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Abstract-This study aimed evaluate the effect of biostimulants, foliar fertilizers and ethephon 
on the red color in the peel of ‘Daiane’ and ‘Venice’ apples. The experiments were conducted in 
Caçador/SC, during 2015/2016 and 2016/2017 seasons. In 2015/2016, the treatments were: Control; 
Biostimulant I; Foliar fertilizer I + Foliar fertilizer II; Biostimulant II and KCl. In 2016/2017, was 
included the Ethephon treatment. In 2016/2017, Biostimulant I, Foliar fertilizer I + Foliar fertilizer 
II and Biostimulant II increased the percentage of ‘Daiane’ and ‘Venice’ apples with greater red 
peel cover, without affecting the quality and maturity of the fruits. In both cultivars, ethephon was 
treatment that promoted a higher percentage of apples in the category above 80% of red color. 
Ethephon increased red color intensity of ‘Daiane’ and ‘Venice’ apples, anthocyanin content, starch 
index, ethylene production and yellowing of background color of the fruits. The red coloration of 
‘Venice’ apple peels is enhanced with ethephon, Biostimulant I and Foliar fertilizer I + Foliar fertilizer 
II and Daiane apples with ethephon, Foliar fertilizer I + Foliar fertilizer II and Biostimulant II.
Index Terms: Malus domestica, anthocyanin, biostimulants, foliar fertilizer, fruit quality

Alternativas para incrementar a coloração vermelha da epiderme 
em maçãs ‘Daiane’ e ‘Venice’

Resumo- O objetivo deste trabalho foi avaliar o efeito de bioestimulantes, fertilizantes foliares 
e de etefon sobre a cor vermelha na epiderme de maçãs ‘Daiane’ e ‘Venice’. Os experimentos 
foram conduzidos em Caçador/SC, durante as safras 2015/2016 e 2016/2017. Em 2015/2016, 
os tratamentos foram: Controle; Bioestimulante I; Fertilizante foliar I + Fertilizante foliar II; 
Bioestimulante II e KCl. Para a safra 2016/2017, foi incluído o tratamento Etefon. Em 2016/2017, 
Bioestimulante I, Fertilizante foliar I + Fertilizante foliar II e Bioestimulante II aumentaram 
os percentuais de maçãs ‘Daiane’ e ‘Venice’ com maior área de recobrimento da epiderme em 
vermelho, sem afetar a maturação dos frutos. Em ambas as cultivares, o etefon foi o tratamento 
que promoveu maior percentual de maçãs na categoria acima de 80% de cor vermelha. O etefon 
incrementou a intensidade da coloração vermelha das maçãs ‘Daiane’ e ‘Venice’, o teor de 
antocianinas, o índice de iodo-amido, a produção de etileno e o amarelecimento da cor de fundo 
dos frutos. A coloração vermelha da epiderme de maçãs ‘Venice’ é incrementada com etefon, 
Bioestimulante I e Fertilizante foliar I + Fertilizante foliar II e de maçãs ‘Daiane’ com etefon, 
Fertilizante foliar I + Fertilizante foliar II e Bioestimulante II.
Termos para Indexação: Malus domestica, antocianina, bioestimulantes, fertilizante foliar, 
qualidade de fruto.
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Introducion

The visual quality of apples (color, size, shape 
and absence of defects) plays an important role in the 
national and international market, since it determines their 
commercial value (BLANKE, 2015). The first quality 
attribute evaluated by consumers is color, making it the 
most important attribute (CHEN et al., 2017). In Brazil, 
and in much of the world, the consumer preference is 
for apple with redder coloration, both regarding the 
fruit surface coverage and red color intensity. Only after 
visual analysis, the internal quality attributes of apples are 
considered, which can determine the consumer’s buying 
frequency. Among them, the most important are crispness, 
taste, absence of disturbances and benefits of fruits on 
human health, especially due to the growing demand 
for foods containing functional compounds that prevent 
diseases (MUSACCHI; SERRA, 2018).

  As apples mature, chlorophyll is degraded 
and carotenoid synthesis increases. At the same time, 
anthocyanins are expressively synthesized, giving the 
red color of fruits. Therefore, red and bicolored apples 
rely on the synthesis of anthocyanins to obtain coloration 
that provides high quality (HONDA, MORIYA, 2018). 
Anthocyanin biosynthesis pathway is well understood. 
Their genes are regulated by a complex series of 
interactions among genetic, environmental and plant 
management factors (MUSACCHI and SERRA, 2018).

  Orchards with cultivars genetically inferior to 
accumulate anthocyanins, with excessive plant vigor, with 
unbalanced nutrition, management without vigor control, 
or even installed in regions with improper environmental 
conditions, with adverse climatic conditions such as 
excessive rainfall, cloudiness and high temperatures, 
compromise the red coloration of apple fruits. The 
main apple producing regions of Brazil present adverse 
climatic conditions for anthocyanin synthesis, with 
high temperatures at night and low thermal amplitude. 
Promising cultivars, such as ‘Daiane’ and ‘Venice’, with 
maturation period different from that of Gala and Fuji 
cultivars, and which are more adapted to the Brazilian 
climatic conditions for presenting less cold demand and 
resistance to the main pathogens of the apple culture, have 
bicolor pattern peel, and may present absence of red color 
in the shaded parts of fruits (KVITSCHAL; DENARDI, 
2010; DE MARTIN et al., 2018).

  In this context, several management techniques 
can be used to intensify light incidence in the apple tree 
canopy and to improve the red color of fruits, such as new 
management systems, green pruning, dwarf rootstocks, 
use of reflective mulch, fruit bagging, defoliation, thinning 
and irrigation (BLANKE, 2015). However, the use of these 
techniques requires manpower and / or the implantation 
costs are high and logistic difficulties do not compensate 
the financial return of the production of apples with better 

red coloration.
  Management with foliar fertilizers, biostimulants 

and growth regulators to improve red color is an alternative 
that arouses interest due to the ease of execution and 
satisfactory results. Growth regulators that release 
ethylene in plants, such as ethephon, are effective in 
enhancing the red coloration of apples, stimulating the 
synthesis of anthocyanins (LI et al., 2017). Blanke (2016) 
reported that there are always new products on the market 
with high expectation to increase anthocyanin synthesis 
and consequently the red color of apples, mainly foliar 
fertilizers and biostimulants. Biostimulants based on plant 
extracts containing amino acids precursors of ethylene 
biosynthesis pathways and anthocyanins, chlorophyllase, 
potassium oxide and monosaccharide regulators, as 
well as foliar fertilizers, composed of minerals such as 
boron (B), may be accessible alternatives to improve the 
red coloration of apples. Amino acid precursors of the 
anthocyanin biosynthesis pathway may improve the red 
color of apples (SHAFIQ; SINGH, 2018). Potassium-
based products may increase the quality of apples, 
including the red coloration of the peel (NAVA; DECHEN; 
NACHTIGALL, 2008). B can increase the red coloration 
of apples, promoting the synthesis of ethylene (FALLAHI 
et al., 2010).

 The aim of this work was to evaluate the effect of 
biostimulants, foliar fertilizers and ethephon on quality 
and maturation attributes, especially the red color in the 
peel of ‘Daiane’ and ‘Venice’ apples.

Material and methods

Experiments were conducted in experimental 
orchard, located in the municipality of Caçador / SC 
(latitude 26º 46 ‘S and 51º W, 960 meters a.s.l.) during 
the 2015/2016 and 2016/2017 seasons. Apple trees 
‘Daiane’ and ‘Venice’ cultivars were used. Plants were 
grafted on M-9 and the planting density was 2,500 plants 
ha-1. All plants were conducted in the “central leader” 
system and managed according to recommendations of 
the integrated apple production system (SANHUEZA; 
PROTAS; FREIRE, 2006). The experimental design 
was in randomized blocks with six replicates. Each 
experimental unit consisted of three plants, from which 
the central plant was evaluated.

  Treatments were applied during fruit maturation, 
about 30 days before the harvesting of the respective 
cultivars and, with the exception of ethephon (applied only 
once), treatments were reapplied three times, sequentially, 
every seven days (Table 1). Ethephon treatment was 
applied only in 2016/2017 to assist in the comparison 
among treatments.

  All treatments were applied through leaves. 
Spraying was carried out during the morning between 8:00 
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am and 9:00 am using a motorized costal spray with syrup 
volume equivalent to 1000 L ha-1. Harvesting of ‘Daiane’ 
and ‘Venice’ cultivars took place on 02/29 and 03/16, 
respectively, in the 2015/2016 season. In 2016/2017, 
‘Daiane’ and ‘Venice’ cultivars were harvested on 03/03 
and 03/16, respectively.

  After harvesting, all fruits of each replicate 
were submitted to red color coverage analysis, being 
subjectively classified into two categories (> 50% and 
> 80% red color). Subsequently, sample containing 25 
fruits of each replicate, free of physiological disturbances, 
mechanical damages, diseases and pests, was evaluated 
for pulp firmness (PF), starch index (SI) and soluble solids 
content (SS). For the 2016/2017 season, color attributes 
(red and background color), titratable acidity (TA), 
respiratory and ethylene production rates, total phenolic 
compounds (CFT) and total anthocyanins (ANT) in fruit 
peel were also evaluated.

The determination of color attributes (red and 
background color) was performed with the use of 
colorimeter, model CR 400 (Konica Minolta®, Tokyo, 
Japan), in terms of hue (hue angle, h °), lightness (L *) 
and chroma (C *), and readings were performed in the 
regions of the red color (more red side) and background 
color of fruits (less red side). PF, SI, TA, SS, respiratory 
and ethylene production rates were quantified according to 
methodology described in Thewes et al. (2015), with TA 
being expressed as % of malic acid. To obtain extracts for 
the CFT analysis, the protocol described in Stanger et al. 
(2018) was followed and its determination was performed 
using the Folin-Ciocalteau method, according to Roesler 
et al. (2007). The determination of total anthocyanins was 
performed according to methodology adapted by Fuleki 
and Francis (1968). About 2.5 g of peel sample, added to 
15 mL of ethanol / distilled water (95: 5, v / v), acidified in 
ethanol / acid ratio of 85:15 (v / v) with hydrochloric acid 
(HCl, 1.5 N) were used. Samples were homogenized in 
ultraturrax, kept for 24 h at 4°C and sent for centrifugation, 
also at 4°C, for 20 minutes at 12,000 rpm.  About 2.0 mL of 
supernatant was used, transferred to volumetric flask and 
completed to 50 mL with the extractive solvent. Readings 
were performed in spectrophotometer at wavelengths of 
535 nm and 700 nm.

 Data were submitted to analysis of variance 
(ANOVA), whose significant means (p <0.05) were 
compared by the Scott-Knott test at 5% error probability 
using the Sisvar statistical software, version 5.6 
(FERREIRA, 2010). Percentage data were transformed 
by the formula: arc sine [(x + 1) / 100] 1/2 before being 
submitted to ANOVA.

Results and discussion

In the 2015/2016 season, due to favorable climatic 
conditions such as greater thermal amplitude observed 
during fruit maturation (Figure 1), the development of 
red color in ‘Daiane’ and ‘Venice’ apples was satisfactory. 
Almost 90% of fruits of both cultivars had more than 80% 
red color, and there were no differences among treatments 
for this attribute in the above 50% red color category 
(Table 2). However, the fraction of ‘Daiane’ apples in the 
above 80% red color category was higher in Biostimulant 
I, Biostimulant II and Foliar Fertilizer I + Foliar Fertilizer 
II treatments. In the same category, treatments presented 
no differences for the Venice cultivar.

In the 2016/2017 season, the fraction of ‘Daiane’ 
apples with red-colored peel in the above 50% category 
was higher with Foliar Fertilizer I + Foliar Fertilizer 
II, Biostimulant II and ethephon treatments, with no 
differences among treatments (Table 2). These treatments 
increased the percentage of ‘Daiane’ apples with more than 
80% red color in relation to control, and ethephon was 
superior to the other treatments. In the ‘Venice’ cultivar, 
Biostimulant I and Foliar Fertilizer I + Foliar Fertilizer II 
treatments presented percentage of fruits with more than 
80% red color inferior to ethephon, but superior to the 
other treatments. For fruits in the above 50% red color 
category, Biostimulant I and ethephon treatments were 
superior to the others and without differences from each 
other for ‘Venice’ fruits.

The mineral nutrient complex that makes up 
formulations of foliar fertilizers I and II treatments is vast, 
but the positive effect on the red coloration of ‘Daiane’ 
and ‘Venice’ apples may be related to the presence of 
boron (B) in the composition of Foliar Fertilizer I. Foliar 
B applications promote improvements in the red color 
of apples, advancing fruit maturation. Biostimulant II, 
which increased the percentage of red color of ‘Daiane’ 
apples, is a product developed for this purpose, and 
its composition presents some amino acids such as 
phenylalanine and methionine, which are initial substrates 
for phenylalanine ammonia lyase (PAL) enzyme and 
ethylene biosynthesis, respectively. Several enzymes 
involved in the biosynthesis of secondary metabolites 
compete with each other for common substrates, such 
as phenylalanine, hydroxycinnamic acids, benzoic acid 
derivatives and various stilbenoids, including anthocyanin 
biosynthesis (SCHIJLEN et al., 2004). Shafiq and Singh 
(2018) applied precursors and intermediates of the 
secondary metabolite biosynthesis pathway and concluded 
that the exogenous application of phenylalanine during the 
maturation period increased anthocyanin synthesis and 
red coloration of ‘Cripps Pink’ apples without changing 
fruit quality. However, the formulation of Biostimulant 
I, which increased the red coloration of ‘Daiane’ apples 
in the first harvest and of ‘Venice’ apples in the second 
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harvest, is potassium oxide. Potassium (K) is the main 
nutrient related to the color of apples and, according to 
Nava, Dechen and Nachtigall (2008), despite the high K 
content naturally present in Brazilian soils, potassium 
fertilization generally increases the quality of apples. 
Different effects between the first and second harvests 
demonstrate that environmental factors may influence the 
action of biostimulants, depending on the cultivar.

  In some countries, to increase coating and 
improve the red color of apples, ethephon growth regulator 
is used, which releases and induces the autocatalytic 
synthesis of ethylene in plants. Ethylene coordinates 
fruit maturation involving complex metabolic and 
physiological changes that contribute to the formation of 
various flavonoids. However, the application of ethephon 
stimulates the activity of some enzymes of the anthocyanin 
biosynthesis pathway and seems to increase the production 
of anthocyanin more than other flavonoids (LIU et al., 
2012).

  In the 2016/2017 season, ethephon also increased 
the red color of ‘Daiane’ and ‘Venice’ apples and turned 
their red color darker, as verified by the lower   h ° and L * 
values, respectively (Table 3). In the ‘Daiane’ cultivar, all 
treatments provided fruits with lower of h ° and L * values 
in relation to control treatment, and Biostimulant II and 
ethephon presented lower values   than the other treatments. 
Also in ‘Daiane’ cultivar, all treatments increased the 
red saturation (C *) in relation to control. In the ‘Venice’ 
cultivar, treatment with ethephon reduced red saturation 
in apple peels. As the synthesis of anthocyanins begins 
to cover the peel of apples with red hue, their lightness 
decreases and their saturation increases, making the 
red color more intense (GONZÁLEZ-TALICE; YURI; 
DEL POZO, 2013). However, ethylene changes the 
wax composition of the fruit cuticle and apples treated 
with ethephon may present reduced lightness and color 
saturation (LI et al., 2017).

  In relation to the background color of apples, in 
the 2016/2017 season, treatment of ethephon increased the 
yellowing of ‘Daiane’ and ‘Venice’ cultivars, verified by 
the lower h ° value (Table 3). This event is related to the 
evolution of maturation promoted by ethylene (STEFFENS 
et al., 2006). The background color of the peel is relevant 
in the evaluation of fruit maturation, because during its 
development, the chlorophyll content present in the peel 
and pulp begins to decrease and yellow pigments become 
perceptible (IWANAMI, 2011). In the ‘Daiane’ cultivar, 
the preservation of the background color with greener 
hue occurred in the control treatment and in fruits treated 
with Biostimulant II and KCl, while in ‘Venice’ cultivar, 
except for ethephon, no treatment presented differences 
for h ° values. In ‘Venice’ cultivar, the saturation of the 
background color of ethephon-treated fruits was higher in 
relation to the other treatments, intensifying the yellowing 
caused by ethylene. The background color yellowing 

is a negative attribute induced by ethephon, because in 
addition to reducing the post-harvest life of fruits, the 
interest of consumers also reduces, since yellow color 
leads to the sensation of excessively mature fruits (LI et 
al., 2017).

  In the ‘Daiane’ cultivar, ANT synthesis in fruit 
peels was also superior in all treatments in relation 
to control (Figure 2), presenting behavior similar to 
h ° values   in the redder fruit region (Table 3) in the 
2016/2017 season.  The similarity between anthocyanin 
synthesis and hue angle was also found by other authors 
(FELICETTI; SCHRADER, 2008; RYU et al., 2017). 
However, Biostimulant I and KCl, which presented fruits 
with anthocyanin contents higher than control, did not 
provide an increase in the percentages of peel coating with 
red coloration. According to Ryu et al. (2017), chromatic 
characteristics are less sensitive than anthocyanin levels 
in some apple cultivars, so anthocyanins are not the only 
factor that determines the red coloration of fruits. Fruits 
treated with ethephon presented the highest amount of 
anthocyanins in relation to all treatments in both cultivars. 
Studies have shown that the syntheses of anthocyanins 
and ethylene are closely related; however, it is not yet 
clear how ethylene signaling stimulates the synthesis of 
anthocyanins in apple peels (HONDA, MORIYA, 2018); 
what is known is that it promotes the activity of several 
enzymes that catalyze the biosynthesis of anthocyanins 
in fruits (LIU et al., 2012). In the ‘Venice’ cultivar, fruits 
treated with KCl did not differ in anthocyanin content 
from ethephon-treated fruits. K may act as a cofactor for 
the activity of some specific enzyme of the anthocyanin 
biosynthesis process (HUNSCHE; BRACKMANN; 
ERNANI, 2003); however, the anthocyanin content also 
did not provide an increase in the percentage of red-
colored fruits treated with KCl.

  In 2016/2017 season, ethephon also increased the 
synthesis of CFT in the peel of ‘Daiane’ fruits in relation 
to the other treatments, followed by Foliar Fertilizer I + 
Foliar II Fertilizer treatment (Figure 2). Tsao et al. (2005) 
attributed great importance to anthocyanins in the total 
phenolic compounds content. However, in the ‘Venice’ 
cultivar, the CFT content did not differ among treatments.

  Fruits submitted to the application of ethephon 
in the 2016/2017 season presented the highest ethylene 
production rates in ‘Daiane’ and ‘Venice’ cultivars, and 
respiratory rates in ‘Daiane’ cultivar (Figure 3). In ‘Daiane’ 
apples, Biostimulant I and KCl treatments presented lower 
respiratory rate compared to the other treatments. Li et al. 
(2017) also found that ethephon accelerated respiration 
and ethylene production of ‘Starkrimson’ apples, 
evidencing that ethephon stimulates ethylene production, 
and that the increase in fruit respiration is directly related 
to the increase in ethylene production (BRACKMANN; 
STEFFENS; GIEHL, 2004). In the ‘Venice’ cultivar, the 
respiratory rate showed no difference among treatments.
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  In the 2015/2016 season, the starch index and pulp 
firmness did not differ among treatments in both cultivars 
(Table 4). The SS contents did not differ among treatments 
in the ‘Venice’ cultivar; however, they were higher in 
fruits treated with Biostimulant I and Biostimulant II 
in relation to the other treatments for ‘Daiane’ apples. 
Blanke (2015) found similar results in increasing SS 
content with the application of Biostimulant II. This 
biostimulant has monosaccharides in its composition, 
whose application in apples can increase the activity 
of the primary metabolism (ROITSCH; GONZÁLEZ, 
2004). The increase of primary metabolism may, in turn, 
increase the fruit’s ability to accumulate sugars produced 
in leaves during photosynthesis, and increase the synthesis 
of organic acids that, during maturation, are converted 
into sugars. However, Biostimulant I may have increased 
the SS content of ‘Daiane’ apples due to the application 
of K, which physiologically plays an important role 
in transporting sugars from leaves to fruits, being also 
related to maturation processes, which contribute to the 
accumulation of sugars in fruits (DE SOUZA et al., 2013). 
However, foliar application of KCl did not have the same 
effect. Perhaps some constituent of Biostimulant I favors 
foliar K2O absorption in relation to KCl.

  In the 2016/2017 season, pulp firmness again 
showed no difference among treatments for ‘Daiane’ and 
‘Venice’ cultivars (Table 5). SS and TA also showed no 
difference among treatments for ‘Venice’ cultivar. Steffens 
et al. (2006) reported that the process of acid degradation 
may not be greatly influenced by ethylene. According to 
De Martin et al. (2018), a characteristic of ‘Venice’ fruits is 
the high pulp firmness, which may not be easily influenced 
by treatments tested. For ‘Daiane’ cultivar, Foliar Fertilizer 
I + Foliar Fertilizer II and ethephon treatments increased 
the SS content in fruits, and together with Biostimulant II 
treatment, reduced TA in relation to the other treatments. 

The lower TA of these treatments is partly justified by the 
use of organic acids as substrate for respiration, since fruits 
treated with Biostimulant II, Foliar Fertilizer I + Foliar II 
and ethephon presented higher respiratory rate (Figure 3). 
On the other hand, fruits treated with Biostimulant I and 
KCl presented reduced respiratory rate in relation to the 
other treatments, and the highest TA values. Therefore, the 
low fruit respiratory rate of these two treatments must be 
related to some process of acid degradation, since malic 
acid represents a potential substrate for the respiration of 
apple fruits (ACKERMANN; FISCHER; AMADO, 1992). 
K may have reduced the respiratory rate of apples, which 
has resulted in slow acid degradation in these treatments. 
Hunsche, Brackmann and Ernani (2003) observed that 
fruits with lower K contents presented higher respiratory 
rate.

 ‘Daiane’ and ‘Venice’ fruits treated with ethephon 
showed higher starch index values in 2016/2017 (Table 
5). The higher starch degradation in apples treated with 
ethephon is related to the release of ethylene and the 
promotion of maturation, being another unfavorable 
consequence of ethephon, since it reduces the longevity 
of apples during the post-harvest period (LI et al., 2017). 
On the other hand, Biostimulant II reduced the starch 
index in ‘Daiane’ apples. Schuhknecht et al. (2018) found 
that Biostimulant II had no effect on starch degradation 
in ‘Braeburn’ apples, and concluded that the product does 
not accelerate the maturation process. Foliar fertilizer I 
+ foliar fertilizer II treatment, the former with B in its 
composition, also did not accelerate the maturation of 
‘Daiane’ apples, according to the starch index in both 
seasons evaluated. It is possible that cobalt (Co), present 
in foliar fertilizer II, reduces ethylene biosynthesis, since 
Co blocks the conversion of ACC into ethylene (GAD; 
MOHAMMED; BEKBAYEVA, 2013).

Table 1 - Compositions and doses of the treatments of biostimulants and foliar fertilizers, during maturation in ‘Daiane’ 
and ‘Venice’ apple trees. Caçador-SC.

Treatment Commercial name Composition (g L-1) Fractional dose (ha)

Control - - Untreated
Biostimulant I Potasium-S King® 42 of N; 364 of K2O. 4 L + 4 L + 4 L + 4 L

Foliar fertilizer I + 
Foliar fertilizer II

Mover® + 63 of N; 50.4 of B; 2.14 of Cu; 
0.18 of Mo; 37.8 of Zn. 3 L + 3 L + 3 L + 3 L

Hold® 33.2 of N; 64 of P2O5; 12.8 of S; 
25.6 of Co; 38.4 of Mo. 2 L + 2 L + 2 L + 2 L

Biostimulant II Sunred®

26.6 of N; 93.1 of K2O; 86.2 
of organic C; methionine; 
phenylalanine; oxylipines; 

monosaccharides.

4 L + 4 L + 4 L + 4 L

KCl - - 20 kg + 20 kg + 20 kg + 20 kg

Ethephon* Ethrel® 240 de etefon. 480 g
*Treatment of ethephon was applied only in 2016/2017 season.
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Table 2 - Percentage of ‘Daiane’ and ‘Venice’ apples with red peel covering above 50% and 80% in the harvest, due 
to applications of biostimulants and foliar fertilizers, during maturation, in two seasons. Caçador-SC.

Treatment
Red coloring on the fruit peel (%)

>50% >80% >50% >80%
Daiane Venice

2015/2016
Control 95.1ns 79.6 b 99.3ns 87.3ns

Biostimulant I (4 L ha-1)* 99.6 97.3 a 99.7 91.7
Foliar fertilizer I (3 L ha-1)* + 
Foliar fertilizer II (2 L ha-1)* 99.3 91.5 a 97.4 85.7

Biostimulant II (4 L ha-1)* 99.5 94.8 a 100.0 90.0
KCl (20 kg ha-1)* 96.1 82.0 b 98.3 90.8
CV (%) 8.2 16.0 6.1 12.0

2016/2017
Control 71.8 b 25.5 c 82.6 b 31.1 c
Biostimulant I (4 L ha-1)* 69.4 b 25.8 c 91.1 a 48.5 b
Foliar fertilizer I (3 L ha-1)* +
Foliar fertilizer II (2 L ha-1)* 89.6 a 41.6 b 86.4 b 40.7 b

Biostimulant II (4 L ha-1)* 87.5 a 43.3 b 82.3 b 29.2 c
KCl (20 kg ha-1)* 73.2 b 19.8 c 86.5 b 36.6 c
Ethephon (480 g ha-1) 93.4 a 66.6 a 95.1 a 67.8 a
CV (%) 16.0 26.0 9.4 10.7
CV: coefficient of variation. Means followed by same letter do not differ by Scott-Knott test at 5% probability. ns: not significant (p>0.05). 
*Doses applied four times.

Table 3 - Color attributes in the peel, in more and less red regions, of ‘Daiane’ and ‘Venice’ apples in the harvest, due 
to applications of biostimulants, foliar fertilizers and ethephon, during maturation, in 2016/2017 season. Caçador-SC.

Treatment Lightness (L*) Chroma (C*) Tonality (h°)
Daiane Venice Daiane Venice Daiane Venice

Red
Control 50.3 a 40.4 a 36.1 b 42.8 a 41.7 a 28.2 a
Biostimulant I (4 L ha-1)* 47.1 b 38.8 a 40.5 a 43.0 a 32.4 b 26.9 a
Foliar fertilizer I (3 L ha-1)* +
Foliar fertilizer II (2 L ha-1)* 46.5 b 39.9 a 41.1 a 42.9 a 31.8 b 27.4 a

Biostimulant II (4 L ha-1)* 42.5 c 39.8 a 40.5 a 41.7 a 29.0 c 27.4 a
KCl (20 kg ha-1)* 46.3 b 39.4 a 40.3 a 42.5 a 33.2 b 28.0 a
Ethephon (480 g ha-1) 39.4 d 37.5 b 40.3 a 39.7 b 26.6 c 25.0 b
CV (%) 4.2 3.2 4.3 3.9 9.0 4.7

Background color (yellow)
Control 75.4ns 74.2ns 37.3ns 36.7 b 105.0 a 96.6 a
Biostimulant I (4 L ha-1)* 73.3 75.2 33.9 36.1 b 100.5 b 94.0 a
Foliar fertilizer I (3 L ha-1)* +
Foliar fertilizer II (2 L ha-1)* 75.5 74.0 34.6 37.1 b 99.3 b 97.0 a

Biostimulant II (4 L ha-1)* 75.5 74.0 35.1 36.0 b 102.5 a 95.3 a
KCl (20 kg ha-1)* 76.2 73.9 36.6 36.1 b 105.1 a 94.7 a
Ethephon (480 g ha-1) 75.3 72.4 33.0 42.4 a 94.3 c 84.9 b
CV (%) 4.3 2.4 7.5 4.0 3.8 4.4

CV: coefficient of variation. Means followed by same letter do not differ by Scott-Knott test at 5% probability. ns: not significant (p>0.05).
* Doses applied four times.
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Table 4 - Starch index (SI), pulp firmness (FP) and soluble solids (SS) of ‘Daiane’ and ‘Venice’ apples in the 
harvest, due to applications of biostimulants and foliar fertilizers, during maturation, in 2015/2016 season. 
Caçador-SC.

Tratamento SI (1-10) FP (N) SS (°Brix)
Daiane Venice Daiane Venice Daiane Venice

Control 5.8ns 6.1ns 68.1ns 84.4ns 13.8 b 14.5ns

Biostimulant I (4 L ha-1)* 6.8 5.2 65.0 78.2 15.0 a 14.2
Foliar fertilizer I (3 L ha-1)* +
Foliar fertilizer II (2 L ha-1)* 6.0 6.2 66.3 81.8 14.3 b 14.8

Biostimulant II (4 L ha-1)* 6.7 6.4 63.6 79.1 14.9 a 14.5
KCl (20 kg ha-1)* 6.1 5.1 69.9 84.4 13.8 b 14.3
CV (%) 15.7 26.7 8.3 4.9 2.6 2.2
CV: coefficient of variation. Means followed by same letter do not differ by Scott-Knott test at 5% probability. ns: not significant (p>0.05).  
*Doses applied four times.

Table 5 - Starch index (SI), pulp firmness (FP), soluble solids (SS) and titratable acidity (TA) of ‘Daiane’ and ‘Venice’ 
apples in the harvest, due to applications of biostimulants, foliar fertilizers and ethephon, during maturation, in 
2016/2017 season. Caçador-SC.

Tratamento SI (1-5) PF (N) SS (°Brix) TA (%)
Daiane Venice Daiane Venice Daiane Venice Daiane Venice

Control 4.0 b 4.1 b 80.7ns 84.4ns 12.4 b 12.9ns 0.31 a 0.36ns

Biostimulant I (4 L ha-1)* 4.0 b 4.1 b 77.3 80.2 12.7 b 12.5 0.30 a 0.32
Foliar fertilizer I (3 L ha-1)* +
Foliar fertilizer II (2 L ha-1)* 4.0 b 3.9 b 80.2 85.2 13.0 a 12.9 0.28 b 0.34

Biostimulant II (4 L ha-1)* 3.6 c 3.8 b 77.6 88.3 12.6 b 13.1 0.28 b 0.35
KCl (20 kg ha-1)* 4.0 b 4.2 b 81.7 83.5 12.2 b 13.0 0.33 a 0.35
Ethephon (480 g ha-1) 4.5 a 4.6 a 78.1 84.7 13.4 a 13.6 0.25 b 0.35
CV (%) 7.0 6.0 4.1 6.4 3.1 4.5 10.2 9.8

CV: coefficient of variation. Means followed by same letter do not differ by Scott-Knott test at 5% probability. ns: not significant (p>0.05).  
*Doses applied four times.
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Figure 1 - Maximum and minimum daily temperatures and average nocturnal and diurnal temperatures during fruit 
maturation in 2015/2016 (A) and 2016/2017 (B) seasons, in Caçador-SC. Source: INMET.
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Figure 2 - Total anthocyanins and total phenolic compounds contents in ‘Daiane’ (A and C) and ‘Venice’ (B and D) 
apples, respectively, at harvest, due to applications of biostimulants, foliar fertilizers and ethephon during maturation, 
in 2016/2017 season. Caçador-SC.

Figure 3 - Respiratory and ethylene production rates of ‘Daiane’ (A and C) and ‘Venice’ (B and D) apples, respectively, 
at harvest, due to applications of biostimulants, foliar fertilizers and ethephon during maturation, in 2016/2017 season. 
Caçador-SC.
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Conclusion

The use of biostimulants and foliar fertilizers as 
an alternative to increase the red coloration in the apple 
peel depends on the cultivar and varies according to 
the climatic conditions of each season. Biostimulants 
and foliar fertilizers do not accelerate the maturation of 
‘Daiane’ and ‘Venice’ apples; however, further studies are 
needed to understand the effect of products in relation to 
climatic variations and post-harvest fruit behavior.

Ethephon increases the red coloration of the fruit 
peel of ‘Daiane’ and ‘Venice’ cultivars; however, it 
accelerates fruit maturation. Ethephon is an alternative to 
increase the quality of ‘Daiane’ and ‘Venice’ apples, but 
may reduce post-harvest fruit longevity.
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