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ABSTRACT

Shade cloth is commonly used to reduce incident light in apple (Malus domestica [Suckow] Borkh.) orchards.
Nevertheless, this technology can generate changes in plant physiology that affect tissue nutritional composition and
cause fruit nutritional disorders. The effect of shade cloth on the nutritional concentration of six macroelements and
six microelements on leaves, six macronutrients in the fruits of ‘Fuji’ apples, and bitter pit incidence was assessed in
a study conducted in a commercial orchard in south-central Chile for three seasons. Two treatments (control without
shade cloth and 30% shade cloth cover) were evaluated with five replicates in a split plot design. Averaged results for
the three seasons showed that shade cloth increased Mg, Mn, and Zn concentrations in leaves by 0.02%, 40 mg kg, and
5.5 mg kg, respectively, and decreased K, Mg, and S concentrations in fruits by 12, 0.35, and 0.38 mg 100 g fresh
fruit, respectively. Bitter pit incidence was not affected by shade cloth (values between 0.3% and 6.6%), but seasonal
conditions did affect this abiotic disorder. In conclusion, the use of shade cloth in apples did not affect bitter pit incidence,
but it caused some changes in leaf and fruit nutritional concentration.
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INTRODUCTION

Fruit production currently includes modern management practices and high-technology production systems, which are
associated with the use of cover crops for weed control, integrated pest and disease management, high density planting,
pedestrian orchards, mechanical high-pressure irrigation systems, and the use of netting or covers to protect against
excessive radiation. The combination of modern management practices and high-technology systems allows profitable
production and fruit quality according to customer requirements. The use of netting or cover has increased considerably
in the last decade, especially in orchards with species such as apple (Blanke, 2007), wine grapes (Martinez-Liischer et
al., 2017), peach (Baraldi et al., 1998), kiwifruit (Basile et al., 2008), blueberry (Kim et al., 2011; Lobos et al., 2013),
and lemon (Li and Syvertsen, 2006). This high-technology system has also been used in vegetable crops such as tomato
(Sandri et al., 2003).

The use of shade cloth in agricultural production and in specific orchards has a protective function against excessive
radiation on the fruits, and this technology could mitigate adverse effects of climate change on fruit trees (Demchak,
2009). Bassett et al. (2006) pointed out that photoselective netting substantially reduces environmental temperature and
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generates morphological and physiological variations in the plant, which could lead to delayed fruit ripening, given
that the development of external fruit color is associated with the quality and amount of incident light. Ban et al. (2007)
indicated that light can regulate gene transcription associated with peel color in apple, particularly UV-B radiation. Du
et al. (2014) mentioned that abiotic stresses, such as UV exposure, affect the pathways involved in the biosynthesis of
the principal groups of secondary metabolites (phenolics, terpenes, and N-containing compounds) in fruit and vegetables
included in the human diet; these could reduce the accumulation of important antioxidant compounds beneficial for
human health. Du et al. (2014) indicated a negative effect of different UV-B doses (1.3, 3.1, and 5.9 kJ m?) on the
total soluble phenolics in fruit wedges of ‘Golden Delicious’ and ‘Red Delicious’ apples after 72 h storage at 15 °C;
there was a major effect on ‘Golden Delicious’ associated with increased UV-B light intensity. In addition, Kim et al.
(2011) showed that light quality affects leaf morphology and the gas exchange function and capacity. Those changes
could also affect the nutritional composition in leaves and other structures such as fruits. Reported benefits of shade
cloths include improved blueberry fruit quality (Lobos et al., 2013), changes in the development of apple color (Blanke,
2007), increased photosynthesis in blueberry (Kim et al., 2011), increased yield with reduced blueberry fruit firmness
(Retamal-Salgado et al., 2017), decreased pH and increased titratable acidity in grapes (Martinez-Liischer et al., 2017),
reduced bacterial disease in kiwifruit plants (Chiabrando and Giacalone, 2018), and decreased direct sun damage in
apples related to increased photosynthetic efficiency on fruit peel by reducing excess light energy and fruit temperature
(Olivares-Soto and Bastias, 2018).

Shade cloths used in orchards and on horticultural crops can affect both fruit and leaf nutrient concentrations because
greater or lesser light incidence can alter transpiration rates, which can generate an increased or decreased concentration
of some nutrients and organic compounds in cultivated plants. Changes in starch content associated with variations in the
inorganic P (Pi) concentration in tomato leaf vs. greater or lesser light incidence have been reported by Ayari et al. (2000).
Mohotti and Lawlor (2002) found that shade application affected N concentration in tea leaves, so that plants treated with
heavy and medium shade cloth had higher leaf N content (mean 2.6%) compared with unshaded plants (2.29%).

Beech (Fagus sylvatica L.) seedlings evaluated under three light environments (high, intermediate, and low light
conditions) showed that leaf chlorophyll concentrations decreased, and nutrient use efficiency increased when light
increased (Minotta and Pinzauti, 1996).

Leaf and fruit nutrient concentrations can be affected by different factors. For example, variations over time associated
with the age of leaves and fruits and nutrient mobility to fruits during growth have been demonstrated in kiwifruit (Smith
et al., 1988), olive (Sharma et al., 2005), sweet cherry (Ferndndez et al., 2014), and blueberry (Castillo-Gonzélez et al.,
2016). There is no scientific information that associates changes in the nutrient concentration in tissues of different ages
with the incident light level. In addition, changes in fruit nutrient concentration could increase or decrease the incidence
of nutritional disorder in species that exhibit some disorder such as bitter pit in apple (Lotze et al., 2006; Lotze and
Theron, 2007), cork spot in pear (Duan et al., 2019), and blossom-end rot in tomato (Ho et al., 1999; Sun et al., 2013). De
Freitas et al. (2013) indicated that shade on ‘Greensleeves’ apple trees increases both fruit Ca** and Mg** uptake and fruit
susceptibility to bitter pit by increasing Mg?* uptake and Ca** binding to the cell wall in fruit cortical tissue.

Physiological problems of fruits at postharvest are usually associated with nutrients related to Ca deficiency; several
authors have found that it is not sufficient to determine the Ca concentration (Le Grange et al., 1998; Lotze et al., 2006).
Le Grange et al. (1998) mentioned that the individual Ca concentration in apple fruits is not a good predictor of risk for
bitter pit.

In addition, Lotze et al. (2006) indicated the importance of determining the N/Ca, K/Ca, (K+Mg)/Ca relationships in
apple fruits because these parameters should be better predictors of bitter pit incidence at postharvest compared with only
determining the Ca concentration or other nutrients as individual measurements in fruits at harvest or in young fruits (60 to
80 d after the bloom stage). Von Bennewitz et al. (2011) have used the N/Ca, K/Ca, Mg/Ca, and (K+Mg)/Ca relationships
to estimate fruit quality in a fertilization experiment in ‘Jonagold’ apple orchards in southern Chile. Other authors also
suggest the evaluation of other nutritional relationships in fruits to determine bitter pit incidence at postharvest (Opara
and Tadesse, 2000); for example, considering (N+K+Mg)/Ca at harvest or in young fruits (Lepe, 2014) or determining the
Mg?*/Ca* ratio in the cortical tissue of apple fruits (de Freitas et al., 2013). In addition, de Freitas et al. (2013) suggested
using the Mg*/Ca* ratio in the cortical tissue of apple fruits to determine bitter pit incidence.
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Considering that different levels of incident light or shade on the tree could affect tissue nutritional concentration
and that there is not enough information reported for apples (de Freitas et al., 2013), the impact of using shade cloth in
different apple cultivars and under different conditions is required. The objective of our study was to evaluate the effect
of shade cloth in a ‘Fuji’ apple orchard on the fruit nutritional concentration at harvest, leaf mineral concentration for
summer standard monitoring, and bitter pit incidence after 120 d of cold storage.

MATERIALS AND METHODS

Climatic and soil characteristics
The experiment was conducted over three consecutive seasons from 2016 to 2019 in a ‘Fuji’ apple (Malus domestica
[Suckow] Borkh.) orchard located in Linares (35°50° S, 71°35” W; 165 m a.s.l.), Maule Region, Chile. The experimental
site has an alluvial origin (Vitrandepts) (USDA, 2014) and the climatic conditions observed during each season are
shown in Table 1 (Red Agrometeoroldgica de INIA,2018). Soil physicochemical properties were analyzed using methods
described by Sadzawka et al. (2006) (Table 2). Soil pH was measured in a soil:water solution at a 1:2.5 ratio with a
pH electrode (HI 4211, Hanna Instruments, Smithfield, Rhode Island, USA). Soil organic matter was measured by the
Walkley-Black wet digestion method. Soil available N (NO;-N and NH.-N) was extracted with 2 M KCI and determined
by colorimetry with an autoanalyzer (segmented flux spectrophotometer, Skalar, Breda, The Netherlands). Available P
in the soil sample was determined with 0.5 M NaHCO; (Olsen P) by the ascorbic acid-molybdate method. Exchangeable
Ca, Mg, K, and Na were determined by 1 M NH,OAc extraction followed by flame spectroscopy (969 AA; Unicam,
Ilminster, UK); that is, absorption (Ca and Mg) and emission (K and Na). The soil exchangeable Al concentration was
determined by 1 M KCI extraction with absorption spectroscopy (969, Unicam, Ilminster, UK). Soil Fe, Mn, Zn, and Cu
concentrations were determined in diethylenetriaminepentaacetic acid (DTPA) extract by atomic absorption spectrometry
(AAS). Boron was determined by colorimetry in a hot water solution (969, Unicam, Ilminster, UK). Soil texture was
analyzed by the Bouyoucos hydrometer method.

Soil physicochemical properties evaluated in the experiment were not limitations for apple production according
to standards (Palmer and Dryden, 2006) (Table 2); therefore, no chemical amendments were applied prior to starting
the experiment.

Treatments and horticultural management practices of the experiment

The apple orchard used for the study consisted of ‘Fuji Raku Raku’ apples on a ‘Pajam 2’ graft planted in 2007 with 4
m between-row spacing and 1.5 m in-row spacing. Two treatments were evaluated, a control without shade cloth and a
treatment with a black 30% Raschel shade net cover. The net was installed 4 m from the ground on 15 November with
2- to 3-cm diameter fruits and removed on 25 March of each growing season (before harvest). Each treatment consisted
of five replicates.

Table 1. Climatic characteristics of the experimental site for the three evaluated seasons.

2016 2017 2018 2019
Tm pp Ev Tm pp Ev Tm pp Ev Tm pp Ev

°C —— mm —— °C —— mm —— °C —— mm —— °C —— mm ——
Jan 199 58 138.6 20.7 3.6 182.8 19.3 00 1348 194 00 134.5
Feb 18.7 00 129.8 200 0.1 1232 193 0.6 116.1 19.6 10 1004
Mar 153 04 26.7 162 4.1 949 155 263 993 154 1.8 944
Apr 122 1184 40.5 122 116 535 11.5 402 469 116 2.1 454
May 114 50.2 250 85 44 245 74 480 11.0 92 147.5 244
Jun 53 9.1 149 7.1 1.6 20.7 54 764 17.1
Jul 75 141.1 219 5.7 62.1 22,6 6.1 272 232
Aug 9.1 204 39.0 7.6 171.6 347 74 652 36.8
Sep 11.5 7.6 65.7 9.8 36.2 59.3 10.7 73.6 59.1
Oct 140 373 740 12.1 24.1 899 124 439 832
Nov 16.7 120 136.6 15.7 326 1239 163 38.1 122.5
Dec 18.0 216 150.1 18.6 0.6 1459 18.6 12 1375
Total - 4239 862.8 - 352.6 9759 - 440.7 887.5 - 1524 399.1
accumulated

Tm: Mean temperature; pp: precipitation; Ev: evaporation.
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Table 2. Soil chemical properties at 0.0-0.3 m depth before the experiment.

Parameters Value
Clay, % 5.20
Silt, % 25.80
Sand, % 69.00
pH(m.l water 1:5) 6.85
Organic matter, g kg 47.20
Available N, mg kg! 4.80
Olsen P, mg kg! 20.00
Exchangeable K, cmol. kg™ 0.20
Exchangeable Ca, cmol. kg™ 9.27
Exchangeable Mg, cmol. kg™ 1.20
Exchangeable Na, cmol. kg 0.21
Exchangeable Al, cmol. kg™ 0.01
Available Fe, mg kg 27.30
Available Mn, mg kg 349
Available Zn, mg kg™! 5.46
Available Cu, mg kg™ 6.97
Available B, mg kg 0.44
Available S, mg kg! 25.60

All apple trees were irrigated with a double line drip irrigation system and drippers with 2 L h"' flow were located
every 50 cm from the trees. The irrigation criterion for trees with or without shade cloth or netting corresponded to 100%
evaporation replacement from October to April of each season (Table 1) and adjusted according to the crop coefficient.
Orchard aisles were covered with vegetation consisting of native species, grasses, and legumes. The fertilization scheme
is shown in Table 3; phosphoric acid, calcium nitrate, magnesium sulfate, and urea fertilizers were applied by fertigation.
Phytosanitary sprays were normal for a commercial apple orchard, emphasizing controls of apple scab (Venturia
inaequalis), powdery mildew (Podosphaera leucotricha), nectria canker (Nectria galligena), and moldy core caused by
Alternaria spp. and other fungal species (Latorre, 2019). Additionally, 12 foliar Ca (liquid Ca, 16% CaO) sprayings were
conducted at 10- to 15-d intervals from flowering onward (October to February). Fruit total yields were 58, 61, and 56
Mg ha'! for the 2017, 2018, and 2019 seasons, respectively, there were no differences between the area with and without
shade cloth, and fruit load per plant was adjusted by manual thinning to 160 to 170 fruits per tree.

Nutritional analysis of leaves and fruits
Sample leaves were collected from each treatment and replicate on 30 January in each season. Each leaf sample was
collected from the fruitless spurs located at crown height on both sides of the rows (1.5 to 1.8 m from the ground); each
sample included 100 leaves per experimental unit. A total of 25 fruits were collected per experimental unit (Lotze and
Theron, 2007) from spurs located at crown height on both sides of the rows for the fruit nutritional analysis at harvest.
Leaf and fruit samples were oven-dried at 70 °C to constant weight to analyze nutrient content. Evaluated leaf nutrients
were N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, B, and Na, whereas evaluated fruit nutrients were N, P, K, Ca, Mg, and S. The
methodologies were those indicated by Sadzawka et al. (2007). Total N was determined by the macro-Kjeldahl procedure
(Vadupest, Gerhardt, Germany), total K, Na, Ca, and Mg by atomic emission (K and Na), and atomic absorption (Ca and
Mg) spectrophotometry after dry ashing at 500 °C and acid digestion (2 M HCI) (Spectronic HEMOS, Thermo Fisher

Table 3. Fertilization management during the experiment.

N P,Os K,O CaO MgO S

kg ha' season’ ——m———————
Oct 12 5 0 20 5 5.8
Nov 12 5 0 20 5 5.8
Dec 0 5 20 0 5 5.8
Jan 0 5 20 0 5 5.8
Feb 0 5 20 0 5 5.8
Mar 0 5 20 0 5 5.8
Apr 6 5 20 0 0 0.0
Total 30 35 100 40 30 350
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Corporation, Waltham, Massachusetts, USA). Phosphorus was measured in the same extracts by colorimetry by the
molybdate ascorbic acid method (HEAIOS). Concentrations of Fe, Cu, Zn, and Mn were determined by sample calcination
and AAS. The S concentration was determined by sample calcination and turbidimetry, while the B concentration was
detected by sample calcination and colorimetry with azomethine H (HEAIOS).

Bitter pit evaluation

For the bitter pit evaluations, fruits were collected at harvest maturity from spurs located at crown height on both sides of
the rows in boxes of 100 fruits per experimental unit, which were stored in a walk-in freezer maintained below 0 °C and
85% humidity for 4 mo (120 d). Fruits were visually evaluated after storage for the presence of bitter pit and classified
as either having or not having bitter pit symptoms, regardless of the number of lesions and using a percentage damage
classification (Lotze et al., 2006).

Experimental design and statistical analysis

The field experiment was conducted using a randomized complete block design with two treatments and five replicates
(10 experimental units). Each row of trees 60 m long with a total area of 2400 m* was defined as an experimental unit. An
ANOVA was performed to establish differences among treatments given a split plot design in which the main plot was
the season and the split plot was shade cloth treatments. Means comparison was calculated by Tukey’s multiple range test
at p < 0.05 by the SAS general model procedure (SAS Institute, Cary, North Carolina, USA). To separate the effect of
treatments with or without shade cloth, contrast analysis was used at 5% significance. Bitter pit incidence was determined as
a percentage and data were transformed by the Bliss square root transformation (x +0.5) to fulfill the ANOV A assumptions.

RESULTS

Leaf nutrient concentration

Significance analysis indicated an effect of the season on the N, P,Fe,Mn,Zn,B (p <0.01),Ca, and S (p < 0.05) concentrations
(Table 4). The use of shade cloth only affected the Mn (p < 0.01), Mg, and Zn (p < 0.05) concentrations (Table 4). However,
the season x shade cloth interaction had no effect on the N, P, Ca, and S (p < 0.05) concentrations (Table 4).

Table 4. Significance analysis of the effect of treatments and interactions on leaf and fruit nutrient concentrations.

Leaf nutrient concentration Y SC Y x SC interaction
N wk ns *
P wk ns *
K ns ns ns
Ca * ns *
Mg ns * ns
S * ns *
Fe Hk ns ns
Mn Hk ok ns
Zn sk ES ES
Cu ns ns ns
B Hk ns ns
Na ns ns ns
Fruit nutrient concentration Y SC Y x SC interaction
N wE ns ns
P * ns ns
K ns kk Kk
Ca * ns wE
Mg ns kk *
S Kk kk Kk
N/Ca relationship * ns o
K/Ca relationship ns ns o
(N+K+Mg)/Ca relationship * ns o
Bitter pit o ns ns

Y: Year; SC: shade cloth.
*Significant at p < 0.05; **Significant at p < 0.01; ns: nonsignificant.
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The leaf N concentration fluctuated between 1.84% and 2.35%, and it was higher in the first two seasons (2016-2017
and 2017-2018) (p < 0.05) (Table 5). The effect of the Season x Shade cloth interaction (Table 4) was erratic. The control
had a higher leaf N concentration in the 2017-2018 season (p < 0.05), whereas there was a higher concentration in the
shade cloth treatment in the 2018-2019 season (p < 0.05) (Table 5).

The leaf P concentration varied between 0.18% and 0.26%, and it was higher in the 2017-2018 season (Table 4). The
effect of the Season x Shade cloth interaction (Table 4) showed a higher leaf P concentration in the shade cloth treatment
in the 2018-2019 season (p < 0.05) (Table 5).

The leaf K concentration ranged from 1.12% to 1.22% (Table 5). Meanwhile, the Ca concentration varied between
1.36% and 1.62%, and the highest values were obtained in the 2016-2017 and 2018-2019 seasons (Table 5). The effect of
the Season x Shade cloth interaction (Table 4) showed a higher Ca concentration in the control for the 2017-2018 season
(p <0.05) (Table 5).

The leaf Mg concentration values fluctuated between 0.21% and 0.24% (Table 5). The effect of the Season x Shade
cloth interaction (Table 4) produced a higher Mg concentration only in the shade cloth treatment in the 2016-2017 season
(p <0.05) (Table 5).

The leaf S concentration varied between 0.13% and 0.15 %, and the highest values were found in the 2018-2019 season
(p <0.05) (Table 5). The effect of the Season x Shade cloth interaction (Table 4) displayed a higher S concentration in
the shade cloth treatment in the 2018-2019 season (p < 0.05) (Table 5).

The leaf Fe concentration ranged from 59.8 to 113.6 mg kg'. The highest value was obtained in the 2017-2018 season,
whereas the lowest value occurred in the 2018-2019 season (p < 0.05) (Table 5).

The leaf Mn concentration fluctuated between 132.2 and 296.5 mg kg™, and the highest value was reached in the 2018-
2019 season (p < 0.05) (Table 5). The effect of the Season x Shade cloth interaction (Table 4) exhibited a higher Mn
concentration in the shade cloth treatment in the 2016-2017 season (p < 0.05) (Table 5).

The leaf Zn concentration values varied between 24.9 and 75.0 mg kg, and the highest value was obtained in the
2018-2019 season (p < 0.05) (Table 5). The effect of the Season x Shade cloth interaction (Table 4) showed a higher Zn
concentration in the shade cloth treatment in the 2017-2018 season (p < 0.05) (Table 5).

The leaf Cu concentration ranged from 6.5 to 7.5 mg kg (Table 5). The leaf B concentration values varied between
31.8 and 37.6 mg kg, and the highest value occurred in the 2018-2019 season (p < 0.05) (Table 5). Finally, the leaf Na
concentration fluctuated between 109.2 and 190.8 mg kg (Table 5).

Table 5. Effect of Season x Shade cloth interaction on apple leaf nutrient concentrations.

2016-2017 2017-2018 2018-2019

Nutrients Control SC Control SC Control SC

N, % 2.21aA 2.35aA 2.29aA 2.10bA 1.84bB 2.07aB
P, % 0.20aB 0.20aB 0.23aA 0.26aA 0.18bB 0.20aB
K, % 1.19aA 1.14aA 1.15aA 1.14aA 1.22aA 1.12aA
Ca, % 1.48aA 1.62aA 1.50aB 1.36bB 1.55aA 1.54aA
Mg, % 0.21bA 0.23aA 0.21aA 0.23aA 0.22aA 0.24aA
S, % 0.13aB 0.14aB 0.14aB 0.13aB 0.13bA 0.15aA
Fe, mg kg 75.50aB 70.30aB 113.60aA 105.90aA 61.70aC 59.80aC
Mn, mg kg'! 132.20bB 193.30aB 144.80aB 174.20aB 265.50aA 294.50aA
Zn, mg kg 25.00aB 32.50aB 24.90bB 31.10aB 72.30aA 75.00aA
Cu, mg kg! 7.40aA 6.50aA 6.90aA 6.80aA 7.50aA 7.50aA
B, mg kg 33.10aB 34.80aB 31.80aB 33.20aB 37.60aA 36.70aA
Na, mg kg™! 134.90aA 190.80aA 109.20aA 130.20aA 132.80aA 120.00aA

Different uppercase letters in the same row indicate differences between seasons according to Tukey’s test (p < 0.05).
Different lowercase letters in the same row and season indicate differences between treatments according to Tukey’s
test (p < 0.05).

Control: Without shade cloth; SC: with shade cloth.
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Fruit nutrient concentration and fruit nutrient relationships

Significance analysis indicated that the season had an effect on N and S (p < 0.01), P, and Ca concentrations and
the N/Ca and (N+K+Mg)/Ca relationships (p < 0.05) (Table 4). Shade cloth had an effect on the K, Mg, and S
(p <0.01) concentrations (Table 4). The Season x Shade cloth interaction had an effect on the Mg (p < 0.05), K, Ca, and
S concentrations and the N/Ca, K/Ca, and (N+K+Mg)/Ca relationships (p < 0.01) (Table 4).

The fruit N concentration fluctuated between 34.68 and 46.04 mg 100 g fresh fruit. The highest value was obtained in
the 2016-2017 season (p < 0.05), whereas the lowest value was reached in the 2018-2019 season (p < 0.05) (Table 6).

The fruit P concentration values varied between 9.72 and 11.63 mg 100 g' fresh fruit, and the highest values were
obtained in the 2016-2017 and 2017-2018 seasons (p < 0.05) (Table 6).

The fruit K concentration ranged from 98.91 to 126.78 mg 100 g fresh fruit (Table 6). The effect of the Season x
Shade cloth interaction therefore had a higher fruit K concentration in the control treatment for the 2017-2018 and 2018-
2019 seasons (p < 0.05) (Table 6).

The fruit Ca concentration values fluctuated between 4.09 and 7.53 mg 100 g' fresh fruit, and the highest value was
reached in the 2017-2018 season (p < 0.05) (Table 6). The Season x Shade cloth interaction exhibited an erratic effect of
the shade cloth treatment; the highest fruit Ca concentration was obtained in the control in the 2016-2017 season (p < 0.05),
whereas the highest value in the 2018-2019 season was attained in the shade cloth treatment (p < 0.05) (Table 6).

The fruit Mg concentration fluctuated between 4.38 and 5.42 mg 100 g fresh fruit (Table 6). The effect of the Season
x Shade cloth interaction therefore had a higher fruit Mg concentration in the control treatment in the 2016-2017 and
2017-2018 seasons (p < 0.05) (Table 6).

The fruit S concentration values varied between 3.60 and 4.98 mg 100 g fresh fruit. The highest seasonal mean value
occurred in the 2017-2018 season, followed by the mean value obtained in the 2018-2019 season (p < 0.05) (Table 6).

Overall, fruit nutritional relationships showed differences between seasons and the effect was erratic (Table 6). The
N/Ca relationship in fruits fluctuated between 4.76 and 10.59, and the highest value was obtained in the 2016-2017 season
(p <0.05) (Table 6). The Season x Shade cloth interaction indicated an erratic effect between shade cloth treatments. A
higher value was obtained for shade cloth in the 2016-2017 season (p < 0.05), whereas the value was lower for the shade
cloth treatment in the 2017-2018 season (p < 0.05) (Table 6).

The K/Ca relationship in fruits varied between 13.9 and 29.84 (Table 6). The Season x Shade cloth interaction indicated
an erratic effect between shade cloth treatments. The N/Ca relationship had a higher value for shade cloth in the 2016-
2017 season (p < 0.05) and a lower value in the 2017-2018 season (p < 0.05) (Table 6).

The (N+K+Mg)/Ca relationship in fruits ranged from 19.26 to 41.59, and the highest mean value when comparing
seasons was obtained in the 2016-2017 season (p < 0.05). This value was surpassed only by the mean value in the 2017-
2018 season (p < 0.05) (Table 6). As observed in the calculation of the N/Ca and K/Ca relationships (Table 6), there
was an erratic effect of the Season x Shade cloth interaction. The highest value of the (N+K+Mg)/Ca relationship in the
2016-2017 season occurred in the shade cloth treatment (p < 0.05), whereas in the 2017-2018 season the highest value
was obtained in the control (p < 0.05) (Table 6).

Table 6. Effect of the Season x Shade cloth interaction on apple fruit nutrient concentrations and nutritional
relationship.

2016-2017 2017-2018 2018-2019

Nutrients Control SC Control SC Control SC
N, mg 100 g' FF 46.04aA 43.13aA 40.53aB 35.65aB 36.57aC 34.68aC
P, mg 100 g"' FF 11.01aA 11.63aA 11.40aA 10.84aA 11.00aB 9.72aB
K, mg 100 g' FF 110.72aA 121.51aA 122.72aA 103.71bA 126.78aA 98.91bA
Ca, mg 100 g' FF 6.44aB 4.09bB 4.70bA 7.53aA 4.71aB 5.03aB
Mg, mg 100 g"' FF 542aA 4.72bA 4.94aA 4.43bA 4.38aA 4.53aA
S,mg 100 g' FF 4.20aAB 4.66aAB 4.96aA 4.23bA 4.45aB 3.60aB
N/Ca relationship 7.26bA 10.59aA 8.75aB 4.76bB 8.04aB 6.98aB
K/Ca relationship 17.55bA 29.84aA 26.94aA 13.90bA 27.51aA 19.85aA
(N+K+Mg)/Ca relationship 25.66bA 41.59aA 36.75aB 19.26bB 36.49aAB 27.74aAB

Different uppercase letters in the same row indicate differences between seasons according to Tukey’s test (p < 0.05).
Different lowercase letters in the same row and season indicate differences between treatments according to Tukey’s
test (p < 0.05).

Control: Without shade cloth; SC: with shade cloth; FF: fresh fruit weight.
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Relationship between bitter pit incidence and fruit nutritional concentrations
Bitter pit was only affected by the season (p < 0.01), and the shade cloth treatment or Season x Shade cloth interaction
had no effect (p > 0.05) (Table 4). Values fluctuated between 0.3% and 6.6%, and the highest values were reached in the
2016-2017 and 2018-2019 seasons (p < 0.05) (Figure 1).

The correlation between bitter pit incidence and fruit Ca concentration was very low and nonsignificant (p > 0.05)
(Figure 2a). Likewise, the correlations between bitter pit incidence and the N/Ca, K/Ca, and (N+K+Mg)/Ca nutritional
relationships in fruits were very low and nonsignificant (p > 0.05) (Figures 2b, 2c, 2d). The lowest mean values of the N/

Ca (6.8), K/Ca (20.4), and (N+K+Mg)/Ca (28.0) relationships (Table 6) were obtained in the 2017-2018 season in which
bitter pit incidence was the lowest (Figure 1).

Figure 1. Bitter pit incidence in apple fruits with and without shade cloth management over three consecutive
seasons (2016-2019).
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Figure 2. Relationship between bitter pit incidence and fruit Ca concentration in ‘Fuji’ apples (a), relationship between
bitter pit incidence and N/Ca concentration (b), relationship between bitter pit incidence and K/Ca concentration (c),

and relationship between bitter pit incidence and (N+K+Mg)/Ca concentration (d) over three consecutive seasons
(2016-2019).
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DISCUSSION

Nutrient concentrations in apple leaves show changes between seasons, which has been reported for this species by
Kuresovd et al. (2019). In addition, changes in apple leaf nutrients can also be associated with different crop loads, as
reported by Brendon et al. (2019). Production was very similar during the three evaluated seasons. The N, S, Cu, and B
concentrations in apple leaves were similar to those reported by Brendon et al. (2019) for the same species, whereas the
P, K, Ca, Mg, and Fe concentrations were lower than those indicated by those authors. Results for macronutrients in this
study showed that the N concentration was similar, the K concentration was lower, and the P, Ca, and Mg concentrations
were higher compared with findings by von Bennewitz et al. (2011) in the leaves of ‘Jonagold’ apples in southern Chile.
The micronutrient concentrations of Mn, Zn, Cu, and B in leaves were higher than those indicated by Kuresova et al.
(2019) for apples. These differences in concentration, based on information published in the literature, can be a response
to soil physicochemical properties (Sparrow and Uren, 2014), fungicide or cupric bactericide application management,
and soil or leaf nutrient applications. For example, mancozeb (manganese ethylene-bis-dithiocarbamate complex with
zinc salt), applied six to eight times during fruit and leaf development to control Venturia inaequalis, can increase both
the Mn and Zn concentrations. Kuresova et al. (2019) found significant increases in Zn and B concentrations in apple trees
after applying leaf fertilizer with N, Ca, Mg, Zn, and B.

The increased Mg concentration when using shade cloth can be associated with higher chlorophyll activity and lower
negative effect of direct light on this pigment (Demchak, 2009). Increased Mn and Zn concentrations are associated with
greater soil moisture conservation (Navarro and Navarro, 2003; Sparrow and Uren, 2014). Shade cloth reduces moisture
requirements associated with lower stomatal density (Kim et al., 2011). This higher moisture reduction potential in the soil
compared with the treatment with no shade cloth could be associated with the transformation of Mn and Zn oxides (MnO,
and Zn0O,) into Mn* and Zn*, which increases both their soil availability and plant absorption (Navarro and Navarro,
2003; Sparrow and Uren, 2014). The results of the present study suggest that reference concentrations for Mg, Mn, and Zn
nutrients in orchards managed with shade cloth could be higher than the standards used for conventional apples (Fallahi
et al., 2001) when considering the normal sample collection period to analyze the nutritional status of ‘Fuji’ apple trees.
Sampling was conducted between 16 and 20 wk after bud break, from mid-January to mid-February in the Southern
Hemisphere. However, more specific studies are required to determine the appropriate leaf nutritional range in apples.

Overall, fruit nutritional concentrations were similar to those indicated by Palmer and Dryden (2006), N and Mg
concentrations were similar to those reported by Lotze et al. (2006), and P, K, and Ca concentrations were slightly higher
than those mentioned by those authors. The N and K rates applied in our experiment (30 and 100 kg ha' yr' N and K,O,
respectively) compared with similar rates used by Nava and Dechen (2009) in a ‘Fuji’ apple orchard showed that fruit N
and Ca concentrations in our experiment were slightly higher, although fruit K concentration was similar to the values
reported by those authors. The differences in fruit nutritional concentration between seasons in the present study have also
been reported by other authors (Nava and Dechen, 2009; Brendon et al., 2019).

The nutritional relationship in apple fruits has usually been in the range indicated by Lepe (2014) to reduce the risk
of bitter pit incidence. Furthermore, the bitter pit level in two seasons was higher than findings reported by Lotze et al.
(2006) as tolerance for exportation of apple fruit in South Africa (< 2%). The mean of the N/Ca, K/Ca, and (N+K+Mg)/Ca
relationships in apple fruits in our experiment was similar to the results by Lotze et al. (2006). In addition, the mean of the
N/Ca relationship in apple fruits was lower than the one reported by Lotze et al. (2006) and similar to results reported by
Nava and Dechen (2009). Similar N/Ca and K/Ca relationships were observed in our study compared with results reported
by von Bennewitz et al. (2011) in ‘Jonagold’ apples in experiments conducted in southern Chile.

The lack of correlation between the apple fruit nutritional status and bitter pit incidence has also been reported by
other authors (Le Grange et al., 1998; Lotze et al., 2006). This nutritional disorder is also associated with climatic
variations between seasons (Lotze et al., 2006), hormonal factors (Saure, 1996), and accumulation of toxic substances,
such as oxalic and citric acid, that cause the crystallization of calcium salts and cell death on the periphery of the fruit
(Steenkamp et al., 1983). Given that the foliar Ca applications were the same in the three seasons and yield was similar
in each season, the difference obtained for bitter pit incidence could be associated with the climatic variations between
seasons (Lotze et al., 2006).
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CONCLUSIONS

The results of our study in a ‘Fuji’ apple orchard showed that shade cloth affected leaf nutritional concentration of some
elements interacting with the conditions of each season, increasing leaf concentrations of Mg, Mn, and Zn by 0.02%, 40
mg kg, and 5.5 mg kg'', respectively, as the mean of three seasons. The nutritional concentration in fruits was affected by
shade cloth and there was an interaction with the seasons. In general, shade cloth decreased the K, Mg, and S concentrations
by 12.00,0.35, and 0.38 mg 100 g fresh fruit, respectively, as the mean of three seasons. Bitter pit incidence was affected
by the season under evaluation, but this abiotic disorder was not affected by the shade cloth treatment.
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