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Carbohydrate levels in the leaves and production consistency of the
Ponkan tangerine when thinned out with Ethephont

Teores de carboidratos nas folhas e regularidade da producéo de tangerineira
‘Ponkan’ raleadas com Ethephon

Rodrigo Amato Moreira?*, José Darlan Ramos?, Maria do Céu Monteiro da Cruz?, Lilian de Aradjo Pantoja* e
Alexandre Soares dos Santos®

ABSTRACT - Management practices that maintain carbohydrate reserves in tangerines are necessary in order to ensure
good yields. This experiment was carried out with the object of evaluating the levels of carbohydrates in the leaves, and
consistency in the production of the Ponkan tangerine (Citrus reticulata Blanco) when subjected to chemical thinning
with five concentrations of Ethephon for three consecutive years. The Ponkan tangerine evaluated had been grafted onto
Rangpur lime (Citrus limonia Osbeck), cultivated with a spacing of 6.0 x 3.0 m and were 12 years old. The Ethephon
concentrations tested were: 0; 200; 400; 600 and 800 mg L, applied in January of 2009; 2010 and 2011, when the
fruits were of 25 to 30mm in transverse diameter. The experimental design was of randomized blocks, with four blocks
and four plants per plot. The levels of soluble leaf carbohydrate, starch and total carbohydrates were evaluated during
flowering and harvesting. Fifteen days after application of the concentrations, the percentage of thinning was evaluated.
Production, pending load and alternate bearing were evaluated when harvesting. Chemical thinning with Ethephon
favors the maintaining of leaf carbohydrates in the Ponkan tangerine. The most effective concentration in reduncing the
alternate bearing in the Ponkan tangerine is 600 mg L of Ethephon.

Key words: Citrus reticulata Blanco. Chemical thinning. Alternate bearing. Ethylene.

RESUMO - Préticas de manejo que proporcionem a manutencdo das reservas de carboidratos nas tangerineiras sdo necessarias
para garantir boas produtividades. O experimento foi conduzido com o objetivo de avaliar os teores de carboidratos foliares
e a regularidade da producgdo de tangerineira ‘Ponkan’ (Citrus reticulata Blanco) submetida ao raleio quimico com cinco
concentracOes de Ethephon por trés anos consecutivos. As tangerineiras ‘Ponkan’ avaliadas estavam enxertadas sobre limoeiro
‘Cravo’ (Citrus limonia Osbeck), cultivadas no espagcamento 6,0 x 3,0 m e com 12 anos de idade. As concentra¢des de Ethephon
testadas foram: 0; 200; 400; 600 e 800 mg L, aplicadas quando as frutas estavam com 25 a 30 mm de didmetro transversal, nos
meses de janeiro de 2009, de 2010 e de 2011. O delineamento experimental utilizado foi em blocos casualizados, com quatro
blocos e quatro plantas por parcela. Foram avaliados os teores foliares de carboidratos sollveis, de amido e de carboidratos
totais nos periodos de floracdo e de colheita. Apds 15 dias da aplicagdo das concentragdes avaliou-se o percentual de raleio.
Nas colheitas foram avaliadas a producdo, a carga pendente e a alternancia de produgdo. O raleio quimico com Ethephon
favorece a manutencdo dos teores de carboidratos foliares na tangerineira ‘Ponkan’. A concentracdo mais eficiente para reduzir
a alterndncia de producéo em tangerineiras ‘Ponkan’ é 600 mg L*de Ethephon.

Palavras-chave: Citrus reticulata Blanco. Raleio quimico. Alternancia de producdo. Etileno.
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INTRODUCTION

Alternate bearing, characterized by excessive
fruit production interspersed with years of low or no
production, is a recurring problem in the Ponkan tangerine
(MAIA; SIQUEIRA; CECON, 2010; MOREIRA et al.,
2011a; RUFINI; RAMQOS, 2002), with depletion of the
plant reserves, mainly carbohydrates which accumulate
in the root system and the leaves (GOLDSCHMIDT;
KOCH, 1996), occurring in the year of high production,
compromising production of the next crop.

Carbohydrate reserves are used in the formation and
development of the flowers and fruit of citrus trees (CRUZ
et al., 2007; MONERRI et al., 2011; RUIZ et al., 2001).
During this stage, the demand for carbohydrates in the plants
is high, due to the excessive amount of flowers formed by the
tangerine, surpassing the daily production of carbohydrates by
the leaves (BUSTAN; GOLDSCHMIDT, 1998).

Management practices that provide for the
maintaining of carbohydrate reserves in the plants are
crucial to ensure uniform flowering the following year,
and economically viable yields of the Ponkan tangerine
(MOREIRA et al., 2011b). Among such practices, chemical
thinning with Ethephon stands out for affording fruit
abscission, reducing the competition between fruits and an
improvement in fruit size (CRUZ et al., 2009, 2010a, 2010b,
2011; MOREIRA et al., 2012; RAMOS et al., 2009).

The results of the application of Ethephon on
alternate bearing in citrus plants are variable and depend
on when the plants are thinned, on the tangerine cultivar,
and on the interaction with the environmental conditions.
In the Montenegrina tangerine (Citrus deliciosa Tenore),
this alternation was reduced with the use of 200 mg L*
Ethephon + 3% urea (SOUZA et al., 1993). However,
Sartori et al. (2007), working with the same cultivar
observed no effect when applying 200 mg L* Ethephon.

Given the above, an experiment was carried out
with the object of evaluating the levels of carbohydrates in
the leaves, and consistency in the production of the Ponkan
tangerine when subjected to chemical thinning with five
concentrations of Ethephon for three consecutive years.

MATERIAL AND METHODS

This experiment was carried out from October 2008 to
June 2011, inthe agricultural seasons of 2008/2009, 2009/2010
and 2010/2011, in a commercial orchard of 12-year-old, non-
irrigated Ponkan tangerine (Citrus reticulata Blanco) grafted
onto ‘Rangpur’ lime (Citrus limonia Osbeck), cultivated with
aspacing of 6.0 x 3.0 m.

The location for the experiment was at Perddes,
in southern Minas Gerais, Brazil, situated at Latitude

21°05’27” S and Longitude 45°05’27” W, having a type
Cwb climate according to the Koppen classification,
characterized by hot, humid summers and dry, cold
winters. Temperature variations, precipitation and relative
humidity during the experiment are shown in Figure 1.

The concentrations used to carry out thinning
were 0; 200; 400; 600 and 800 mg L* of Ethephon,
after the period of physiological fruit drop, when these
were in the stage of development of 25 to 30 mm in
transverse diameter, in January 2009, 2010 and 2011.
The experimental design was of randomized blocks, with
four blocks and four plants per plot.

Before the application of the treatments, plants with
abundant flowering throughout the crown were selected, so
that all could present significant amounts of fruit, and be in
similar condition regarding the availability and consumption
of their reserves at the start of chemical thinning. In the
second and third year, the same concentrations were applied
to those plants which had been sprayed the first year, thus
enabling evaluation of yield behaviour as regards plant
reserves and the regularity of thinning.

The plants were sprayed over the full extent of the
crown, to provide homogeneouswetting, withapproximately
two liters of solution, as previously determined in a trial test
using water. The commercial product Ethrel ® was used, a
soluble concentrate containing 240 g L* of 2-chloroethyl
phosphonic acid (Ethephon), applied with the adhesive
spreader WIL FIX ®, employing a spray with a conical
nozzle and a capacity for particle deposition of about 70
to 100 drops cm2, with diameters of 100-200 microns at a
pressure of 6 kgf cm-2,

Cultivation, fertilization, and pest and disease
control were carried out throughout the experimental period,
following the recommendations for tangerine crops.

To determine the leaf content for soluble
carbohydrates (mg g%), starch (mg g¢g') and total
carbohydrates (mg g*), 48 mature leaves from productive
branches were collected per plot during the periods of
flowering (October 2009, 2010 and 2011) and harvesting
(June 2009; 2010 and 2011).

After sampling, the leaves were washed in distilled
water and placed in a forced-air oven at 65 °C for 72 hours,
when they reached constant mass. Then the extracts were
prepared from 40 mg of macerated leaves using an alcohol
solution (80% v/v) for soluble sugars, and perchloric acid
(30% v/v) for starch. Analyses were carried out using the
Antrona method, in accordance with the methodology
proposed by McCready et al. (1950).

For each tree, two branches were marked in order to
determine the percentage of thinning by counting the fruits
on the days of application and those that remained 15 days

572 Rev. Ciénc. Agron., v. 44, n. 3, p. 571-577, jul-set, 2013



Carbohydrate levels in the leaves and production consistency of the Ponkan tangerine when thinned out with Ethephon

Figure 1 - Average monthly precipitation (mm), maximum temperature (°C), average temperature (°C), minimum temperature (°C) and
relative humidity (%) during the experimental period, in the region of Perddes, Minas Gerais, Brazil
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after spraying, for the three years evaluated. The fruit fall
in the plants having stopped during this period.

In the harvests which took place in June 2009, June
2010 and June 2011, production (boxes of 22 kg plant®) and
pending load (kg plant?) were evaluated. The pending load
consisted of fruits that did not come up to the commercial
standard (COMPANHIA DE ENTREPOSTOS E
ARMAZENS GERAIS DE SAO PAULO, 2000), that
is fruits with less than 58 and 60 mm longitudinal and
transverse diameter respectively.

At the time of each harvest, to calculate the
percentage of alternate bearing, the number of plants with
low or no production was evaluated.

Data were subjected to variance analysis and
polynomial regression for model adjustment, at 5%
probability of error.

RESULTS AND DISCUSSION

Therewasatriple interaction for the leaf carbohydrate
levels between Ethephon concentrations, years of evaluation
and sampling period of the leaves (Table 1).

Table 1 - Summary of the variance analysis for leaf carbohydrate
levels in the Ponkan tangerine for sampling times (flowering and
harvest) when exposed to different concentrations of Ethephon in
the three years under evaluation, at Perd6es, Minas Gerais, Brazil

MEAN SQUARE

SV GL
SO ST
ETHE 4 575200%  951,20%
BLOCK 3 98,99* 13,84
ETHE*EPOC 4 503,48*  114,80*
EPOC 1 12.381,40% 1.872,69*
ERROR1 83 12,32 9,20
YEAR 2 14.30540%  560,82*
ETHE*EPOC *YEAR 8 908,70  117,31*
ETHE*YEAR 8 359,60*  175,50*
EPOC*YEAR 2 5.58884%  327,44*
ERROR? 4 3,19 9,80
CV, (%) 52 9,6
CV,(%) 2,7 9,9

SV - Sources of variation; ETHE - Ethephon concentration; EPOC - Period
of leaf sampling, SO - Leaf soluble carbohydrates levels (mg g*); ST - Leaf
starch levels (mg g?), ns - not significant , * - significant at 5% by the F-test
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At the start of the experiment, plants were selected for
potential yield in order for them to be under similar conditions
at the time of application of the treatments, this being
confirmed by the results obtained at flowering (2008/2009),
where it was seen that those plants subjected to thinning had
similar levels of soluble sugars (34.11 mg g?') and starch
(24.45 mg g*) (Figures 2A and 3A).

At harvest time in the first growing season after
thinning (2008/2009), it was found that applied concentrations
of Ethephon influenced the levels of carbohydrates in the
leaves, since a linear increase was observed in the levels of
soluble carbohydrates in plants treated with Ethephon at the
concentration of 800 mg L (Figure 2B). Levels of starch did
not differ between treatments (Figure 3B). This behavior may
be due to the conversion of carbohydrate reserves (starch) to
soluble sugars, caused by the demand for fruit development
(CRUZ et al., 2007; MONERRI et al., 2011).

In the second year (2009/2010), linear increases
were observed for leaf soluble carbohydrates and starch

Figure 2 - Polynomial regressions of leaf soluble sugar
levels: during flowering (A) and at harvest (B) for the Ponkan
tangerine, against concentrations of Ethephon, for the three
years evaluated, in Perddes, Minas Gerais, Brazil
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Figure 3 - Polynomial regressions of leaf starch levels: during
flowering (A) and at harvest (B) for the Ponkan tangerine, against
concentrations of Ethephon, for the three years evaluated, in
Perddes, Minas Gerais, Brazil
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related to the concentrations of Ethephon during flowering
and at harvest time. Whereas in the third year (2010/2011)
the behavior observed for the levels of leaf carbohydrates was
quadratic in both of the periods studied (Figures 2 and 3).
During flowering, the maximum levels of leaf soluble sugars
were observed in those plants sprayed with the estimated
concentration of 654.21 mg L Ethephon, and at harvest
time, of 644.92 mg L* Ethephon (Figures 2A and 2B ). For
leaf starch levels, behavior was similar, with the highest
values estimated during flowering in those plants that
received a concentration of 620.00 mg L* Ethephon, and
at harvesting of 583.33 mg L Ethephon.

Levels of total leaf carbohydrates at harvest time
were greater than at flowering for all concentrations used
(Figure 4). This behavior may be attributed to the greater
consumption of carbohydrates that occurs at flowering
in citrus plants in order to form both vegetative and
flowering shoots (CRUZ et al., 2007; MONERRI
et al., 2011; RUIZ et al., 2001). After the period of
natural abscission, in addition to the lower demand for
carbohydrates by the fruits, transport from the roots to
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Figure 4 - Average total leaf carbohydrate levels in the Ponkan
tangerine when sprayed with different concentrations of Ethephon
(0; 200; 400; 600 and 800 mg L) for periods of evaluation, in
Perddes, Minas Gerais, Brazil
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the leaves (MEHOUACHI et al., 2009) and an increase
in the rates of photosynthesis during the summer can
occur (PEREIRA et al., 2011), which results in the
accumulation of starch in the leaves at harvest time.

The observed behavior in relation to carbohydrate
levels possibly occurred due to chemical thinning, which
because of fruit abscission, allowed for an increase in the
source, in relation to the sink, (GUARDIOLA; GARCIA-
LUIZ,2000),and favouring the availability of carbohydrates
in the leaves due to the lesser use by the fruit.

For the variables: percentage of thinning, yield and
pending load, significant interaction was found between
the concentrations of Ethephon and the year of assessment,
as shown in Table 2.

Alinearincrease inthe percentage of thinning interms
of Ethephon concentrations was seen (Figure 5). In plants

Table 2 - Summary of variance analysis for the agronomic
variables of the Ponkan tangerine subjected to different
concentrations of Ethephon, for the three years evaluated, in
Perddes, Minas Gerais, Brazil

MEAN SQUARE

sV GL

YD PL TH
ETHE 4 289%  3664* 1224,87*
BLOCK 3  559* 5,21 9,86
ERROR1 12 0,80 3,16 29,43
ETHE*YEAR 8  239%  1460* 234,43*
YEAR 2 19,75  61,11*  704,08*
ERROR? 30 066 9,16 62,29
CV, (%) 24.4 257 48,3
CV, (%) 223 234 70,2

SV - Sources of variation; ETHE - Ethephon concentration; YD - Yield
(22 kg boxes per plant); PL - Pending load (kg per plant); TH - Thinning;
(%); ™ - not significant , * - significant at 5% by the F-test

that were subjected to 800 mg L, for the agricultural
years 2008/2009, 2009/2010 and 2010/2011 thinning
of 28.5, 7.0 and 40.0 respectively was observed. This
difference in thinning between years can be attributed
to the amount of fruit produced by the plants, since the
action of Ethephon on thinning intensity is proportional to the
amount of fruit on the plant (MOREIRA et al., 20113, 2012).

Figure 5 - Polynomial regressions of percentage fruit thinning of
the Ponkan tangerine against concentrations of Ethephon, for the
three years evaluated, in Perddes, Minas Gerais, Brazil
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It is worth noting that in those tangerines sprayed
with 800 mg L* Ethephon, intense leaf abscission was
observed, perhaps being explained by the higher level of
ethylene released by this concentration promoting abscission
of the reproductive organs (IGLESIAS et al., 2006) and
also of vegetation such as leaves, due to the increased
cellulase activity in the abscission zone of theses
organs (GUAN et al., 1995).

For the crop yield of the 2008/2009 harvest, there
were no significant differences in production between
plants sprayed with different concentrations of Ethephon,
with an average production of 4.62 boxes of 22 kg per plant
(Figure 6A). This was because at the time of flowering
in that agricultural year, all the plants, irrespective of
treatment, had similar carbohydrate levels and after
thinning, a reduction of 28.5% in the number of fruits per
plant was offset by the number of larger fruit, this being
due to the increase in source against sink (GUARDIOLA,;
GARCIA- LUIZ, 2000). Meanwhile, for the control
plants, some yield showed reduced size, and remained
on the plant as pending load (Figure 6B). Thus the lower
number of fruits on those plants sprayed with the highest
concentrations of Ethephon did not reduce yield.
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Figure 6 - Polynomial regression of production (A) and pending load
(B) for fruit of the Ponkan tangerine against Ethephon concentrations,
for the three years evaluated, in Perddes, Minas Gerais, Brazil
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The concentration of 800 mg L* in 2009/2010
resulted in a 97.1% increase in production when compared
to the control plants. Just one year later, in 2010/2011, the
maximum estimated production of 4.47 boxes of 22 kg per
plant was observed, representing an increase of 65.6% at
the concentration of 665.13 mg L compared to those plants
that were not sprayed with Ethephon (Figure 6A). These
results corroborate the 81% increase in production achieved
for commercial grade Ponkan tangerines with 600 mg L*
Ethephon (CRUZ et al., 2011).

The difference in relation to production highlights the
importance of carbohydrates in reducing alternate bearing
in the second year after completion of thinning, especially
in those plants sprayed with 600 mg L (Figure 7). These
results can be explained by the maintenance of high
levels of carbohydrates in these plants compared to other
treatments; this not being observed in the first year because
of the plants having been selected for productive potential
and therefore being under similar conditions, and also in
the third year (2010/2011), due to alternate bearing, which

Figure 7 - Mean percentage values of alternate bearing in the
Ponkan tangerine against Ethephon concentrations, for 2009/2010,
in Perddes, Minas Gerais, Brazil
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meant higher levels of carbohydrates than at flowering in
the year 2009/2010. This occurs because in the year in
which the harvest is smaller, the roots accumulate high
amounts of reserves, favoring greater flowering and
fixation of fruit the following year (AGUSTI, 2000).

The low yield evaluated in the plants not sprayed
with Ethephon and those sprayed with the lowest
concentration (200 mg L) for the year 2009/2010, can
be attributed to the higher alternate bearing observed that
year, probably occurring as a result of the consumption of
the carbohydrate reserves accumulated in the root system
and in the leaves (GOLDSCHMIDT; KOCH, 1996) due
to increased competition between the fruits that remained
on the plants. Sartori et al. (2007) also showed that the
concentration of 200 mg L, Ethephon did not produce
a thinning effect nor reduced alternate bearing in the
Montenegrina tangerine.

The reduction in alternate bearing for the second
year of harvest, and the increase in production in
subsequent years (2009/2010; 2010 and 2011) related
to Ethephon concentrations, can be correlated with the
greater accumulation of assessed leaf carbohydrates in
those plants subjected to chemical thinning. It is known that
carbohydrates are used in the formation and development
of the flowers and fruit of citrus trees (CRUZ et al., 2007;
MONERRI etal., 2011; RUIZ et al., 2001) and that the total
carbohydrate demand by the flower during anthesis exceeds
the daily carbohydrate production of the leaf (BUSTAN,;
GOLDSCHMIDT, 1998), with higher levels being necessary
before flowering in order to allow for fixation of the flowers
and fruits and avoid alternate bearing.
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Another relevant aspect in relation to the thinning
effect, used to minimize the occurrence of alternate bearing,
is the establishment of the correct concentrations, since those
plants sprayed with a concentration of 800 mg L also showed
alternate bearing. This behavior demonstrates that plants
subjected to thinning at high concentrations may be unable
to regulate yield due to the leaf abscission recorded in these
plants, or stress may be caused, promoting a reduced total
carbohydrate content (Figure 4). Leaf abscission was also
reported in other experiments in which this concentration of
Ethephon was used (MOREIRA et al., 2011a, 2011b).

CONCLUSIONS

1. Chemical thinning with Ethephonfavors the maintenance
of leaf carbohydrate levels in the Ponkan tangerine;

2. Aconcentration of 600 mg L Ethephon is the most efficient
in reducing alternate bearing in the Ponkan tangerine.
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