruit quality, which allow
extending the marketing period of 'Hass'-like
fruit (Van-Rooyen, 2011; Crane et al., 2015).

Therefore, the aim of this research
was to characterize fruit ripening, vegetative
growth, flowering and production of
‘Gem’' avocado trees under the prevailing
edaphoclimatic conditions of the Central-
Western region of the State of Sao Paulo,
Brazil.

Materials and Methods

The study was conducted between
2016 and 2018 in an experimental plot of
‘Gem'’ avocado trees (Persea americana Mill.)
planted in a commercial orchard in Arealva,
in the Central-Western region of the State
of Sdo Paulo, Brazil (22°10'23" S, 49°1'44" W
and 580 m altitude). The local climate is Aw,
according to Kdéppen-Geiger's classification,
i.e., tropical wet climate with dry winter (Centro
de Pesquisas Meteorolégicas e Climaticas
Aplicadas a Agricultura [CEPAGRI], 2016).
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Duringthe experimental period, meteorological
data were recorded by an automated weather
station located in Bauru, at 27-km distance
from the experimental site (Table 1) (Instituto
Nacional de Meteorologia [INMET], 2018).

The experimental plot was planted
in the March 2012, in a spacing of 8 x 4 m
(312 trees ha™), with ‘Gem'’ trees grafted onto
seedling rootstocks of unknown origin. Each
tree was irrigated by one micro sprinkler with
volume of 20 L/hour perplant. Alltreesreceived
grower standard cultural traits recommended
for avocado trees (Whiley, Wolstenholme, &
Faber, 2013).

Between 2016 and 2018 (year 4 to 6
after planting), nine ‘Gem'’ trees of the same age
were evaluated regarding tree size, vegetative
growth, flowering, fruit yield, size, shape and
pulp dry matter content over the ripening
period. As in other studies, the reduced
number of trees in the experimental plot is
due to the processes for obtaining plants with
exclusive license, which requires the importing
of plant material (Dixon, Cotterell, Hofstee, &
Elmsly, 2008).

In years 2016 and 2017, pulp dry
matter percentage (DM) was determined after
a methodology adapted from Aldana, Longas
and Lozano (2010), by weight difference
determination on 30 g pooled pulp samples
dried in a microwave oven until constant
weight, as follows: (DM (%) = (dry weight/fresh
weight) x 100).

Canopy volume (V) was calculated
from individual measurements of tree height
(H), down-row canopy width (Dw) and across-
row canopy width (Aw) collected immediately
after harvest, by using the formula: V (m?3) =
4/3 - - H - (Dw+Aw/2)? (Mickelbart, Bender,
Witney, Adams, & Arpaia, 2007).
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Table 1

Mean monthly values of total rainfall (R), minimum (Tmin), maximum (Tmax) and mean (Tmed) air
temperature, and relative air humidity (RH) between April 2016 and June 2018. Bauru meteorological

station, SP, Brazil

04/2016 05/2016 06/2016 07/2016 08/2016 09/2016 10/2016 11/2016 12/2016

R (mm) 33.4 96.6 82.2 7.2 54.2 21.6 91.4 78.0 126.4
Tmin (°C) 12.6 12.9 9.3 11.0 12.0 14.2 17.0 17.3 20.2
Tmax (°C) 27.3 22.7 21.7 241 25.4 26.8 29.6 27.6 28.2
Tmed (°C) 23.9 18.5 16.7 18.5 19.7 20.2 22.3 229 24.0

RH (%) 67.2 79.4 77.6 63.7 63.9 63.8 69.2 71.9 74.2

R (mm) 393.4 114.8 102.0 100.0 168.0 20.0 0.2 60.6 13.0
Tmin (°C) 20.5 21.3 20.4 17.1 17.0 11.1 11.0 14.8 18.0
Tmax (°C) 27.2 28.0 27.4 25.6 234 23.2 241 247 26.8
Tmed (°C) 2388 249 235 21.6 20 18 17.5 19.3 23.4

RH (%) 81.9 73.6 75.4 77.0 80.6 75.5 65.0 66.5 50.3

10/2017 11/2017 12/2017 01/2018 02/2018 03/2018 04/2018 05/2018 06/2018

R (mm) 104.8 221.4 96.8 219.0 79.8 204.8 13.2 9.2 12.4
Tmin (°C) 17.6 19.5 20.4 20.0 19.9 21.3 19.7 11.9 189
Tmax (°C) 28.9 27.9 27.3 27.7 26.8 28.2 24.8 24.6 24.3
Tmed (°C) 22.9 225 24.2 235 23.2 245 22.2 20.1 19.8

RH (%) 69.2 72.6 73.6 79.9 75.2 78.8 72.4 68.4 69.0

Source: INMET (2018).

Vegetative growth was estimated from
monthly shoot length measurements on five
shoots on each tree, tagged in the mid-portion
of the canopy. Shoot extension was measured
from a marked reference at the basal bud ring
to the base of the terminal bud, by using a cloth
measuring tape. Average shoot growth rate
was then calculated from the variation among
consecutive measurements at four different
periods, and it was assessed separately on
shoots of the summer vegetative growth from
April to August 2016, and on shoots of the
late-winter/spring flushing, measured from
August to December 2017.
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In August 2016 and 2017, at full
bloom, the mean number of panicles and the
percentage of determinate and indeterminate
inflorescences were evaluated (Alcaraz, Thorp,
& Hormaza, 2013) on five tagged shoots per
tree, evenly distributed around the mid-portion
of the canopy. Additionally, the intensity of
flowering was visually assessed on each tree
by using a five-score rating scale (scores 0O to
5, where 0 accounts for a flowerless canopy;
scores 1, 2, 3 and 4 represent trees with up
to 20%, 40% and 60% of the canopy with
panicles, respectively; and score 5 runs for
trees with more than 80% of the canopy area
with panicles) (Cristoffanini, 1996).
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Fruit yield per tree was annually
computed at harvest (June 2017 and July
2018), by counting and weighing all the
fruits picked from each measured tree. Yield
efficiency (YE) was calculated by using the
expression: YE (kg m3) =Yield (kg/tree)/Canopy
volume (m?3). Productivity (tha™') was calculated
by multiplying the average fruit yield per tree
by the planting density.

Annually at harvest, a sample of 100
fruits was randomly collected from all the
trees for individual measurements of fruit
weight, length (L), diameter (D) and the L:D
ratio that characterizes fruit shape. Individual
fruit weight was utilized to estimate fruit size
distribution using the count size classes valid
for 'Hass' avocados sold in the European
market, as follows: class 10 (>365 g), class 12
(306to 365 g), class 14 (266 to 305 g), class 16
(236t0 265 g), class 18(211 to 235 g), class 20
(191t021049),class 22 (171 to 190 g), class 24
(156 to 170 @), class 26 (146 to 155 g), class

28 (136 to 145 g), class 30 (125 to 135 g) and
small-sized fruit (<125 g) (Hofman, Fuchs, &
Milne, 2002; Organisation for Economic Co-
operation and Development [OECD], 2004).

Results and Discussion

In 2017, ‘Gem'’ fruit was harvested in
June 23, four months later than ‘Hass' fruit
picked on February 22 in the same orchard.
In June, '‘Gem’' was harvested with 27.9%
mean pulp dry matter content, slightly above
the minimum recommended content of 27%
for harvesting other late-maturing avocado
cultivars, such as ‘Lamb Hass', that guarantees
a good palatability and no fruit shrinkage after
harvest (Dixon et al., 2008). On that year, it was
decided to store a portion of the fruit on the
trees until mid-spring (October), when pulp dry
matter content was close to 35% (Figure 1),
i.e., eight months later than 'Hass'.
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26/05/2017 A
23/06/2017
29/07/2017 A
25/08/2017 1
22/09/2017 A
20/10/2017

Dates of evaluation (dd/mm/yy)

Figure 1. Evolution of the mean pulp dry matter percentage (%) of ‘Gem' avocados in the 2016-

2017 season. Arealva, SP, Brazil.
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The ‘Gem’' avocado cultivar is known
for its later maturation compared with
‘Hass' (Crane et al., 2015). Minimum pulp dry
matter content for harvesting this cultivar
corresponds to 27%, when fruit presents good
palatability and firmness (Blakey et al., 2015).
According to Blakey et al. (2015), because of
its late maturation, the minimum dry matter
content does not become so decisive to
define the beginning of the harvest, which
can occur with up to 38% pulp dry matter. In
New Zealand, Dixon et al. (2008) harvested
this cultivar with 31.9 to 37.7% of dry matter,
between November and January. Skin color of
late-harvested fruit turned darker and purplish,
which is characteristic of ripe fruit of the ‘Gem'’
cultivar (Arpaia et al., 2013).

In South Africa, '‘Gem'’s late maturation
allows to delays fruit harvest by 4 weeks
after the end of the 'Hass' harvesting season
(Bekker, 2012), and it can be extended for
up to 2 months, depending on the region of
cultivation (Van-Rooyen, 2011). Under the
prevailing edaphoclimatic conditions in the
present study, ‘Gem’ fruitreached the minimum

Table 2

maturity index of 27% pulp dry matter at the
end of June, four months after the beginning
of the 'Hass' harvesting period in the same
location, which occurred between the end of
February until the end of April. When hung on
the tree, ‘Gem’ fruit could be harvested until
October, thus extending the supply period of
‘Hass'-like fruit by around 8 months in regions
with tropical climate with wet summer and dry
winter conditions, such as those prevailing
in this study (Table 1). Extended fruit supply
could also be possible by growing the 'Gem’
avocado in other regions of the Sao Paulo
and Minas Gerais states, at higher altitude and
under a milder climate favorable for later fruit
maturation (Sentelhas, Piza, Alfonsi, Kavati, &
Soares, 1995).

In the 2017-2018 biennium (5" to
6" year after planting), ‘Gem’ trees showed
a strong upright growth habit, with mean
variation of tree height and across-row width
of 5.70% and 2.06%, respectively (Table 2),
thus confirming the slow initial growth and low
vigour described for this cultivar by Bruwer
and Mokgalabone (2005) and Bruwer (2007).

Mean and standard error of the mean values for tree height (H), down-row width (Dw), across-row width
(Aw) and canopy volume (V) of 5- and 6-year- old ‘Gem’ avocado trees. Arealva, SP, Brazil, 2017-2018

H
Year
2017 4.03 £ 0.09
2018 426 +£0.11
Variation in the period (%) 5.70
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Dw A\ \

(m) (md)
299+0.12 291+£0.15 18.72 £ 1.80
3.06 £0.16 297 £0.11 20.52+1.94

2.34 2.06 9.62
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The upright habit and slow initial
growth of '‘Gem’' avocado trees make this
cultivar very suitable for the establishment of
dense plantations (Crane et al., 2015), which
allows to delay tree pruning for a later stage,
thus allowing an anticipated recovery of the
initial orchard establishment and management
costs. Another feature referred to this cultivar
and observed in this study, consists in its
bearing habit in the inside of the canopy,
protecting fruit against wind and sun injures
(Blakey et al., 2015).

In this study, 4-year-old ‘Gem' avocado
trees had higher shoot growth rates during the
winter/spring vegetative growth, than in the
summer growth (Table 3). Mean shoot growth
rates varied between 0.03 and 0.15 mm day™’

Table 3

for the summer flush shoots, and between
0.13 to 1.67 mm day’ for the winter/spring
flush. In the KwaZulu-Natal province, in South
Africa, Mazhawu (2016) recorded summer
shoot growth rates between 0.025 and 0.3
mm day™ on 4-to 5-year old ‘Gem’' avocado
trees. Regardless of the flush type, higher
shoot growth rates were initially recorded
in the first three months of evaluation, while
minimum growth occurred towards the end
of the evaluation period (Table 3). In the 2016-
2017 biennium, ‘Gem' avocado trees flowered
profusely, with more than one inflorescence
per shoot, predominantly of the indeterminate
type (Table 4), which ends in a vegetative bud
(Alcaraz et al., 2013).

Mean monthly shoot growth rate (mm day-1) at four periods during the summer and winter/spring
vegetative flushes on 4-year-old ‘Gem’ avocado trees. Arealva, SP, Brazil, 2016

Average summer shoot growth rate + standard error of the mean (mm day™’)

22 Apr-27 May 27 May-8 Jul 8 Jul-27 Jul 27 Jul-26 Aug
0.15 1 0.02 0.1310.02 0.17 £ 0.04 0.03 £ 0.01

Average winter/spring shoot growth rate + standard error of the mean (mm day™’)

26 Aug-30 Sep 30 Sep-4 Nov 4 Nov-25 Nov 25 Nov-15 Dec
1.67 £0.17 0.37 £ 0.07 1.20 £ 0.23 0.13+0.04

Table 4

Average and standard error of the mean values for flowering intensity, number of panicles per shoot
and percentage of determinate and indeterminate inflorescences in 4- and 5-year-old ‘Gem’' avocado
trees. Arealva, SP, Brazil, 2016-2017

Flowering intensity Type of inflorescence (%)

Year Panicles per shoot

score* Indeterminate Determinate
2016 3.67 £0.33 2.13+0.27 77.78 £ 10.77 22.22 +10.77
2017 4,00+0.29 1.56+0.12 96.14 + 2.68 3.86 + 2.68

*Visually evaluated with a five-score rating scale, with 0 = flowerless canopy and 5 = over 80% of the canopy area with
panicles (Cristoffanini, 1996).
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In the 2017-2018 period (years 5- 6
after planting), there was an increase in all
yield variables. Mean productivity increased
from 8.29 to 9.51 t ha’, which is equivalent to
a 14.72% increase in the period (Table 5). In
Danroc, in the Mpumalanga province in South
Africa, two-year-old ‘Gem’ avocado tress
yielded 7 t ha™ in their first harvest, whereas
'Hass' trees produced 6 t ha™ (Bruwer, 2007).
In Limpopo, also in South Africa, ‘Gem’ showed
consistent yields over a period of six years,
with a mean annual productivity of 23 t ha™
(Bruwer & Mokgalabone, 2005). Similarly,
under the subtropical conditions of Karkloof,
South Africa, four-year-old ‘Gem’ avocado

Table 5

trees grafted on the Dusa® clonal rootstock
yielded 16 t ha' (Blakey et al., 2015). In Howick,
KwaZulu-Natal, South Africa, Stones, Van
Rooyen and Kéhne (2017) reported a mean
productivity of 18.13 t ha™ in ‘Gem’ avocado
trees grafted on ‘Dusa’ clonal rootstock
between year 4 to 6 after planting. Under the
conditions of this study, '‘Gem'avocado cultivar
showed lower productivity than that reported
in South Africa, likely because of the more
stressful local climatic conditions (Table 1)
and the use of seedling rootstocks that induce
lower productivity to the scion compared with
the 'Dusa’ clonal rootstock (Salata & Sampaio,
2008).

Mean and standard error of the mean values for fruit yield, productivity and yield efficiency of 5- to
6-year-old ‘Gem’ avocado trees in the 2017-2018 period. Arealva, SP, Brazil

Fruits per tree

2017 106.89 + 29.87
2018 116.89 + 32.24
Variation in the period (%) 9.36

In the 2018 harvest, larger fruit weight,
length and diameter were recorded, despite
of no variation observed on the L:D ratio,
compared to the previous harvest (Table 6),
indicating a proportional increment in both
fruit length and diameter, that did not modify
fruit shape. In the evaluated biennium, fruit
weight was larger than 235 g reported by
Crane et al. (2015) for the ‘Gem’ cultivar in
California, under a Mediterranean climate. In
Levubu, in the province of Limpopo in South
Africa, under a subtropical mountain climate,

3130

Fruit yield Productivity Yield efficiency
kgl/tree
26.53 +7.03 8.29 +2.20 1.71 £ 0.52
30.43+£7.20 9.51+2.25 1.79 £ 0.51
14.70 14.72 4.68

larger average 'Gem'’ fruit weight was reported
in the first harvest evaluated after pruning for
canopy reduction (Bruwer & Mokgalabone,
2005). On the other hand, mean fruit length
(96 to 99 mm) and diameter (74 to 76 mm)
observed in this study (Table 6) are similar
to those reported by Dixon et al. (2008) for
the ‘Gem’' avocado in the temperate climate
of New Zealand (fruit length between 89.3 to
100.2 mm and diameter between 70.7 to 80.4
mm).
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Table 6

Mean and standard error of the mean values for fruit weight, length (L), diameter (D) and L:D ratio of
‘Gem’ avocados in the 2017-2018 period. Arealva, SP, Brazil

Length (L)

Diameter (D)

2017
2018
Variation in the period (%)

270.70 £ 21.59
297.40+£16.12
9.86

In 2017 and 2018, 75% and 91% of
the harvested fruit were distributed into size
classes interval from 12 (306 to 365 g) to 18
(211 to 235 @), with higher commercial value
(Hofman et al., 2002) (Figure 2). Regarding fruit
size distribution, Bruwer and Mokgalabone
(2005) reported that the ‘Gem’' avocado
produced most of the fruit within 14 (20%),
16 (28%) and 18 (12%) size classes. Stones
et al. (2017) reported higher percentages of
‘Gem’ fruit classified within 12 (27.3%) and
14 (19.0%) size classes. In the 2017-2018

L:D ratio
(mm)
96.00 £ 3.30 74.00 £ 1.90 1.30 £ 0.02
99.00 £ 2.20 76.00 £ 1.40 1.30 £ 0.02
3.13 2.70 0.00

period evaluated in this study, the ‘Gem’
avocado yielded higher percentages of large
fruit size classes, with 20 to 40% of the fruit
classified in the 12-count class; 25 to 30% in
the 14-class, and between 10 to 14% in the
16-count class (Figure 2). According to Bruwer
and Mokgalabone (2005), ‘Gem’ avocados
weighing between 250 and 350 g (12 to
16-count classes) are preferred in most of the
markets, although excessively big fruit are no
longer preferred by the consumers and had
lower commercial value (Blakey et al., 2015).

45
40
35
30
25
20
15
10

Fruit percentage %

10 12 14 16 18

m2017
m2018

B =y
20 22 24 26 28 30 32

Count size class

Figure 2. Percentage of ‘Gem’ avocado fruit classified into different count size classesin 2017 and

2018. Arealva, SP, Brazil.
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Conclusions

In the Center-Western region of the
State of Sao Paulo in Brazil, under tropical wet-
dry climatic conditions, the ‘Gem’' avocado
yields highly-valued large sized fruit which
can be lately harvested, thus extending the
marketing period of ‘Hass'-type avocados by
4 to 8 months.

‘Gem'’ avocado trees have a strong
upright growth, which suggests better
suitability of this cultivar for high-density
plantings.

The ‘Gem’ cultivar emerges as a new
option for late production of high-quality
avocados.
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